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Introduction

Regarding the Electronic Instrument System of modern aircraft, it is difficult, if not
impossibie, to give a description without referring to specific Aircraft types such as
Airbus A320, MD11 etc.

The Airbus A320 was the first civil aircraft with an all-electronic flight deck indica-
tion system and now many aircraft, both large and small - including helicopters,
have Cathode Ray Tube flight deck displays. (or even LCD Displays for the newest
aircraft types).

In this submodule follows a general introduction with a view of the fransition from
old fashioned cockpit instruments to the modern Electronic Instrument System. A
short description of the Electronic Instrument System of the MD11 is given.

After that, to give a detailed description of the typical system arrangement of mod-
ern Electronic Instrument Systems, two Aircraft types are chosen as examples.
These are the Airbus A320, that represents the larger modern civil aircraft, and the
Embraer 145 that represents the smaller modern turbofan transport aircraft.

If you work on a different type of aircraft, the system may be different from the ones
described in this submodule, and may also have different names for the compo-
nents used. But after studying the two Aircraft Electronic Instrument system, that
will be discussed on the following pages, you will have a good base and the nec-
essary knowledge for the further study of aircraft type rating courses.
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cockpits”. A single display replaces a number of mechanical analog type indica-

tors.
Figure 1: Anafog vs. Digital Cockpit Instrument Systems

Digital electrenics has opened an extreme wide door for new developments. Cath- In addition of displaying instrument indications, CRTs may be used to display
ode Ray Tubes (CRTs) are used as multifunctional displays in the modern “glass check lists and operational history of the portions of a system which are showing
troubie, suggest corrective action, and display any performance reduction caused

by the malfunction.

Conventional Insirumentétion (DCf-10)

OF

E ..c"-
A

=

Glass Cockpit (MD-11)
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Electronic instrument System - General

The Eiectronic Instrument System (EIS) is an avionics system connected with
rmost of the aircraft systems to carry out the two following main display functions:

Electronic Flight Instrument System & Electronic Centralized Aircraft Monitor,
EIS = EFIS + ECAM

The Electronic Flight Instrument System (EFIS) enables all flight and naviga-
tion infermations to be communicated to the crew. The cathode ray tube display
units group together the parameters from the following conventional instruments
as installed on the DC-10. Listed in the right column are the corresponding EIS dis-
play units, featuring those indications on an MD-11, see block diagram to the right.

Attitude Director Indicator, AD} PFD
Horizontal Situation Indicator, HSI ND
Altimeter PFD
Mach Airspeed Indicator PED
Weather Radar indicator ND
Flight Mode Annunciator, FMA PFD

The Electronic Centralized Aircraft Monitor (ECAM) enables the visualisation
of the information concerning normal and abnormal state of the aircraft systems
(EAD and SD).

In other aircraft it's named Engine Indication And Crew Alerting System (EICAS).
Note:

As a typical system arrangement the simplified block diagram on the right side
shows the EIS interface of an MD-11.

A short description of the components is given in the introduction on the next page.

Figure 2: EIS Interface Block Diagram of an MD11
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MD-11 Electronic Instrument System Arrangement

The EIS components are:

six Display Units (DU}, mounted on the instrument panel,

two Source Input Select Panels (SISP), mounted on the instrument panel,
two Electronic Flight Instrument Control Panels (ECP), located in the
glareshield,

one Systems Control Panel (SCP), located in the pedestal,

one Remote Light Sensor (RLS), located on the glareshield, and

three Display Electronic Units (DEU), located in the Electronics Bay.

Note:

Each DEU manages all EIS functions (EFIS on PFD and ND and ECAM on
EAD and SD) and - in case of dual DEU faults - a single DEU could control all
six display units simultaneously (see EIS SOURCE switching on the previous
block diagram).

The EIS displays consist of:

PRIMARY FLIGHT DISPLAY (PFD)
Displays aftitude, airspeed, baromefric altifude, radio altitude, vertical
speed, heading, vertical and lateral deviation, limits, configuration, and
flight modes.

NAVIGATION DISPLAY (ND)
Displays a pictorial representation of the aircraft position and relevant
waypoints, navaids, airports and other flight ptan background data and
weather radar or terrain displays (the last available, if an Enhanced
Ground Proximity Warning System is installed).

ENGINE/ALERT DISPLAY (EAD)
Displays the primary engine data N1, N2, EGT, (EPR apfional), fuel flow
and alerf messages.

+ SYSTEMS DISPLAY (SD)

Displays either secondary engine data (engine oil temperature, pressure,
and quantity), or systems pages like hydraulics, electrical, air (environ-
mental}, fuel, configuration and miscellaneous {not categorized systems)
with the associated alerts and consequences.

The SD can also present the aircraft status and conseguences, resulting
from all aferts, and it may be used to display an ND image in case of a
DU fault.

EIS Controls

The PFD and ND are controlled through an EFIS Control Panel (ECP), one for
each pilot, located to the left and to the right of the Flight Control Panel (FCP).
All of them are part of the Glareshield Control Panel (GCP).

The Systems Display is controlled through a Systems Control Panel (SCP) located
in the pedestal aft of the throttles.

Comesponding with JAR 66 .
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A320 Electronic Instrument System Presentation

General

The Electronic Instrument System (EIS) comprises captain's and copilots EFIS
(Electronic Flight Instrument System) and the ECAM (Electronic Centralized Air-
craft Monitor) system.

EIS data are presented on 6 identical color Cathode Ray Tubes (CRT) type Dis-
play Units (DU).

EFIS

Each pilot's EFIS includes 2 DU's, a Primary Flight Display (PFD} and a Navigation
Display (ND).

ECAM

The ECAM data are displayed on an upper DU, called Engine and Warning Dis-
play (E/WD) and a lower DU called System Display {(SD).

Display Management Computer

EFIS and ECAM DU’s are driven by three identical Display Management Comput-
ers (DMC). Each DMC has independent EFIS and ECAM channels and is able to
drive simultaneously one PFD, one ND and either ECAM E/WD or SD.

The EFIS channel acquires and processes signals received from navigation and
auto flight systems and generate the images to be displayed on PFD and ND,

The ECAM channel acquires and processes signals received from sensors and
computers via two SDAC’s (System Data Acquisition concentrator) and from two
FWC's (Flight Waming Computer) and generate the images to be displayed on E/
WD and SD.

In normal operation, DMC-1 supplies data to captain's PFD and ND (EFIS DU's)
and the EAND (upper ECAM DU).

DMC-2 supplies data to copilot's EFIS DU's and the SD (lower ECAM DU).
DMC-3 is in stand-by.

If DMC-1 or 2 fails (indicated by a diagonal line on the corresponding DU’s), an EIS
DMC switching selector allows to replace the failed DMC by DMC-3.

In case of a DU failure, the remaining DU's can be reconfigured to ensure the dis-
play of all required information.

E|S data are presented on 6 identical Display Units (DU). The layout of the 6 DU's
will be presented as follows:;

2 DU’s are installed side by side in front each pilot.
They display flight and navigation data on each pilot instrument panel.
In normal configuration:

The outer DU will be allocated to the Primary Flight Display (PFD) function and the
inner DU will be allocated to the Navigation Display (ND) function.

+ EFISDU's=PFD+ ND

2 DU’s are installed on the center instrument panel, one ahove the other.
The upper DU will be allocated to the Engine/Warning Display (E/WD) and
the lower DU will be allocated to the System Display (SD).

+ ECAMDU's = E/WD + SD

Figure 3 illustrates the cockpit arrangement of the EIS system

Figure 3: Cockpit Arrangement
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DU Reconfiguration

PFDU failed or selected OFF
In case of a PFD Unit failure, the PFD image is automatically transferred to the ND
Unit.

This transfer can also be achieved manually by pressing the PFD/ND XFR push
button, which will cross-change the images between the PFDU and the NDU.

NDU failed or switched OFF

In case of a NDU failure, the ND image can be displayed on the PFDU instead of
the PFD image by pressing the PFD/ND XFR push button.

Upper ECAM DU failed or switched OFF
The E/WD image is automatically transferred to the lower ECAM DU.

The SD images may be recovered either:
+  On a NDU by use of the ECAM/ND XFR selector on the SWITCHING panel

or

+  Onthe lower ECAM DU instead of the EAWD image by depressing and holding
the desired system page key on the ECAM control panel. After 30 seconds,
the E/WD will reappear,

Lower ECAM DU failed or switched OFF

The SD image may be displayed either:
»  On NDU by means of the ECAM/ND XFR selector on the SWITCHING panel

or

+  On the upper ECAM DU instead of the EAWD image by depressing and hold-
ing the desired system page key on ECAM control panel. After 30 seconds,
the EAWD will reappear.

Both ECAM DU’s failed

«  The EAWD image may be displayed on the NDU by use of the ECAM/ND XFR
selector on the SWITCHING panel.

+ The SD images may be displayed instead of the E/WD image on a NDU
(ECAM/ND XFR selector on CAP or F/O) by depressing and holding the de-
sired system page key on ECAM control panel. After 30 seconds, the EAWD
will reappear.

Figure 4: DU Reconfiguration
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Figure 5: EIS A320 System Architecture
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Figure 6: PFD General Arrangement Figure 7: Example of the Primary Flight Display
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i M {underlined and dimmed) for navaid manually tuned on the MCDU.
g) R (underlined and dimmed) for navaid tune on an RMP.
h} Nothing for navaid automatically funed by the FMGC.

Navigation Display (ND)
Five different display modes are available:

+ ROSEVOR
+ ROSEILS Figure 8: ROSE VOR Mode
+ ROSE NAV
« ARC 2 : \
+  PLAN 5 GS 390 TAS380 VOR APP VOR1 116.00
095/20 30 CRS 010° 12
A weather radarimage can be superimpased on the ND in all modes except PLAN. K o - I T % TRO
NOTE: In case of avionic ventilation failure, the weather radar image is sup- 6 ‘ - 0 o 13
pressed in order to limit DU power consumption and to prevent them from over- “ >
heating. 4 O ' o 3
1. Aircraft symbol (yellow): Fixed, pointing vertically up to the yellow lubberiine. M
2. Aircraft heading: The aircraft magnetic heading is given by a fixed yellow lub- 8- ) . )ﬁ/
ber line and a white moving compass rose. Fixed small white triangles are ar- & ¥ : —_l_— - w
ranged at 45° intervals around the circumference line. "TRU" is displayed 1 / B 10
when true heading is displayed instead of magnetic heading (latitude above - 80 \ o
N 73° or S 60°). o -
. . - 14 L 180 @
3. Selected heading or track (blue). Displays the value indicated on the HDG « v 11
TRK counter of the FCLU.
[ 2'30" : .
4. Actual track (green) 9 4 ADF S X © VOR2
5. Ground Speed / True Air Speed (green) TJAG ek IQON%H
Computed by ADIRS. \ _ / 7
6. Wind direction and speed: Wind direction in numeric form with respect to true
north and by green arrow with respect to magnetic north (only displayed when 8. Bearing pointer:
wind speed is >2 ki). In case of no wind or no wind information available, the a) ADF ingreen
corresponding numerical value is replaced by dashes (ADIRS computed) b) VOR in white
7. Navaids: When on the EFIS control panel either ADF/OFF/VOR selector c) If the tuned navaid is not received, the associated bearing pointer is not
switch is set to ADF or VOR, the following characteristics of the corresponding ) displayed. ’ gp
navaid are displayed in white for VOR or in green for ADF on the onside ND: 5 Ch indicat hite): Diso| | dti " ide ch i
a) Type of navaid (ADF or VOR-1 on left side, ADF or VOR-2 on right side). ~ Chrenomn ication (white): Displays elapsed time when onside chrono is start-
b) Shape and color of associated bearing pointer '
) P 9p 10. VOR course pointer (blue): Dagger shaped symbol points to the selected

c) Navaid identification.

d) DME distance if VOR is selected and a co-located DME station is availa-
ble.

e) Mode of tuning.

VOR course. The VOR course is selected either by FMGC (auto tuned or
manually) or through RMP in back up mode.
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11,

12.

Lateral deviation bar (blue): indicates the VOR deviation on a fateraf scale.
Each dot represents 5°. When lateral deviation is above 107, the bar remains
displayed on the outer dot. The arrow on the bar gives the TO/FROM indica-
tion.

VOR information (white): Selected VOR frequency, course and identification

Figure 9: Rose ILS Mode

/GS 165 TAS 150 ILS APP
095/20

ILSY 109.30\

CRS 327° -
TBN

{decoded by the receiver) and the mode of tuning (M or R).

13. VOR APP message (green). Displayed when a VOR approach has been se- 5
lected.

14. Range marks: The range scale value selected on the EFIS control panel (10
to 320 NM) governs the scale of the ND.

ROSE ILS Mode

1. ILS course pointer {(magenta). Dagger shaped symbol points to the selected ® .
ILS course. The ILS is selected either by FMGC (auto tuned or manually) or
through the RMP in back up mode. If no course has been entered, the value
is defaulted to 360" o v

2. Localizer deviation bar (magenta), Moves lateraily on a scale with respect to o :
the course pointer. [ts scale consists of twa dofs on either side of zero devia- rof SRR
tion. Each dot represents a deviafion of about 0.8°. 1
In case of excessive deviation (1/4 dot) above 15 ft RH, the bar and scale will \ /
pulse, provided LOC TRK or LAND TRK mode is engaged.

3. Glide slope deviation: Magenta diamend moves on a vertical scale. The scale
consists of two white dofs on each side of the yellow reference line. Each dot
represents a deviation of about 0.4°,

In case of excessive deviation (1 dot) above 100 ft RH, the scale and diamond
will flash, provided G/S TRK or LAND TRK mode is engaged.

4. Selected ILS information: Selected ILS frequency (magenta) course (blue)

Rose Nav Mode
See "Figure 11: Rose Nav Mode" on page 12

6. Range marks and values: Inner circle represents 1/4 of the selected range.
Heading scale 1/2 of the selected range.

and identification (magenta). 7. ILS course {magenta): Displayed when the ILS key on EFIS control panel is
5. ILS APP message (green): Displayed when an ILS approach has been select- pressed, provided an ILS station has been selected.
ed. Figure 10: NAVAIDS

ILS-1 information is displayed on PFD-1 and ND-2.

ILS-2 information is displayed on PFD-2 and ND-1. G DME or TACAN

+ VOR
- VOR/DME
A NDB

Corresponding with JAR 66
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Navaids are displayed as follows:

*

*

+  Magenta when the navaid is not part of the flight. (selected for display with op- 095/20
tion keys on EFIS control panel). [ e
8. Flight plan (see ARC mode) ) o
9. TO waypoint information {(see ARC mode) ' .
10. Cross frack error. Lateral deviation in NM Left or Right from the active flight
plan (related to great circle route).
Figure 11: Rose Nav Mode
/GS 201 TAS 200 D-LG 065\ Lo
330/20 9 5.% BNal\g N
— 5 ... ! ©0
9 > " TB\N ~ —-"“'\\D—LG -
waw§
,g%g " ) 11
© ATHV™ ABG .
7 » : T SR ] \
s fi VA=
Q- _
6 - ' 10 A ward 90° sector.
A
« v 1.
)
@
VOR 1 4 Vo 8
ATH M ‘e 2

Green if it is a current waypoint of the actual flight plan.

White if it is the TO waypoint.

Blue when it is tuned for display either automatically by the FMGC or manually
through the MCDU.

ARC Mode
Figure 12: ARC Mode

ﬂas 165 TAS 150

D-0L O?QN

9 4.2 NM
'-|¢.*-V_ ,, 14125
: 7@ 3

| LFPO 08

/

ARC mode provides the same information as ROSE NAV mode, limited to the for-

Range marks and values: Inner circle represents 1/4 of the selected range.
Second circle represents 1/2 of the selected range. Third circle represents 3/
4 of the selected range. Heading scale represents selected range.

Flight plan: Various types of flight plan can be displayed, selectable through

the MCDL.

—  Active flight plan: A continuous green line represents the flight plan actu-
ally followed by the aircraft when AFS NAV mode is engaged. Only the
part of the flight plan which is ahead of the aircraft is displayed as well as
the waypoints which are still to be overflown plus the waypoint from which

the aircraft is coming.

'Corresponding with JAR 66

For training purposes only
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SID and STAR, except the last WPT of the SID and the first WPT of the
STAR are not displayed when ND range 160 or 320 is selected.

If the primary flight plan is not active, it is represented by a green dotted
line.

Missed approach and alternate flight plan:

The missed approach is represented by a continuous blue line and the
alternate flight plan route by a dotted blue line.

They are displayed in ARC, ROSE NAV or PLAN mode when a missed
approach waypoint and/or an alternate F~PLN waypoint are displayed on
the onside MCDU.

Secondary flight plan: Represented by a continuous white line. Active
flight plan remains displayed.

Temporary flight plan: The revised portion of the flight plan is represented
by a yellow dofted line,

Flight plan capture, When the aircraft is off the primary flight plan and fly-
ing towards it in HDG mode and NAV mode armed, the new active flight
plan is displayed in a continuous green line provided the FMGC has com-
puted the intercept path.

The part of the flight plan which is before the interception point is drawn
as a green dotted line.

Waypoints:

TO waypoint (white)
Next waypoint to be overflown. The following associated data is dis-
played in the right upper corner:

»  Waypoint identification (white) / Desired track (green).
+ Distance to go (green).
» Estimated time of arrival {(green).

4. Airports

Airport included in fiight plan
LSGG Airporl which are part of the flight ptan,
but without specified runway are
represented in while.

LSGG Runway specified.

23 Oriented runway symbol drawn to scale
{pavedlength)if 10, 20 or 40 NMdisplay
range is selecied.

Ajrport oplicnal information

The airports which are not displayed as part of the flight
pian may be called for display by pushing the ARPT
pushbution on the EFIS conirol panel.

The are represented by a star and the identification in
magenta.

Procedure turns and holding patterns

Displayed only when they are part of the flighl plan.
When 160 or 320 NM range is displayed, a white arrow
indicates the tum direction.

For other ranges, if the procedure tumn or the holding
pattern is in the next or the active leg, the full circuil or
pattem is displayed.

Range 160 or 320 NM

|
| or

Range 10, 20, 40 or 80 NM

ar

PLAN mode

Displays statistically the F-PLN legs on a true north oriented map. The map is cen-
tered on a map reference point which is chosen by the pilot on his MCDU using
slew keys. The scale of the map is chosen by the range selector (the diameter of
the outer circle corresponds to the selected range).

Navaids data and bearing pointers are not available in this mode.

Corresponding with JAR 66 .
For fraining purposes only Cat: B1 51-13
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Figure 13: "Plan Mode Weather Radar Display
Figure 14: Weather Radar Displa
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1. Aircraft symbol (yellow): The orientation of the aircraft symbol indicates the

true frack. Its position represents the actual aircraft pesition in respect to the 1.  Weather radarimage: Displayed when the radar is selected on and the ND is
flight plan. not in PLAN mode.

2. Map reference point: Waypoint dispiayed on the second line of the flight plan The echoes are displayed in green, yellow, red and magenta according to the
displayed on the MCDU F-PLN page. It ¢an be either the active TO waypoint precipitation rates. The echo refresh rate depends on the selected range.
or any other waypaoint of the flight plan. 2. Tilt angle / gain mode: Shows antenna tilt angle (angle between horizon and

3. Offset annunciation: indicates cross track deviation to the left (L) or right (R) radar beam axis) in degrees and quarter of a degree (blue). When selected,

3. Failure messages: Following failure message can be displayed:
—  WR RT (red) radar transceiver failure
=  WR ANT {red) antenna failure
—  WR CTL (red) control panel failure
-  WR RNG (red) range error
-~ WR WEAK (amber) calibration faiture
-  WR ATT (amber) attitude information failure

. Corresponding with JAR 66 .
For training purposes only Cat: B1 51-14
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— WR STAB (amber) antenna stabilization failure Figure 16: Colour Code of the EGPWS

In case of red failure messages, no radar image is displayed. If the message is in
amber, the image is not affected.

EGPWS
Figure 15: EGPWS Display
1

/f GS 394 TAS 388
249/16

A
HIGH DENSITY RED
RAO0f - —~ = — e — = —— = -~ — .

HO0ft 4 — — — ANy e e e e e e - -
t t IETNYYYTYY
AR NI RN ELY ] 3

MEDIUM DENSITY YELLOMW

AR NN RN ]
(TR YR Y FRYTY )

PYYYIrem ".‘.‘.“‘."‘.:‘\. REFERENCE ALTITUDE; - CURRENT AIRCRAFT ALTITUDE OR
-250ft GEAR DOWN | fouuuuuuuu?\ = IF DESCEMDING MORE THAN 10001t /min:
-S00ft GEAR P ATITUDE EXPECTED IN 30 SECONDS,

~1000ft

-2000ft
400f AGL

2. TERR: CHANGE MODE indication: Displayed in red (or amber) in case of
Terrain Awareness Display (TAD) warning (or caution) alert, if the current se-
lected display mode is PLAN.

3. TERR indication: To differentiate the terrain from the weather display, the
weather radar TILT is replaced by a blue TERR, and the terrain display
sweeps from the center outward to both sides of the ND.

4.  Warning and caution messages:

1. EGPWS terrain picture: The ND presents the EGPWS terrain picture when — TERR AHEAD (amber) for a caution
the TERR ON ND switch is selected ON and the ND is not in PLAN mode. The = TERR AHEAD (red) for a warning , _
terrain picture replaces the weather radar image. When fnggered, these messages are ﬂashlng 9 s_econds, then remain
The terrain appears in different colours and densities according to its relative steady until the caution or warning alert condition disappears.
height: see "Figure 16: Colour Code of the EGPWS" on page 15. — TERR RNG (red) for a RANGE error warning
— TERR TST (amber) appears during the EGPWS test when the terrain
pattern, is displayed and there is no failure.
Corresponding with JAR 66 Cat: B1 5.1-15
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Figure 17: EGPWS Display b} The Terrain Awareness Display and Terrain Clearance Floor (TCF) func-
5 6 tions operate using the FMS 1 position. Thus, the system does not pro-
tect against FMS 1 position error.
/- ILs 2 1n9.3h
GS 165 TA7 150 CRS 327°
095 /20

TOU M o
11.3 NM GPS PRIMARY

. /

5. Temain caution alert: This alert is generated when a conflict exists between
the terrain caution envelope ahead the aircraft and obstacles stored in the da-
tabase. The area of conflict is displayed in solid yellow.

6. Terrain warning afert. This alert is generated when a conflict exists between
the terrain warning enveiope ahead the aircraft and obstacles stored in the da-
tabase. The area of conflict is displayed in solid red.

NOTE: When an alert is generated (either caution or warning) and the TERR ON
ND is not selected, the terrain is automatically displayed and the ON light of the
TERR ON ND push button switch comes on.
CAUTION:
a) The relative height of the aircraft is computed using the captain baro set-
ting. Thus the Terrain Awareness Display (TAD) does not protect against
baro setting errors.

Corresponding with JAR 66 .
For training purposes onfy Cat: B1 5.1-16
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ECAM

The ECAM {Electronic Centralized Aircraft Monitor) consists of 2 DU's (upper and

lower), 2 Fiight Warning Computers (FWC), 2 System Data Acquisition Concen-

trators (SDAC), master warning and master caution lights for each pilot and the

ECAM control panel.

The ECAM presents foliowing data on an Engine/Warning Display (E/WD) and a

System Display (SD):

+  Engine primary indications, fuel quantity indication, flaps and slats position in-
dication.

+  Warning and caution alerts or memo messages.

+  AJC systems synoptic diagrams or status messages.

+  Permanent flight data.

The DU’s are driven by independent ECAM channels contained in the DMC'’s.

System Data Acquisition Concentrator (SDAC)

Two identical units acquire data required by the 3 DMC’s, for the display of system
pages and engine parameters and by the FWC's for generation of ECAM messag-
es and aural alerts.

Flight Warning Computer (FWC)

Two identical computers acquire data for the generation of alerf messages, memo
informations, aural aferts, synthetic voice messages and flight phases computa-
tion:

»  Directly from A/C sensors or systems to generate red warnings.

+  Through the SDAC’s for amber cautions.

The alert messages elaborated by the FWC'’s are displayed on the ECAM DLf's. A
database in the FWC’s enables to store a list of warnings, cautions and proce-
dures which are affected by Operations Engineering Bulleting (OEB). Items affect-
ed by such a bulletin cause the display of the message "REFER TO QRH PROC"
on the EWD and/or SD.

Additional FWC functions are:

+  Radio altitude call out.

+  Decision height cali out.

+ Landing distance and landing speed increments computation,

Aural alert and voice messages are emitted through the cockpit loudspeakers,
even when they are switched off.

Color code

A color code is used on both ECAM DU's according to the importance of the failure
or the indication.

*  RED: For configuration or failure needing immediate action.

*  AMBER: For configuration or failure needing awareness but not immediate
action,

*  GREEN: For normal long term operation,

«  WHITE: For titles and remarks used to guide during procedures.

*  BLUE: For actions to be carried out or limitations.

«  MAGENTA: For particular messages (e.g. for inhibition messages).

Priority rules
Three ievels have been defined for warnings / cautions:

A fevel 3 warning has priority over level 2 caution which has priority over feves 1
caution.

In a same level, an order of priority has been defined in the FWC.

Types of failure

Independent failure: Failures which affect an isclated item of equipment or system
without influence on others in the aircraft.

Primary failure: Failures of an item of equipment or system causing /oss of others
in the aircraft.

Secondary failure: Loss of an item of equipment or system resulting from a primary
failure

Corresponding with JAR 66 .
For training purposes only Cat: B1 51-17
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ECAM Warnings and Cautions

Table 1: ECAM Warning / Caution classification

Level Signification Aural Visual
. s  Master Warn
Red nin ; .
Si‘taua‘?irc?r: nlegding immediate action: Continuous Repetitive Chime light red flashing
: or
+  Aircraft in dangerous configuration LE;RC) specific red light.
Level3 g:g:g“ élé%l;t conditions {e.g. stafl, specific sound or synthetic +  Warning message
peed. . ) veoice. (red) on EAWD.
- System failure altering flight safety .+ Automatic call of the rele-
(e.g. eng. fire, excess cabin alt) vant system page on SD*.
' Amber caution «  MASTER CAUT
Eailure Mode Abnormal situation needing immediate light amber steady.
crew awareness but no immediate . )
Level 2 action. Single Chime (SC). (C;?:;Egg ?:?;333
System failure having no direct conse- ) ¢ '
quence on flight safety (e.g. BLUE HYD *  Automatic call of refevant
LO PR). system page on SD*.
g§§j:ecsag:;ownmonitoring »  Caution message
Level 1 Failures leading to a foss of redundancy None Eﬂ’tﬂgﬁ? orr;Eé:!leEr)egenerally
or system degradation. P .
+  Automatic call of the refe-
vant system page on the
Advisory System parameters monitoring None D.
The affected parameter
Information pulses green.
Information .
Memo Recalls normal or automatic selection of | None S_Ig‘:g; gin;ieéw‘agenra
functions which are temporarily used. )

* Some warnings do not automatically call up a system page.

" Corresponding with JAR 66
For fraining purposes only
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Flight phases
The FWC computes ten flight phases:

Figure 18: Flight Phases
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In order to avoid disturbing alerts especially during high workioad phases like take-
off or landing, warning/caution inhibitions refated to flight phases are performed.

When those inhibitions are in effect, following magenta MEMO messages will be
displayed: T.O. INHIBIT, LDG INHIBIT

NOTE: These flight phases are different and independent from the ones used by
the FMGC.

Flight Phase Inhibition
Figure 19: Flight Phase Inhibition

a b
b )
L+ 1 2 [ 3 [ 4 5
inhibited
phase

Effect on E'WD:

a) If a failure occurs before the inhibited flight phase, the warning will come
on immediately and remain displayed as long as it is present, even if a
inhibition phase follows.

b) Ifthe failure occurs during an inhibition flight phase, the alert wiil come on
only when the inhibition phase is over and will remain displayed as long
as the failure is present,

Configuration warnings

The FWC's trigger following warnings/cautions when the aircraft is not in take-off
configuration when the T.O. CONFIG push button is pressed (ECAM control pan-
el) or when take-off power is applied:

Table 2: Configuration Warnings

SLATS/FLAPS NOT IN TO
RANGE (red)

PITCH TRIM NOT IN TO
RANGE (red)

RUD TRIMNOT IN TO
RANGE (red)
T.0. Config

SPEED BRAKES NOT Test

RETRACTED (red) T.0. Power applied

SIDESTICK FAULT (red)

BRAKES HOT {amber)

DOOR NOT CLOSED
(amber)

PARK BRAKE ON (red)

FLEX TEMP NOT SET
{amber)

. Comesponding with JAR 66 .
For training purposes only Cat: B1 51-19
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Sounds Definition

Table 3:
WARNING SIGNALS CONDITION DURATION SILENCING *
Continuous Repetitive . Depress ™ MASTER WARN-
Chime Red warnings Permanent ING light
Single Chime Amber caution 1/2 sec. NIL
AJP disconnection by 15 sec Second push on TAKE OVER
TAKE OVER p/b i ' p/b.
Cavalry charge
AJP disconnection due Depress MASTER WARNING
to failure Permanent light or TAKE OVER pib.
Click Landing capability change 1/2 sec. (3 pulses) NIL
Cricket +STALL
(synthetic voice) Stalt Permanent NIL
Cabin call 3 sec, NIL
Buzzer* Emergency cabin cail 3 sec. repeated 3 times NIL *=**
Mechanic call As long as p/b depressed. NIL
Continuous Buzzer *** Depress
SELCAL call Permanent RESET key on ACP.
C Chord Altitude alert 1.5 sec. or permanent Select new allitude or press

MASTER WARNING light.

Auto call out
300, 100, 50,40, 30, 20, 10

Height announcement

MINIMUMS below 400 ft Permanent NIL
{synthetic voice}
Ground Proximity Warning See GPWS Permanent NiL

{synthetic voice)

Corresponding with JAR 66
For training purposes only
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Table 3:
WARNING SIGNALS CONDITION DURATION SILENCING *
WINDSHEAR . )
(synthetic voice) Windshear Repeated 3 times NIL
PRIORITY LEFT
PRIORITY RIGHT A/P take over p/b 1 sec. NIL
(synthetic voice)
RETARD Thrust lever not in idie pasition
(synthetic voice) for landing Permanent Retard thrust levers.
TCAS
(synthetic voice) See TCAS Permanent NIL
SPEED SPEED SPEED Current thrust is not sufficient

{synthetic voice)

to recover a positive flight
through pitch control.

