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A High Voltage Programmable Input Interface for
Avionic Equipment

Antoine Canu, Philippe Bénabés
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Gif-sur-Yvette, France
{antoine.canu, philippe.benabes}@supelec.fr

Abstract—Avionic computers are required to sense their
environment or interact with other devices through the use of
various sensors or communication buses. Currently, these sensors
and buses use dedicated interfaces, which Ilimits the
functionalities that can be implemented in the computer. In this
paper, we propose a programmable interface meant to interface
most common sensors found in avionics, which could facilitate
the designand reuse of avionic computers. The architecture of the
interface is presented, with a focus on the programmable analog
signal conditioning stage which is able to withstand the high
voltages present in the har sh avionic environment.

Keywords, avionics,harsh environment, high-voltage
techniques,reconfigurable architectures.

. INTRODUCTION

For the last forty years, safety and performance

requirements for avionic equipment have constantlyeased.
To answer to these new requirements, avionics kaesvn
important changes. Federated Architectures, in lwhine
computer performs only one specific function (efgel
management or brake monitoring), have been repldyed
Integrated Modular Avionics (IMA)[1], in which a rxile
computer is able to embed and process severalidasctEach
of these functions needs to acquire data from aifépset of
sensors. For example, a fuel management functidmeeéd to
acquire temperatures or pressures, whereas a f@ghmand
function will require flaps position or angle to hequired. All
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Figure 1. Comparison between computers using caiovierhinterfaces and
versatile interfaces
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The output characteristics of these sensors awmlefbtin
section I, while section Ill exposes some statetlwd art
techniques used for programmable interfaces. Secho
exposes proposed architecture for the avionic fegmable
interface, and section V focuses on itshigh voltage
programmable analog front end (AFE).

II.  CHARACTERISTICS OF AVIONIC SENSORS AND INPUTS
INTERFACES

Discrete Ground/Open, Discrete Vdd/Open, ARINC429
[2], DC analog acquisitions and Variable Differahti
Transformers (VDT) acquisitions represent up to 86Pthe

these different sensors have their own output &igndotal input interfaces embedded in IMA computerss(E 1

characteristics, and currently, each sensor igfated by a
dedicated interfacing circuit, embedded within dwmputer
(see Fig. 1). This means that the functions whieim be
implemented in a computer directly depend on winitérfaces
it embeds.

We propose to remove this hardware limitation tisatoka
reconfigurable acquisition system, called versatitgut
interface (see Fig.1), dedicated to the most comsensors
found in avionics.Most of these sensors featurdn higltage
ranges. Furthermore, sensor interfaces have to bie ta
withstand the superimposition of high voltage commaode
noise to the signals provided by the sensors, winicteases
the difficulty of designing a programmable intedaavith
conventional techniques.

lists the main characteristics of these input fatars. Globally,
it is worth noticing that all these signals occupwery low

bandwidth, typically less than 1 MHz, but featuather high
voltage ranges: from -22V to +50V. Thus, the diffig of

designing a versatile interface for these signalsies from
their high voltage range and from the high ampétedmmon
mode noises which can be superimposed to the usigfiudl.

The signal processing to apply are very various, ean be
really simple, such as a simple comparison forrdiscsensors,
as well as more complex, such as the demodulatgoritam

for VDT sensors.More details about these inputrfates and
their characteristics can be found in [3].



TABLE 1.

CHARACTERISTICS OF THEFIVE MOSTPRESENTINPUTS INAVIONICS

Sensor/ Signal type | Common Differential Input Bandwidth | Precision Processesto apply

Interface mode voltage | Voltage Impedance required

name range range Required

Discrete Single -22V; +22 N/A 30k 0; 200HZ] | Low (1% Low pass filter. Hysteresiswparison.

GNDJ/OPEN | Ended [22v; +22V] fo: ] (1) P Y

Discrete Single 0V; +50 N/A 30k 0;200Hz Low (1% Low pass filter. Hysteresis quamison.

VDD/OPEN | Ended [0V: +30V] [0:200Hz] (1) P Y

A429 Differential | [-30V; +30V] | [-13V;+13V] | >8k [0; 750kHz] | Low (1%) | Hysteresis comparis .Timing control. Frame
retrieval. Frame integrity control.

DC Analog | pifferential | [-30V; +30V] | [-10V; +10V] | >100k [0; 200Hz] | Medium Low pass filter.Data extraction.