Every 5 seconds until thrust is
increased.

Thrust lever(s}

DUAL INPUT
(synthetic voice)

Both sidesticks are moved
simultaneously

Every 5 seconds

* Ail aural warnings may be cancelled by depressing the EMER CANC key on the

ECAM control panel.

** Except for OVERSPEED or L/G NOT DOWN wamings.
*** May be cancelled by depressing MASTER CAUT push button.

One sidestick deactivated

"Corresponding with JAR 66
For training purpases only
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Controls

Figure 20: Cockpit Control Panels related to the EIS System
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ECAM / ND Selector

Allows to transfer SD to either Captain's or Copilot's ND .
In case of dual failure (E/WD and SD), the selector allows
to transfer the E/WD to either ND.

- Ff_O 3 DMC-3 replaces DMC-2.

EIS DMC Selector

NORM  DMC-1 supplies daia to PFD-1, ND-1 and
upper ECAM DU.
DMC-2 supplies data to PFD-2, ND-2 and
lower ECAM DU

CAPT3 DMC-3 replaces DMC-1.

PFD/ ND XFR Fusbbutton

transferred to the NDU.

Allows te manually transfer the PFD to the NDU and vice
versa. In case of PFD failure, the PFD is automatically

ND Brightness Control Kneb

The outer knob controls the brightness of both the weather
radar image and the EGPWS(if instalted) terrain display.
The inner knob controls the general brightness of the ND
symbology . Full courterclockwise rotation switches the

TN FFD/ND
) f¥x xR PN ND off.
" e 7= 0 O
@ | © | @ —
orF - “pAr Ve oFf T ey PFD Brightness Control Knob
' Full counterclockwise rotation switches the PFD off.
In this case the PFD image is automatically displayed on
the NDU. The ND may be recovered by means of the
PFD / ND XFR pushbution.
Corresponding with JAR 66 5.1 -22
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Figure 21: EFIS Control Panel and Master Warning, Master Caution Lights

___C;"ptlonal Dala D;splay Keys (5)
- Selecis/deselects display of optional data in addition to
ispl the permanently displayed flight plan data, when in PLAN,
Baro Reference Display Window C EFIS Control Panel ARC or ROSE NAY mode. Only one key can be active at
_Range 745 HP to 1050 HR . o a time.
- — - I The bars on the key are illuminated when function is ac
Barc Reference Selector - —] | tive. _ .
Cuter knob : Rotating it selects either HPA (Hecto \\._ C_Sj L ]rq “ NDE ‘ ARPT ‘ Disbiay Mode Selezzio_r
Pascal} or IN HG (inches of mercury) ) " _ Selects d d tion displ d ND
display. ﬂoigﬂ b g ég ,;A__% 0 . elects desired navigation |sp ay on ongide |
Inner knob : g:lmsﬁg}e QNH value either in HPA '—iLS{ -%l _— ( ﬁ‘rmo Range Selector
Pulling knob selects standard baro ‘ ) - Selects desired viewing range on onside ND:
reference setting. STD will be displayed . — NOTE: In case of mode or range data failure, the default
on PFD. ?otating the knob in STD mode - [_.fﬂ. Swor  ADF f"@-‘_@von selection will be ROSE NAV mode and 80 NM range.
has no effect. s Ve p—— . - - _
Pushing the knob from STD position OFF OFF ADF / VOR Selectors (2)
| activates the QNH bar setting again. Selects display of the VOR / ADF bearing pointers and
ND DME distance on onside ND.
CONTROL -
S - __ PART
FD Key

Selects/deselects FD bars display on PFD or Flight Path
Director symbol display, when TRK FPA reference is se
lected.

The bars on the key are illuminated when FD/FPD display
is selecled ON.

ILS Key

Selects/deselects LOC and GS display on the PFD, The
deviation symbols are displayed when a valid ILS signal is
received.

The bars on the key are illuminated when ILS display is

selected ON,

. MASTER WARN Lights (2)
. Flash red for level 3 warnings, accompanied by a continuous repetitive chime,

. specific sound or synthetic voice.
The light will extinguish when the warning situation no longer exists or when:
- The MASTER WARN light is pushed (except for overspeed and ST ALL warning).
D " - The ECAM panel EMER CANC key is pushed.
- The ECAM panel CLR key is pushed {except for overspeed and STALL warning),

- The MASTER WARN light is pushed {except for overspeed and STALL warning).
- The ECAM panel EMER CANC key is pushed.

llluminate steady amber for level 2 cautions, accompanied by a single chime,

The light will extinguish when the warning situation no longer exists or when
the MASTER CAUT, the CLR key or the EMER CANG key is pushed.

MASTER The aural warning stops when:
WARN

— MASTEH CAUT ngh[s (2)
MASTER

CAUT

Corresponding with JAR 66
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Figure 22: ECAM Control Panel

System Page Keys (11} Dlsplay Brightness Control Knobs (2) TO CONFIG Key
Depress to select the desired systermn page on the SD. Full counterclockwise rolation switches the associated When depressed, TO power application is simulated.
Key illuminates after manual selection or when an DU off. If the aircraft is not in TO configuration, a warning will be
advisory is detected. When the upper display is turned cff , the E/WD image triggered. If the configuration is correct, the message
Depressing the illuminated key a second time recalls the appears automatically on the lower DU, T.O. CONFIG NORMAL is displayed.
system page refated to the present f]|gh[ phase or the Manual brightness control is combined with automatic T N
current warning. adjustment of the display brighiness accerding ambient | [ Ey EMER GANC Key (guarded)
In mono ECAM display, system pages may be displayed light conditions. Pl
b . holding th 2 i Warnings {level 3}

ylpressmgfand o_dfng the system r(]Jagl;(e k?yt; . | ' Depressing the key cancels the present aural warning
- Incase of an advisory COﬂdI{I;pnil e key light will ftash i and extinguish MASTER WARNING lights.

(no automatic system page display). The ECAM message display is not affected.

- Incase of of a warning condition, there wilt be no -Cautions {level 2 and level 1)

luminated key light nor automatic system page display. Depressing the key cancels any present caution alert

‘ : (MC lights, ECAM message) fot the rest of the flight.
! The STATUS page is automatically selected, displaying
following message:
E ECAM Conlrol Panel CANCELLED CAUTION

..(title of failure which is inhibiled}
N e The |nh|b|t|on |5 automatlcally cancelled when flight phase

H
i

. Ecam S == | 1 is initiated or manually when RCL key is depressed for
STS Key D) e o | b ES (@ more than 3 seconds.
When depressed the STATUS page appears on the SD. " (== = === —
lluminates as long as the STS page is displayed. If there oéﬁ@w)" i] e | E |5z (o) [-M—L] ALL Key
;ET”BO sstlailgr? drsnessage present, NORMAL will be displayed ooy | L) (o) (o) iemr [ ) [ A When depressed and held, all system pages appear
: T _ — = | successively at 1 seconds inrlerval as long as the key is
The ST;@TUS page may be cleared by the CLR key or by @) ( @) @ (= ﬂ [? _J "JJ_J depressed. When released the presently displayed page
depressing the STS key a second time. [ or ek | will remain disptayed
Inn mono ECAM display: T ’
- The STATUS is only displayed when the STS key is ) __C:_L_I;{Ke
pressed and hold. The next status page, if any will be ) y ) )
displayed by releasing the key and pressing it again. - llluminates as Iopg as a warning/caution message or a
- Holding the STS key depressed, displays the status page RCL Key (2) status message is displayed. )
for 30 seconds, then the E'WD will autemalically appear Depress 1o recall warming/caution messages and the Egir&sgzggig;e CLR key when illuminated, will change the
agan. . status page previously cleared by the CLR key or by the -

flight phase related autornatic inhibition.

If no warning/caution is present, NORMAL will be
displayed for 5 seconds.

When depressed more than 3 seconds, the caution
rmessages which have been cancelled by the EMER
CANC key are recalled.

Corresponding with JAR 66 .
For training purposes only Cat: B1 51-24



Basic Maintenance ,
Training Manual

Module § Digital Technology / EIS
5.1 Electronic Instrument Systems

Embraer 145 EIS Presentation

Introduction
Similar as on the other aircraft types the Electronic Instrument System on the Em-
braer 145 is divided into the following systems

+  EFIS {Electronic Flight Instrument System)
providing all primary flight and navigation informations to the crew, and

+  EICAS (Engine Indicating and Crew alerting System)
visualisation of the information concerning normat and abnormal state of the
Engines and the aircraft systems

The output of these systems is presented in the cockpit on five Display Units as
shown in Figure 23 and via the Loudspeakers.

The five Displays are:

+  Primary Flight Display (PFD} on DU#1, pilot side

+  Multi-Function Display (MFD) on DU#2, pilot side

+  EICAS Display on DU#3, Center Main instrument Panel

+  Multi-Function Display (MFD) on DU#4, copiiot side

+  Primary Flight Display {(PFD) on DU#5, copilot side

Figure 23: Cockpit Arrangement of the Display Units

EICAS Display
Primary Flight Display [

=y

Primary Flight Display

Multi-Function Display Multi-Function Display

Display Description

»  Pnmary Flight Display - PFD {DU’s 1 AND 5)
The PFD is the primary flight reference for the flight crew members.
The PFD has references for airspeed, altitude, atlitude, heading, navigation,
and radio aids.

+  Muiti-function Display - MFD (DU's 2 AND 4)
The MFD is used as navigation display in normal operation, but it can be either
a PFD or EICAS display.
Through the MFD, you can set up to five system pages, one electronic check-
list page, one TCAS page and one displayable maintenance messages page.
Only the left MFD (DU-2} is also used to show the displayable maintenance
messages.

+  EICAS Display (DU-3)
The EICAS display shows engine parameter, fuel system, flight control sys-
tem, ECS, APU, and crew alerting systems.

Electronic Instrument System Architecture

The Integrated Computers system is the primary component of the whole avionics
system. The Integrated Computers system together with controllers and sensors
form the Primus-1000 {P-1000) Honeywell System.

These computers are called Integrated Computers because there are different
parts with different functions, integrated into one box,

Within the Electronic Instrument System, the Integrated Computers perform sym-
bol generator function for the EFIS, symbol generator function as well as process-
ing of the different warnings and messages for the EICAS.

Other parts of the Integrated Computer are used for flight director and autopilot
functions.

Between the Integrated Computers, there is a cross-talk bus called Intercommuni-
cation Control Bus (ICB), which is used for comparison purposes.

The IC # 1 normally provides images to DU's 1/2/3, while the IC # 2 provides im-
ages to DU's 4/5.

Figure 24 shows the architecture of the system.

A detailed description of the interfaces to the different aircraft systems shown in
the block diagram will follow in the paragraphs on EFIS and EICAS.,

‘Corresponding with JAR 68 .
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Figure 24: Electronic Instrument System Architecture
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Electronic Flight Instrument System (EFIS)
The Electronic Flight Instrument System (EFIS) provides accurate flight indica-

tions through its displays.

This system uses four of large 8" x 7" CRT displays:
+  Two Primary Flight Displays (PFD’s). Display Units (DU’s 1 and 5).
*  Two Multi-Function Displays (MFD's). Display Units (DU's 2 and 4).
These DU's receive image information from the two integrated computers (1IC-600

1 and 2).

Figure 25: Description of the Primary Flight Display

Both the Primary Flight Display (PFD) and the Multi-Function Display (MFD) are

divided into two parts:
= Display Unit (DU).
+  Bezel

The DU's have the same part number, while the bezels have different part num-

bers.

On the Primary Flight Display, the most important parameters for the pilots to con-
trol the aircraft are displayed as shown on Figure 25.
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The Multifunction Display is divided into two parts:
+  Onthe upper part, navigation information is displayed which enables the pilots
to navigate the aircraft.

»  On the lower part of the display, information about aircraft systems and en-
gines is displayed. In case of failure of a system, EICAS information such as
electronic checklist can also be displayed.

Figure 26: Example of the Multifunction Display
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Selection Keys for the Aircraft System Indication

Components of the EFIS

The description of the Components and interfaces that follows, will give you an
overview of the EFIS System and will help you to understand the detailed diagram
as shown on

The integrated display system of the aircraft has a 4-tube configuration.
This configuration includes:

*  Two Primary Flight Displays (PFD's) DU-870
+  Two PFD bezels BL-870

+  Two Multi-Function Displays (MFD’s) DU-870
+  Two MFD bezels - BL-871

+  Two Integrated Computers - [C-600

»  Two Display Controllers - DC-550

+  Two EFIS reversionary panels

* A Flight Guidance Controller (GC-550)

+ Interface signals

Display Unit
The DU-870 is the electronic display used to supply the PFD EICAS and MFD in-
formation in the Primus-1000 system.

Each DU-870is a CRT with three video guns (red, blue, and green) and with stroke
and raster scanning techniques.

Bezel
Different bezels are attached to the front part of the DU-870 to make them either:
PFD, MFD, or EICAS displays.

Integrated Computer

The IC-600 is the primary component of all the avionics system. The |C-600 has:
+  Symbol generator function

+  EICAS function

= Flight director function

«  Autopilet function

Each [C-600 gives three distinctive images: for PFD’s, MFD's, and EICAS display.

Display Controller

The DC-550 controls:

+ Navigation and weather radar display selection.
«  Set bearing pointer sources.

s Self-test function selection.

‘Corresponding with JAR 66
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It also moves analog signals from the GC-550 and bezels. Then, the DC-550 dig-
itizes the signals to transmit them to the 1IC-600.

The DC-550 activates the self-test function for several systems.

Reversionary Panel

This panel supplies each flight crew member with cross-side information for:
+  Symbol generator

+  ADC

* AHRS {or IRS)

*  Reversion of EFIS components

Flight Guidance Controller

This unit is responsible for the selection of;
+  Vertical speed target

* Indicated airspeed or mach farget

+  Preset altitude

+  Course

+  Heading

+  "Cross" bar or "V" bar

Interfaces to other Aircraft Systems

+ AHRS (or IRS)
The |C-600 receives information from the two AHRS sources (or from the two
IRS sources). Each AHRS (or IRS) sends data separately to each IC-600.
This makes sure that a single failure does not impair the data path from AHRS
{or IRS) sources,
+  PRIMUS Il RADIO
The Primus Il radio system supplies navigation data to the 1C-600 through the
Radio System Bus (RSB). This bus transmits short range navigation data
(VOR bearings, ILS approach data, marker beacons, DME and ADF). The
RSB has:
— Two secandary buses
—  One primary bus
The secondary buses receive information from the radio system, N.1 or N.2 sepa-
rately, while the primary bus receives information from the two radio systems. The
IC-600 1 receives data from a secondary bus and the primary bus. The IC-600 2
receives data from a secondary bus and the primary bus.

MICRO AIR DATA COMPUTER - MADC (AZ-840)
Each IC-600 receives data from the two MADC's. These data are:

—  Pressure altifude
— Baro altitude
- Mach
- CAS
- VMO
- TAS
-  TAT
- Altitude
- SAT
Baro correction in HPA or In.Hg.
RADIO ALTIMETER (AA-300)
This system supplies analog radio aftitude signals between - 20 ft to 2,500 ft.
LONG RANGE NAV (FMS OPTION)
The Primus-1000 receives LRN data for waypoint and navigation data. This
data permits the |C-600 to show:
—  Flight plan waypoints
= Waypoint bearing
—  Desired track
—  Cross track deviation
- Waypoaint distance
- Time to waypoint.
TCAS COMPUTER
The IC-600 receives a verticat deviation signal for display on the PFD.

DATA ACQUISITION UNIT (DALY

The IC-800 receives data from the DAU's to display information relative to en-
gine, systems, and other aircraft sensors,

WEIGHT ON WHEELS (WOW LOGIC)

Both IC-600 receives WOW logic from an aircraft-mounted switch. This signal
is grounded when the aircraft is on the ground and not when itis in flight. The
WOW logic is internally processed in the Landing Gear Electronic Unit
{(LGEU).
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Figure 27: Detailed EFIS Block Diagram
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EICAS

The Engine Indication and Crew Alerting System (EICAS) receives and processes
signals from engine and system sensors.

The architecture of the system (EICAS) starts from the engine and system sen-
sors. In this system there are two Data Acquisition Units (DAU’s) which collect data
from systems of all parts of the aircraft.

The DAU 1 collects the data from the sources located in the front part of the aircraft
and engine # 1. The DAU 2 collects the data from the sources located in the rear
part of the aircraft and engine # 2.

Either message or indication goes through DAU, where the analog signal is
changed to a digital one, and sent to the integrated computer (IC-600).

This system also uses reversion switches for display units, data acquisition unit,
and symbol generators.

The Data Acquisition Unit (DAU) receives analog and digital signals for using them
in the EICAS.

The following aircraft systems are interfacing with the EICAS for indication and
alert functions:

+  Power plant

+ Landing gear

*  Flaps

+  Spoilers

»  Pressurization
+ APU

+«  Trims

*  Brakes

*+  Hydraulics

+  Electrical

+  Fuel

+ lcefrain protection
+  Oxygen

+  Doors

+  Ajr conditioning
+  ({Aircraft with CAT-lIla configuration) Head-up guidance system.

The following aircraft systems are interfacing the EICAS for alerting purposes only:
+  Air turbine starter

*  Master announcement

+ Auralwarning

»  Central Maintenance Computer (CMC})
*  Fire protection

+  (E)GPWSlwindshear

+  Rudder

+  Smoke

+  Stall protection system

+  Thrust reverser

The integrated architecture of the system uses the EICAS display and MFD's for
indications.

The Radio Management Units, two separate displays which are normally used for
Radio Management purpose, can be used to display EICAS information {(engine
parameters and critical messages) as a backup in case of failure of an Integrated
Computer.

EICAS Primary Format

The EICAS primary format is always shown at the DU-3, and is divided in three
parts:

+ Engine indications

«  System indications

+  Crew alerting

Engine Indication

The most important parameters of the engines are presented on the EICAS prima-
ry format on DU 3 as shown on Figure 28.
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Figure 28: Engine Indications on EICAS Display
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For any exceeded parameter, the indication will become red and flash for 10 sec-
onds and then stay ON.
The indication bug follows the same color as found along the analog band

Indication of other Aircraft Systems

Figure 29 highlights the Indication of the other aircraft systems that are continu-
ously shown on the EICAS primary Format.

Figure 29: Indication of other Aircraft Systems on EICAS Display
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Crew Alerting

The EICAS continuously monitors the status of various aircraft and avionics sys-
tem, and generates messages for the flight crew members.

Each IC-600 receives warning, caution, advisory, and status signals from systems.
The IC that controls the EICAS display, which is selected through the reversionary
panel, wili have the messages displayed.

The CAS area location is at the upper right field of the EICAS display. This field
has the capability of 16 lines of 18 characters per line. The last line shows the sta-
tus line.

More than 150 messages will be shown on the CAS according to the message
type. The message types are warning, caution, and adviscry. Warning (red color)
messages are displayed on top, followed by caution {amber color) messages, and
advisory (cyan color) messages. The newest message will be displayed on top of
its respective quete. When a new message occurs, the message will flash.
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Message recognition is done as follows:;

+  For warning message: by pushing the master warning button, located on the
glareshield panel.

+  For caution message: by pushing the master caution button, located on the
glareshield panel.

+  For advisory message: automatically, after five seconds.
The "END" message will always be the last message on the status line.

f there are 15 messages, the 16th line (status line) will show text "XX- messages
XX". This text refers to the number of messages scrolled off the top and bottom
of the display, respectively.

If there are no messages, then the status line will stay blank. The "END" message
will not be included in the count of messages scrolled off the bottom of the display.

Figure 30: Example of Crew Alerting Indications on EICAS Display
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Components of the EICAS:

The EICAS includes the following components:
+  Two DAU's (DAU # 1/2)

*  One EICAS display (DU # 3}

+  Two MFD's (DU # 2/4)

+  Two integrated computers (IC-600)

+  Two Radio Management Units (RMU's)

«  Two reversionary panels

+  One EICAS reversion panel.

Data Acquisition Unit (DAU)

The DAU is the central data collection point for the EICAS. The DAU receives dis-
crefe and analog inputs. These signals are changed for the digital ones by an an-
alog/digital converter and sent to the integrated computer (IC-600).

The DAU is a dual (A and B) channel unit, the channels being redundant, except
for the excitation source for signals that do not require it.

EICAS Display

The DU-3 is a full color CRT 8 x 7 inch electronic display, which is identical to the
PFD's and MFD's. For these DU’s only the bezels are completely different either
in the format or in the operation.

Multi-function Display - MFD

The MFD (DU 2/4} is similar to DU-3, but, through its menu, you can get access to
system pages, as follows:

+  Takeoff page

+ ECSpage

+  Fuel page

*  Hydraulic/brake page

+  Electrical page

Integrated Computer

The integrated computer (IC-600) is the unit which receives digitized signals (AR-
INC 429) from DAU'’s for generating images to DU’s.

In the 1IC-600 there is a symbol generator which controls the display units in normal
condition, as follows:

« IC#1, controls DU's 1, 2 and 3.
« IC#2, controls DU's 4 and 5.

Figure 31: Architecture of the EICAS System
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Radio Management Unit - RMU

Both RMU’s provide backup EICAS information through the engine backup page,
for normal operation.

Only the RMU # 1 supplies the backup EICAS information in emergency operation.
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Reversionary Panel

A reversionary panel is provided for each pilot to permit Symbol Generator (SG)
reversion. It also permits Reconfiguration of the MFD either for EICAS display or
Primary Flight Display (PFD).

Figure 32:
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EICAS Reversion Panel

Through the EICAS reversion panel, you can deenergize the failed channel (only
channet A} of DAU 1/2.
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Aural Warning

As on the Airbus A320 Warnings, and Caution messages triggered by a system
failure will be shown on the display units (EICAS displays for Embraer).

Some Warnings, depending on the seriousness of the failure, will also trigger an
aural warning. On the Airbus A320 the aural warnings are part of the ECAM sys-
tem.

On the Embraer 145, the aural warnings are discussed in a separate sub chapter
in the AMM called "Aural Warning".

This is just a different philosophy of defining the different parts of the systems.

The relation between Messages on the screens and aural warnings is very similar
on all modern aircraft.

As the aural warnings are also part of the Electronic Instrument System, a short
description of the system will be given on the following pages.

System Description

The aural warning system receives signals from the following aircraft systems:
+  TCAS (Ref 34-43)

*  Windshear detection system

+  GPWS/EGPWS

+ 1C-800

*  Fire defection system

+  Stall protection system

+  Trims

+  Flaps

+  Brakes

+  Spoilers

*  Radio altimeter
+  Autopilot

The system generates voice messages, and warning and caution tones associat-
ed with a fatlure,

The tones have different forms.

Aural Warning Levels
The aural warnings are divided into four /evels, as follows:
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Emergency

Associated with situations that can be dangerous. The system can generate
a voice. If an emergency fault occurs, with voice message, the Aural Warning
Unit (AWU) generates a specific sound, three chimes, plus the voice mes-
sage. If an emergency fault occurs, without voice message associated, the
AWLU generates only master warning tone. In any condition, the aural warning
is repeated every second until cancellation through the master warning light
or until the failure is removed.

Abnormal

Associated with malfunctions or failures. The AWL generates a master cau-
tion tone, every five seconds, until canceilation through the master caution
light or the failure is removed.

Advisory

Assoaciated with the least important failures such as Joss of redundancy or
degradation of a system.

Information

The information alerts are related to information situations.*
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The "AURAL LEVEL" table shows the aural message priorities and levels.

Table 4: Aural Level

Level Associated Condition/EICAS Messages Priority Tone Voice Message Cancel
Emergency Stail Condition. 1 Clacker None No
Windshear condition 2 None Windshear No
Ground Proximity Condition 3 None Several Ground Prox- No
imity Warning Mes-
sages Possible
Traffic Proximity Condition 4 None Several TCAS Warning | No
Messages possible
Fire in Engine or APU f ENG 1 (2) FIRE, APU FIRE 5 Bell None Yes
Airspeed above VMO 6 three chimes High Speed No
Landing Gear not locked down for ianding 7 three chimes Landing Gear No
Cabin Altitude above 10,000 ft. 8 three chimes Cabin Yes
Associated with takeoff configuration warning 9 three chimes Takeoff plus one ofthe | No
conditions:;
«  Flaps
+ Brakes
+  Trim
+  Spoiler
Associated with emergency failures 10 Master Warning None No
Abnormal Associated with glide slope deviation None None Glide Slope Yes
Traffic proximity condition None None Traffic Yes
Abnormal cont’d Associated with abnormal failures None Master Caution None Yes
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Table 4: Aural Level
Level Associated Condition/EICAS Messages Priority Tone Voice Message Cancel
Advisory Autopilot disengagement during approach None None Autopilot Yes
Associated with decision height crossing None None Minimum No
Power-up test detected a failure in one channel of AWU | None None Aural Unit One Channel | No
Information Associated with SELCAL callings None None Selcal No
Airplane is crossing or has reached a pre-selected alti- | None 2,900 Hz None No
tude three times
Both channels of AWU are operating normally on None None Aurai Unit O.K. No
power-up test
Takeoff configuration test successful None None Takeoff O.K. No
Power supply 1 or 2 failure None None Aural Unit One Power No
Interrupt

If multiple alerts occur, the highest level (emergency) alert operates first. After can-
celling the emergency aural alerts, the abnormal alerts operate. If all emergency
and abnormal aferts are cancelled, the advisory alerts operate. Finally, if there are
no other alerts, then the information alerts operate.

But, any alertthat is in progress will be completed before another alert signal starts
to operate (even if the priority is higher).

A special condition occurs in the emergency fault leve! without voice message.
“three chimes" is inhibited when any other alert occurs at the same time. Cnly after
cancelling an alert generated by the AW system, "three chimes" will be generat-
ed.

If a stall or fire fault occurs at the same time as any emergency fault with voice
message associated, the two operate simuitaneously. The amplitude of the dis-
cretfe sound {clacker or bell) is reduced, but is sufficiently distinct to permit the crew
to understand the voice message and the discrefe sound easily.

A special condition occurs for windshear, TCAS, or GPWS/EGPWS alert candi-
tion. No other voice message is generated with them to avoid misunderstanding.
Only stall condition has priority over windshear, GPWS/EGPWS, and TCAS alerts.
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Master Warning and Master Caution

There are two switches to cancel emergency or abnormal failures. They are the
master waming light and the master caution light. The associated light flashes
when an emergency or caution failure occurs. The pilot or copilot can cancel all the
alerts through the master warning/caution lights, except:

*

L

Stall

Landing configuration alarm generated because of the flaps
GPWS/EGPWS

Windshear

TCAS R/A, Overspeed, Advisory and information alerts

Interfaces to the Aural Warning System
The aural warning system makes interface with:

*

Master warning and master caution light inputs

They are used to cancel a warning or a cautien fault. A ground signal comes
through the switches.

TCAS auxitiary audio input

There is an auxiliary audio input for the audio generated in the TCAS compu-
ter.

(EYGPWS/windshear auxiliary audio input There is an auxiliary audio input for
the audio generated in the GPWS/EGPWS and W/S computer.

NOTE: The AWU uses these interfaces to give priority of alerts.

*

Rolling take-off configuration input

This input is used for a take-off configuration simulation during aircraft taxi.
There is a switch in the control pedestal to simulate a condition of power-le-
vers in the take-off configuration. This function permits the crew to do a take-
off configuration test during aircraft taxi.

Emergency, advisory and information inputs

These inputs are connected to some systems, namely:

— SELCAL

~  Altitude alert

- Autopilot

Pilot/copilot and observer digital audio panels outputs

The aural warning system interfaces the 3 audio panels to have head phone
and speaker outputs. The speaker output, for warning purposes, on the pilot
and copilot audio panels can never be switched off from crew members' ac-
tion.

Abnormal and emergency inputs The two inputs come from EICAS when an
emergency or abnormal fault occurs associated only to the CAS messages on
the EICAS display. These inputs will cause the AWU to generate master
warning tone (three chimes) and master caution tone.

Abnormal and emergency outputs

The two outputs go to the EICAS when the AWU is ready to generate the au-
dio signal. Even when the master warning light of master caution light is
pushed, the AWU sends a ground signal to cancel the light flashing.

AWU total fail output

This output informs the EICAS if the AWU fails totally.

Figure 34 shows the interfaces with the different aircraft systems
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Figure 34: Aural Warning Block Diagram
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introduction

General

In the aeronautical world switching circuits of one kind or another are to be found
in almost every piece of electronic equipment ranging from ground radar systems,
aircraft navigation and flight systems and communications equipment. The switch-
ing systems may be relatively simple or quite complex, incorporafing many inter-
related circuits in the form of 'gates’, 'logic circuits’ and digital computer units.

It is necessary to understand the numbering system on which these circuits oper-
ate and to be able to interpret indications which may display those numbering sys-
tem 'symbols’ (digits and letters). We shall first look at the various numbering
systems, which are used:

+  Decimal
»  Binary
+  Qctal

»  Hexadecimal

Each numbering system will be examined for its structure and conversion to other
systems.

Definition of Base or Radix

The number of symbols used in a numbering system is determined by the base or
radix of the system, e.g. 10 digits (0,1,2,3,4,5,6,7.8,9) are used in the decimal sys-
tem and is calied a base (or radix) 10 system.

A binary system only uses two symbols (the digifs 0 and 1) and is therefore called
a base 2 system.

When dealing with computer systems it is often convenient to work with octal
which is a base 8 system (using the digits 0,1,2,3,4,5,6,7) or hexadecimal which is
a hase 16 system (using the digits 0,1,2,3.4,5,6,7,8,9 and the letters A,B,C,D,E F).
Unless the base of the system being used is clear, a subscript of the base should
be used, e.g.

Decimal 12349
Binary 1111011,
Octal 1735

Hexadecimal B74g

Note:

An expert in numbering calculations (graduated to that title after a successful study
of this JAR-66 module 5.2) should be able to check the conversions from the dec-
imal number 123 to the equivalent binary-, octal- and hexadecimal values, as
shown in the example before.

Please, space is given here below and in the blank spaces in the right columns of
the following pages!

Corresponding with JAR 68 .
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Decimal System Notes:

General

In this system the base is 10. Consider the number 7245,.

This is stated as seven thousand, two hundred and forty five.

Written in its full form it becomes:

(7 x 10%) + (2 x 10%) + (4 x 10") + (5 x 109).

The 10%, 102, 10" and 10 are 'understood’ but each of them is prefixed by the ap-

propriate coefficient, in this case 7, 2, 4 and 5. It can therefore be seen that each
power of 10 can have a coefficient ranging from 0 to 9, again ten digits.