Acquisition (0.1%)

vDT Differential | [-30V; +30V] | [-10V; +10V] | >100K [0; 10kHz] | High Demodulation algorithm (e.g. [4][5])

Acquisition (0.05%)

Ill.  STATE OF THE ART OF PROGRAMMABLE INTERFACES

Signal acquisition usually requires analog as wasldigital
processing. Therefore, most of the times, devetpgintruly
reconfigurable signal acquisition system requires have
programmable analog and programmable digital céipebi

Programmable digital electronics is not really alldmge
anymore, thanks to the development of PLD's and BGA
technologies. The programmable capability of thdegices
has already been used for reconfigurable interfades
example, Aibe and Yasunaga[6] have proposed
reconfigurable interface called Meta-I/O, meanstandardize
various digital 1/0s, such as PS/2 or I12C bus. Mietess, the
Meta I/O does not embed any AFE and thus is nehihed for
analog or high voltage signal acquisition, and éfee could
not be used for most common avionic inputs.

On the other hand, programmable analog electroméss
been much more of a challenge. The field of prognafrie
analog electronics provides several solutions wisiebm at a
first glance perfectly adapted to the design of emegic,
reconfigurable interface. FPAAs for instance allotive
reconfiguration of analog cells for rapid prototypi Emerging
in the late 90’s, these FPGA analog equivalentse hasen
faced with numerous issues, including a low intanegtivity
and thus weak possibilities [7] and their futur@dsv uncertain
[8].The main target of these programmable circuigs
essentially programmable filtering [9], but undewlvoltage
conditions only, making them incompatible with theionic
requirements.

Nowadays, programmable analog electronics
essentially be found in the Actel Fusion® and SrRation®
[10] mixed signal FPGA, which propose interestimgtiires
for voltage and current monitoring, but are stibufficient for
our application , again because of their low irg¢ign and low
voltage range.

Finally, some work has been done in the field tdlligent
or generic analog interfaces. For example, Sou43 Fhs
proposed a custom design for a programmable icterfa
dedicated to low voltage biomedical sensors. Thiskwhas
been followed by Catundaet. al. [12], who proposed
improvement by using the programmability of thecuit to
calibrate the analog front end of their circuit.isTbalibration

can compensate the imperfect matching of analogpoaamts,
which is responsible of imprecisions in most analog
measurement applications. This interface has thne gaurpose
as our programmable avionic interface, and shamet f our
limitations —imprecisions in measurement due to lana
matching for example—; however, the avionic inteefés faced
with the challenge of measuring high potentials.

All these different works or commercial solutionse a
incompatible with the high voltages present in aigs, which
is why we decided to develop our own high-voltage
3rogrammable interface.

IV. VERSATILE INPUT INTERFACE ARCHITECTURE

Every conventional avionic interface contains tteme
functional blocks: a signal is fed to the interfdlomugh a one
or two pins connector (depending on the signal :tygegle-
ended or differential). A Transient Voltage Suppmes(TVS)
or equivalent device is used for lightning proteatiThen, an
analog front end formats the signal thanks to gaid dc level
shifting and an analog to digital conversion is@ddepending
on the sensor, this conversion can be a high résolu
conversion as well as a simple one bit compariBanv digital
data is then processed in order to retrieve thgirai and
useful data.

The versatile input interface is built on the saskeleton
(see Fig. 2), but contrary to a conventional isteef where
every function is fixed, the versatile interfaces ltlae capability
to change some of its characteristics. These paeasne
constitute what we have called programmable ressuithese

camesources can be analog as well as digital. By gihgrthese

resources, the versatile input interface can adagxample its
input voltage range, the cutoff frequency of fifterr the type
of digital processing applied to the data. Ultinhatethis
enables to interface various types of inputs, sasmsobuses.
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Figure 2. Functional description of the versatilpuit interface
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Figure 3a) Architecture of the Mixed-Signal ASIC.

The architecture is based on two electronic chipse
mixed signal ASIC, and one programmable digitapglsiuch

as a FPGA. They both contain some of the programabkignal processing, data extraction and ASIC cordition (see
resources previously described.

A. Mixed Sgnal ASIC

The mixed signal ASIC contains the analog prograbiena
resources which are essentially dedicated to thadting of
the analog signals for a further analog to digt@ahversion.
The ASIC embeds the AFE of the interface, and as
consequence, is directly exposed to the raw sigmaldded by
the different sensors present in the aircraft. igh voltages
present in avionics (seerBLE 1) have led us to consider only
High VoltageASIC technologies such as [13] or [14].

The ASIC contains several differential channelsclvhtan
also be independently programmed as two singleeendeand offset to reduce the sensors output voltageghéo
subchannels, for discrete interfacing.Each chaohtile ASIC
is composed of the following subfunctions (see B&):

1) An integrated low level lightning protection peots the
ASIC against low level induced transients, up tolBQF first

level [15]. This protection also acts as an EMEfil

2) A programmable impedance and level adaptati@agest
reduces and offsets the high voltage input voltagethat it
matches the more conventional [0V; 3.3V] range usgdhe
low voltage core of the ASIC. This stage is dethilgrther in

section V.

3) For differential signals, a conventional prograable
differential stage similar to the one used in[1&gcts common
mode and outputs the useful signal on the range AipQt
range thanks to a programmable amplification gain.

4) A 3:1 multiplexing stage directs the differehtiautput or
one of the two single ended outputs towards the ADC

5) A 1.5MSPS, 12 bits successive approximationstegiADC

is in charge for analog to digital conversion.

6) A configuration stage communicates with the FPd&hing
the configuration process,
parameters of the ASIC, i.e. impedances, gainssetsf

multiplexor channels or ADC speed.

and commands

the varid

Configuration

S e S

Figure 3b) Architecture of the FPGA

B. FPGA
A FPGA, shared byseveral channels, is responsie f

Fig.3b). It contains the digital programmable reses, i.e. the
different digital treatments adapted to every kifidhputs, and
processes the raw data provided by the ADC withénASIC.
The parameters of these processes (filters paresnete
comparison thresholds) can be changed to fit teeipations

81‘ the aircrafts manufacturers, making the intexfacalable.

V.
STAGE

PROGRAMMABLE IMPEDANCE AND LEVEL ADAPTATION

The purpose of the programmable and level adaptatio
stage is to ensure that for any sensor fromBLE 1, the
interface has the required input impedance, anddhect gain

[0V; 3.3V] input range of the ADC. Catunda[16] stexivthat
using a programmable conditioning circuit usuakads to
either a loss of measurement range or a loss @iutem,
because of the inherent discrete nature of digitadjramming.
Considering the relatively low precision requiredr four
avionic signals, we decided to ensure the full messent
range even if this reduces the total resolutionthef system.
Catundaalso details how this can be done by under-
dimensioning the gain and the offset of the actjaisichain.

As Fig.3a suggests, before the common-mode refectio
stage of the ASIC, differential signals are treatsdwo single-
ended signals. From the dynamic of these singlecsinals,
we can deduce the required gains and offsets torerfall
measurement range, and notice that because ofréhaiively
close dynamic, they can be grouped in only threéegoaies,
each of them needing a specific gain, offset arkoance.

TABLE 2. REQUIREDAFE PARAMETERS FOR THEVARIOUS SENSORS

Name Voltagerange | Required | Required | Required
per line Gain Offset Impedance
Discrete [-22v; +22V] 70.075 1.65v 30K
GND/OPEN
US Discrete [0; +50V] 0.066 ov 30k
28V/OPEN
A429/ DC/ VDT | [-36.5V; 36.5V | [0.04¢ 1.65Vv >100k(]

To achieve these different gains, offsets and irapeés, it
is possible to use switched resistors. This methadten used
for exampleto program gains in differential amplif [12] or
in digital potentiometers.Usually, these applicagio use



conventional analog switches [17], built from a NBI@nd a
PMOS transistor connected in parallel(see Fig.4s€hanalog
switches cannot operate with voltages which ex¢kenl own

discrete Gnd/Open, or DC Acquisition, the AFE diffesly
reduces the corresponding sensors output rangesheo
[0; 3.3V] ADC input span. Fig. 6a shows that in the

power supplies[17], which make them unusable for ouAcquisition operation, the same circuit using carianal

application. Various analog switches manufacturées/e
proposed different methods for fault protectiorglsas series-
connected MOSFETs [18] or addition of diodes on @ow
supplies [17].