Disadvantages of the Decimal System

In a digital computer, calculations are carried out in a central processor unit (CPU)
which may consist of many transistors, diodes etc. If a single transistor is being
used to count on the decimal scale of base 10, then 10 discrete levels of collector
current would be required, e.g.

0 mA might represent an input of 0, 1 mA an input of 1, 2 mA an input of 2, etc.

Such a system would be extremely difficult to operate and would require very care-
ful design with stabilised power supplies, negative feed back networks, close tol-
erance components etc. One requirement of a digital computer is that it is accurate
and therefore it must be abie to distinguish between numbers even if they are
close to each other. In addition it is important that the number does not driff with
changes in power supply voltage or temperature. It would be risky to expect a tran-
sistorised circuit to distinguish infallibly between 10 different magnitudes of current
required by a decimal system.

Where accuracy and speed are important there are only 2 possible states in an
electronic device on which adequate reliance can be placed: These are the on
state and the off sfate. These sfales are the basis of the system, which is used al-
most universally today throughout digital processing and is called the binary base
2 system. By using two widely spaced current values corresponding to the output
of a transistor at saturation (on} and cut-off (off), the chance of error in represent-
ing a given number is minimised.

The on/off state of a transistorised circuit represents the binary numbers 0 and 1
and since they are well defined and can be distinguished readily from each other,
even relatively large drifts in power supply voltage or operating temperature will
not affect them.

Corresponding with JAR 68 .
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Binary Numbering System

General

A decimal number, when written down, does not have the base numbers 10°, 101,
10 etc. included but are 'understood' to be there. Furthermore the coefficient of
each power of ten ranged from 0 to 9.

In a binary number the base numbers (power of two) 20, 21, 22, etc. are not shown
- similar as within decimal numbers - and the coefficient of each base number can
only be 0 or 1.

To explain this the binary number 1 1 0 1 0 1is illustrated in the top row of the table
below, underneath of each binary digit is written its base number (power of two)
and in the last row of the table appears the decimal weight of each column.

1 1 0 1 0 1 Binary
Number

25 24 23 22 21 20 Base
Number
32 16 8 4 2 1 Decimal
Weight

Conversion of a Binary Number to its Decimal Equivalent

To convert the above binary number 1 1 0 1 0 1 to decimal form, the decimal
weight of each of the base numbers having a coefficient of 1 (binary digit = 1} are
added together giving:

This conversion takes place as follows:

«  Multiply the most significant digit (the left-most digit) by 2 (base or radix).

+  Add the following binary digif of the binary number to this first product then
muitiply by 2 again.

+  Add the next digit to this product then muitiply by 2 again. This procedure con-
tinues until the least significant digit is added to the products generated, at this
point the conversion is completed.

mMSB LSH
Binary Number 1 1 0 1 0 1
Conversion sums from multiplying by 2 3 6 13 26 53

2 and adding next binary digit,

Note:

A binary number can have 0's placed in front of the first 1 (left-most digit) of the
number without altering its decimal value.

It should also be noted that the first (left-most) digit of a binary number is called
'MSB’ (Most Significant Bit) and the last {right-most) digit is called 'LSB’ (Least
Significant Bit). The word 'bit' comes from the first two letters of binary and last
letter of digit. The 'MSB' and 'LSB’ may also be called 'MSD' and 'LSD’ (..D = digif).

Apropos, as shown in the table below with the binary equivalent of 163, four bits
make a Nibble and two Nibbles, or eight bits, make a Byte. These groupings are
useful when converting to hexadecimal notation, which is explained later.

16349 = 128 +0 +32 +0 +0 +0 +2 +1
32 +16 +0 +4 +0 +1 =53
7 & 5 4 3 2 1 0
Note that 20 equals 1 which is true for any number having an index of 0. 2 2 2 2 2 2 2 2
This is one way in which any binary number can be converted into its equivalent 10100011, = 1 0 1 0 0 0 1 1
decimal number. This system is acceptable for small binary numbers, i.e., num-
bers with a small number of 0's and 1's but becomes tedious when having to deal MSB LSB
with large binary numbers.
ge binary N ' , o DI Nibble ~-ceens I P Y — >
Under these circumstances it is better to use the following successive multiplica-
tion technique to convert a binary number to a decimal. 1< Byte >
" Corresponding with JAR 66 Cat: B1 52-4
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Conversion of a Decimal Number to its Binary Equivalent Notes:

Since the binary number system is the only one which a digital computer recognis-
es, it is necessary to convert decimal numbers into their binary form.

To convert from decimal to binary, successive division by 2 may be employed and
the remainder of any division (which must be either 0 or 1) is then recorded stc-
cessively in a separate column. The division by 2 is continued until the number be-
ing divided yields an answer of 0 with a remainder of 1.

The binary number eguivalent of the original decimal number is then taken as the
sequence of remainders reading from the bottom upwards. Clearly, since the last
divis.

The following is an example of how this conversion is carried out:

Write the decimal number 217 in binary form.

2 | 217 Remainders
"2 | 108 1 LSB
2| 54 0
2| 27 0
2| 13 1
2|6 1
2| 5 0
2| 1 1
o 0 1 MSB
Read up to
obtain binary
equivalent.
11011001

i.e. 21710= 110110012
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Octal Numbering System

General

As the name implies, the octal system is a base 8 system, using the symbols 0, 1
2, 3,4,5,6 and 7. The weight factors are now powers of eight, such as 80 8! 8
etc. and the coefficient of each base number can be in the range of O to 7.

Tao explain this the octal number 236 is illustrated in the top row of the table below,
underneath of each octal digit is written its base number (power of eight) and in the
last row of the table appears the decimal weight of each column.

The successive multiplication technique in converting an octal number to its deci-
mal equivalent is shown in the table below with the well-known octal number 236.

Octal Number 2 3 6

Conversion sums from multiplying by 8 and 16 19 158
adding next octal digit.

Conversion of a Decimal Number to its Octal Equivalent

To convert decimal to octal, divide the decimal number by 8 successively and
again record the remainders. As in the conversion from decimal to binary the an-

2 3 6 Octal .
Number swer is then read upwards!
) . o Example:
8 8 8 N?J?nsger Convert the decimal number 796 to its octal equivalent,
64 8 1 Decimnal 8 | 796 Remainders
Weight —
8 | 99 4 LSD
Conversion of an Octal Number to its Decimal Equivalent 8! 12 3
To convert the above octal number 236 to decimal form, the decimal weights of —
each of the base numbers having a coefficient of 1 to 7 have to be multiplied by 8 | 1 4
the respective octal digit of the octal number and are added together giving: ] 0 ’ MSD
, , _ _ obtain octal
Another method to convert an octal number to its decimal equivalent is the succes- equivalent.
sive multiplication technique. 1434
This conversion takes place as follows: _
-+ Multiply the most significant digit {the left-most digif) by 8 (base or radix). ie. 7961 = 14344
+  Add the following octal digit of the octal number to this first product then mul-
tiply by 8 again.
+  Add the next digif to this product then multiply by 8 again. This procedure con-
tinues until the least significant digit is added fo the products generated, at this
peint the conversion is completed.
' Comresponding with JAR 86 Cat: BA 52-6
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Conversion of an Octal Number to its Binary Equivalent Notes:

This octal number 1434 will now be converted to its binary equivalent which is ac-
complished by taking each octal digit and converting it to a three-bit group as fol-
lows:

1 4 3 4 Octal Number
001 100 011 100 3-Bit Groups

i.e. 14345 = 001 100 011 100, = 1100011100,

Taking these resuits altogether gives: 79645 = 14345 = 1100011100,

Conversion of a Binary Number to its Octal Equivalent

In order to convert a binary number to its octal equivalent the binary number digits
are split into groups of three bits, starting from the least significant bit (LS8 = right-
most bit). Noughts are then added in front of the most significant bit (MSB = left-
most bit), if required to complete the group of 3.

For example:
Convert the binary number 10110011 to its octal equivalent.
Starting from the LSB and putting the digifs in groups of 3 gives: 10 110 011.

A nought must be placed in front of the MSB to complete the group of 3 before con-
verting each group to its octal value, i.e.

010 110 011 3-Bit Groups
2 6 3 Octal Number

Therefore: 10110011, = 263,

Corresponding with JAR 66 .
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Hexadecimal Numbering System

General

This system is used mainly on those systems handiing large binary numbers and,
as with the octal system, it is used as a shorthand method of writing binary num-
bers. This system uses a base of 16.

However, since only ten different digit symbols exist (0 to 9), six other symbois
have to be used for the complete range of coefficients of each power of 16. These
are the letters A to F inclusive of the alphabet. The complete set of hexadecimal
symbols of each base number (169, 167, 162, etc.} is now:

[ 9 A B C D E F Hexadecimal
Symbols
o ... 9 10 11 12 13 14 15 Decimal
Weight

To explain this the hexadecimal number 1A3 is illustrated in the top row of the table
below, underneath of each hexadecimal symbol is written its base number (power
of 18) and in the last row of the table appears the decimal weight of each column.

Another method to convert a hexadecimal number to its decimal equivalent is the
successive multiplication technique.

This conversion takes place as follows:

+  Multiply the most significant symbol (the left-most symbol) by 16.

+  Add the following hexadecimal symbol of the hexadecimal number to this first
product then multiply by 18 again.

+  Add the next symbol to this product then multiply by 16 again. This procedure
continues until the least significant symbol of the hexadecimal number is add-
ed to the products generated, at this point the conversion is completed.

The successive multiplication technique in converting a hexadecimal number to its
decimal equivalent is shown in the table below with the well-known hexadecimal
number 1A3.

Hexadecimal Number 1 A 3

Conversion sums from multiplying by 16 16 26 419
and adding next hexadecimal symbol.

We recognize that similar methods - as within the octal system - can be used to
convert hexadecimal to decimal and we will see, also vice versa from decimal to
hexadecimal or the conversions between hexadecimal and binary are performed

1 A 3 Hexadecimal in a similar way to the octal system.
Number
) ’ o Base Conversion of a Decimal Number to its Hexadecimal Equivalent
16 6 16 Number The decimal number has to be divided successively by 16 and the remainders are
again read upwards to give the hexadecimal number.
256 16 1 DV?/CIW!?: For example: Convert the decimal number 762 to its hexadecimal equivalent.-
Big
. . . . . 16 762  Remainders
Conversion of a Hexadecimal Number to its Decimal Equivalent —
16 47 1010 = A
1x256 +10x16 +3x1 =419 16 2 18,4 = F
The table above illustrates the conversion of the hexadecimal number tA3 to dec- 0 20 = 2
imal form: The decimal weighfs of each of the base numbers having a coefficient
of 110 @ or A to F have to be multiplied by the respective hexadecimal symbol of
the hexadecimal number and are added together.
‘ Corresponding with JAR 66 Cat: B1 §2-8
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Read up to
obtain
hexadecimal
equivalent,
2FA

ie. 76210 = 2FA16

Conversion of a Hexadecimal Number to its Binary Equivalent

This conversion is carried out in the same way as for octal to binary except now
each hexadecimal symbol is given its equivalent binary number as a group of 4.

So the hexadecimal number just found becomes:

2 F A
G010 1111 1010

Hexadecimal Number

4-Bit Groups

Note: F and A are 154 and 104, respectively.

The complete conversion therefore is:
76245 = 2FA15= 0010 1111 1010, = 1011111010,

Conversion of a Binary Number to its Hexadecimal Equivalent

To do this conversion the same procedure as for octal is carried out but the binary
digits are grouped in fours starting from LSB and adding noughts as required in
front of MSB to complete the group of 4.

Example:
Convert the binary number 11011100101 to its hexadecimal equivalent number.

Group the digits in fours starting from the LSB. A nought has to be added in front
of the MSB tc complete the grouping, thus: 8110 1110 0101.

Now put the appropriate symbol {digit or letter) for each group. This gives as the
answer.

0110 1110 0101
6 E 5

4-Bit Groups

Hexadecimal Number

Therefore: 11011100101, = 6E544

Relationship between Binary, Octal and Hexadecimal System

Consider the conversion of the decimal number 1254 into the 3 numbering sys-
tems, they are:

+  Binary10011100110,,
+  Octal 2346,
+  HexadecimaldES g,

it can be seen that for ease of use the hexadecimal is best, the octal next and the
last are binary.
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The table shown below illustrates the refationship between decimal, binary, octal

and hexadecimal numbers.

Decimal Binary Qctal Hexadecimal Numbering System
10 100 24 23 22 2! 20 g g0 16" 16° Base Number
10 1 16 8 4 2 1 8 1 16 1 Decimal Weight
0 0 0 o 0 0 0 0 0 0
1 0 0 0 0 1 0 1 0 1
2 0 0 0 1 0 0 2 0 2
3 0 0 0 1 1 0 3 0 3
4 0 0 1 0 0 0 4 0 4
5 0 0 1 0 1 0 5 0 5 Note:
To obtain the octal number
6 0 0 1 1 0 0 6 0 6 digits, the equivalent binary
2 I I I R N TR I IO A kvt et oa
8 0 1 0 0 0 ‘ 0 0 8 | symbols (digits andior et
9 0 1 0 0 1 9 1 0 9 ters) the equivalent binary
number has to be divided in
1 0 0 1 0 1 0 1 2 0 A 4-hit groups, always start-
] " 5 . 5 y y ] . 5 5 ing from the LS8 (29).
1 2 0 1 1 0 0 1 4 0 c
1 3 0 1 1 0 1 1 5 0 D
1 4 0 1 1 1 0 1 6 0 E
1 5 0 1 1 1 1 1 7 0 F
1 6 1 0 0 0 0 2 0 1 0

Corresponding with JAR 66
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ASCll-Code Table 1:
To get information into and out of a computer, we need more than just numeric rep- ;
resentations; we also have to take care of all the letters and symbols used in day- Bits | 64> | 000 001 010 011 100 101 110 111
to-day processing. Information such as names, addresses, and item descripticns _
must be input and output in a readable format. But remember that a digital system 3-0> 0000 | NUL  DLE SP 0 @ P P
can deal only with 1's and 0's. Therefore, we need a special code to represent all 0001 | SOH DC1 ] 1 A Q a q
alphanumeric data (letters, symbols, and numbers).
Most industry has settled on an input/foutput (I/O) code called the American Stand- 0010 | STX DC2 i 2 B R b r
ard Code for Information Interchange (ASCIl). The ASCII code uses 7 bits to rep-
resent all the alphanumeric data used in computer /0. Seven hits will vield 128 0011 | ETX  DC3 # 3 c S ¢ s
different code combinations, as listed in Table 1. 0100 | EOT DC4 $ 4 D T d t
Each time a key is depressed on an ASCI| keyboard, that key is converted into its
ASCII code and processed by the computer. Then, before outputting the computer 0101 | ENQ NAK % 5 E U e u
contents to a display terminal or printer, all information is converted from ASCII
into standard English. 0110 [ ACK  SYN & 6 F v f v
To use the table, place the 4-bit group in the least significant positions and the 3- 0111 {| BEL ETB ' 7 G w g W
bit group in the most significant positions.
1000 | BS CAN { 8 H X h X
1001 HT EM ) 9 I Y i y
1010 LF SUB " J Z i z
1011 [ VT ESC + ; K { k {
1100 ¢ FF FS , < L \ I [
1101 | CR GS - = M ] m }
1110 | SO RS . > N A n ~
1111 Si us / ? 0 — o DEL
Note: Bit 6 = MSB; Bit 0 = LSB; e.g. letter A = 1000001.
Corresponding with JAR 86 Cat: B1 52-13
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Alphabetical list of the ASCII function commands: Summary
ACK  acknowledge FF form feed In this submodule we have learned that
BEL  bell FS 6l t 1.  Nurnerical quantities occur naturally in analog form but must be converted to
€ e separator digital form to be used by computers or digital circuitry.
BS backspace GS group separator 2. The binary numbering system is used in digital systems because the 1's and
CAN  cancel HT horizontal tab ('s are easily represented by ON or OFF transistors, which cutput for example
. ) OV for 0 and &V for 1.
CR carriage return LF line feed 3 A b ) b ted to decimal b Hiolvi h dicit b
. ny number system can be converted 1o gecima muitl Nng eac 18]
DC1  device control 1 NAK  negative acknowledge its fn.fefghﬁng f:ctor, y ping gty
DC2  device control 2 NUL  null 4. The weighting factor of the least significant digit in any numbering system is
DC3  device control 3 RS record separator always 1.
DC4  device control 4 sl shift in 5. Binary numbers can be converted to octal by forming groups of 3 bits and to
) hexadecimal by forming groups of 4 bits.

DEL delete S0 shift out ) _— . .

_ , 6. The successive-division procedure can be used to convert from decimal to ei-
DLE data link espace SOH  start of heading ther binary, octal, or hexadecimal.
ENQ enquiry SP space 7. The binary-coded-decimal system uses groups of 4 bits to drive decimal dis-
EM end of medium STX  start of text plays ?“Ch as those in a calculator. )
EOT  end of transmission SUB  substitute 8. dASE;: ;(s) I-u"s]ed by computers to represent all letters, numbers, and symbols in
ESC  escape SYN  synchronous idle '
ETB  end of transmission block us unit separator
ETX end of text VT vertical tab

Comresponding with JAR 66

For fraining purposes only

Cat: B1 5.2-14



Basic Maintenance , Module 5 Digital Technology / EIS
Training Manual 5.3 Data Conversion

5.3 Data Conversion

"Corresponding with JAR 66 .
For training purposes only Cat: B1 53-1



Basic Maintenance
Training Manual

Module 5 Digital Technology / EIS
5.3 Data Conversion

Introduction

Most naturally occurring physical quantities in our world are analog in nature. An
analog signal is a continuously variable electrical or physical quantity. Think about
a mercury-filled tube thermometer, as the temperature rises, the mercury expands
in analeg fashion and makes a smooth, continuous motion relative to a scale
measured in degrees. The velocity and force with which a musician strikes a piano
key are analog in nature. The resulting vibration of the piano string is an analog,
sinusoidal vibration.

In aviation technology, feedback signals from control surfaces, or pressure signals
from static ports or pitot tubes used to get aircraft altitude and airspeed informa-
tion, are analog voltage signals. This are just a few examples for alt the analog sig-
nals we are dealing with on an aircraft or anywhere in the world.

So why do we need to use digital representations in a world that is naturally ana-
log? The answer is that if we want an electronic machine to interpret, communi-
cate, and store analog information it is much easier for the machine to handle it if
we first convert the information to a digital format. A digital value is represented by
a combination of ON and OFF voltage levels that are written as a string of 1's and
0's.

For example, an analog thermometer that registers 26 degrees can be represent-
ed in a digital circuit as a series of ON and OFF voltage levels. We have fearnt in
a previous section that the number 26 converted to digital levels is 0001 1010,

Analog signals
Analog signals have any voltage level! or maximum values. Level or amplitude
changes are slow or fast but always smooth and continuous.

Figure 1: Analog Signals
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Digital signals

Digital signals only have two possible fevels, logic-one (HI} and logic-zero (LO).
Level changes of digital signals are very fast. They change from high to low and
from low to high in a split second.

Figure 2: Digital Signals
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A good example of the use a digital representation of an analog quantity is the re-
cording of music. Compact Disks (CD's) and digital audic tapes are becoming usu-
al and are proving to be superior means of recording and playing back music,
Musical instruments and the human veice produce analog signals and the human
ear naturally responds to analog signals. So, where does the digital format fit in?
Although the process requires what appears to be extra work, the recording indus-
tries convert analag signals to a digital format and then store the information on a
CD or DAT. The CD or DAT player then converts the digital /evels back to their cor-
responding analog signals before playing them back for the human ear.

While digital computers process information faster and more efficiently than ana-
log circuits, they have the disadvantage that they only understand 1's and Q's,
Therefore an interface is needed between the digital computers and the analog
world. These interfaces are referred to as digital to analog (D/A} converters and
analog to digital (A/D) converters.

D/A converters change digital data words from a digital computer to an equivalent
analog signal as either a voltage or a current source. These analog voltages or
currents are then used for a further activation within a system. For example drive
a motor or produce sound.

AJ/D converter change the analog signals from sensors to digital data that can be
understood by the digital computer. There are many different types of A/D convert-
ers; which type is used depends on the type of analog input and on what the digitai
computer needs to know about the analog signal.

Corresponding with JAR 86 .
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Analog and Digital Representation

In an A/D canverter, a range of input values must correspond to a unique digital
word. The type of code used depends on the system but here only binary coding
will be considered.

Consider an analog signal that can take on any value between 0 and 8 volts. For
any particular voltage, there is a corresponding binary code word. For example,
using 3-bit words, the voltage analog value between 4 and 5 volts would be repre-
sented in binary code by the word 100 that would change to 101 when the ana-
logue value passed through 5 volts. See Figure 3, which illustrates this.

Figure 3: Analog and Digital Representation: Voltage Versus Time

Digital  Analog
values voltage (V)

111 ,
110 .

101 .

100 .

o011 .

010 )

001 1 /
000 0\—/

1 2 3 4 5 6 7 8 9 time {ms)
oo1 o1 11 101 100 101 111 111 110

Digital values corresponding to the quantisation levels

The levels at which the code changes are known as guantisation levels, and the
intervals between them as quantisation intervals. In the example given in Figure 3,
the quantisation levels are 0, 1, 2, 3, 4, 5, 6 and 7 volts, and the quantisation inter-
val is 1 volt.

Using a 3-bit word gives 2° = 8 different quantisation levels. A 4-bit word would
have 2% = 16 quantisation levels with 0.5 volt quantisation intervals giving im-
proved resolution over the same range of input voltage.

Thus, the more bits available the greater the resolution for a given range of analog
signal input. [t can be seen from the above that an A/D converfer using an n-bit
word would have a resolution of one part in 2",

[n an DIA converter the conversation is based on the same principle, but the proc-
ess is reversed. The input is a digital data word and the output is an analog value
that depends on the number of bits set to 1 in the incoming data word.

In the following section different type of D/A and A/D converters will be explained.
As the D/A converter is used as a part of the A/D converter, it is necessary to un-
derstand the principle of the D/A conversion first.

Corresponding with JAR 66
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Figure 4: Example of Digital to Analog and Analog to Digital Conversion
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Digital to Analog Converters

Purpose

Each D/A circuit has a specific purpose based on its use within the system but the
general purpose of all D/A converters is to provide an analog signal output based
on the digital value represented in the digital computer. This analog signal is either
a voltage or current output but the principles involved are essentially the same.

Basic Converter Principle

The basic principle of a D/A converter is to divide the analog output into a series
of small steps. The number of steps depends on the number of bits used in the
data to be converted. If the data consists of 8 bits then the output is divided into
256 (2%) steps. The size of each step depends on the range of the converter. For
a converter with a range of 0 - 5 Voits each step would be 0.0195 Volts (5V 1 256
steps). If an 8 bit, 5 volt converter is driven by a simple counter then the output of
the converter would be a series of 256 steps of 0.0195 volts.

As the counter progresses from 0 to 255, the converter output increases from 0
Volts to 4.98 Volts. It then drops to zero when the counter rolls over, Also, note that
the maximum output voltage is not 5 volts. This is due to the fact that each digital
input bit is weighted according to its position within the binary input. The least sig-

Figure 5: Basic Conversion Principle

+5V
' > v 4.98V 4.98V
e ‘ — vV out
8 - Bit | > 8 - Bit 4.9605V 4,9605V
Counter D/A .
’ Converter : :
——— - 0.039v 0.039V
| S—— 0.0195V 0.0195V
— -
Clock | g ov

8 - Bit QOutput
J—I_ﬂ_ﬂ_ﬂ_ Binary Input: Voltage (V gyp):

nificant bit (LSB) has a weight of 5V / 256 = 0.0195 volts, the next most significant 0000 0000 0.0000V
bit has a weight of 5V / 128 = 0.039 volts, the next has a weight of 5V /64 = 0.078 0000 0001 0.0195V
Volts, and so on, with the most significant bit (MSB) having a weight of 5V /2 =25 0000 0010 0.0390V
volts. If you add all the individual bit weights, you get a 4.98 volt maximum output 0000 0011 0-0585\1
when the D/A input is 1111 1111, 0000 0100 0.0780V
1111 1101 4.9410V
1111 1110 4,.9605V
1141 1111 4.9800V
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Binary Weighted Ladder

General Description

The binary weighted Ladder network is one of the simplest D/A converters. Each
bit of a binary input controls a solid state switch (Dy-D3) which connects either a
reference voltage Vo (5V in Figure 6} or ground to the corresponding binary
weighted resistor. The output voltage (Vout) is proportional to the ratio of the feed-
back resistance to the resistance connected to the Vg

If we scale the input resistors with a binary weighting factor, each input can be
made to provide a binary weighted amount of current, and the output voltage will
represent a sum of all the binary-weighted input currents.

In Figure 6 the 20k sums the currents that are provided by closing any of the
switches Dy to D4.The resistors are scaied in such a way as 1o provide a binary-
weighted amount of current to be summed by the 20k< resistor. Closing Dy caus-
es 50 pA to flow through the 20kQQ resistor, creating -1 at V,, ;. Closing each suc-
cessive switch creates double the amount of current of the previous switch.

If we were to expand Figure 6 to an 8-bit D/A converter, the resistor for D4 wouid
be half of 12.5k2, which is 6.25k2. Each successive resistor is half of the previous
one. Using this procedure, the resistor for D7 would be 0.78125k0! Coming up with
accurate resistance over such a large range of values is very difficult. This limits
the practical use of this type of D/A converter for any more than 4-bit conversion.

Example:

Determine the voltage at V,,;; in Figure 6 if the binary equivalent of 10,4 is input on
switches D5 to Dy

Solution; 104, = 1010, (switches D3 and D4 are closed)
AT Iy B X M e T o

Figure 6: Binary Weighted Ladder
+5V (D

D, D, Dy

12.5kQ 25kQ 50kQ

R, receives
the sum of
all currents

D, l
100 k2 23’&1

Binary-weighted
resisters

out
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R/2R Ladder Digital-to-Analog Converters

The methed for B/A conversion that is most often used in integrated-circuit D/A
converters is known as the R/2R Jadder circuit. In this circuit, only two resistor val-
ues are required, which fends itself nicely to the fabrication of /C’s with a resolution
of 8, 10, or 12 bits, and higher. Figure 7 shows a 4-bit D/A R/ZR converter.

To form converters with higher resolution, all that needs to be done is to add more
R/ZR resistors and switches to the left of Dy. Commercially available D/ A convert-
ers with resolutions of 8, 10, and 12 bits are commonly made this way.

Figure 7: The R/2R ladder D/A converter.

V

el

Waveform Generators

The analog output required from a digital computer is not always a steady output-
level. Sometimes a particular wave form is required, such as a sawtooth or ramp.
A ramp or sawtooth wave can be easily implemented by using a simple R-2R fad-
der and a counter.

A binary counter used to drive a R-2R Ladder causes the ladder to cutput a se-
quence of steps of different voltage Levels. As the counter reaches its maximum
value, it returns to zero or is said to "rollover”. When the input word rolls over to
zero the output also returns to zero. While this output is not a pure ramp due to the
fact that the binary words generate steps, most analog systems are slow enough
in their reaction times that they react the same as if the signal was continuous.
High quality R-2R ladders have relatively short response times (2 microseconds
typical). For an 8 bit device this makes the rise time from 0 to 10 volts in the order
of 0.5 micreseconds or a frequency of 2 MHz.

Figure 8: Waveform Generator

2R
. +5VY
i VOI.II l
> > VW
= = 8- Bit o| 8-Bit
Counter .| R2R -
™ DA —  Vout
| Converter I .
In Figure 7, the 4-bit digital information to be converted to analog is entered on the > = output signal:
Dyq to D3 switches. {In an actual /C, those switches would be transistor switches.) >
The arrangement of the circuit is such that as the switches are moved to the 1 po- Clock >
sition, they cause a current to flow through the summing resistor, Rs, that is pro-
portional to their binary equivalent value. {Each successive switch is worth double
the previous one.) ﬂ_ﬂ_l_l_”_
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Programmable Gain Amplifiers

D/A converters can also be used to provide gain control of an analog signal. This
arrangement may be required, for example, to control the speed of an AC motor
by varying the input voltage level to the motor. This can be accompiished quite
simply by applying an AC voltage as V¢ to a ladder network.

A simple motor controiler is shown. A 5 volt AC reference signal is applied as Vg
to an 8-bit D/A converter. The data word is generated by the computer to select
the desired motor speed by setfing the output /evel. Remember for an 8-bit device
this output can be divided into 256 steps, so very fine control can be established
with this simple method.

One minor problem with this simple motor control is the fact that the computer
does not know if the motor speed is correct. To check this, there must be a feed-
back from the motor. This feedback would be analog, therefore we need an analog
to digital converter.

Figure 9: Programmable Gain Amplifier

input signal
Output Signal:
\ /\ /\ v Armplified or
ref
U \_/ \ attenuated
l by the data word
8 - it \VARVAR

R/2R -
N  oia

;/ Converter N +

Data Word
for gain control
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Analog to Digital Converters

The process of taking an analog voltage and converting it to a digital signal can be
done in several ways. One simpie way that is easy to visualize is by means of par-
allel encoding {also known as simultaneous, multiple comparator; or flash convert-
ing). In this method, several comparalors are set up, each at a different voltage
reference levef with their outputs driving a priority encoder as shown in Figure 10.

The voltage-divider network in Figure 10 is designed to drop 1 V across each re-
sistor. This sets up a voltage reference at each comparator inputin 1 V steps.

When Vi, is 0V, the + input on all seven comparators will be higher than the - input,

so they will all output a HIGH. In this case, 7, is the only active-LOW input that
is enabled, so the 74148 will output an active-LOW binary 0 (111}.

When V,, exceeds 1.0 V, comparator 1 will output a LOW. Now /; and /, ; are both
enabled, but because it is a priority encoder, the output will be a binary 1 (110).

As Vj, increases further, each successive comparator outputs a LOW. The highest
input that receives a LOW is encoded into its binary equivalent output. The A/D
converter in Figure 10 is set up to convert analog voltages in the range from 0 to
7V. The range can be scaled higher or lower, depending on the input voltage levels
that are expected. The resolution of this converter is only 3 bits, so it can only dis-
tinguish among eight different analog input fevels. To expand to 4-bit resolution,
eight more comparators are required to differentiate the 16 different voltage levels.
To expand to 8-bit resolution, 256 comparators would be required! As you can see,
circuit complexity becomes a real problem when using parallel encoding for high
resolution conversion. However, a big advantage of using parallel encoding is its
high speed. The conversion speed is limited only by the propagation delays of the
comparators and encoder {less than 20 ns total).