Ve,

;
Vdd

PORT A Ves
Y

Vg

Vg Vg
I —

iul

Vss Vdd

Figure 4. Conventional switch (left) and in-ses@stch (right) [18]

These methods allow the switches to be protectedse of
overvoltage condition, but don’t ensure their ndrojzeration.
Nevertheless, we propose to use the series-comhewt¢hod

in a novel yet simple way to design a high voltage

programmable AFE.

The in-series connection of two MOSFETs (see Fig.4)

usually neither recommended nor acceptable for eativnal
analog switching applications (e.g. analog mulijrig)
because of the poor performances of such switchethe

switches is no longer able to effectively reduce thput
voltages, because;Sand $ are faced with overvoltage
conditions.

DC Acq./VDT Acq./A429 operation (51, 52 opened, 53 closed)
Discrete VddiOpen operation ($1 closed, $2,S3 opened)
Discrete Gnd/Open operation ($1.S3 opened, 52 closed)

Vout(V) Vout(V)

3.5V
3.0¥+
2.5V~
2.0V

3.5
3.0V
2.5V
2.0v4----
1.5v
1.0V
0.5V

Vin (V) 0.0V
50V -50V

------------------------------------------------------

_____________________________

__________

Vin (V)
50V

S0v 25v oV 25v 25 oV 25v
Figure 6a)(left) Transfer function of the AFE witbnventional switches
Figure 6b)(right) Transfer function of the AFE wititseries MOSFETs based

switches

Depending on which switch is closed, the input idgree
of the AFE switches between 30kand 114ki1, which fits all
the requirements fromABLE 1. This principle can of course be

closed state. Indeed, theiBnReSiStance is four times h|gher repeated in order to obtain more DC level Sh|fgam Va|ues'

than that of a switch using parallel connected MBB§
which is not suitable in most switching applicaton
Furthermore, the closed state of a series-connestétth is
ensured on a shorter input voltage range, typi@ig-V,),

for improved flexibility.

The main limit of this interface is technologicahe
specific analog switches used in the AFE should be

where \4, is the threshold voltage of the MOSFETSs used én thimplemented preferably in high voltage SOI techgae [18],

switch. However, the in-series switch is able tma&n opened
(high impedance) even when over-range voltageamked to

its terminals, whereas in this condition the impeda of a

parallel-connected switch drops because of thedbiasing

of the substrate junctions[18].Consequently, ip@ssible to

take advantage of the excellent behavior of theeser
connected switch in the open state, as long asameeasure
that an overvoltage condition will never occur he tclosed

state.

The proposed AFE is based on the switching of teltage
dividers(see Fig.5) by three in-series-connecteitthes $, S
and Q.

Vin Vout
28kQ 80kQ)
2kQ 6kQ
S 1 .“-‘. S 2 S 3
1.65V
Gnd

Figure 5. Proposed High Voltage AFE using in-sec@mected
MOSFETSs as switches

By connecting one terminal of the switches to eitjreund
or to the low voltage 1.65V source used for DC lleshéfting,
we ensure that in the closed state, there will ydniae a low
voltage (less than 3.3V) on any of their termina¥gjch fits
the recommendations stated before. As seen in 5id)§
switching on § S, or S, respectively for discrete 28V/Open,

which are usually not intended for high precisionalag
applications.

The second limitation comes from the imperfect iaig
of analog parameters. The two impedance and lelagtation
stages shown in Fig. 3a don't perfectly match.Tstiongly
degrades the common-mode rejection ratio of the lavho
interface, which results in degrading the precisii the
measurement. To limit the impact of the unmatchitige
interface has to be calibrated, using specific wdghsuch as
[11], at the cost of an increased complexity inf@Easurement
process.

VI. CONCLUSION

A new concept of reconfigurable interface for awon
equipment is presented. Such an interface canlygsatplify
the design of future avionic computers, and allow tdentical
computers to be used for different applicationgnks to a
flexible hardware. An architecture for this interfahas been
proposed, built on a mixed signal ASIC used as @alog
signal conditioning circuit and a FPGA for sighabgessing.
The analog front-end is based on a simple switalesdstors
circuit. Such circuits usually cannot operate dtages higher
than their own power supplies. A method using Sjmeanalog
switches has been proposed to overcome this probled
allow the analog front-end to be programmed witfiedint
gains, offsets and impedances, under the high gelsignals
and high voltage common-mode noises which can twedfdor
example in avionic or automotive applications. sTinterface



has been simulated with Cadence Spectre Circuiul&tor,
and a prototype interface will soon be producedtestid.
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