Figure 10: Three-bit parallel-encoded A/D Converter
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Counter-Ramp Analog-to-Digital Converters Figure 11: Counter-Ramp Analog-to-Digital Converter

The counter-ramp method of A/D conversion (ADC) uses a counter in conjunction

with a D/A converter (DAC) to determine a digital output that is equivalent to the

unknown analog input voltage. In Figure 11, depressing the start conversion push Y

button clears the counter outputs to 0, which sets the DAC output to 0 V. The (-) Clock e

input to the comparatoris now 0 V, which is less than the positive analog input volt- et e

age at the {+) input. Therefore, the comparator outputs a HIGH, which enables the Jnnnn T L

AND gate, allowing the counter to starf counting. As the counter’s binary output in- +—>0 01

creases, so does the DAC output voltage in the form of a sfaircase. Analog goir T 0—1‘: =

When the staircase voltage reaches and then exceeds the analog input voltage, Yo P Mo

the comparator output goes LOW, disabling the clock and stopping the counter. 1

The counter output at that point is equal to the binary number that caused the DAC N Fnd-of. Dy O

to output a voltage slightly greater than the analog input voltage. Thus we have the stops clock g; gl

binary equivalent of the analog voltage! s B ot O

The HIGH-to-LOW ftransition of the comparalor is also used to frigger the D flip- D, S,

flop to latch on to the binary number at that instant. To perform another conversion, o . 0

the start push button is depressed again and the process repeats. The result from _,r'rlr b L &
] I

Drigital
outpt

TTTTTT]

the previous conversion remains in the D flip-flop until the next end-of-conversion
HIGH-to-LOW edge comes along.

To change the circuit to perform continuous conversions, the end-of -conversion Vo

line could be tied back to the clear input of the counter. A short defay needs to be "E'l;:;"m“':
Al -

8-bit v
DVA converter f

inserted into this new line, however, to aliow the D flip-flop to read the binary
number before the counter is reset. Two inverters placed end to end in the line will
produce a sufficient delay.

The main disadvantage of the counter-ramp method of conversion is its slow con-
version speed. The worst-case maximum conversion time will occur when the
counter has to count all 255 steps before the DAC output voltage matches the an-
alog input voltage.

" Comesponding with JAR 66 .
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Successive-Approximation Analog-to-Digital Conversion

Other methods of A/D conversion employ up/down-counters and integrating slope
converters to track the analog input, but the method used in most modem integrat-
ed-circuit A/DC’s is called successive approximation. This converfer circuit is sim-
ilar to the counter-ramp ADC circuit except that the method of narrowing in on the
unknown analog input voltage is much improved. Instead of counting up from "0"
and comparing the DAC output each step of the way, a successive-approximation
register (SAR) is used in place of the counter {Figure 12).

In Figure 12 the conversion is started by dropping the STRT line LOW. Then the
SAR first tries a HIGH on the MSB (D7) line to the DAC. {(Remember, D7 will cause
the DAC to output half of its full-scale output.) if the DAC output is then higher than
the unknown analog input voltage, the SAR returns the MSB8 LOW. If the DAC out-
put was still lower than the unknown analog input voltage, the SAR leaves the
MSB HIGH.

Now, the next lower bit (Dg) is tried. If a HIGH on Dg causes the DAC output to be
higher than the analog Vi, it is returned LOW. If not, it is left HIGH. The process
continues until all 8 bits, down to the L SB, have been tried. At the end of this eight-
step conversion process, the SAR contains a vaiid 8-bit binary output code that
represents the unknown analog input. The DR output now goes LOW, indicating
that the conversion is complete and the data are ready. The HIGH-to-LOW edge
on DR clocks the Dy to Dy data into the octal D flip- flop to make the digital output
results available at the (g to Q7 lines.

The main advantage of the SAR ADC method is its high speed. The ADC in
Figure 12 takes only eight clock periods to complete a conversion, which is a vast
improvement over the counter-ramp method.

Figure 12: Successive-Approximation Analog-to-Digital Conversion

Analog V,, tﬁ
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Timing Waveforms for a Successive Approximation A/D Figure 13: Timing waveforms for a successive approximation A/D
Conversion conversion
To watch the conversion in progress an eight-channel oscilloscope or logic ana- 10 ps
lyzer can be connected to the Dy to D7 outputs of the SAR. For continuous conver- 100 kHz
sions the DR line can be connected back to the STRT line. That way, as soon as clock _I—L_I_I_I_I_I_LJ_LJ_LI"I_I_LI_I_I_I_.
the conversion is complete, the HIGH-to-LOW on DR will issue another start con- ST .
version (STRT'), which forces the data ready (DR) line back HIGH for eight clock _ld/ Start conversion e dD«':}i{ fei{dY,
periods while the new conversion is being made. The latched Qq to Q; digital out- 5F |l o eomenion
puts will always display the results of the previous conversion.
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Discrete Conditioning

Many times discrete inputs are at voltage /evels which are incompatible with the
digital system in use. Most digital systems recognize a logic "0" as ground or some
voitage range near 0 volts and logic "1" as 5 volts or some voltage range near 5
volts. As such, the common discrete forms of open/ground and open/28 volts re-
quire conditioning. This conditioning is typically performed by a simple resistor net-
work.

An open/ground discrete input utilizes a resistive divider network connected from
+28 volts (or some appropriate positive voltage) to ground. The resistor values of
R1, R2, and R3 are selected to provide a logic "1" leve! voltage when the discrete
is open and a ground when the discrefe is ground. An open/28 volt discrefe input
is held at ground (logic “0") in the discrete open position. Resistors R4 and R5 pro-
vide a logic "1" fevel voltage to the digital system in the discrete 28 volt position.
Discrete inputs of this type are typically buffered or muitiplexed to the digital sys-
tem.

The Resistors, in this case R1 and R5, that pull the voltage up to the correct fevel,
or down to ground, can also be referred to as pull up, and pull down resistors.

Tristate Buffers

Since the output of most logic circuits is a low impedance, they cannot be connect-
ed together to the same line, such as a data bus, because of the damaging cur-
rents that result from the voltage difference when one such device is logic high and
the other device is a logic low. This situation is avoided by use of the iristate buffer,
This device has three possible output sfates: 1, 0, or high- impedance.

The high impedance (or floating) state essentially disconnects the cutput from the
input when a logic "0" is applied to the control input. A logic "1" applied to the con-
trol gate allows the output of the device to be logic "0" or "1" in response to its input.
In this state the tristate buffer electrically "looks" like a standard logic device. As
such, care is always taken in a design to assure that only one buffer on any given
bus be turned con at one time.

Tristfate buffers are made using various logic gate configurations {(AND's, OR's, IN-
VERTERS) required by a given system. They are also generally packaged as mul-
tiple devices to accommodate parallel data.

Figure 15: Tristate Buffers

Figure 14; Discrete Conditionin
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Introduction

From the computers within the aircraft systems, information has to be transmitted
to the components, this may be in form of electrical or optical signals and the me-
dium for the transmission is known as data buses.

In the first part of this chapter, a general overview about data transmission is given.
In the second part we will focus on the data bus structure used in aviation technol-

agy.

Data Transmission in General

Designing an interface, or simply using an existing inierface, to connect two devic-
es involves a number ofissues. For example, digital interfacing can be categorized
as parallel or serial, internal or external and asynchronous or synchronous. Addi-
tional issues are the data rate, error detection methods and the signalling format
or standards. The format can be especially important since many standards and
conventions have developed that should be taken into consideration. This first part
of the chapter focuses on some basic concepts of digital communications for inter-
facing between devices.

Paraliel Versus Serial Signalling

To communicate a word to you across the room, you could hold up flash cards dis-
playing the letters of the word. If you hold up four flash cards, each with a letter on
it, all at once, then you are transmitting in parallel. If instead, you hold up each of
the flash-cards only one at a time, then you are transmitting in serial. Parallel
means all the bits in a group are handied exactly at the same time. Serial means
each of the bits is sent in turn over a single channel or wire, according to an agreed
sequence. Figure 1 gives a graphic illustration of parallel and serial signalling.

Both parallel and serial signailing are appropriate for certain circumstances. Par-
allet signalling is faster, since alt bits are transmitted simuftaneously, but each bit
needs its own conductor, which can be expensive. Parallel signalling is more likely
to be used on internal communications. For longer distance communications, such
as to an external device, serial signalling is more appropriate.

Each bit is sent in turn, s0 communication is slower; but it is also less expensive,
since fewer channels are needed between the devices.

Most avionics applications use serial transmission, to minimize weighf and com-
plexity. The number of channels needed for parallel or serial signalling also de-
pends on the operational mode: one channel per bit for simplex (one-way, from
sender to receiver only) and for half-duplex {two-way communication, but only

one-way transmission is possible at a time) but two channels per bit for fuli-duplex
{simuitanecus communications in both directions).

Figure 1: Parallel Versus Serial Signalling
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Parallel HO Interfacing

Typically, they have eight data lines and one or more handshaking lines. Hand-
shaking involves a number of functions to coordinate the data transfer. For exam-
ple, the READY line indicates that data is available on all 8 data lines. If only the
READY line is used, however, the receiver may not be able to keep up with the
data. Thus, the STROBE line is added so the receiver can watch to ensure the
transmitter is ready for the next character

Figure 2: Parallel l/O Interfacing.
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Serial I/O Interfacing

Serial input/output interfacing is more complex than parallel, since the data must
be transmitted based on an agreed sequence. For example, transmitting the 8 bits
(b7, b6,... b0) of a word includes specifying whether the least significant bit, b0, or
the most significant bit, b7, is sent first. Fortunately, a number of standards have
developed to define the agreed sequence, or encoding scheme.

Conversions

Within computers and other digital circuits, data is usually operated on, stored and
transmitted in parallel. For communicating with an external device, data must usu-
ally be converted from parallel to serial format and vice versa. This conversion is
usually handled by shift registers.

Shift registers can be left shifters, right shifters or controlled to shift in either direc-
tion. The most general form, a universal shift register, has two control inputs for
four states: Hold, Shift right, Shift left and Load. Most also have asynchronous in-
puts for preset, clear and parailel load.

Asynchronous versus Synchronous Communication

To correclly receive data, the receiving interface must know when data bits will oc-
cur, it must be synchronized with the sender. In asynchronous communication, the
receiver synchronizes on each incoming character. Each character includes start
and stop bits to indicate the beginning and end of that character. In synchronous
communication, data is sent in long blocks, without start and stop bits or gaps be-
tween characters.

Asynchronous Communication

In asynchronous communication, each transmitted character begins with a start bit
and ends with a stop bit, as shown in Figure 3. The start bit (usually a zero) tells
the receiver to begin receiving a character. The stop bit (usually a one) signals the
end of a character. Between characters, the transmitting circuit sends the stop bit
state (steady one or zero).

Since the receiver is always told when a character begins and ends, characters
can be sent at irregular intervals. This is especially advantageous for typed input,
since the person typing is usually slower than the data communications equipment
and will usually work at an uneven pace. An other advantage of asynchronous
data is that it does not need complex circuits to keep it synchronized. Since the
receiver is newly synchronized at the beginning of each characler, the characters
need not be sent in a steady stream and no stringent demands are made on the
person or process generating the characters,

A disadvantage of asynchronous communications is the inclusion of the start and
stop bits, which are not “useful” data. If you are transmitting 8 data bits, 1 start bit
and 1 stop bit, then 20% (2 of 10 bits) is overhead.

Synchronous Communication

I synchronous communications, data is sent in blocks, usually longer than a sin-
gle character, as shown in Figure 3. At the beginning of each block, the sender
transmits a special sequence of bits that the receiver uses for initial synchroniza-
tion. After becoming synchronized at the beginning of a block, the receiver must
stay synchronized throughout the block. The sender and receiver may be using
slightly different clock frequencies, so itis usually not adequate for them to merely
be synchronized initially. There are several ways for the receiver to stay synchro-
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nized. The transmitter may send the clock signal on a separate channel, but this
is wasteful.

Cne disadvantage of synchronous transmission is that the data must be sent as a
continuous stream; characters must be placed in a buffer untif there are enough to
make a block,

The major advantage of synchronous signalling is that it does not impose over-
head (the start and stop bits) on each character. This is an important consideration
during large data transfers.

Figure 3: Serial data transmission format.
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Data Rate

Within a given piece of equipment, it is desirable to use the highest possible data
rate. When external devices are interfaced, it is normal practice to select the high-
est standard signalling rate at which both the sending and receiving equipment can
operate.

There are a number of limitations on how fast data can be transferred:

+ The sending equipment has an upper limit on how fast it can produce a con-
tinuous stream of data.

*  The receiving equipment has an upper limit on how fast it can accept and
process data.

+  The signalling channel itself has a speed limit, often based on how fast data
can be sent without errors.

+  Finally, standards and the need for compatibility with other equipment may
have a strong influence on the data rate.

Two ways to express data transmission rates are baud and bits per second (bps).
These two terms are not interchangeable:

Baud rate is the reciprocal of the shortest signal element (a measure of the number
of line changes which occur every second). For a binary signal of 20Hz, this is
equivalent to 20 baud (there are 20 changes per second).

Bits Per Second is an expression of the number of bits per second. Where a binary
signal is being used, this is the same as the baud rate. When the signal is changed
to another form, it will not be equal to the baud rate, as each line change can rep-
resent more than one bit {either two or four bits).

The maximuem information transfer rate is defined as the number of equivalent bi-
nary digits transferred per second, this is measured in bits per second.

Error Detection

Since data transfers are subject to errors, data transmission shouid include some
method of detecting and correcting errors. Numerous techniques are available,
each used depending on the specific circumstances, such as what types of errors
are likely to be encountered. One of the simplest and most common techniques is
the parify check.

Parity Check

Parity check provides adequate error deteclion for some data transfers. This meth-
od transmits a parity bit along with the data bits. In systems using odd parity, the
parity bit is selected such that the number of 1 bits in the transmitted character (da-
ta bits plus parity bit) is odd. In even parity systems, the parity bit is chosen to give
the character an even number of ones.

For example, if the data 1101001 is to be transmitted, there are 4 (an even
number) ones in the data. Thus, the parify bit should be set to 1 for odd parity (to
give a total of & ones) or should be 0 for even parify (to maintain the even number,
4). When a character is received, the receiver checks parity by counting the ones
in the character. If the parify is correct, the data is assumed to be correct. If the
parity is wrong, an error has been detected.
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Parity checking only detects a small fraction of possible errors. This can be intui-
tively understood by noting that a randomiy chosen word has a 50% chance of
having even parify and a 50% chance of having odd parity. Fortunately, on rela-
tively error-free channels, single-bit errors are the most common and parity check-
ing will always detect a single bit in error. Parity checking is a simple error
detection strategy. Because it is easy to implement, it is frequently used.

Signalling Levels

Inside equipment and for short runs of wire between equipment, the normal prac-
tice is to use neutral keying; that is, simply to key a voltage such as + 5V on and
off. In neutral keying, the off condition is considered to be 0 V. Over longer runs of
wire, the line is viewed as a transmission line, with distributed inductance and ca-
pacitance. It takes longer to make the fransition from 0 to 1 or vice versa because
of the additional inductance and capacitance. This decreases the maximum speed
at which data can be transferred on the wire and may also cause the ts and 0s to
be different lengths, called bias distortion. Also, longer lines are more likely to pick
up noise, which can make it difficult for the receiver to decide exactly when the
transition takes place.

Because of these problems, polar keying {technically bipolar keying) is used on
longer lines. Polar keying uses one polarity (for example +) for a logical 1 and the
other (- in this example) for a 0. This means that the decision threshold at the re-
ceiver is 0 V. Any positive voitage is taken as a 1 and any negative voltage as a 0.
As the voltage level returns to 0V after each signal transmission, this type of keying
is also called "Bipolar Return To Zero”.

Since neutral keying is usually used inside equipment and polar keying for lines
leaving the equipment, signals must be converted between polar and neutral. Op
amp circuits, line drivers and line receivers are ways to handle this conversion.

Figure 4: Neutral Keying vs. Bipolar keying
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ARINC

Aeronautical Radio Incorporated (ARINC} is a corporation made up of scheduled
airlines, transport companies, aircraft manufactures and foreign flag airlines.

One primary activity of ARINC is to produce specifications and reports for the pur-

pose of:

+ Indicating to manufacturers the group opinion concerning requisites of new
equipment

+  Tochannel new equipment designs in a direction which will result in maximum
standardisation

ARINC Standards are publications that define the avionics systems and equip-
ment used in most transport category aircraft. The standards provide a common
basis for physical, electrical, and functional interface design. They allow equip-
ment and airframe designs to be coordinated early in the pre-production stages.

The following definition is given by ARINC for the different series of ARINC Stand-
ards:

700 Series
ARINC Standards in the 700 Series define digital avionics systems and equipment

installed on current model production aircraft. These Standards include detailed
definitions of form, fit, function, and interface.

600 Series

ARINC Standards in the 600 Series provide a foundation for avionics equipment
built according to specifications in the ARINC 700 Series. These Standards in-
clude provisions for installation and mounting, data transfer, test, and mainte-
nance. Data link protocol standards are also defined.

500 Series

ARINC Standards in the 500 Series define older analog avionics equipment used
widely on the B-727, DC-8, and DC-10 and on early models of B-737, B-747, and
A-300 aircraft,

400 Series

ARINC Standards in the 400 Series provide a foundation for avicnics built accord-
ing to specifications in the ARINC 500 and ARINC 700 Series. Included are instal-
lation, wiring, data buses, data bases, and general guidance.

In the following section, the most common used Bus in aircraft communication
technology, ARINC 429 will be studied in detail. The next generation data bus
standard ARINC 629 will also be explained. For other data bus standards, refer to
the specific standard manuals.

The ARINC 429 System

Characteristics of ARINC 429

Serial transmission of information in digital format as defined by ARINC specifica-
tion 429. System data transfers in and out of an aircraft system and within the sys-
tem occur in digital formats as defined by ARINC specification 429 Mark 33 Digital
Information Transfer System (DITS).

The characteristic ARINC 429 covers hardware and protocel for communicating
on the ARINC 429 bus. Today, in local area network, LAN, terms, we would say
ARINC 429 describes the physical fayer and data link layerof the ARINC 429 LAN.,
When ARINC 429 was conceived in the mid 1970’s there were few LAN's and
these terms were not known.

The digital computers of the different aircraft systems, process results in the form
of messages or parailel binary words, e.g., information comprising several bits
(0,1} available simultaneously. However, to transmit digital information towards
external receivers, it is preferable, for weight gain and reliability reasons, to use a
serial transmission system. Therefore, the parallel message is converted into a se-
rial message. Then a line transmitter adapts this serial logic message into voltage
levels which are compatible with the transmission standard. The message is thus
sent in the form of a string of pulses.

The hardware support providing serial transmission of information is a mono-direc-
tional bus composed of a pair of twisted and shielded wires. This shielding is con-
nected to ground, in particular at each branch.

Figure 5 shows the architecture of the ARINC 429 transmission system.
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Figure 5: ARINC Transmission System
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The ARINC 429 Digital tnformation Transfer System (DITS) is a self-clocking, self-
synchronising system called "bipolar return to zero". See Figure 4

The successive bits which form a word are represented in positive logic. A differ-
ential voltage between wire A and wire B of + 10 Volts represents a 1 bit. If this
voltage is ~10 Volts, a 0 bit is transmitted. If the differential voltage remains at 0
Volts, nothing is transmitted.

The data is transmitted in groups of 32 bits in serial fashion i.e. one bit at a time.
Signals only flow in one direction on the bus.

Figure 6: Voltage Levels ARINC 429
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Transmission and reception tolerances are given for the voltage levels.
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Figure 7: Voltage Tolerances Other characteristics of an ARINC 429 bus link:
Rate at which bits are transmitted:
TRANSMITTER RECEIVER +  The bit rate for low speed operation of the system should be within the range
VOLTAGE LEVELS  VOLTAGE LEVELS 12.0 to 14.5 kilobits per second. The selected rate should be maintained with-
y +13V in 1%.

»  The bit rate for high speed operation of the system should be 100 kilobits per

+11V second £1%.

LOGIC  +10v- --- So, the time during which a given bit of a word occupies the lines is approximately
9V

HIGH 80 psec, at slow speed and 10 Lisec at fast speed.

; The beginning of a word is detected by the first ascending leading edge. (for a 1
e 8.5V bit) or descending leading edge (for a 0 bit).

With this type of transmission, there is no need for a synchronization signal or an
| 25V additional clock signal, sent on ancther wire and used to read the bits received in
the receiver correctly, at the right moment.

The successive words transmitted along the same wire are spaced by intervals of
meeT time corresponding to the emission of 4 bits. Throughout this time, the differential
voltage of the lines is OV,

The transmitters of the system, which are embedded in the system equipment, are
capable of interfacing with up to 20 receivers.

The ARINC 429 Data Words are 32 bit wide and have the five basic parts:
Label

SourcefDestination tdentifier (SDI)

Data Field

: Sign Status Matrix (S3M)

% .qav 5.  Parity Bit (P)

In the following section, the significance of the different parts of an ARINC 429
word will be explained. Refer to Figure 8 for word structure and location of the dif-
ferent parts within the data words.

LOGIC
NULL

2.5V

g 6.5V

LOGIC
LOwW

el
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Figure 8: ARINC 429 General Word Formats and Encoding Examples

1.

General Word Formalts

3231 30 |29 23 27 26 25 X4 23 22 21 20 19 1§ 17 16 14 13 12 1110 % )& 7 & 5 43 21
P 55M DATH — ———— PAD DISCRETES SDT LABEL
MR L3B
Generalized BCD Word Format
F S5M BCD CH #2 BCD CH #2 BCD CH #3 BCD CH #4 BCD CH #5 SDI & 7 6 54321
] 2 1] 8 L] 2 1 8 4 2 1 8 4 2 8 4 2 1
0 0 0 0 1 ol 0 1 o 1 0 1 1 1 1 0 a 0 1 1 0 a0 61 0 ¢ oo0O01
Example 2 5 7 8 [ DME DISTANCE
L
BCD Word Format Example (No Discretes)
32131 30 |29 28 27 26 25 24 23 22 21 20 19 18 17 16 14 13 12 11(10 9 |8 7 6 S 4321
F S5M DATA ——— — EBAD DISCRETES EbI LABEL
M5B LEB
Ceneralized BNR Word Format
F SSH 1 1 11 1 1 1 etc PAD 5D1 LABEL
2 4 8 16 32 64 128
g¢1 1 o ¢ o 1 o 0 O @& O 0O O B 0 0 ¢ o o o0 00 1 1 41111
Example 512 Fnots {i.2. 1/8 x 4096 where 409§ N-& VELOCITY
iz entry in range c¢olumn of Table
2 in Attachment 2,
BHMR Word Format Example {Mo Digcretes)
Pad {comp)

All bit positions not used for data or discretes should be filled with binary zere or valid data pad bits.
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ARINC Word Label

The Label, the first eight bits of the word, identifies the information contained in the
data i.e. DME distance, N-S Velocity, exhaust gas temperature etc. There are a
large numbers of words being transmitted on the bus and the receiver decodes the
labels and selects only those words it requires.

Source/Destination ldentifier

This is used to identify the source or destination of a word and is transmitted as
bits 9 and 10 in the word i.e., which of a number of installations the word is coming
from or needs to be directed to.

Data Field

The data field contains the specific data related to the label i.e., how many knots
for airspeed, value of exhaust gas temperature etc. For a binary word this is con-
tained in bits 11-28 and for a binary coded decimal (BCD) word it is in bits 11-29.
Any bits not used are filled with logic 0's these are known as pad bits and have no
data significance.

Sign Status Matrix

The Sign Status Matrix, bits 29,30,31 for a binary word and 30,31 for a BCD word
identifies the characteristics of the word i.e., north or south, pesitive or negative,
east or west and it's status i.e., no computed data, failure warning or functional test
or normal operation.

Parity Bit

The PARITY BIT. ARINC 429 uses odd panty i.e. the total number of logic "1 's in
the word must be an odd number, if it is not an odd number, the parity bit is set to
1. This is used in the system to check for errors, if on receiving a signal it does not
contain an odd number of '1's then there is something wrong with the transmission
and a fault signal would be generated.
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MIL-STD-15538B

This is a United States Military Standard and has been adopted as a NATO stand-
ard (STANAG 3838). Itis a multiple source data transmission system in that trans-
mission can come from more than one source. It is a half duplex system in that the
data transfer can take place in either direction on a single line but not in both di-
rections on that line simuftaneously.

Designed for the military, MIL STD 1553 is used in limited cases for civilian aircraft.
However, only the newest aircraft use serial data transmission extensively. ARINC
629 is similar to MIL STD 1553 and is superior to ARINC 429. It is expected that
ARINC 629 will become more prevalent in new aircraft than ARINC 429, MIL STD
1553 is also used in aircraft ground test equipment and simulation.

MIL STD 1553 is a higher speed and more versatile data communications system
than ARINC 429. One of the first differences is the speed of MIL STD 1553, which
is 1Mb/s. There is only one speed as there are no variants of the system.

The system operates with a shielded twisted pair using balanced differential sig-
naliing. This is common in advanced wired communications because, other than
coaxial cable, anything less does not work.

Data is transmitted in asynchronous packets of 20 bits each. Unlike ARINC 429,
however, a bus can have more than one transmitter. This difference significantly
affects the topology of the communications system and provides for high reliability.

Figure 8 shows a MIL STD 1553 system. Subscribers to the bus are cailed remote
terminals, or RT's. Like any terminal, RT's can receive and transmit. A bus control-
ler reduces the number of collisions and other bus contenfions. MIL STD 1553 per-
mits redundant buses, a very important characteristic in a military system, which
needs to function in spite of battle damage. In critical civilian applications, such as
fly by wire, a similar advantage is obtained from redundancy.

Figure 9: MIL STD 1553 Communications System
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A bi-directional bus using RT's rather than a dedicated driver and only receivers
significantly affects the way data is handled. First, in the single driver per bus, after
datais transmitted, there is no acknowledgment of a successful receipt. The ability
to perform two-way handshaking is an important part of a high reliability commu-
nications system.

In addition to improving data integrity, the bi-directional bus permits considerabie
flexibility and reduces the amount of twisted pair. A number of RT's with data to
send and receive are prasent on the same bus. In the case of ARINC 429, each
provider of data requires a bus for the provider and each recipient of data has a
receiver on the bus.
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The only limitation on the number of data providers on a MIL STD 1553 bus is
speed. For slow speed data, a large number of data sources can reside on the bus,
as the 1 Mb/s data rate results in short data words and reduces the likelihood of
collisions.

Data bits are applied to the bus using bipolar Manchester encoding. Each data bit
has a time slot and if the transmitted pulse is in the early part, the bit is a logic one.
If the transmitted pulse is in the late part of the time slot, the transmitted bit is a
logic zero. In the case of MIL STD 1553, the transmission is not of an RF carrier
but voltage across a transmission line. For a logic one, a positive pulse followed
by a negative pulse is placed on the line in the time slot. For a logic zero, a nega-
tive voltage is applied in the early part of the time slot followed by a positive volt-
age.

Figure 10: Manchester Biphase Encoding Principle

LOGIC t1 0041 10 0100010 10
DATA

NRZ OATA DR I B N L
MANCHESTER
o L L LU Ly
OPTIGAL | | | B

g
L
Nm:'
o g SYNC

PSSP
PARITY

PSSP PRE PRE SYNC SYNG PULSE
PssP PRE SYNC SYNC PULSE

One advantage of Manchester coding is that the output power from the transmitter
is constant regardiess of the number of zeros or ones in the message. In the case
of MIL STD 1553 transmission, a positive pulse is followed by a negative puise or

vice versa. This means that regardless of message content, the average voltage
on the line is zero. This is important because a signal with zero average voltage
can be coupled through a transformer, which is used in attaching the RT's to the
data bus.

One characteristic of Manchester is helpful in receiving data. n the center of the
time slot is a transition from positive or negative voltage. Another way of stating
this; received voltage passes through zero in the center of each time slot. This can
synchronize reception of data.

Since the system is asynchronous, there must be a method of identifying the be-
ginning of a transmission. Recall in ARINC 429 there were at least four bit times
of no activity on the bus, or idle time. This represents four or more wasted bit times.
The designator for the beginning of a word in MIL STD 1553 is a pulse that violates
Manchester encoding. A normal data bit is one polarity for ane half the bit time and
the opposite for the other half. The state of the data transmitted doesn't matter;
there is always a change of stafe in the center of the time slot. In addition, the voit-
age is never positive or negative for more than the time of one bit.

Synchronizing is a Manchester pulse three times the data bit. No positive or neg-
ative pulse has a width of 1.5 bit time and the wide Manchester pulse is recognized
as the synchronizing pulse. The pulse has an average voltage of 0, as do all other
Manchester pulses and does not affect the zero average voltage.

The first data of a message is a command word transmitted by the bus controlier.
The remote terminal, RT, address immediately foliows the synchronizing bit. Next
is the T/R bit, which is set to a logic one if the RT is to transmit, and logic zero if it
is to receive.

The RT address is a 5 bit binary number. Of the possible 32 states of a 5 bit
number, only 31 addresses are used. The number, 11111, is reserved for a broad-
cast mode. All RT's must receive messages destined for their own address and
the broadcast address.

The 5 bits following the R/T bit are for a mode control indicator or subaddress for
the RT. Of the possible 32 combinations of the subaddress field, two, 00000,
11111 are used for indicators that mode codes follow, leaving only 30 possible
subaddresses. If the subaddress field does not contain a mode code indicator, the
5 bits following are a data word count. if the mode code is indicated, the 5 bits rep-
resent a mode. The final bit of the command word is a parity bit.

Following the command word are data words, in accordance with the data word
count. The format for a data word is shown in Figure 11. The data word contains
a start bit, 16 data bits and a parity bit.
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Figure 11: MIL STD 1553 Data Word Format

Figure 12: MIL STD 1553 RT Tap
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Figure 12 shows the connection of an RT to the 1533 bus with isolation resistors.
A transformer helps preserve the balance of the bus. As discussed, the ability of a
balanced transmission line to reject noise from electromagnetic fields is a function
of system balance.
The transformer connects directly to the bus through a sfub. Even with the trans-
former, isolation resistors and stubs aid in isclating user equipment from the bus.
Length of the stub is kept as short as practical, typically less than 5 meters,
"Corresponding with JAR 66 .
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ARINC 629

A system similar to MIL STD 1553 but with significant improvements is ARINC
629. It operates at 2 Mb/s, twice the data rate of 1553. One attractive feature of
ARINC 629 is that it will be defined for a fiber optic interface. ARINC 429 and MIL
STD 1553 could be converted to light pulses in some fashion for fiber, but "some
fashion" must be defined by an accepted specification.

The final significant difference between ARINC 629 and MIL STD 1553 is that AR-
INC 629 is defined for both voitage and current modes of operation. The systems
discussed thus far use voitage coupling; receivers are high impedance and re-
spond to voltage across the line. During a transmission, a voltage is placed on the
bus. To prevent the bus from being lcaded by RT's or receivers in the case of AR-
INC 429, there are series resistors between the terminal and bus for isolation. This
is a problem because significant signal is lost in the resistors. An alternate to the
voltage mode is the current mode.

An example of current mode is shown in Figure 13 In this technique, the bus pass-
es through the primary of a transformer. The impedance of the transformer is very
low so there is no signal loss. In voltage mode transformer coupling, the transform-
er has a very high impedance s¢ as not load down the bus. Because the transform-
er is in series with the bus in the current mode, a low impedance is desired.

Figure 13: Current and Voltage Coupling Modes for ARINC 629

ARINC 629 DATABUS
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VOLTAGE
MODE

What advantage is there 1o the current mode? The bus wire does not have to be
broken to insert the RT and, if a unit is removed, the bus does not have to be re-
connected. [~igure 14 shows an ARINC 629 coupler. The bus passes through the
transformer and becomes its primary. Only one half turn is applied to the primary,
which implies very low impedance, exactly what is desired. To keep foss low, im-
pedance in series with the bus should also be low.

Figure 14: ARINC 629 Bus Coupler

DATABUS
CABLE

RECEPTACLE

COUPLER
TRANSFORMER

In addition to the convenience of adding and removing RT's without breaking the
bus, the transformer coupler has the advantage of placing driver electronics in the
coupling unit. This assures there is no sfub, as found in ARINC 429 and MIl. STD
1553 systems. Even though stubs in these systems are short, they are sources of
signal egress and ingress. If eliminated, performance of the system is enhanced.

Another coupler type provides convenience for LRU's {line replaceable units). In
this system, shown in Figure 15, the primary of the transformer is located in the
LRU mount and the secondary is in the LRU itself. Laminations of the coupler are
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separated so one half the transformer is located in the LRU with the second half
in the mount. This couples the LRU to the bus magnetically without disturbing the
bus. A unit on the bus can be removed and re-inserted while the bus is operating.
Because the system continues to function, it's called a "hot swap”. This technique
would never occur during normal flight even in a military operation, but while trou-
bleshooting on the ground.

Figure 15: Split Transformer ARINC 629 Coupler
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Other Data Bus Standards

ARINC 629 is currently being used on Boeing 777 and will probably replace AR-
INC 429 as the most used communication standard in the future. Of course there
are many other Data Bus Standards under ARINC as well as other standards used
on aircrafts but not standardized by ARINC. Airbus uses both ARINC and other
Data Bus Standards, specific for a certain type of equipment.

It is impossible to study all of these standards, for details on each type you can
always refer to the ARINC Standard manuals or the manuals for another specific
type of data bus system.
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Representation of Binary Signal States

State Levels

Most digital systems use the binary number system because many simple physical
systems are most easily described by two stale levels (0 and 1). For example, the
two states may represent "on” and "off,” a punched hole or the absence of a hole
in paper tape or a card, or a “mark” and “space” in a communications transmission.
In electronic systems, sfate fevels are physically represented by voltages. A typical
choice is: state 0 =0V, state 1 =5 V.

Since it is unrealistic to obtain these exact voltage values, a more practical choice
is a range of values, such as: stale 0= 0.0to 04V, stale 1=24tc 5.0 V.

Figure 1 illustrates this representation of states by voltage levels. The undefined
region between the two binary sfates is also known as the fransifion region or
noise margin.

Figure 1: Binary Signal States,

Volis
5
Binary 1
2.4k
}—Undefined
0'3 < Binary O 7

Representation of binary states 1 and 0 by a selected range of voltage levels

Transition Time

The gap in Figure 1 between binary 0 and binary 1, shows that a change in sfafe
does not ocour instantly. There is a fransition time between states. This {ransition
time is a result of the time it takes to charge or discharge the stray capacitance in
wires and other components because veltage cannot change instantaneously
across a capacitor. {Stray inductance in the wires also has an effect because the
current through an inducfor can’t change instantaneously.) The fransition froma 0
to a 1 stafe is called the rise time. Similarly, the transition from a 1 to a 0 sfafe is
called the fall time. Note that these times need not be the same.

Figure 2 (A) shows an ideal signal, or pulse, with zero-time switching.

Figure 2 (B) shows a typical pulse, as it changes between states in a smocth
curve. Rise and fall times vary with the logic family used and the location in a cir-
cuit. Typicat vailues of transition time are in the microsecond to nanosecond range.
in a circuit, distributed inductances and capacitance in wires or PC-board fraces
may cause rise and fall times to increase as the pulse moves away from the
source.

Figure 2: Ideal and Actual Pulse.

Volts Valts Rise Time Fall Time
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Time— Time—w
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{A) An ideal digital pulse and (B) a typical actual pulse, showing the gradual
transition between states
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Propagation Delay

Rise and fall times only describe a refationship within a pulse. For a circuit, a pulse
input into the circuit must propagate through the circuit; in other words it must pass
through each component in the circuit until eventually it arrives at the circuit output.
The time defay between providing an input to a circuit and to seeing a response at
the output is the propagatfion delay, and is illustrated by Figure 3.

For modern switching logic, typical propagation delay values are in the 1 to 15 na-
nosecond range. (It is useful to remember that the propagation delay along a wire
or printed-circuit-board frace is about 1.0 to 1.5 ns per inch.) Propagation delay is
the resuit of cumulative fransition times as well as transistor switching delays, re-
active element charging times and the time for signals to travel through wires. In
complex circuits, different propagation delays through different paths can cause
problems when puises must arrive somewhere at exactly the same time. Solutions
to this timing problem include adding a buffer amplifier to the circuit and synchro-
nization of circuits.

Figure 3: Propagation delay in a digital circuit.
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Combinational Logic

Having defined a way to use voltage fevels to physically represent digital numbers,
we can apply digital signal theory to design useful circuits. Digital circuits combine
binary inputs to produce a desired binary output or combination of outputs. This
simple combination of 0’'s and 1's can become very powerful, implementing eve-
rything from simple switches to powerful computers.

A digital circuit falls into one of two types: combinational logic or sequential logic.
In a combinational logic circuit, the output depends only on the present inputs. (If
we ignore propagation delay.) In contrast, in a sequential logic circuit, the output
depends on the present inputs, the previous sequence of inputs and often a clock
signal.

The next section discusses combinational logic circuits. Later, we wil build se-
quential logic circuits from the basics established here.

Boolean Algebra and the basic Logical Operators

Combinational circuits are composed of logic gates, which perform binary opera-
tions. Logic gates manipulate binary numbers, so you need an understanding of
the algebra of binary numbers to understand how logic gates operate. Boolean al-
gebra is the mathematical system to describe and design binary digital circuits. It
is named after George Boole, the mathematician who developed the system.
Standard algebra has a set of basic operations: addition, subtraction, multiplica-
tion and division. Similarly, Boolean algebra has a set of basic operations, called
logical operations: NOT, AND and OR.

The function of these operators can be described by either a Boolean equation or
a truth table.

A Boolean equation describes an operator's function by representing the inputs
and the operations performed on them. An equation is of the form “B = A" while
an expression is of the form "A." In an assignment equation, the inputs and oper-
ations appear on the right and the result, or output, is assigned to the variable on
the left.

A truth table describes an operator’s function by listing all possible inputs and the
corresponding outputs. Truth tables are sometimes written with T's and F's (for
true and faise) or with their respective equivalents, 1s and 0s. In company data
books (catalogues of logic devices a company manufactures), truth tables are usu-
ally written with H's and L’s {for high and low). In the figures, 1 will mean high and
0 will mean low. This representation is called positive logic. The meaning of differ-
ent logic types and why they are useful is discussed in a later section.

Each Boolean operator also has two circuit symbols associated with it. The tradi-
tional symbol appears on top in each of the figures; for example, the triangle and
bubble for the NOT function in Figure 4. In the traditional symbals, a small circle,
or bubble, always represents “NOT.” (This bubble is called a stafe indicator.} Ap-
pearing just below the traditional symbol is the newer ANSI, IEEE Standard sym-
bol. This symbol is always a square box with notations inside it. In these newer
symbols, a small flag represents "NOT.” The new notation is an attempt to replace
the detailed logic drawing of a complex function with a simpler biock symbol.

Figure 4, Figure 5 and Figure 6 show the truth tables, Boolean algebra equations
and circuit symbois for the three basic Boolean operations: NOT, AND and OR.

All combinational logic functions, no matter how complex, can be described in
terms of these three operators.

The NOT operation is also called inversion, negation or complement, The circuit
that implements this function is called an inverter or inverting buffer. The most
common notation for NOT is a bar over a variable or expression. For example,
NOT A is denoted 4. This is read as either "“Not A” or as “A bar.” A less common
notation is to denote Not A by A", which is read as “A prime.”

Figure 4: Inverter.

LOGIC BOOLEAN  TRUTH
SYMBOL EQUATION  TABLE

A—l 20— B

alB
B=A ol
3 1{o
A —] —
NOT
(INVERTER)

While the inverting buffer and the non inverting buffer covered later have only one
input and output, many combinational logic elements can have multiple inputs.
When a combinational logic element has two or mare inputs and one output, it is
called a gate. For simplicity, the figures and truth tables for multiple-input elements
will show the operations for only two inputs, the minimum number.
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The output of an AND function is 1 only if all of the inputs are 1. Therefore, if any
of the inputs are 0, then the output is 0. The notation for an AND is either a dof (+)

between the inputs, as in C = A+B, or nothing between the inputs, as in C = AB.
Read these equations as "C equals A AND B.”

Figure 5: Two-input AND gate.

LOGIC BOOLEAN TRUTH
SYMEOL EQUATION TABLE

A—
B_
c=a. [0]0]0
c=a8 |[0o[1]o
A— - 1]o]o
B NERE
AND

The OR gate detects if one or more inputs are 1. In ather words, if any of the inputs
are 1, then the output of the OR gate is 1. Since this includes the case where more
than one input may be 1, the OR operation is alsc known as an INCLUSIVE OR.
The OR operation detects if at least one input is 1. Only if all the inputs are 0, then
the output is 0. The notation for an OR is a plus sign (+) between the inputs, as in
C = A + B. Read this equation as "C equals ACR B."

Figure 6: Two-input OR gate.

LOGIC BOOLEAN TRUTH
SYMBOL EQUATION TABLE

A= c
B—I:>_ T
oplolo
c=a+B o TH 1,
A—d 21 1101
B ~— —C 1 1 1
OR

Other Common Gates

More complex logical functions are derived from combinations of the basic logical
operators. These operations — NAND, NOR, XOR, XNOR and the non inverter —
are illustrated in Figure 7 through Figure 11 respectively. As before, each is de-
scribed by a truth table, Boolean algebra equation and circuit symbols. Also as be-
fore, except for the nen inverter, each could have more inputs than the two
illustrated.
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The NAND gate (short for NOT AND) is equivalent to an AND gate followed by a
NOT gate. Thus, its output is the complement of the AND output: The output is a
0 only if all the inputs are 1. If any of the inputs is 0, then the output is a 1.

Figure 7: Two-input NAND gate.

LOGIC BOOLEAN TRUTH
SYMBOL EQUATION TABLE
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The NOR gate (short for NOT OR) is equivalent to an OR gate followed by a NOT
gate. Thus, its output is the complement of the OR output: If any of the inputs are
1, then the output is a 0. Only if all the inputs are 0, then the output is a 1.

Figure 8: Two-input NOR gate.

LOGIC BOOLEAN TRUTH
SYMBOL  EQUATION TABLE
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The operations so far enable a designer to defermine two general cases: (1) if all
inputs have a desired state or (2) if at least one input has a desired sfate. The XOR
and XNOR gates enable a designer to determine if one and only one input of a de-
sired state is present.

The XOR gate (read as EXCLUSIVE OR) has an output of 1 if one and only one
of the inputs is a 1 state. The output is 0 otherwise. The symbol for XOR is &. This
is easy to remember if you think of the “+” OR symbol enclosed in an “O” for only
one.

The XOR gate is also known as a “half adder,” because in binary arithmetic it does
everything but the “carry” operation. The Truth Tabie in Figure 9 show the possible
binary additions for a two-input XOR.

Figure 9: Two-input XOR gate.
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{EXCLUSIVE OR)

The XNOR gate (read as EXCLUSIVE NOR) is the compiement of the XOR gate.
The output is O if one and only one of the inputs is a 1. The output is 1 either if all
inputs are 0 or more than one input is 1.

Figure 10: Two-input XNOR gate.
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A non inverter, also known as a buffer, amplifier or driver, at first glance does not
seem o do anything. It simply receives an input and produces the same output. In
reality, it is changing other properties of the signal in a useful fashion, such as am-
plifying the current level. The practical uses of a non inverter include (A) providing
sufficient current to drive a number of gates, (B) interfacing between two fogic fam-
ilies, (C) obtaining a desired pulse rise time and (D) providing a slight defay to
make pulses arrive at the proper time.

Figure 11: Nonirritating buffer.

LOGIC BOOLEAN  TRUTH
SYMBOL EQUATION  TABLE
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Boolean Algebra Laws and Rules

The analysis of a circuit starts with a logic diagram and then derives a circuit de-
scription. In digital circuits, this description is in the form of a truth table or logical
equation. The synthesis, or design, of a circuit goes in the reverse: starting with an
informal description, determining an equation or truth table and then expanding
the truth table to components that will implement the desired response.

In both of these processes, we need to either simplify or expand a complex logical
equation.To manipulate an equation, we use mathematical theorems. Theorems
are statements that have been proven to be true. The theorems of Boolean alge-
bra are very similar to those of standard algebra, such as commutativity and asso-
ciativity. Proofs of the Boolean algebra theorems can be found in an introductory
digital design textbook.

Basic Theorems

Figure 12 lists the theorems for a single variable and Figure 13 lists the theorems
for two or more variables. These tables illustrate the principle of duality exhibited
by the Boolean theorems: Each theorem has a dual in which, after swapping all
AND’s with OR's and all 1s with Os, the statement is still true.

Figure 12: Single Variable Theorems
Identities: A.1=A A+0=A
Null elements: A-0=0 A+1=1

A+A=A

A+ A=

Idempotence: A - A=A
Complements: A_-K =0
Involution:  (A) = A

The tables also illustrate the precedence of the Boolean operations: the order in
which operations are performed when not specified by parenthesis. From highest
to lowest, the precedence is NOT, AND then OR. For example, the distributive law
includes the expression “A + B+C." This is equivalent to "A + (B+C)." The parenthe-
sis around (B+«C) can be left out since an AND operation has higher priority than
an OR operation. Precedence for Boolean algebra is similar to the convention of
standard algebra: raising to a power, then muitiplication, then addition.

Figure 13: Multivariable Theorems

Commutativity: A-B=B-A
A+B=B+A

Associativity: (A-B).C=A.{B-C)
(A+B)+C=A+{B+C)

Distributivity: (A +B)-(A+Cl=A+B-C
A-B+A.-C=A-(B+C)

Covering: A-(A+B)=A
A+A-B=A

Combining: (A+B) - (A+B)=A
A-B+A.-B=A

Consensus:. A-B+A-C+B-C=A-B+A-C _
(A+B)- (A+C)-(B+C)=(A+B)-(A+0)

Corresponding with JAR 66
For training purposes only

Cat: B1 55-8



Basic Maintenance
Training Manual

Module 5 Digital Technology / EIS
5.5 Logic Circuits

DeMorgan’s Theorem

One of the most useful theorems in Boolean algebra is DeMorgan’s Theorem:
AeB=A+B anditsdual: A+B = 4e 5.

The truth table in Figure 14 proves these statements.

Figure 14: DeMorgan’s Theorem

DeMorgan’s Theorem

(A) and (B) are statements of DeMorgan’s Theorem. The truth table at
(C} is proof of these statements: {A) is proven by the equivalence of
columns 6 and 10 and (B) by columns 8 and 9.

DeMorgan’s Theorem provides a way to simplify the complement of a large ex-
pression, It also enables a designer to interchange a number of equivalent gates,
as shown by Figure 15.

Figure 15: Interchanging of equivalent gates.

EQUIVALENT BOOLEAN
LOGIC SYMBOLS EQUATION

(A) (8 (C)

Each gate in column A is equivalent to the opposite gate in column B. The Boolean
equations in column C formally sfate the equivalencies

The equivalent gates show that the duality principle works with symbols the same
as it does for Boolean equations: just swap AND's with OR’s and switch the bub-
bles. For example, the NAND gate — an AND gate followed by an inverter bubble
— becomes an OR gate preceded by two inverter bubbles. DeMorgan’s Theorem
is important because it means any logical function can be implemented using ei-
ther inverters and AND gates or inverters and OR gates. Also, the ability to change
placement of the bubbles using DeMorgan’s theorem is useful in dealing with
mixed logic, to be discussed next.
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Positive and Negative Logic

The truth tables shown in the figures in this chapter are drawn for positive logic. In
positive logic, or high true, a higher voltage means true {logic 1} while a lower voli-
age means false (logic 0). This is also referred to as active high: a signal performs
a named acticon or denotes a condition when it is "high” or 1.

In negative logic, or low true, a lower voltage means true (1) and a higher voltage
means false (0). An active low signal performs an action or denotes a condition
when it is “low” or 0. In bath logic types, true = 1 and false = 0; but whether true
means high or low differs. Company data hooks are drawn for general truth tables:
an “H" for high and an “L” for low. (Some tables also have an “X” for a "don't care”
stafe.) The function of the tabie can differ depending on whether it is interpreted
for positive logic or negative logic. Figure 16 shows how a general truth table dif-
fers when interpreted for different logic types. The same fruth table gives two
equivalenf gates: positive logic gives the function of 2 NAND gate while negative
logic gives the function of 2 NOR gate.

Figure 16: Positive and Negative Logic

ABJ]C ABJ|C ABJC
L LfH 001 1 1]0
L HIH 0o1]t 1010
HLJH 1 01 01]0
HHIL 1110 0o

1> d>
G | ©

True=1=High True=1="Low

(A} A general truth table, (B) a truth table and NAND symbol for positive logic
and {C} a truth table and NOR symbol for negative logic

Note that these gates correspond to the equivalent gates from DeMorgan's theo-
rem. A bubble on an input or cutput terminal indicates an active low device. The

absence of bubbles indicates an active high device.

Like the bubbles, signal names can be used to indicate logic stafes. These names
can aid the understanding of a circuit by indicating control of an action (GO, /EN-
ABLE)} or detection of a condition {READY, /ERRORY).

The action or condition occurs when the signal is in its active state. When a signal
is in its active sfate, it is called asserted, a signal not in its active stale is called
negated or de-asserted. A prefix can easily indicate a signal's active state: active
low signals are preceded by a */.” like /READY, while active high signals have no
prefix. Standard practice is that the signal name and input pin match (have the
same active level). For example, an input with a bubble {active low) may be called
{READY while an input with no bubble (active high) is called READY. Qutput signal
names should always match the device output pin.

In this chapter, positive logic is used unless indicated otherwise. Although using
mixed logic can be confusing, it does have some advantages. Mixed logic com-
bined with DeMorgan’s Theorem can promote more effective use of available
gates. Also, well-chosen signal names and placement of bubbles can promote
more understandable logic diagrams.
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Sequential / Combinational Logic

The previous section discussed combinational logic, whose outputs depend only
on the present inputs. In contrast, in sequential logic circuits, the new output de-
pends not only on the present inputs but aiso on the present outputs. The present
ouiputs depended on the previous inputs and outputs and those earlier outputs de-
pended on even earlier inputs and outputs and so on. Thus, the present outputs
depend on the previous sequence of inputs and the system has memory. Having
the outputs become part of the new inputs is known as feedback.

This section first introduces a number of terms necessary to understand sequential
togic: types of synchronicity, types of control signals and ways to illustrate circuit
function. Numerous sequential logic circuits are then introduced. These circuits
provide an overview of the basic sequential circuits that are commercially availa-
ble.

Synchronicity and Control Signals

When a combinational circuit is given a set of inputs, the outputs take on the ex-
pected values after a propagation delay during which the inputs travel through the
circuit to the output. In a sequential circuit, however, the travel through the circuit
is more complicated. After application of the first inputs and one propagation delay,
the outputs take on the resulting state; but then the outputs start trickling back
through and, after a second propagation delay, new outputs appear. The same
happens after a third propagation delay. With propagation delays in the nanosec-
ond range, this ¢ycle around the circuit is rapidly and continually generating new
outputs. A user needs to know when the outputs are valid.

There are two types of sequential circuits: synchronous circuits and asynchro-
nous circuits, which are analysed differently for valid outputs. In asynchronous op-
eration, the outputs respond to the inputs immediately after the propagation delay.
To work properly, this type of circuit must eventually reach a stable state: the in-
puts and the fed back outputs result in the new cutputs staying the same. When
the non feedback inputs are changed, the feedback cycle needs o eventually
reach a new stable stafe.

In synchronous operation, the outputs change stale only at specific times. These
times are determined by the presence of a particular input signal: a clock, toggle,
latch or enable. Synchronicity is important because it ensures proper timing: all the
inputs are present where needed when the control signal causes a change of
slate.

Figure 17: Clock signal terms.

ty or t = tactive

t 4
Duty cycle= _gctive

pericd

1

Frequency =
t— t o origd — period

The duty cycle would be ty, / tpefiog for an active high signal and b / tyeroq for an
active low signal.

The clock period is the time between successive transitions in the same direction;
the clock frequency is the reciprocal of the period. A pulse or clock tick is the first
edge in a clock period, or sometimes the period itself or the first half of the period.
The duty cycle is the percentage of time that the clock signal is atits asserfed level.
The reaction of a synchronous circuit to its control signal is static or dynamic. Stat-
ic, gated or level-triggered contro! allows the circuit to change state whenever the
control signal is at its active or asserted level. Dynamic, or edge-triggered, control
allows the circuit to change state only when the control signal changes from un as-
serted to asserted. By convention, a control signal is active high if state changes
occur when the signal is high or at the rising edge and active low in the opposite
case. Thus, for positive logic, the conventien is enable = 1 or enable goes from 0
to 1. This transition from 0 to 1 is called positive edge-triggered and is indicated by
a small triangie inside the circuit box. A circuit responding to the opposite transi-
tion, from 1 to 0, is called negative edge-triggered, indicated by a bubble with the
triangle. Whether a circuit is level-triggered or edge-triggered can affect its output,
as shown by Figure 18. Input D includes a very brief pulse, called a glitch, which
may be caused by noise. The differing results at the output illustrate how noise can
cause errors.
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Figure 18: Level-triggered vs edge-triggered for a D flip-flop:

(A

D (nput) —

=

(8)

Clock

©
Q (Cutput}

for Gated FF [ [

(©)
Q (Qutput)
for Edge—
Triggered FF —

(A)input D, {B) clock input, {C) output Q for fevel-triggered. circuit responds when-
ever clock is 1. (D) output Q for edge-triggered. circuit responds only at rising edge
of clock. Notice that the short negative pulse on the input D is not reproduced by
the edge-triggered flip-fiop.

Edge-Triggered Flip-Flop

The edge-triggered flip-flop solves the problem of noise. An example of noise is
the giitch shown in Figure 18. The different outputs for the level and edge-triggered
methods in this figure show how a glitch can cause an output error. Edge-trigger-
ing avoids the problem of noise by minimizing the time during which a circuit re-
sponds to its inputs: the chance of a giitch occurring during the nanosecond
transition of a clock pulse is remote. A side benefit of edge-triggering is that only
one new output is produced per clock period. Edge-triggering is denoted by a small
rising-edge or falling-edge symbol such as [ or 7 ; sometimes an arrow is in-
cluded suchas 4 or i

This symbol appears in the circuit’s truth table and can also appear, instead of the
clock triangle, inside the schematic symbol.
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Flip-Flops

Flip-flops are the basic building blocks of sequential circuits. A flip-flop is a device
with two stable sfates: the set sfate (1) or the reset state (0). (The reset state is
also called the cleared stafe.) The flip-flop can be placed in one or the other of the
two states by applying the appropriate input. (Since a common use of flip-flops is
to store one bit of information, some use the term latch interchangeably with fip-
flop. A set of latches, or flip-flops holding an n-bit number is called a register.)
While gates have special symbols, the schematic symbol for most components is
a rectanguiar box with the circuit name or abbreviation, the signal names and as-
sertion bubbles. For fiip-fiops, the circuit name is usually omitted since the signal
names are enough ta indicate a flip-flop and its type. The four basic types of fiip-
flops are the S-R, D, T and J-K. The first section examines the S-R flip-fiop for each
of the various control methods. The next section introduces each of the other basic
flip-flops and their uses.

S-R Flip-Flop

The S-R flip-fiop is one of the simplest circuits for storing a bit of information. It has
two inputs, represented by S (set) and R (reset). These inputs, naturally, cause the
two possible output stafes: if S =1 and R = 0, then cutput Q is setfo 1;if S =0 and
R =1, then output Q is reset to 0; if both inputs are 0, then the output remains un-
changed; and if both inputs are 1, then the output cannot be delermined.

The S-R fiip-flop can illustrate each of the types of controt signals: unclocked
{asynchronous, no control signal), clocked or gated, master-slave and edge-trig-
gered.

Unclocked/Sequential

The unclocked S-R fip-flop, shown in Figure 19, is an asynchronous device, its
outputs change immediately to reflect changes on its inputs. The circuit consists
of two NCR gates. The sequential nature of the circuit is a result of the output of
each NOR gate being fed back as an input to the opposite gate. The state transi-
tion table shows the expected set/reset pattern of inputs to outputs. The table
shows an unpredictable result for inputs S = 1 and R = 1. In actual circuits, the re-
sults vary and are usually either Q= 0 =1 0orQ = ¢ = 0. While Q@ =  is alogical
impossibility, real flip-flops may present this output. The designer should avoid the
R = 8§ = 1 input and make no assumptions about the resulting output. The flip-fiop
i not predictable if both inputs go to 0 at exactly the same time. Figure 19C shows
an alternate implementation of the S-R flip-flop, with two NAND gates and two in-
verters. Since a NAND gate can become an inverter by having its two inputs re-

ceive the same signal, the S-R flip-flop can be implemented with four NAND gates.
This alternate version is important because a 4-NAND gate chip is one of the most
readily available commercial integrated circuits; thus, the 4-NAND gate S-R fiip-
flop can be implemented on a single IC.

Figure 19: Unclocked $-R Flip-Flop.
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Gated or Level-Triggered

The gated S-R flip-flop, or gated latch, has a controlling input in addition to its S
and R inputs. The inputs S and R produce the same results as those on an un-
clocked S-R fiip-flop, but a change in output will only occur when the control input
is high. A gated S-R flip-flop is illustrated in Figure 20 along with a timing diagram
for a clock input. This flip-flop is also called the R-S-T flip-flop, where “T,” for tog-
gle, is the clock input. Although not often used, the R-S-T flip-flop ts important be-
cause it illustrates a step between the R-S flip-flop and the J-K flip-fiop. A problem
with the fevel-triggered flip-flop is that the Q output can change more than once
while the clock is asserfed.

We would prefer the output to change only once per clock period for easier timing
design. A second problem can occur when flip-flops are connected in series and
triggered by the same clock pulse or, similarly, when a flip-fiop is in series with it-
self, using its own output as an input. Since the series-connected flip-fiop feeds
back to itself, its output will be changing at about the same time as it receives new
input. This can result in an erroneous output.

Figure 20: Clocked S$-R Fiip-Flop.
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Symbol s .

Circuit
s|rR[ck[a]a xS JLM_Tt 1 JL
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Master/Slave Flip-Flop Figure 21: Master/Slave S-R Fiip-Fiop.

A solution to the problems of the fevel-friggered method is a circuit that samples
and stores its inputs before changing its outputs. Such a circuit is built by placing o—1Is ol—o
two flip-flops in series; both flip-flops are triggered by a common clock but an in- M/S
verter on the second flip-flop’s clock causes it to be asserted oniy when the first 0—o
flip-flop is not asserted. The action for a given clock pulse is as follows: The first,

or master, flip-flop is active when the clock is high, sampling and storing the inputs. O—1r 3f—o
The second, or slave, flip-flop gets its input from the master and acts when the Symbdl

clock is low. Hence, when the clock is 1, the input is sampled; then when the clock Timing Diogram

becomes 0, the cutput is generated. A master/slave flip-flop is built with either two

S-R flip-flops, as shown by Figure 21, or with two J-K flip-flops. Note that a bubble s 50— © s a—o
appears on the schematic symbol's clock input, reminding us that the output ap- _ﬂ_‘JI_I_|—

pears when the clock is asserted low. This is conventional for TTL-style J-K flip- R L L CLKO— T T
flops, but it can be different for CMOS devices. The master/slave method isolates ro—ds 3 kR ol—o
output changes from input changes, eliminating the problem of series-fed circuits. — =

It also ensures only one new output per clock period, since the slave flip-flop re-

sponds to only the single sampiled input. A problem can still occur, however, be- _D"_

cause the master flip-flop can change more than once while it is asserted; thus, M/S Flip=Flop Mode of R-3
there is the potential for the master to sample at the wrong time. There is also the Flip=Flops ond an Inverter
potential that either flip-flop can be affected by noise. Cireult

Mastar | Slave | Master | Slave

S|R|Qn QAn | Cner [ Qe
(T Assumed last states. Kld| o o] o] [*]
(Z Master is set to 1. Slave follows on olo| o | a o] Q
Clocks Falling Edge. THG| Q 1 1
3 No Change Since Clock s @ o : o 0 o 0
Fl 7 ] 2
& Moster is reset to 0. Slave follows on _ _ . ’
clocks falling edge. Clock: [ IS
% Noke how master only responds while Qn:  Cuiput when elock is high
clock is high. Slave eonly responds whan QAn+1 @ Oulpul when chack gets low

clock gets low.

(€ Unknown state since both B and S are 1. Truth Table
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Summary of Standard Flip-flops

Figure 23 provides a summary of the four basic fip-flops. the S-R (Set-Reset), D
(Data or Defay), T (Toggle) and J-K. Each is briefly explained below, including its

q=current state

O =next state

Figure 23: Summary of Standard Flip-flops

X =don’t care

particular applications. The internal circuitry of each of these flip-flops is similar to

the components and complexity of the S-R fip-flop. F;I'ﬂl: Symbol Truth Characteristic Excitation
. Type ymbo Table Equation Table
D Flip-Fiop
in a D (data) flip-flop, the data input is transferred to the outputs when the fiip-flop 5 R okla
is enabled: The logic fevel at input D is transferred to Q when the clock is positive; o XX ? i | g (5_,_ R. q), CLK 8 g 3 ': CLK
the Q output retains this logic leve! until the next positive clock pulse (see SR o1 119 o110 1
Figure 22). The flip-flop is also called a delay flip-flop because, once enabled, it glo— e 1 with S-R=0 ] ? g ol
passes D after a propagation defay. A D flip-flop is useful to store one bit of infor- Ll
mation. A collection of D fip-flops forms a register.
Figure 22: D Flip-Flop B ey B —To 7 610 r
_ 0 A B Q=D - CLK ot|1 ¥
FF T|{D|Q]|OQ = 1101 rejo ot
O S o—0 o—0 Q ’—o — dp- RIEE
0|0|qa|g
o T ol1]q|g
— _ 110101
—|>o—R oo O—r o0 11l1]o0 e ] == T oK@ s als 5
ao0|0 X
T ; (1’ g Q=(T@q)-CLK SR IEEE
= LRI I
R=S=T Flip—Flop — - t ]84 1 1] x
and Inverter Prewired D Alip—~flop Truth Table
J K CLK|Q
—4 ol X %X o s 9 0|J KoK
0o 1|g - o of(ox 1
JK ] o1 1o 0=(J q+K°q) CLK| o 1|1 x 1
- T O(xX 1
o ) SR NV ilxo
] ol— J K CLKjQ q 0jd K CLK
JK o0 o _ 000 X 3
- ) o1 =0 Q=(J-E|+K-q)-CLK 011 x
— 10 /71 10X 1
— QF— 1t =35 11X 0 ™
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Toggle Flip-Flop

in a T flip-fiop, the output toggles (changes siate) with each positive clock pulse.
The T flip-flop is also called a compiementing flip-flop. Fig 7.24 shows how a T fiip-
flop can be created from either an S-R or D flip-flop. The timing diagramin Fig 7.24
shows an important result of the T-flip-flop: the output frequency is one half of the
input frequency, Thus, a T flip-fliop is a 2:1 (also called modulo-2 or radix-2) fre-
quency divider. Two T flip-flops connected in series form a 4:1 divider and so on.

Figure 24: Toggle Flip-Flop

I— 5 Q O —0 G0
Input O—va>>
I: R Q 0 input O > Q O

D Flip—Flop Wired
as T Flip—Flop

R=5-T Flip—Flop
Wired o= T Flip—Flop

—
G and D | | | [ | | |__

Timing Diagram

J-K Flip-Flop

It's somewhat ironic that the most readily available flip-flop, the J-K flip-flop, is dis-
cussed last and so briefly. The discussion is short because the J-K fiip-flop acts
the same as the 5-R flip-flop (where J = S and K = R} with only one difference: The

S-R flip-fiop had the disadvantage of invalid resuits for the inputs 1,1. For the J-K
flip-flop, simultaneous 1,1 inputs cause Q to change state after the clock fransition.

Summary

Only the D and J-K flip-flops are generally available as commercial integrated cir-
cuit chips. Since memory and temporary storage are so often desirable, the D flip-
flop is manufactured as the simplest way to provide memory. When more function-
ality is needed, the J-K flip-flop is available. The J-K fip-flop can substitute for an
S-R flip-flop and a T flip-flop can be created from either the D or J-K flip-fiop.
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Counters

Groups of flip-flops can be combined to make counters. Toggle flip-flops are the
maost common for implementing a counter. Intuitively, a counter is a circuit that
starts at sfate 0 and sequences up through states 1, 2, 3, to m, where m is the max-
imum number of states available. From stafe m, the next state will return the coun-
ter to 0. This describes the most common counter: the n-bit binary counter, with N
outputs corresponding to 2N = m states. Such a counter can be made from N flip-
flops, as shown in Fig 7.25. This figure shows implementations for each of the
types of synchronicity. Both circuits pass the data count from stage to stage. In the
asynchronous counter, Figure 25(A) the ciock is also passed from stage to stage
and the circuit is called ripple or ripple-carry. In the synchronous counter,
Figure 25(B), each stage is controlled by a common clock signal.

Figure 25: Three-bit binary counter

+5V +5V

*—7 — 00 LT ) a0

CLK

D—| . D—
*—]T —O o T O o1
b D—‘ [ 0—
D

> P— > P—

]
Clky >

S ——O a2 ——Ow

Asynchronous “Ripple” Counter Synchronous Counter

(The output of each flip=flop: toggles whenever T is high and clock is high)
stays the same whenaver T is low

There are numerous variations on this first example of a counter. Most counters
have the ability to clear the count to 0. Some counters can also preset to a desired
count. The clear and preset control inputs are often asynchrongus — they change
the output stafe without being clocked. Counters may either count up (increment)
or down (decrement). Up/down counters can be controlled to count in either direc-
tion. Counters can have sequences other than the standard numbers, for example
a BCD counter. Counters are also not restricted to changing stafe on every ciock
cycle. An n-bit counter that changes state onlly after m clock pulses is called a di-
vider or divide-by-m counter. There are still 2" = m states; however, the output af-
ter p clock pulses is now p / m. Combining different divide-by-m counters can result
in almost any desired count. For example, a base 12 counter ¢an be made from a
divide-by-2 and a divide-by-6 counter; a base 10 (decade) counter consists of a
divide-by-2 and a BCD divide-by-5 counter.

The outputs of these counters are binary. To produce output in decimat form, the
output of a counter would be provided to a binary-to-decimal decoder chip and/or
an LED display.
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Registers

Groups of flip-fiops can be combined to make registers, usually implemented with
D flip-flops. A register stores N bits of information, delivering that information in re-
sponse to a clock pulse. Registers usually have asynchronous set to 1 and clear
to 0 capabilities.

Storage Register

A storage register simply stores temporary information, for example incoming in-
formation or intermediate results. The size is related to the basic size of informa-
tion handled by a computer: 8 flip-flops for an 8-bit or byte register cor 16 bits for a
word register. Figure 26 shows a typical circuit and schematic symbols for an 8-bit
storage register. Storage registers are important to computer architecture; this top-
ic will be discussed later.

Figure 26: Storage Register
8—bit Storage Reqgister

07 Y0 — b7 7 —
N —{ o6 ve|—
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| —_ D2 Y2 p—
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D5 Y2
|| > LOAD
L ]
[ ]
[ ]
DO Y7
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8 8
——4—D<7:0> <7:0>Y|—~—
Load
D> LOAD

Shift Register

Shift registers also store information and provide it in response to a clock signal,
but they handle their information differently. When a clock pulse occurs, instead of
each flip-flop passing its result to the output, the fiip-flops pass their data to each
other, up and down the row. For example, in up mode, each flip-flop receives the
output of the preceding flip-flop. A data bit starting in flip-fiop DO in a left shifter
would move to D1, then D2 and so on until it is shifted out of the register. Ifa D was
input to the least significant bit, DO, on each clock pulse then, when the last data
bit has been shifted out, the register confains all 0s.

Shift registers can be left shifters, right shifters or controlied to shift in either direc-
tion.The most generatl form, a universal shift register, has two control inputs for
four states: Hold, Shift right, Shift left and Load. Most also have asynchronous in-
puts for preset, clear and parallel load. The primary use of shift registers is to con-
vert parallel information to serial or vice versa. This is useful in interfacing between
devices.

Additional uses for a shift register are to delay or synchronize data, multiply or di-
vide a number by a factor 2 N or, provide random data. Data can be delayed simply
by taking advantage of the Hold feature of the register control inputs. Multiptication
and division with shift registers is best explained by an example:

Suppose a 4-bit shift register currently has the value 10003 = 8(1q). A right shift
results in the new parallel output 0100 =4=8/2 A second nght shlﬂ results in
0010 =2 =(8/2) /2. Together the 2 right shifts performed a division by 2 2. In
general, shuﬂlnﬂ right N times is equivalent to dividing by 2N. Similariy, shifting left
multiplies by 2". This can be useful to compiler writers to make a computer pro-
gram run faster.

Random data is provided via a ring counter. A ring counter is a shift register with
its output fed back to its input. At each clock pulse, the register is shifted up or
down and some of the flip-flops feedback to other flip-flops, generating a random
binary number. Shift registers with several feedback paths can be used as a pseu-
do random number generator, where the sequence of bits output by the generator
meets one or more mathematical criteria for randomness.,
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Applications used on Aircraft systems

We now need to look at how these gates are used in aircraft circuits. You will need
to be able to interpret these diagrams and explain how an output is arrived at.

You should be able to describe the operation of a logic circuit if an unexpecied log-
ic input is present. Logic gate circuitry is extensively used in aircraft schematic di-
agrams for all aircraft systems including airframe systems, engine systems, and
all avionic systems.

In modern aircraft, most systems are controlled by a microprocessor and therefore
it is impossible to show all the logic functions, which are in fact performed by a
computer. Logic gate circuitry is used today in most cases in the form of simplified
diagrams which show the functions that are actually perforrned within a computer.

The following example in Figure 27 shows the Autopilot Engagement Logic for an
Airbus A330. The logic functions shown on this schematic are in fact performed by
a so called Flight Management and Guidance Computer, but for better vunder-
standing of the Autopilot Engagement function, this type of illustration is used.

Activity:
With help of the legend in Figure 27, you should be able to interpret the schematic

and explain under which condition the Autopilot can be engaged, or will be disen-
gaged.

Figure 27: Airbus A330 Autopilot Engagement Logic
AP P/B COND I

| 5

ENGINE/GROUND COND

AND
FLIGHT COND
COMM./SPEC. COND { —{R

|
COMMJSPEC. COND | >0~

ENGINE/GROUND OOND}

AP QPP COND{

|SECOND ACTION ON AP P/ OONDI—D_‘
OR

DUAL AP COND I

AP ENGAGEMENT

TAKE OVER AND PRICRITY P/@ COND

RACONDI CONE 100M

FG BUS OPP oowcl

FG (FMGEC)

AP P/ B CONDITION: Autopilot is engaged by action on the engagement pushbutton.
ENGINE/ GROUND CONDITION: Autopilot engagement is possible in any mode if all
engines are stopped on ground.

FLIGHT CONDITION: Autopilot engagement is possible 5 seconds after lift- off.
COMMON/ SPECIFIC CONDITIONS: Autopitot engagement is activated if all the
corponents of the system are "healthy".

ENGINE/ GROUND CONDITION: The Autopilot disengages if one engine is started
on the ground.

AP OPPOSITE CONDITION: The Autopilot disengages in case of engagemaent of the
opposite Autopilot, if the Autopilot is not in LAND or GO AROUND modes.

SECOND ACTION ON AP P/ B CONDITION: The Autopilet is disengaged by action
on the engagement pushbutton, the asscciated Autopilot being already engaged.
DUAL AP CONDITION: In the event of landing in dual AP operation, in case of a
failure the Autopilot will be be disengaged.

TAKE OVER AND PRIORITY P/ B CONDITION:The Autopilot is disengaged by an
action on one take over and priority pushbutton switch confirmed during 100 ms,

RA CONDITION: When in landing category CAT 3 DUAL (bi- AP), if Radio Altimeter 1
is lost below 100 feet, AP 1 disengages. The opposite AP is then used because it uses
Radio Aftimeter 2 (RA 2).

FG BUS OPPOSITE CONDITION:n case of dual AP operation, if the SLAVE FG is not
synchronized with the MASTER FG, it forces the disengagement of Autopitot 2,
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MD 11 LAMM Schematics

Extensive use of Logic Circuit symbols in Wiring Diagramms is to be found in the
LAMM Schematic Manuals of MD11 or MDS8O0 aircraft.

The LAMM Schematic Manuals are named after L. M. LAMM, the originator of the
manuals for Mc Dennell Douglas.

The example in Figure 28 shows the Autopilot Engagement Logic on the MD11.
Different manufacturers and different countries have different philosophies on how
to draw schematic manuals and wiring diagrams.

As a licensed aircraft mechanic or avionic technician, you should also be able to
read and interpret more complicated schematics as those of the MD11.

Activity:

* In the following schematic find the conditions necessary for the engagement
of Autopilot 1 and for its disengagement.

»  Explain the function of the two Flip Flops in the Autopilot disconnect circuit.
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Figure 28: MD11 Autopilot Engagement Schematic
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5.5 Logic Circuits

A330 Ice Detection Schematic

This example shows a simplier diagram where the logic for the (ce Defection
Warnings on the ECAM is shown.

Activity:

Find out what the conditions are, to activate the ice detection warnings, fault mes-
sages and memo messages on the ECAM Displays.

Figure 29: A330 Ice Detection Schematic
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MD11 APU Starting Circuits Schematic Diagram

On the following pages, two other examples of MD11 LAMM Schematic Diagrams
are shown. Figure 30 shows the APU Starting Circuits Schematic and
Figure 31shows the Pack 1 Flow Control Valve - Control Schematic.

Activity:
Try to expiain the following functions on the two schematic diagrams:
+  APU Starting Circuits:
— Find the signal flow and the necessary logic from pushing the ON/OFF
button on the APU Panel, through the Miscellaneous System Controller
(MSC), to activate the APU Cont Relay R2-5713 which gives a start sig-
nal to the APU ECU.
— Find the correct logic neccessary to activate the light of the ON/OFF
pushbutton on the APU Panel.
— Find the correct logic neccessary to activate the fuel light on the APU
Panel.
- Find the correct logic neccessary to activate the door light on the APU
Panel.
*  Pack 1 Flow Control Valve - Control Schematic
—  Explain the conditions which are neccessary to get the Pack 1 Q'ride sig-
nal in the Environmental System Controller
— The Pack 1 Qverride signal is then further used in the Environmental Sys-
tem Controlfer to close the Pack 1 Flow Control Valve. Explain the nece-
essary logic conditions.
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Figure 30: MD11 APU Starting Circuits Schematic Diagram
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Figure 31: Pack 1 Flow Control Valve - Control Schematic
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MD11 Ditching Function

Figure 32: MD11 Ditching Function

This next schematic functional diagram shows the logic which leads to the activa-

tion of different functions, when the Ditching Button is pressed on.

Activity:

+  Explain the different functions which will follow after the activation of the ditch-

ing button.

+  Find the correct logic conditions which allow the different functions to become

activ.
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Airbus A330 Automatic RAT Extension

Explain the possible causes, which lead to an automatic extension of the Ram Air
Turbine:

Figure 33:
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Introduction to Computers

From digital Logic, the implementation of that logic with Integrated circuits, inter-
facing Integrated Circuit logic families and the use of memory to store information
used by the IC’s, we come to the computer, which is the synthesis of all these tech-
nologies. It combines a microprocessor IC, memory chips and user interface into
the modern digital computer. A computer combines both components; hardware
and a collection of programs; software, to tell it what to do. This sub module will
focus on the basic structure of the computer: its internal physical components, the
chips and how they work and interact and its external /O devices for communica-
tion with a user.

Computer Organization

The architecture of a computer is the arrangement of its internat subsystems: the
microprocessor(s), memory, I/O and interfacing. Each subsystem may be concen-
trated on a single IC or spread between many chips. The microprocessor, also
known as the central processing unit (CPU) and usually a single chip, consists of
three parts: a controi unit, an arithmetic logic unit (ALU) and temporary storage
registers. A bus — a set of wires to carry address, data and control information —
interconnects all of the subsystems. Most modern computers are some variation
on the basic architecture shown in Figure 1. The microprocessor, memory chips
and other circuitry are all part of the system'’s hardware, the physical components
of a system. The computer case, the nuts and bolts and physical parts are other
parts of the hardware. A computer also inciudes software, a collection of programs
or sequence of instructions to perform a specified task. Some microprocessors in-
ternally are complete circuitry. The design of general purpose computers is so
complex, however, that it is nearly impossible to design an original architecture
without any bugs. Thus many designers use microprocessors that include micro
code or micro instructions: instructions in the control unit of a microprocessor. This
hybrid between hardware and software is called firmware. Firmware also includes
software stored in ROM or EPROM rather than being stored on magnetic disk or
tape.

Computer designers make decisions on hardware, software and firmware based
on cost versus performance. Thus, today’'s computer market includes a wide range
of systems, from high-performance super-computers, which cost millions of dol-
lars, to the personal microcomputer, with costs in the thousands new and in the
hundreds for older used models.

-

Figure 1: Basic Computer Structure
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The Central Processing Unit

The central processing unit is usually a single microprocessor chip, although its
subsystems can be on more than one chip. The CPU at least includes a control
unit, timing circuitry, an arithmetic logic unit (ALU} and also usually contains reg-
isters for temporary storage.

Control Unit

The control unit directs the operation of the computer, managing the interaction
between subunits. it takes instructions from the memory and executes them, per-
forming tasks such as accessing data in memory, calling on the ALU or performing
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Input/Output. Control is one of the most difficult parts to design; thus it is the most
likely source of bugs in designing an original architecture.

Microprocessors consist of both hard wired control and micro programmed control.
In both cases, the designer determines a sequence of sfafes through which the
computer cycles, each with inputs to examine and outputs to activate other CPU
subsystems (including activating itself, indicating which sfafe to do next). For ex-
ample, the sequence usually starts with “Fetfch the next instruction from memory,”
with control outputs to activate memory for a read, a program counter to send the
address to be fetched and an instruction register to receive the memory contents.
Hard wired control is completely via circuitry, usually with a programmed logic ar-
ray. Micro programmed control uses a microprocessor with a modifiable control
memory, containing micro code or micro instructions. An advantage of micro pro-
grammed control is flexibility: the code can be changed without changing the hard-
ware, making it easier to correct design errors. Figure 2 and Figure 3 show
examples of hard wired control and micro programmed control of a microproces-
SOf.

Figure 2: Hard wired Control
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Figure 3: Microprogrammed Control
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Usually, an oscillator controlled by a quartz crystal generates the microcomputer's
clock signal. The output of this clock goes to the microprocessor and to other IC's,
The clock synchronizes the microcomputer subunits. For example, each of the mi-
cro instructions is designed to take only ane clock cycle to execute, so any com-
ponents triggered by a micro-instruction’s control outputs should finish their
actions by the end of the clock cycle. The exception to this is memory, which may
take mulliple clock cycles to finish, so the control unit repeats in its same state until
memory says it's done,

Since the clock rate effectively controls the rate at which instructions are executed,
the clock frequency is one way to measure the speed of a computer,

Clock frequency, however, cannot be the only criteria considered because the ac-
tions performed during a clock cycle vary for different designs.
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Arithmetic Logic Unit

The arithmetic togic unit (ALU} performs logical operations such as AND, CR and
SHIFT and arithmetic operations such as addition, subtraction, multiplication and
division. The ALU depends on the control unit to tell it which operation to perform
and also to trigger other devices (memory, registers and FO) to supply its input
data and to send out its results to the appropriate place.

The ALU often only performs simple operations. Complex operations, such as mul-
tiplication, division and operations involving decimal numbers, are performed by
dedicated hardware, called floating-point processors, or floating point units. These
may be included on the original mother board or may be optionalf upgrades. Now-
adays in modern microprocessors, usually a floating point unit is integrated on the
same microprocessor IC.

Registers

Microprocessor chips have some internal memory locations that are used by the
control unit and ALU. Because they are inside the microprocessor IC, these regis-
ters can be accessed more quickly than other memory locations. Special purpose
registers or dedicated registers are purely internal, have predefined uses and can-
not be directly accessed by programs. General purpose registers hold data and
addresses in use by programs and can be directly accessed, although usually only
by assembly leve! programs.

The dedicated registers include the instruction register, program counter, effective
address register and status register. The first step to execute an instruction is to
fefch it from memory and put it in the instruction register (IR). The program counter
(PC) is then incremented to contain the address of the next instruction to be
fefched. An instruction may change the program counter as a result of a condition-
al branch (if-then}, loop, subroutine call or other non linear execution. If data from
memory is needed by an instruction, the address of the data is calculated and
fetched with the effective address register (EAR).

The status register (SR) keeps track of various conditions in the computer. For ex-
ample, it tells the control unit when the keyboard has been typed on so the control
unit knows to get input. it also notices if something goes wrong during an instruc-
tion execution, for example an attempted divide by 0, and tells the control unit to
halt the program or fix the error. Certain bits in the status register are known as the
condition codes, flags set by each instruction. These flags tell information about
the result of the latest instruction — such as if the result was negative or positive
or zero and if an arithmetic overflow or a carry error occurred. The flags can then
be used by a conditional branch to decide if that branch should be taken or not.

Some architectures also use a stack pointer (SP) and/or an accumulator. In a
stack system, a memory location is designated as the “bottom” of the stack. Data
to be stored is always added to the next memory location, the “top” of the stack;
and data to be accessed must always be taken off the “top.” {This technique is
called “last in, first out,” or LIFO.)

Highway Structure

Figure 4 shows the highway structure, there are three buses, the address bus, the
data bus and the control bus. As we have already seen the memory consists of a
number of locations, each individually identified by an address.

The address bus is therefore used to specify the memory location or input/output
port involved in the transfer. It is a one way bus and may have anything from 4 to
64 lines depending on the number of memory addresses there are, 8 lines give
282256 addresses. The data bus is a bi-directional bus and is used to carry the
data being transferred to and from the memory or input and output transfer.

The control bus comprises input and output lines which synchronise the micro-
processor’s operation with that of the external circuitry i.e. readfwrite controls, tim-
ing signals, inputfoutput selection. This is also a bi-directional bus.

Figure 4: Highway Structure
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Memory

Computers and other digital circuits rely on stored information, either data to be
acted upon or instructions to direct circuit acticns. This information is stored in
memory devices, in binary form. This section first discusses how to access an in-
dividual item in memory and then compares different memory types, which can
vary how quickly and easily an item is accessed.

Accessing a Memory ltem

Memory devices consist of a large number of memory cells each capable of re-
membering one bit of binary information. The information in memory is stored in
digital form with collections of bits, called words, representing numbers and sym-
bols. The most commen symbol set is the American National Standard Code for
Information Interchange (ASCII). Words in memory, just like the letters in this sen-
tence, are stored one after the other. They are accessed by their location or ad-
dress. The number of bits in each word, equal to the number of memory cells per
memory location, is constant within a memory device but can vary for different de-
vices. Common memory devices have word sizes of 8, 16 and 32 bits.

Addresses and Chip Size

An address is the identifier, or name, given to a particular location in memory.
Since this address is expressed as a binary number, the number of unique ad-
dresses available in a particular memory chip is defermined by the number of hits
to express the address. For example, a memory chip with 8 hit addresses has 28
= 256 memory locations. These locations are accessed as the addresses
00000000 through 11111111, 0 through 255 decimal or 00 through FF hex. (For
ease of notation, programmers and circuit designers use hexadecimal, base 16,
notation to avoid long strings of 1s and 0s.) The memory chip size can be ex-
pressed as M x N, where M is the number of unique addresses, or memory loca-
tions and N is the word size, or number of bits per memory location. Memory chips
come in a variety of sizes and can be arranged, together with control circuitry and
decoders, to meet a designer's needs.

Basic Structure

Memory chips, no matter how large or small, have several things in common. Each
chip has address, data and control lines, as shown in Figure 5. A memory c¢hip
must have enough address lines to uniquely address each of its words and as
many data lines as there are bits per word. For example, the 256 x 1 memory has
8 address lines and 1 data line.

The control lines for a memory chip can vary. The figure shows a simple example:
two controt lines, a W/ R and CS. In this case, data lines transfer both inputs (when
writing) and outputs {when reading) so the W/ R control line is needed to put the
memory chip in read mode or write mode. The chip select, CS, control ling tells the
chip whether it is in use. When the chip is selected, it is “on,” acting upon the ad-
dress, data and W/ R information presented to it. When the chip is not selected,
the data line enters a high-impedance state so that it does not affect, and is not
affected by devices or circuits attached to it.

Figure 5: Example of a 256 x 1 memory chip.
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Reading and Writing

To write {store data in} or read (retrieve data from) a memory device, it is neces-
sary to gain access to specific memory cells. A small 256 x 1 memory chip is used
as an example. Later, this example will be expanded te a larger computer memory
system.

If we want to write a 1 to the 11th word of the 256 x 1 memory {such as memory
location 10 decimal or 00001010 binary}, we must execute the following steps:
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Place the correct address (C0001010) on the address lines.

Place the data to be written (1) on the data line.

Set the W/ R control line to write (low, 0).

Set the CS control line to select (high, 1). (Many memory devices use an ac-
tive low chip select, CS.).

This writes the data on the data line (1) to the address on the address lines
(00001010).

The steps to read the contents of the 11th word are similar except that the W/ R
control line is set to read (high, 1).

Bown =

Timing

Accurate timing requirements must also be incorporated into the above steps.
While writing, the address and data infermation must be present for a minimum
setup time before and hoid time after, the CS and signals have been activated.
This is to avoid spurious signals spraying all over the memory array. While read-
ing, address line changes are not harmful, but the output data is only valid a min-
imum access time after the last address input is stable. Manufacturers’ data sheets
and application notes provide the timing specifications for the particutar /C you are
using.

Larger Words

The cne-bit-wide memory described above provides a good introduction, but usu-
ally we want a wider memory. One way to get wider memory is to use several 1-
bit-wide memory chips. The address and control lines go to each chip, and data
from each chip is used as a single bit in the large word. It is easy to see that when
reading from address 0A (hex), the data lines DO through D3 contain the data from
address 0A of chips U0 through U3.

An address placed on the shared address lines (catled an address bus) now spec-
ifies an entire word of data. Notice that one line of the address bus connects to the
CS8 pin of each memory chip. This line is labelled ME, or memory enable, and sets
all four IC's active at the same time, in order to read or write data when the R/'W is
activated additionally.

If all four memory chips were put in a single package, they would make a 256 x 4
{C. This IC would look like the chip in Figure 5, except that it would have 4 data
lines.

Figure 6: A 256 x 4 memory built with four 256 x 1 memory chips.
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ADDRESS BUS

More Address Space

For even larger memory systems, the same principles as shown in Figure 7 can
be applied. Figure 7 shows a 1024 x 8 (1 kilobyte} memory built from four 256 % 8
memory chips. A kilobyte is usually abbreviated as K. Notice this is not quite the
same as the metric prefix kilo, because it represents 1024, rather than 1000,

Ten address lines are needed to address 1024 locations (2'° = 1024). Eight of the
10 address lines, AD to A7, are used as a normal address bus for chips 0 through
3. The remaining 2 address lines, A8 and A3, are run through a 2-to-4 line decoder
to choose between the 4 memory chips. When employed in this manner, the 2-to-
4 line decoder is calied an address decoder.

To assert the CS input for one of the memory chips, ME must be 1 and the correct
output of the 2-to-4 line decoder must also be 1. When an address is placed on A0
through A9, a single memory chip is selected by ME, A8 and A9. The other 8 ad-
dress lines address a single word from that chip. The three chips that are not se-
lected enter a high-impedance state and do not affect the data lines. This example
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shows that, using the proper memory chips and address decoding, any size mem-
ory with any word length can be built.

Figure 7: A 1024 x 8 memory built with four 256 x 8 memory chips

(1 M}, 2048 x 2048 (4 M), 4096 x 4096 (16 M) and so on. (Here the M represents
a mega-byte, which is 1048576 bytes.)

The square array makes the chips more cost effective to manufacture (easier qual-
ity control and less waste) and easier to incorporate into a printed-circuit-board cir-
cuit layout. Notice that each M x N is a power of 2. So while we refer to the chips

D
og by shorter names like 1 Mbyte, the actual number of memory cells is larger than
= 35 1000000. The product, M x N, only refers to the number of memory cells in the
< D‘; chip; and designers are free to choose the word size appropriafe to their needs. In
& D fact, they may access one location as an 8-bit word and another as a 16-bit word.
g(') For example, a computer with a Motorola MC68000 microprocessor automatically
accesses a character, such as A" as 8 bits (a byte), an integer as 16 bits (a word)
and a real value as 32 bits (a longword). (Apple Macintosh computers use the
Po o i i - pe o0 el % It MC68000 microprocessor.) To further complicate things, a different manufacturer
o s . e o N may call 16 bits a haifword and 32 bits a word. In using memory, the controller
chips and circuitry to access the memory can be just as important as the memory
5o itself.
2 :12 Figure 8: Row and column decoders
7
o by
% :2 Row Memory
Ay 3 Decoder B Array d
7 (256 x 256)
R/W 2+p - 1—/——{Data In
Address
] r) f} rw Inputs ——D—{Datu Out
J f 4 1
0 [ 8
Ag—1 2-TO-4
LINE 2 Column
Ag— pecooer [3 Control Decoder
MEMOR
EN:&BL;r
{ME) 3
Address Inputs
Alternate Memory Structures
Figure 8 shows how the same chip can be accessed in different ways by using two
decoders, a row decoder and a column decoder. The same 256 x 256 memory ar-
ray can be treated as a 64 K x 1 array, a 256 x 256 array or other possibilities. In
fact, most larger memory chips are made as square arrays: 32 x 32 (1024 bytes
or 1 K), 64 x 64 (4096 bytes or 4 K), 256 x 256 (65536 bytes or 64 K), 1024 x 1024
Corresponding with JAR &6 Cat: B1 56-7
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Memory Types

The concepts described above are applied to several types of random-access,
semiconductor memory. Semiconductor memories are categorized by the ease
and speed with which they can be accessed and their ability to “remember” in the
absence of power.

Volatile Memory

SAM versus RAM

Sequential-access memory (SAM) must be accessed by stepping past each mem-
ory location untit the desired location is reached. Magnetic tapes implement SAM,
to reach information in the middle of the tape, the tape head must pass over all of
the information on the beginning of the tape. Two special types of SAM are the
gqueue and the push-down stack. In a queue, also called a first-in, first-out (FIFQO)
memory, locations must be read in the order that they were written. The queue is
a “first-come, first-served” device, like a line at a ticket window. The push-down
stack is also called last-in, first-out (LIFO) memory. In LIFO memory, the location
written most recently is the next location read. LIFO can be visualized as a sfack,
always adding to and removing from the “top” of the stack.

Random-access memory (RAM) allows any memory cell fo be accessed at any in-
stant, with no time wasted stepping past the "beginning” parts of the data. Ran-
dom-access memory is like a bookcase; any book can be pulled out at any time.

It is usually faster to access a desired word in RAM than in SAM. Also, all words
in RAM have the same access time, while each word in 2 SAM has a different ac-
cess time based on its position. Generally, the semiconductor memory devices in-
ternal to computers are random-access memories. Magnetic devices, such as
tapes and disks, have at least some sequential access characteristics. We will
teave tapes and disks for a later section and concentrate here on random-access,
solid-sfate memories.

Random Access Memory

Most RAM chips are volatile, meaning that stored information is lost if power is re-
moved. RAM is either static or dynamic. Dynamic RAM (DRAM} stores a bit of in-
formation as the presence or absence of charge. This charge, since it is stored in

Since the bit will retain its value until either power is removed or another bit replac-
es it, refresh is not necessary.

Both types of RAM have their advantages and disadvantages. The advantage of
DRAM is increased densify and ease of manufacture, making them significantly
less expensive. SRAM's, however, have much faster access times. Most general
purpose computers use DRAMSs, since large memory size and low cost are the
major objectives. Where the amount of memory required doesn’t justify the use of
DRAM, and the faster access time is important, SRAM's are common, for exam-
ple, in embedded systems (telephones, toasters} and for cache memories. Both
types of RAM are available in MOS families; SRAM’s are also available in bipolar.
Generally, MOS RAMs have lower power consumption than bipofar RAMs, while
access speeds vary widely. Cost, power consumption and access time, provided
in manufacturers’ data sheets, are factors to consider in selecting the best RAM
for a given application.

Figure 9: (A) DRAM Cell vs. {(B) an SRAM Cell
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a capacitor, slowly leaks away. It must be refreshed periodically. Memory refresh storag'e -

typically occurs every few miliseconds and is usually performed by a dynamic capacitor bit li bit li

RAM controller chip. Static RAM (SRAM) stores a bit of information in a flip-flop. ¢ DIiLANE ithnes
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Non-Volatile Memory

Read-Only Memory (ROM)

Read-Only Memory is nonvolfatife; its contents are not lost when power is removed
from the memory. Despite its name, all ROM's can be written or programmed at
least once. The earliest ROM designs were “written” by clipping a diode between
the memory bit and power supply wherever a 0 was desired. Modern MOS ROM's
use a transistor instead of a diode. Mask ROM's are programmed by having ones
and zeros elched into their semiconductors at manufacturing time, according to a
pattern of connections and non-connections provided in a mask. Since the "pro-
gramming” of a mask ROM must be done by the manufacturer, adding expense
and time delays, this type of ROM is primarily used only in high volume applica-
tions.

PROM

For low volume applications, the programmable ROM (PROM) is the mast effec-
tive choice since the data can be written after manufacture. A PROM is manufac-
tured with all its diodes or transistors connected. A PROM programmer device
then “burns away” undesired connections (see Figure 10). This type of PROM can
be written only once.

EPROM, EEPROM

Two types of PROMs that can be “erased” and reprogrammed are EPROM’s and
EEPROM's. The transistors in UV erasable PROMs (EPROM's) have a floating
gate surrounded by an insulating material. When programming with a bit value, a
high voltage creates a negative charge on the floating gate. Exposure to ultraviolet
light erases the negative charge. Similarly, electrically erasable PROMs (EEP-
ROM's) erase their floating-gate values by applying a voltage of the opposite po-
larity.

ROM's are practical only for storing data or programs that do not change frequent-
fy and must survive when power is removed from the memory. The programs that
start up a computer when it is first switched on or the memory that holds the call
sign in a repeater are prime candidates for ROM.

Flash

Flash also known as FEPROM is one of the newest types of nonvolfatiie memory.
in this device data is erased and reprogrammed in blocks, unlike the byte by byte
altering capability of EEPROM. FLASH memory has the densily of EFROM's and
the electrical erase capability of standard EEPROM's. FLASH is used in digital

cameras to store pictures, PC's store their BIOS on FLASH memory chips, and
MP3 audio recorders use FLASH to store music.

Figure 10: Programmable ROM
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Nonvolatile RAM

For some situations, the ideal memory would be as nonvolatile as ROM hut as
easy to write to as RAM. The primary example is data that must not be allowed to
perish despite a power failure. Low-power RAMs can be used in such applications
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if they are supplied with NiCd or lithium cells for backup power. A more elegant
and durable solution is nonvolatile RAM {NVRAM), which includes both RAM and
ROM. The standard volatile RAM, called shadow RAM, is backed up by nonvolatile
EEPROM. When the RECALL control is asserfed, such as when power is first ap-
plied, the contents of the ROM are copied into the RAM. During normal operation,
the system reads and writes to the RAM. When the STORE control is triggered,
such as by a power failure or before turning off the system, the entire contents of
the RAM are copied into the ROM for nonvolalile storage. In the event of primary
power failure, to successfully save the RAM data, some power must be maintained
until the memory store is complete (+5 V for 20 ms).

Cache versus Main Memory

Memory is in high demand for many applications. To balance the frade-off of
speed versus cost, most computers use a larger, slower, but cheaper main mem-
ory in conjunction with a smaller, faster, but mare expensive cache memory. As
you run a computer program, it accesses memory frequently. When it needs an
item, a piece of data or the next part of the program to execute, it first looks in the
cache. If the item is not found in the cache, it is copied to the cache from the main
memory. As you run a computer pregram, it often repeats certain parts of the pro-
gram and repeatedly uses pieces of data. Since this information has been copied
to the high-speed cache, your computer game or other application can run faster.
Information used less often or not being used at all (programs not currently being
run) can stay in the slower main memory.

A "cache’ is a place to store treasure, the treasure, the information you are using
frequently, can be accessed quickly because it is in the high-speed cache. The use
of cache versus main memory is managed by a computer's CPU so it is franspar-
ent to the user. The improvement in program execution time is similar to accessing
a floppy disk versus the computer's internal memory.
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Peripherals

Peripherals are any devices outside the CPU. They provide additional capabilities.
One of the most common examples being communication with a user via input de-
vices and cutput devices. Input devices provide the computer both data to work on
and programs to tell it what to do. Output devices present the results of computer
operations to the user or anather system and may even control an external sys-
tem.

Both input and output combine to provide user friendly interaction. This section dis-
cusses the most common user interfaces.

Most of these devices have adapted to certain standards and use readily available
conneciion cables. Thus, they can be easily incorporated into a system, and a
knowledge of the internal actions is not necessary. A knowledge of how external
memaory devices work is more useful and will be discussed in more detail.

Input Devices

The keyboard is probably the most familiar input device. A keyboard simply makes
and breaks electrical contacts. The open or closed contacts are usually sensed by
a microprocessor built into the circuit board under the keys. This microprocessor
decodes the key closures and sends the appropriate ASCIl code to the main com-
puter unit. Keyboards will generate the entire 128 character ASCI| set and often,
with CONTROL and ALT {Alternate) keys, the 256 character extended ASCII set.

The mouse is becoming increasingly popular for use with graphical user interfac-
es. The mouse casing holds a ball and circuitry to act as a multidirectional detec-
tion device. By moving the mouse, the ball rolls, controlling the relative position of
a cursor on the screen. Buttons on the mouse make and break connections (click-
ing} to select and activate items (icons} on the screen. The trackball is a vanation
of the mouse.

Other input devices include modems and magnetic disks and tapes. Magnetic
disks and tapes, discussed at length later, provide additional external memory.
Newer input devices include voice activated devices, touch screens and scanners.

Output Devices

The most familiar sutput device is the computer screen, or monitor. For smaller
character displays, LED arrays can be used. The next most common output device
is the printer, to produce paper hard copy. Modems and magnetic disks and tapes
are output devices as well as input devices. Newer output devices include speech
synthesizers. The output devices (except the sound device) share a commeon dis-

play technique: images, such as characters and graphics, are formed by tiny dots,
called pixels (picture elements). On screens, these are dots of light turned on and
off. In printers, they are dofs of ink imposed onto the paper. For colour displays,
pixelsin red, green and blue (RGB) are spaced closely together and appear as nu-
merous colours to the human eye.

Video monitars are usually specialized cathode-ray tube (CRT) displays. In newer
notebook computers, the monitors are being fabricated with monochrome or col-
our fiquid-crystal displays (LCD's), but colour LCD displays are still quite expen-
sive. A standard TV set can even be used as a computer monitor. Two techniques
are used to turn on the screen pixels. Raster scanning covers the screen by writing
one row of pixels at a time, from left to right and top to bottom. Then, a vertical re-
frace brings the beam back to the top of the screen to begin again. Raster scan-
ning signals every pixef on or off for each screen pass. An alternative, vector
mode, only signals the pixels where something on the screen has changed.

Light-emitting diodes (LED's) are handy when a full screen display is not neces-
sary. A single diode easily indicates on/off states such as the power light on many
devices. A popular single character display is the seven segment version, which is
good for displaying numbers.

Disk Drives

Magnetic Disc Drives

Magnetic media are essential inputoutput devices since they provide additional
memory. The earliest ways to store programs and data were on punched cards
and tape. Some early home computers used audio cassettes.

Disk storage is prevalent when random access is needed. In some ways, disk stor-
age is similar to that of a record player. The data is stored in circles {tracks) on a
round platter (disk or diskette) and accessed by a device {(a head) moving over the
platter. Unlike the record player, the tracks are concentric rather than spiral and
the head can write as well as read.

Figure 11A shows an example of the disk recording surface. Usually the fracks are
divided into equal-sized storage units, called sectors. Alse, since the disk has two
sides, most disks can store information on both sides. Therefore, logating a piece
of information in disk memaory means identifying three coordinates; the side, track
and sector.

Accessing a piece of information on the disk system involves a number of wait
times until the data access is complete. First, disks may be either movable-head
or fixed-head, as shown in Figure 11B. In the movable system, a single readfwrite
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head is attached to a movable arm, s¢ there is a seek time for the movable arm to
position the read/write head on the appropriate track. In a fixed system, each frack
has its own read/write head, so seek time is zero since the head is immediately in
position. Second, the data must rotate into position under the read/write head. This
time is called fatency. Finally, there is the normal time for the read/write to occur.
A number of types of disk technology are available. In hard disk systems, the disk
is rigid and the read/write head does not contact the disk directly. The absence of
friction between the head and disk ailows finer head positioning and higher disk
speeds. Thus, hard disks hold more data and are accessed more quickly than flop-
py disks. Floppy disks enclose the magnetic-media platter in a casing, as shown
in Figure 11C, so the disk can be carried around. The floppy disk can be inserted
into a disk drive and the read/write head automatically extended; when done, the
read/write head is automatically retracted before the disk is ejected from the drive.
Variations in floppy disks include singie-sided (SS) or double-sided (DS); single,
double or high density, and 3 1 /2. The density refers to the disk format used by
the disk controller. High data density allows more data to be written to the disk but
requires a higher quality diskette. Not all disks can be written as high density and
not all disk drives can read high density disks.

Dust and dirt on the disk and the imperfections in the disk surface gradually dam-
age both the disk and the head. This means that disks eventually wear out, and
the data on the disk wilt probably be lost.

Therefore, it is prudent to make backup copies of your disks, stored in a clean, dry,
cool place.

Figure 11: Magnetic Disk Drives
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Optical Disks

Anocther form of memory is the optical disk, which uses optical rather than electrical
means for reading and writing. It developed from videodisc technology during the
early 1980s. Optical disks have a greater memory capacity than most magnetic
disks; the largest ones can store 1.5 gigabytes of information, which is equal to
about 700,000 pages of printed material. Optical disks come in sizes ranging from
3.5 to 12 inches {30 cm). They are widely used as auxiliary memory when large
memaory capacity is required.

CD-ROM

CD-ROM is an abbreviation of Compact Disc Read-Only Memory, a type of com-
puter memory in the form of a compact disc that is read by optical means. A CD-
ROM drive uses a low-power /laser beam to read digitized (binary) data that has
been encoded in the form of tiny pifs on an optical disk. The drive then feeds the
data to a computer for processing.

The standard compact disc was introduced in 1982 for digital audio reproduction.
But, because any type of information can be represented digitally, the standard CD
was adapted by the computer industry, beginning in the mid-1980s, as a low-cost
storage-and-distribution medium for large computer programs, graphics, and da-
tabases. With a storage capacity of 680 megabytes, the CD-ROM found rapid
commercial acceptance as an alternative to so-called floppy disks {with a maxi-
mum capacity of 1.4 megabytes).

Unlike conventional magnetic storage technologies (e.q., tapes, floppy disks, and
hard disks), CD's and CD-ROM's are not recordable--hence the tag "read only "
This limitation spurred the development of various recordable magnetic-optical hy-
brid storage devices, but they generally failed to penetrate beyond the pubiishing
world, where large multimedia files are regularly exchanged, because of incompat-
ibility with standard CD and CD-ROM players. |n the early 1990s a new type of CD
became available: CD-Recordable, or CD-R. These discs differ from regular CD's
in having a light-sensitive organic dye fayer which can be "burned" to produce a
chemical "dark" spot, analogous to an ordinary CD's pits, that can be read by ex-
isting CD and CD-ROM players. Such CD’s are also known as WORM discs, for
"Write Once Read Many." A rewritable version based on excitable crystals and
known as CD-RW was introduced in the mid-1990s. Because hoth CD-R and CD-
RW recorders originally required a computer to operate, they had limited accept-
ance outside of use as computer software and data backup devices.

To handle the proliferation of ever-larger muitimedia files {audio, graphic, and vid-
e0) in computer games, educational software, and electronic encyclopaedias--as

well as high-definition movies for television entertainment systems--an expanded
storage medium, digital versatile disc (DVD), was introduced in 1995.

DVD

in 1895 Philips and Seony introduced a new type of dis¢, known as a digital versatile
disc (DVD), which was able to store up to 4.7 gigabytes of data, such as high-def-
inition digital video files. A DVD has the same dimensions as a standard CD but
cannot be read by a standard CD player, although a DVD player can read standard
CD's. DVD players use a higher-power red /aser (0.65 micrometer) that enables
smaller pits (0.4 micrometer) and separation fracks (0.74 micrometer) to be used.

Figure 12: CD-ROM vs, DVD
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The DVD player uses a laser that is higher-powered and has a correspondingly fin-
er focus point than that of the CD player. This enables it to resolve shorter pifs and
narrower separation tracks and thereby accounts for the DVD's greater storage
capacity.

MOD Magneto-Optical Disks

In magneto-optical disks, which can be erased and rewritten, information is written
into or read from the disk by means of the magnetic properties of spots on its sur-
face. In reading, spots with different directions of magnetization give different po-
larization in the reflected light of a low-power laser beam. In the writing process,
which erases all previous information, every spot on the disk is heated by a strong
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laser beam and is then cooled under a magnetic field. Thus every spot is magnet-
ized in one direction; in other words, every spot stores 0. Then, reversing the di-
rection of the magnetic field, only desired spots are magnetized in the opposite
direction by a strong faser beam, storing 1.

Magnetic Tape

Tape is one of the more inexpensive options for auxiliary memory. Tape access
time is slow, since the data must be accessed sequentially, so tape is primarily
used for backup copies of a system’s memory.

Tape is available in cassette form (common sizes are comparable to the cassettes
for a portable tape player and VCR tapes) and on reels {diameter is approximately
one foot).

Digital audio tape (DAT) is replacing other forms of tape backup system in newer
computer systems.

A single 4-mm-wide DAT cartridge, which fits in the palm of your hand, can hold
over 2 gigabytes (GB) of data (1 GB = 1024 MB).

Aircraft Application

In an old type of Digital Flight Data Recorder, airplane operating parameters with
relation to time are recorded for later use during performance evaluation or during
accident investigation. This recorder has a write- and a erase head and stores the
last actual flight parameters.

The old Quick Access Recorder (QAR), or also known as Performance Mainte-
nance Recorder (PMR) uses a 'Tape Low’ indicators on it. Recerding of parame-
ters begins on track one of the tape. At the end of the frack (starting with one), the
recorder senses the end-of-tape, changes direction and records on the next track
in the opposite direction and so on, until the sensing end-of-tape is detected. Be-
cause this recorder type has only a write head, the cassette has to be changed
before reaching the end of tape.
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Computer Self Monitoring Methods Figure 13: Categories of Seilf-Monitoring

Today, computers are making decisions that are affecting our lives everyday. We Airplane
are finding that computers are being used to help us cook meals, heat our homes,
drive our cars and fly our airplanes. When the computer makes a decision, it must
be the RIGHT decision every time. This becomes very important when human life
is at stake. Even as great as they are, computers or something in their system can
become defective, so we must have some way of detecting this when it does oc-
cur. one of the common methods used is called self-monitoring, self-checking or

just simply selfcheck. These methods vary considerably from one designer to an-
other.
Self-monitoring is used to help ensure that the computer or its system is working Module / Unit
properly and is capable of performing the function for which it was designed. There
are provisions for some kind of action upon the detection of a failure.
Categories of Self-Monitoring
A self check can be one simple check or a very complex set of checks, containing
many different types of checks'. This usually depends on many factors, some of R GPU =
which can be cost, application and degree of safety needed.
Generally speaking most self-check’s are software generated in cne form or an-
other. The Central Processing Unit will follow a program with the routines neces-
sary to complete all of its self-check's.
There are many categories of self-check’s but they will usually be one of the fol-
lowing categories or a combination of one or more.
These categories are:
»  CPU circuit {including microcomputers),
»  Unit or module circuit or system circuit self-check’s.
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CPU Circuits

This method is one of the more important seif- check's, due mainly to the fact that
most failures can be detected almost immediately, The faster the problem is de-
tected, the faster the failure action can he taken. The other methods can have
some form of delay built-in that can delay response time. Although all self-check’s
involve the CPU in one way or another, this method is usually distinguished by it
being incorparated into one or more of the CPU's STATUS, CONTROL, AD-
DRESS or DATA BUS lines,

The following are the three most commonly used forms of CPU self-check's. They
are conversion, timing and data validity.

Figure 14: CPU Circuits

Conversion

This method of self-checking can be used to verify the ROM. There are different
ways this can be accomplished, depending on the designer.

Some of the names used for checking ROM (usually EPROMS) are checksum,
sumcheck or most often just ROM check. This check is used to see if the program-
ming has been changed or aitered in some way. We can do this by the checksum
method of calculation. An example of this is a data stream from the EPROM which
is calculated in the checksum register and this checksum is added to the program.
The result is then compared to a stored value to get a pass or fail condition.

Figure 15: Conversion
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Data Validity

To check the areas of the computer, like the RAM, the registers in the CPU, etc.,
we can use a method of self checking called data validity. Data in the form of ones
and zeros is put into memory and register locations to see if they will "toggle"
(change from high to low, or from low to high). An example of a RAM test is to write
all ones into all memory location then read them to make sure they are all ones,
Next we write the complement in all locations, and read if they are ali zeroes. The
registers can be checked by loading the registers with a “walking” pattern of one/
zero and then by reading back the pattern,

There are many other types of checks that can be done with this method of testing.
The examples shown are but a few.

Figure 16: Data Validity

Timing includes the internal timing of the CPU and timing of its support circuitry,
like ROM, RAM or anything that provides information to the CPU.

The methods of checking computer timing are many, but one of the most common
is comparing the timing to a separate timing circuit. This circuit has many names
and designs but the most used is the "watchdog timer”.

The basic design of a watchdog timer usually uses a running clock that must be
stopped or reset before a certain number of clock pulses have occurred. The CPU
will have an output to stop or reset the clock. If the clock circuit "times out”, the tim-
er circuit will reset or interrupt the CPU to indicate a problem has occurred.

Figure 17: Timing
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Timing in a electronic circuit is usually a very important consideration but it be-
comes even more important in a computer circuit. Computers must process infor-
mation at a high rate of speed and tasks must be completed at the proper time.
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Module Self-Check

Just as the CPU circuits needed a type of seif-check, so does one step above the
CPU at the module level. The CPU wiil still be utilized to execute the instruction of
the seif-checks. Instead of checking the components directly associated with the
CPU, such as the ROM and RAM, the circuits of the module will be checked.

There are many methods of module self-check. Some of the more common ones
used are feedback, wrap- around, and comparison. Each will be discussed individ-
ually.

Feedback

The most widely used form of self-checking is to use feedback. Feedback is the
process of using a portion of the output fed back to the source to allow monitoring
of that output. One example would be a portion of an analog signal fed back
through a A/D converter and into the CPU for comparison. The program would al-
ready contain the ratio of the output to the feedback and the menitoring would take
place any time there was an output. Figure 18 illustrates the use of feedback self-
checking.

Wrap-Around

Another form of feedback is called wrap-around. This method usually employs the
full output being brought back to the CPU for comparison rather than just a portion
of it as in the feedback method. Quite often when the data bus is used as the out-
put from the CPU, the output data is latched inte registers, The CPU then checks
the condition of these registers and compares their contents with the output just
sent out. The program dictates what happens if the comparisons don't compare,
In another wrap-around method the data bus is used to control an cutput through
a buffer. When the computer changes an output, the signal from the output device
is wrapped back to the data bus where the computer can monitor the sfate of that
particular output. In the case of a digital output being converfed to an analog one,
the analog signal is wrapped back to the input section. There it is converted back
to digital from analog and compared with the digital output from the CPU.
Figure 19 illustrates the use of the wrap-around self-check method.

Figure 19: Wrap around Self-Check

Figure 18: Feedback Self-Check
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Comparison

Certain circuits within a module that performs the same function are compared as
a form of self-monitering. The cutputs from both circuits are sent to a comparison
device. If one of the outputs doesn't correspond to the other, a fault condition is
detected and displayed. Figure 20 shows an example of circuit comparison as
used for seif-checking.

Figure 20: Comparison Self-Check
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System Self-Check

Self monitoring or checking at a systems Jlevel usually involves more complex and
lengthy check methods. Usually a mechanical action, in combination with an elec-
trical stimulus, is used in self-checking the workings of a system. In an airplane, a
systems self-check is usually more expensive to incorporate because of the addi-
tional hardware needed to provide the feedback to the computer. Some of the
hardware involved might be transducers, discrefe switches and relays, plus all the
associated wiring and connectors. Because of this additional hardware, and
weight, it may often be more economical to have the self-test performed at the
module fevel.

The methods for self-checking a system are similar to the methods used in self-
checking a module. Feedback loops are usually the type which allows the compu-
ter to check the position of a driven device within the system. Wrap-around may
also be used with a system to convert the digitai data sent out with a wrapped-
around input. The comparison method of self check may be used to compare the
drive signals to the flaps of the airplane, making sure both were equal.

One example of a system self-monitor is a Digital Analog Adapter which converts
ARINC 429 information to discrefe and analog signals. Heading is brought in and
converted from digital to analog information for a synchro transmitter, After the dig-
ital to analog conversion, the wrap-around enables the converted analog signal to
be looped back to the input section of the computer. There, it is converted back to
digitat and compared to the digital output from the computer. If the two are not the
same, the fault flag is set.

Figure 21: System Self-Check
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Power-Up

Every circuit, regardless of its complexity, size or function must start from a power
down state and go to a power-up stafe to perform its task. What better time to
check the operation of the circuitry than when it is initially turned on?

A typical system which employs a power-up self- check may be a yaw damper sys-
tem. Once the power is applied, the CPU performs tests on the asscciated circuit-
ry, such as ROM, RAM and timing circuitry. input conditions may be set to certain
states so the CPU can check digital and analeg signals, and/or discretes.

Devices connected to the outputs such as actuators may also be driven to certain
positions to ensure they will move when directed in the execution of the main pro-
gram. Other discrefe outputs, such as lights and indicators may also be reset.
Power supplies and their reset sighals are checked. Once the complete power-up
self check is completed and all passes, the main program is entered. If there are
failures, the power-up self check may restart the system and record the failure in
the maintenance memory.

Continuous Self-Check

Monitoring during the execution of the main program of a system can be termed
"continuous”. The urgency of the system usually dictates whether this type of self
checking should be used or not. If conditions aboard the airplane exist in which the
failure of that system would be a safety factor, continuous monitoring is used to
constantly check the system performance. Failure of this continuously monitored
system usually results in a redundant system coming on-line and the first system
is set to a power down condition,

Continuous self checks perform partly the same self tests as at power-up. Usually
the RAM and ROM are checked, as well as the power supply monitor and input/
output circuitry. Continuous self checks are usually much shorter than the power-
up checks because of the large amount of processing which must take place be-
tween the self-checks.

Figure 23: Continuous Self-Check
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Types of Computer Self-Monitoring

Computers used in the airplane industry today may contain one, two, or more CPU
circuits. Each may be processing the same, similar or completely different infor-
mation all within the same computer.

We can have a computer that confains one CPU monitoring itself but if there are
two or more, they can check themselves or each other. Within a computer we can
have one or more of these types of computer self-checking.

The three types are single, interacting and monitor circuit,

Single

When a computer contains only one CPU we are limited to the CPU self-checks
discussed elsewhere in this section. This will usually include ROM check, RAM
check, timing check and internal CPU check. Other checks may be included but
will vary with the design requirements.

Figure 24: Single Computer Self-Monitoring
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Interactive

The computer that contains more than one CPU may be processing different infor-
mation and for all practical purposes can be considered single CPU's contained in
one housing. The ones that are processing the same or very similar information
can use interactive checks, in addition to the normal CPU self-check's.

When two or more CPU's check each other, this is called interactive checking.
These can take the form of "Handshaking", "Watchdog timing", “information ex-
change” to name a few. The complexity of these checks depends on the design
requirements.

Figure 25: Interactive Computer Self-Monitoring
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Monitor

A computer can have a separate CPU installed for the sole purpose of checking
that the CPU is performing its designed function. The monitor CPU can be con-
nected {o one or more processing CPU's even if they are processing different in-
formation. The operation of the CPU and MONITOR CPU is similar to the
interactive self-checking.

The monitor checking offers another way of self-checking in that it can process the
same information as the main CPU and then compare its processed information to
the main CPU's processed information for accuracy. This type of checking is usu-
ally expensive and used most often in critical systems.

Figure 26: Monitor
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Computer Technology as applied in Aircraft Systems

Reference Computer

Although computers can be classified by hardware as analeg, digital, or hybrid,
they are more often classified by their tasks or application. A computer which may
be used for a source of information or data can be called a reference computer.
Reference signals from this computer may be self-contained and oniy provides
outputs.

An inertial Reference System (IR8) is one example of a reference computer. This
system is a faser gyro and accelerometer based reference system used to gener-
ate such outputs as airplane affitude, heading, acceleration and anguiar informa-
tion. Other than for initialization purposes, the IRS needs no inputs to perform its
task.

Some of the units utilizing this information as a reference are the Flight Control
Computers, the pilot’s Horizontal Situation Indicators, and the Flight Management
Computer.

Figure 27: Reference Computer
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Informational, Warning and Display Computers

A computer system that collects data from various places, processes it, and for-
mats it for display and warning can be called an Electronic Instrument System (Air-
bus}) or an Engine Indication and Crew Alerting System (Boeing).

The main task of such a computer system is to collect data and display it in a cen-
tral place. During the different phases of a flight, from power up through touch-
down, the flight crew is often in need of information conceming a certain airplane
system.

Information needed may include for example fotal air temperature, engine oil fev-
els, hydraulic pressures, and engine vibration fevels. On the ground, the mainte-
nance personnel often need to recall certain events that occurred during the flight,
such as out of normal parameters ¢n an engine (overspeed), or Auxiliary Power
Unit voltage information.

The flight crew has various types of information available to them before, during
and after a flight. Parameters used to set and monitor engine thrust are displayed
on a cathode ray tube (CRT} full time and the remaining engine parameters may
be selected for display by the crew.

Maintenance information can be displayed when required by maintenance person-
nel. Airplane configuration, equipment cooling and status, electrical/ hydraulic pa-
rameters, performance data and engine exceedance are some of the types of
maintenance information available.

On Figure 28 the Airbus Electronic Instrument System is shown. It is divided in an
Electronic Flight Instrument System EFIS, and an Electronic Centralized Aircraft
Monitoring ECAM. The EFIS provides flight information and the ECAM provides
system and warning information. The Electronic Instrument System comprises
seven computers:

+ three identical Display Management Computers (DMC's)

+  two identical Flight Warning Computers (FWC's)

+  two identical System Data Acquisition Concentrators (SDAC's).

The DMC's comprise two independent parts: one for the EFIS function and one for
the ECAM function.
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Figure 28: Exampie of the Airbus Electronic Instrument System
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Controlling Computers

A computer with the primary task of controlling something can be called a control-
ling computer or controller. This is one of the largest categories of computers.

in industry today nearly anything that can be controlled by a computer. Computer-
ized controllers range from simple temperature controllers to entire systems for
controlling a complete factory.

Airplanes have a variety of systems, surfaces, and devices needing control during
operation, both in the air and on the ground. it is impractical to have the flight crew
manually control all of the necessary systems, so computers are used to lighten
the crew's workload by providing automatic control.

An example would be the control of the slats and the flaps on an Airbus A330:

The Slat Flap Control Computer (SFCC) provides a means to monitor the slat and
flap lever position and to control the slat and flap position on the wings.

Position of the surfaces is selected from a control lever which transmits the de-
mand to the Slat Flap Control Computers through a Command Sensor Unit.

The SFCC's, which are identical, ensure the control and monitoring of the slat and
flap system. On lever demand, the SFCC’s send signals to a Power Control Units
to energize the valve blocks.

Two hydraulic motors in each Power Conirol Unit provide hydraulic actuation.
Each of them is powered by a different hydraulic system and has its own vaive
block and pressure off brake. The valve blocks control the direction of rotation and
the speed of their related PCU output shaft.

The hydraulic motors move the transmission through a differential gearbox. Then
torque shafts and gearboxes transmit the mechanical power to the actuators which
drive the surfaces.

Wing tip brakes are provided in order to stop and lock the system when certain
types of failure are detected.

Feedback signals sent by dedicated Position Pick-off Units are used by the com-
puters to control and monitor the system. A Feedback PPU provides signals con-
cerning the PCU output shaft position, while two Asymmetry PPU's send
information about surface actual position. In addition signals sent from an Instru-
mentation PPU are used for position indicating on the ECAM.

Figure 29: Slat Flap Control System
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Interactive Computers

Some computers can perform several different tasks depending on operator in-
puts. Such a computer is calied an interactive computer. Interactive computers
typically display information to the operator and then manipulate the data based
on the interaction between the operator and the computer.

The Flight Management Computer (FMC) is an example of an interactive compu-
ter. The flight crew interfaces with the computer by means of the Controf Display
Unit (CDU) to input performance data, initiatization data and route structure.

The computer calculates optimum cost profiles for climb, cruise and descent used
by the autopilot and auto throttie for automatic flight control. All computed values
are also automatically displayed allowing the crew to fly an optimum profile using
manual control.

Figure 30: Interactive Computers
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Airplane Digital Systems - Summary

Airplanes typically have many computers to control, monitor, provide references,
and make available information. These computers can be either analog. digital or
hybrid. It can also be noted that computers are typically different combinations of
the types of computers as categorized by application,

Those are interactive, reference, information, warning, display, and controlling,
computers.

As in the example of the interactive computer, the flight management computer is
also used as a control computer by controlling the autopilot and other systems. It
can be an Informational computer by providing the flight crew with route informa-
tion.

The flight management computer also acts as an information computer by storing
information to be used by other airplane systems. It also acts as a warning com-
puter, In that it monitors many of its inputs and stores this information for further
reference. Computer types and applications are as varied as their tasks.
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Introduction

Fiber Optics is the science of transmitting data, voice, and images by the passage
of light through thin, transparent fibres. In telecommunications, fibre optic technol-
ogy has virtually replaced copper wire in long-distance telephone lines, and it is
used to link computers within local area networks. Fibre optics is also the basis of
the fibrescopes used in examining internat parts of the body (endoscopy) or in-
specting the intericrs of manufactured structural products.

Cptical fibres are glass or plastic waveguides for transmitting visible or infrared
signals. Since plastic fibres have high aftenvation and are used only in limited ap-
plications, they will not be considered here. Glass fibres are frequently thinner than
human hair and are generally used with LED’s or semiconductor lasers that emit
in the infrared region. For wavelengths near 0.8 to 0.9 nm, gallium arsenide-alu-
minium gallium arsenide sources are used, and, for those of 1.3 and 1.55 pum, in-
dium phosphide-gallium indium arsenide phosphide sources are employed. As
noted earlier, optical fibres consist of a glass core region that is surrounded by
glass cladding. The core region has a larger refractive index than the cladding, so
that the light is confined to that region as it propagates along the fibre.

A typical glass optical fibre has a diameter of 125 micrometers (um), or 0.125 mm
(0.005 inch). This is actually the diameter of the cladding, or outer reflecting fayer,
the core, or inner transmitting cylinder, may have a diameter as small as 10 pm
{see Figure 1).

These are typical values, Fibre core diameters can range between 1 and 100 um,
while cladding diameters can be between 100 and 300 um.

Figure 1: Basic Construction of glass optic fiber
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Fiber optic transmission principle

Through a process known as total internal reflection, light rays beamed into the fi-
bre can propagate within the core for great distances with remarkabiy little aftenu-
ation, or reduction in intensity. The degree of atfenuation over distance varies
according to the wavelength of the light and to the composition of the fibre. When
glass fibres of core/cladding design were introduced in the early 1950s, the pres-
ence of impurities restricted their empioyment to the short lengths sufficient for en-
doscopy. In 1966, electrical engineers K.C. Kao and G.A. Hockham, working in
England, suggested using fibres for telecommunication, and within two decades
silica glass fibres were being produced with sufficient purity that infrared light sig-
nals could travel through them for 100 km (60 miles) or more without having to be
boosted by repeaters. Plastic fibres, usually made of polymethylmethacrylate, pol-
ystyrene, or polycarbonate, are cheaper to produce and more flexible than glass
fibres, but their greater attenuation of light restricts their use to much shorter links
within buildings or automobiles.

As menticned earlier, optical telecommunication is usually conducted with infrared
light in the wavelength ranges of 0.8-0.9 um or 1.3-1.6 um wavelengths that are
efficiently generated by light-emitting diodes or semiconductor lasers and that suf-
fer least aftenuation in glass fibres. (see Figure 2). Fibrescope inspection in en-
doscapy or industry is conducted in the visible wavelengths, one bundle of fibres
being used to illuminate the examined area with light and another bundle serving
as an elongated lens for transmitting the image to the human eye or a video cam-
era.

Fibres with a larger core diameter are called multimode fibres, because more than
one electromagnetic-field configuration can propagate through such a fibre. A sin-
gle-mode fibre has a small core diameter, and the difference in refractive index be-
tween the core and cladding is smaller than for the multimode fibre. Only cne
electromagnetic-field configuration propagates through a single-made fibre. Such
fibres have the lowest losses and are the most widely used, because they permit
longer transmission distances.
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Figure 2: Light Transmission Principle
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Advantages of Fiber Optic Data Transmission

The advantages of light energy along a glass fiber for onboard communications
are great. Freedom from signal egress and ingress is beyond that of the most so-
phisticated wired system.

Electromagnetic fields at frequencies below that of light wiil not interact with glass.
As long as the fiber is shielded from light, easily accomplished even for intense
light, the fiber is isolated from external radiated energy.

Wide bandwidth is another important characteristic of fiber optics. Bandwidths of
gigabits per second are possibie. It may appear this is more bandwidth than could
ever be used in an aircraft, but EW (electronic warfare) equipment for the military
has large requirements.

Civil aircraft with graphics displays can alsg use gigabit per second rates. For most
applications, gigabits per second is more than enough.

Fiber oplic systems have low josses. This is not critical for aircraft because dis-
tances between terminals are short. Losses are extremely important for telecom-
munications where Josses translate to additional repeaters and high cost.

Fiber optics are lighter in weight than wired systems. Weight per unit length of fiber
is less than the equivalent length of a twisted pair. It would seem that a small
strand of glass is significantly lighter. However, when the fiber is encased in pro-
tective and strength members, the weight advantage is reduced.

Consider that fiber carries ten times the data of twisted pair, and compare weight
per unit length to ten twisted pairs, the weight advantage of fiber becomes signifi-
cant. To compare fiber to wired communications, therefore, the comparison should
be kg per meter per bit per second, using the proper S| units.

The most important advantage of fiber for aircraft is immunity to high intensity
radiated fields or HIRF (often from high power transmitters on the ground}. This is
particularly true for critical applications such as fly by wire, optics, or "fly by light".

Disadvantages of Fiber Optic Data Transmission

Fiber optics are not without disadvantages. First, it is difficult to work with. If a cop-
per wire breaks, it is repaired with a crimp connector or soldering. As long as wires
touch, and electrical connection is made.

It's not that simple with fiber optics. Connectors are also a problem. A connector
for copper wires is simply two conducting pieces that provide physical contact and
a circuit. Connecting two fibers requires microscopic fibers to be perfectly aligned
and joined so light energy couples from one fiber to the other.

The fiber is fragile. It can be protected by encasing it in a protective housing but
the fiber can still be fractured. A common fiber damage is refated to bending. if the
fiber is bent in a tight radius, losses increase and there is risk of fracture. Mis-
handling causes fractures by pulling the fiber tightly over a sharp corner or step-
ping on it. This is dangerous and should be avoided for either technology. For wire,
sharp bends do not usually cause immediate failure and, if the wire is straightened
before installation is complete, no permanent damage may result. These problems
are solved by training and procedures required of any new technology.

Fiber optics are the perfect solution to a communications system that needs im-
munity to HIRF. In spite of the disadvantages, more fiber will be applied in aircraft.

The Boeing 777 has a communication network that uses fiber optics.

Construction of the Cable

Each fibre optic strand is 0.0055 inches in diameter this is covered with several
layers of material, cladding (to keep light in) primary buifer {protects glass fibre
during manufacture}, secondary buffers are coloured to permif identification of
each fibre optic strand. The strand is now 0.035 inches in diameter.
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Figure 3: Fiber Optic Cable
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The cable itself can have three or five fibre optic sfrands, a number of black filler
strands may be used to make up the cable these are also 0.035 inches in diame-
ter. A polyester tape covers the sfrands, it makes the cable more flexible. A woven
aramid yarn protects the optical fibres from damage. The outer jacket is a purple
thermoplastic.

OPTICAL FIBER CABLE

Conneciors

Type A Connector

Type A -these are used at production breaks that are not regularly connected and
disconnected. This is 2 multi-channel, in line {butt type) connector which has very
low light foss between the fibre optic components.

Figure 4: Optical Connectors
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The connector has alignment keys on the plug and alignment grooves on the re-
ceplacle to accurately align the optical components, guide pins in the plug fit into
cavities in the receptacle; these pins touch the bottom of the cavities so you cannot
overtighten the connector.

The coupling nut on the plug barrel has a yellow band, the receptacle barrel has a
red and yellow band. When the red band on the receptacle is at least 50% covered
by the coupling nut the connection is correct. Three start threads on the plug make
sure of a straight start on first joining. The plug and receptacle have ceramic con-
tacts that touch when connected. The light signal goes through the holes in the end
of the ceramic contacts when they are in direct physical contact with each other.

Type B Connector

This type of connector is used to connect to LRU's and is therefore more frequently
connected and disconnected. It is a multi-channel, expanded beam (ball lens) con-
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nector, light foss is low but not as good as the Type A connector. It has the similar
alignment keys and guide pins as the Type A.

The connector has a miniature bail lens at the end of each fibre behind a protective
window. This lens, expands and focuses the light through the protective windows
of the plug and receptacle to another ball lens which narmow the light and sends it
into a fibre.

Important maintenance aspects with these connectors are:

1. Before examining, ensure equipment is switch off, light from the optical fibre
could damage your eyes.

2. Only use approved procedures to clean the connectors and lenses.

Applications in Aircraft Systems

The Boeing 777 uses a fibre optic communications network called OLAN (Onboard
Local Area Network} this is divided into two parts:

1. Avianics local area network (LAN)
2. Cabhin LAN
The Avionics LAN connects the following LRU's:
a) Left and right AIMS (Aircraft Information Management System).
b) MAT (Maintenance Access Terminal).
c} First Officers Side Display.
d} Captains Side Display.
e) B-Router.
The B-Router receives and sends signals to LRU's and connects signals to the P
MATS (portable maintenance access terminals).
The cabin LAN connects the following LRU's;
a} ZNTU 1,2,3 (Zone Network Controller/Telephone Distribution Network),
b} CFS8 (Cabin File Server)

Figure 5: Onboard Local Area Network
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ARINC 636 is a fibre optic data bus, one strand of fibre optic per bus. The two
strands provide a primary (PRI} and secondary (SEC) bus.
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Introduction

Electronic Displays for Aircrafts may be constructed in several ways.

The first instruments for aircraft borrowed technology from ships, railroad locomo-
tives and auto-mobiles - transportation of the period. For simple parameters, dials
and gauges were adequate. Even the first radio navigation instruments used sim-
pie pointer indicators for the ADF and CDI.

In spite of the complexity, many aircraft are still full of mechanical displays.

The ultimate navigation instrument, however, would be a map with the familiar
“You are here" arrow. On the display is your flight plan, destination, location of bad
weather, obstructions and collision hazards. This display depends on the ability to
pictorially present information. Other data can be displayed with numbers and let-
ters, or aiphanumeric. Examples are engine parameters, radio frequencies, air-
ports, outside air temperature, airspeed and so on. Any parameter that is scalar
can be shown with an alphanumeric display, while data that are vectors, such as
courses, tracks, and headings, are best indicated with a graphic display.

A reflective display (like a painted number) requires ambient light to be visible; it
does not generate light. All mechanical pointer disptays are reflective. For alpha-
numetic, numbers are painted on rotating drums mounted behind a window on a
panel. The drum rotates and displays characters similar to the way a mechanical
odometer operates in an automaobile. The first DME's were made this way; with
distance displayed on rotating drums.

An early emissive display was the warning lamp. An example is a gear up - gear
down fight and a marker beacon indicator. One requirement of a warning light is
high brightness; it must be seen in sunlight, which can be very bright in a cockpit.
There are no trees of clouds to shade the sun from an aircraft at high altitude. To
reduce direct sunlight, a glare shield creates a "roof at the top of the instrument
panel. Even with this shield, emissive displays must be very bright.

At the other end of the emissive brightness scale is the dark of night, where dis-
plays are reduced in intensity. There could also be a single warning light with so
much illumination that night vision of the crew would be affected. (This is more crit-
ical in military flying than in the civil world.)

The required range of light intensivity is large and some display types cannot pro-
vide it.

Older Display Technologies

Incandescent

One of the first technologies in aircraft was the incandescent lamp, leading to the
first alphanumeric electronic displays. The incandescent was probably the first ap-
plication of the segmented numeric display, where digits are formed by seven seg-
ments. lllumination comes from filaments stretched between posts (see Figure 1).

Figure 1: Seven Segment Incandescent Display

The display provides 10 decimal digits. Light emitted by the display is close to
white, When intensity is reduced, the colour shifts to longer wavelengths and ap-
pears more orange. This was not a bad characteristic because redder light does
not affect night vision as much as shorter wavelengths. Filters over a display can
generate colours other than white. This is a problem, however, when the display
is reduced in intensity and shifts toward red.

Although the incandescent is still found in many aircraft, there are limitations. First,
it is not suitable for alphanumeric displays. There are alphanumeric displays with
16 segments and numerals are acceplable. Letters of the alphabet, however, are
difficult to read. Another problem is efficiency. At daytime brightness, the display
becomes hot, limiting its life to approximately 5000 hours at moderate brightness.

However, when the display operates at sunlight-readable intensity, life is reduced
considerably. The final problem is cost. When incandescent displays became
available, the high cost was acceplable since they were the only choice. Later
technologies are much less costly.
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Plasma

A display technology used in significant numbers before LED's was introduced, is
plasma. It is based on orange light emitted from ionized neon gas. An example is
shown in Figure 2. Neon gas is contained between two flat glass plates. The rear
glass is coated with a conductive material, usually a metal.

Deposited on the inside of the front glass are metal segments. These can be a sev-
en segment configuration or a customized pattern. The metal segments are very
thin and transparent to light. If a sufficiently high electric potential is applied be-
tween the rear conduclive coating and a metal segment, the neon gas ionizes. Or-
ange light is emitted when neon atoms return to their zero energy state. By
selectively energizing segments, numeric digits are generated.

Figure 2: Plasma Display
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Recent Display Technologies
Light Emitting Diode (LED’s)

A LED consists of a junction diode made from the semiconductor compound gal-

Figure 3: Light Emitting Diode
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When a P-N junction is forward biased, electrons move across the junction from
the n-type side to the p-type side where they recombine with holes near the junc-
tion. The same occurs with holes going across the junction from the p-type side.
Every recombination results in the release of a certain amount of energy, causing,
in most semiconductors, a temperature rise. In gallium arsenide phosphide some
of the energy is emitted as light gets out of the LED because the junction is formed
very close to the surface of the material.

In applying this to aircraft displays either the 7 segment or dof-matrix configura-
tions may be used.

Various seven-segment decoders are available to drive common-cathode and
common-anode seven-segment displays. These drivers receive a number, usually
in BCD format, and decode the number into signal fevels to activate the proper a-
g segments of the display. Figure 4 shows one example of a seven segment dis-
play. Figure 5 shows a TTL 7447 IC and a common-anode LED display. The TTL
7448 is designed to drive common-cathode displays. The dc ililumination method
shown is the easiest to implement; but higher light output with lower energy con-
sumption can be obtained by pulsing and muitiplexing the dispiay voltage. A pulse
rate of 100 Hz is imperceptible to the human eye.

Figure 4: Seven Segment Display

7

lium arsenide phosphide. It emits light when forward biased, the colour of the light f
emitted is in direct proportion to the current flow. —
Light emission in the red, orange, green and yellow regions of the spectrum is ob- g
tained depending on the compasition and impurity content of the compound. € c
d
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Figure 5: Seven Segment Decoder and Display
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Cathode Ray Tubes (CRT)

Although Active Matrix Liquid Crystal Displays (see next section) dominate the
cockpits of new aircraft, the CRT has long been one of the most popular technol-
ogies. It has been manufactured for more than 75 years and installed in aircraft
since World War [l. The first application as an airborne display was military radar
screens.

In the mid fifties, it was applied to weather radar for airliners. When colour was
added, different shades of colour, rather than a gray scale, could designate the in-
tensity of rain. Weather radar screens were also enhanced with overlays and ma-
nufacturers started to use the CRT as a multi function display, where check lists
and other items are displayed. The weather radar was the first true electronic flight
instrument system.

Construction of the CRT is shown in Figure 6. Itis a vacuum tube with components

enclosed in an evacuated glass bottle. At the end away from the screen, in the
neck, is a heated cathode to provide a source of electrons. The electrons acceler-
ate toward the screen with increasingly higher positive voltage. Electrodes near
the cathode focus the beam into a narrow spot on the screen. The final accelerat-
ing electrode has a very high potential, typically from 10 to 25 kV, depending on
CRT size.

Figure 6: Principle of a Cathode Ray Tube
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The electron beam is deflected by a magnetic field. An electric field could be used,
but a magnetic field deflects the beam through a greater angle. This permits the
design of shorter tubes, but even these tubes often have a length that is objection-
able for aircraft. A magnetic field is generated with a ferrite yoke that fits around
the neck of the CRT.

The screen is coafed with a phosphor material. Single colour (monochromatic)
tubes have one phosphor deposited on the front glass. A thin coating of aluminium
is evaporated onto the glass to provide a return path for current of the electron
beam. When an electron strikes phosphor atoms they emit light photons. Green is
a common colour for CRT's in oscilloscopes and computer screens and is still
used in aircraft instruments.

CRT phosphors become sunlight readable by increasing beam current and forcing
more photons from the phosphor. The disadvantage is a reduction in fube life, A
CRT for a television receiver in the home, where ambient light is low, can last tens
of thousands of hours. A CRT in an aircraft will last thousands of hours.
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A reduction of beam current decreases CRT brightness without a colour shift and
is an effective method of dimming the display.

There are two basic methods of creating an image on a CRT. The first is raster
scan, the same as used in television and computer screens. The second is stroke
writing, which generates a display as you might draw with a pencil. To understand
their advantages and disadvantages consider how the two different, yet common,
displays are generated.

Note:

Raster scanning will be used for Horizon- and weather radar background informa-
tion.

Stroke writing is used for all other parameter drawings on the screen. The perma-
nent change between raster and stroke appears as one picture only.

In all modern display units a combination of the two display technigues is used.

Raster Scanning

As Figure 6 shows, a CRT is an evacuated glass tube, that is designed in such a
way that electrons are caused to move along the tube and deflected so as to write
across a fluorescent screen, similar to a pencil drawing lines, one below the other
down a piece of paper.

Once the last line is drawn at the bottom of the screen, the electron beam starts
again at the top. The markings {lines} it has made on the screen will last for a short
while as the inner part of the screen is fluorescent.

The beam writes lines very quickly, too quick for the human eye to see, and by ad-
justing the density of the electron flow as the beam moves across the screen dif-
ferent density lines can be imaged and a picture can be produced. A moving
picture is possible as "re-write" times are fast.

Figure 7 shows a working cross section of a CRT with electrostatic deflection and
a voltage divider which provides appropriate validates from a voltage supply.

The heater (H), is an electrically heated tungsten wire inside the cathode (C). It is
insulated from the hollow cylindrical nickel cathode, and when a current is passed
through the heater, it raises the temperature of the cathode ta a point where the
electrons become agitated and the cathode emits electrons (thermionic emission).

The negatively charged electrons are attracted to and accelerated towards the an-
odes A1 and A2 (these are usually cylinders with holes at either end and are pos-
itive with respect to the cathode, A2 more so than A1). The electrons are attracted

to the anodes, and because of their acceleration the electrons move through the
centre of the anades to impinge on the screen.

The grid G, also a hollow cylinder, has a negative voltage which can be varied by
R1. Varying R1 can make the voltage on the grid more or less negative to the cath-
ode thus controlling the amount of electrons and thus the brilliance of the display.

Figure 7: Working Section of a CRT
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Focusing is achieved by altering R2, thus altering the voltage between A1 and A2.
When the electrons strike the screen S, which is coated with a phosphor coating,
it causes the phosphor to luminesce and give a spot of light on the screen.

There is a return path for the electrons from the screen to the cathode, otherwise
unwanted negative charge would build up on the screen. This does not happen be-
cause when struck by electrons, the screen emits secondary electrons, these are
attracted to and collected by a conductive coating (graphite) on the inside of the
tube and retumed to the cathode via the power supply.

To trace out a display it is necessary for the spot to be deflected horizontally and
vertically. Figure 7 shows an electrostatic deflection system where the two sets of
plates y1 and y2 and X1 and X2 deflect the beam horizontally and vertically. The
y plates deflect the beam vertically and the X piates deflect the beam horizontally,
by making one plate of the pair more positive than the other.

By combining the two effects the beam can be made to move to any position by
controlling the polarities of the two sets of plates.
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To produce a picture on the screen it is scanned from left to right and from top to
bottom. Similar to the way you read a book. The left to right sweep is controlled by
a timebase which consists of an amplifier and reiaxation oscillator. The timebase
applies a varying signal to the X plates (electrostatic deflection system) or coils at
the top and bottom (electro-magnetic deflection system).

Principle of the Colour CRT (stroke writing)

Colour CRT's are widely used in aircraft cockpit displays - particularly for the larger
aircraft though some cargo type aircraft use a green screen flight deck.

Unlike the black and white CRT the colour CRT has three electron guns.

Figure 8: Principle of the Colour CRT

The CRT has 3 electron guns each dedicated to a colour: red, green or biue.

The inside of the screen is coated with many thousands of tiny dofs of red, green
and blue phosphors, arranged in small areas, each area contains a phosphor of
each type. The beam from a particular gun must only be able to strike the desig-
nated phosphor, i.e. the 'red’ gun electrons strike only the red dofs, the 'green’ gun
the green dots and the 'blue’ gun the biue dofs. To achieve this a perforated steel
sheet called a shadow mask is accurafely pasitioned adjacent to the screen.

This shadow mask is very accurately manufactured with small holes through which
the beam paths pass through.

As the three electron guns scan the screen under the influence of the deflection
coils, the shadow mask ensures that each beam strikes only its designated phos-

phor. By independent control of the three guns and their beam currents other col-
ours may be generated. If only the red, green, or blue colours is required then, as
the scanning is so fast, you would see a completely red, blue or green screen.

If all three guns are operating with an equal mix of red, green and blue this wouid
give a white frace, if only red and blue were emitfing the mix would be a purpur
frace. If the green gun electron beam and red gun electron beam current was high-
er than the blue then a yellowish trace would appear. So by controlling the intensity
of the three electron beams various colours may be obtained.

Figure 9: Operation of the Shadow Mask
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Advantages of the CRT

Most CRT technology was developed for television receivers. For the first EFIS
(electronic flight instrument system), smaller CRT's of high brightness were devel-
oped. The tubes have deflection yokes, where colour purity adjustments are made
at the factory and bonded in place. With the growing popularity of EFIS displays,
newer CRT displays are as large as a small television receiver.

Advantages of the CRT:

+  Full colour graphics display
+  Goad resolution

+  Sunlight readable

+  Dimmable

+  Reasonably power efficient
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+  Relatively inexpensive

+  Wide temperature range

+  Proven technology

+ Life span as good as most technologies

Disadvantages of the CRT:

+  Requires several power supply voltage

+  Requires very high voltage

+  Generates magnetic fields which can radiate

* Is constructed with a fragile glass envelope

+ |s heavier than other display technologies

+ Requires significant depth behind the front panel

Item 5, on weight, includes magnetic deflection components and transformers for
generating high voltage.

ltem 6 on panel depth is the most significant CRT problem. Depth represents wast-
ed volume. Space behind the instrument panel is always tight in an aircraft and
small assemblies are highly desirable.

Most EFIS displays in aircraft currently used are CRT - based. The flat panel Ac-
tive Matrix LCD however, is replacing the tubes in many existing and new-design
aircraft.

Liquid Crystal Display (LCD)

The newest techneclogy goes toward improvement of the display units in the cock-
pit. This LCD units are smaller, lighter and uses less power. There is no radiation
of electric or magnetic fields who must be shielded. The display has a better read-
abifity in bright sunlight and a very high resolution, so more information is display-
able. As a safety aspect, there is no CRT to implode and no more very high voltage
are used. The refiability is high, there are no adjustments for purity, convergence,
focus and deflection necessary. The costs of a LCD is higher than of a CRT, be-
cause it is more difficult to manufacture it. The chance to have failed picture ele-
ments {pixels} is high, with so many active transistor-elements.

The DU contains a display glass assembly with liquid crystal display LCD ele-
ments. About 4 million thin film transistors (TFT) absorbing or conducting the light
from the bright backlight assembly. through the glass panel. Each colour dof has
3 transistor elements. One for red, green and blue to produce the desired colour.

Figure 10: Example of an Active Matrix LCD Display Unit
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Liquid Crystal Technology:

L CD is unigue in that it can be reflective, emissive or both. The basic function is
that of a light valve. The LCD turns ambient light on and off or it can be supplied
with a light source. Thus, it is reflective or emissive. Figure 11 shows the basic
construction, the heart of the LCD is a fluid, the liguid crystal, between two clear
glass plates. The rear glass is coated with a thin, transparent metallic film. The
front plate is coated in specific areas with metallic material. LCD construction to
this point is similar to the plasma display described.

Outside of the front and rear glass plates is a polarizing film. This creates plane
polarized light out of randomiy polarized light. Polarization occurs when the electric
field of the light is parallef to a plane. A polarizing film is like a microscopic window
biind. When light strikes the polarizing film where the electric field can pass
through the blind, light passes. Light of other polarization is blocked.

If two polarizing films are aligned so polarization is the same, we see through the
two films. On the other hand, aligning the films so polarization is different blocks
the light; the resuit is darkness.
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Crystals, figuid or solid, have a unigue characteristic of being able to rotate the po-
larization of light. Crystais have an ordered array of molecules which can have
characteristics similar to the window blind example above. Another important char-
acteristic is that the crystalline structure reacts to electric fields. In a Jliguid crystal,
the ability to rotate the polarization of light is a function of the applied electric field.

Assume the polarizing films are arranged so polarization is the same front and
back. Pass light through the films and there would be little attenuation. By applying
an electric field across the liquid crystal material in the space between films, polar-
ity of the light is rotated. If that rotation is 30 degrees the area where the electric
field is applied becomes dark. Polarized light was rotated 90 degrees so it cannot
pass through the rear polarizing film.

Selective application of an electric field, therefore, causes areas to become
opaque. A light source behind the rear polarizing film generates characters such
as 7-segment digits and alphanumeric.

If the polarizing filters are oriented 90 degrees to each other, the display appears
dark unless there is rotation in the space between front and back polarizers. In this
case, the electric field causes a bright area, as the additional 90 degree rotation
allows light to pass through the LCD. By orientation of front and back polarizing
films, the LCD can be configured as a white on black display or black on white.

A static electric field produces the desired results but continuous application of an
electric fiekd can cause unwanted chemical reaction in the liguid crystal material.
To prevent this, the applied field alternates, with no DC component.

The LCD is a shutter, allowing light to pass or be blocked. If a light source is placed
at the rear it emits light and becomes an emissive display. If the glass panel is re-
piaced with a mirrored surface, ambient light is reflected from the rear glass plate
and no iflumination is required. Here, the display is a reflective type. If the mirror is
partially transparent, the light can be reflected or transmitted.

This is called transflective.

A major advantage of LCD is low power. Only an electric field is required to pass
or shut off light. Virtually zero energy achieves this change of state. When an LCD
is in the reflective mode, a low power display provides sunlight readable results
with nearly zero power. With back lighting, energy is required.

For a sunlight readable emissive display, the light energy is significant and only
highly efficient back lighting may be used, such as fluorescent. incandescent light-
ing may be used for night-time viewing. A common arrangement is a transflective
display with incandescent lighting for night, reflective mode for sunlight and emis-
sive mode for night viewing.

Figure 11: Principle of an Active Matrix LCD
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Because power to the liquid crystal is very small, a large number of segments may
be used. As pointed out for the LED, a large array has problems with the amount
of energy in a small area. A bright LED consumes 10 to 20 mW and, for a large
matrix such as 1024 elements, all segments on can dissipate 20 watts.

Clearly, 20 watts cannot be highly concentrated in the front panel of an avionics
display. On the other hand, 1024 LCD segments may occupy a small area with no
danger because power is extremely low.

What does become a problem, however, is how to connect 1024 segments to the
driving electronics. Graphics displays produce pictures with a large number of
emitters or light shutters. As an example, a reasonable picture can be made with
a matrix of 256 by 256 picture elements, or pixels. This represents 65,536 pixels.
The word "reasonable” is used in this example; a picture of 256 by 256 pixels is
not television quality, which is approximately 500 by 750 pixels. A good quality
computer monitor is 1024 by 1024 or mere than a million pixels. It is not possible
to have a miliion-pin connector to connect the LCD to one million drivers on a print-

‘Corresponding with JAR 66 .
For training purposes only Cat: B1 511-8



Basic Maintenance
Training Manual

Module 5 Digital Technology / EIS
5.11 Electronic Displays

ed circuit board. Before generating LCD graphics, connections need to be reduced
to individual pixels.

The technique is to place the driving electronics on the glass with the segments.
Very small thin film transistors, TFT, are deposited on the glass and connected to
the segments. Each pixe/ is addressed sequentially. For a large LCD with a 1024
by 1024 matrix, each pixe/ is addressed by horizontal and vertical lines where the
lines intersect. When segments are addressed, a transistor acts as a storage ele-
ment to keep the segment activated until addressing returns to that pixel. With X-
Y multiplexing, the number of lines addressed is now 2048, still a large number, A
2048 pin connector is impractical and further reduction of interconnects is re-
quired.

By mounting integrated circuits directly to the glass and using electronic multiplex-
ing, the number of interconnects is reduced to a handful. This display is called the
active matrix liquid crystal display, or AMLCD.

The shape of a pixel is considered to be square. If a display has an aspect ratio of
4 to 3, meaning width is 4/3 that of height, pixels are arranged as a matrix of 4N
columns by 3N rows. If a display has a resolution of 1024 pixels along the horizon-
tal, it requires 4N columns to be 1024 or N equals 256. The number of rows is 768.
The total pixels is 1024 X 768 or 786 X 432 pixels. Another way of describing this
display is to specify a resolution of 1024 X 768, which may be recognized by as a
computer monitor specification.

LCD's generate colour graphics by providing three light shutters, one for each ad-
ditive primary colour at each pixel. Every shutter also has a microscopic filter; red,
green or blue. This implies that if there are 1 million pixefs in a 1024 by 1024 dis-
play, there are 3 million LCD light shutters!

What is the probability of getting 3 million pixefs to work? It is small, and there is a
lot of scrap in the AMLCD industry. The product, therefore, is expensive. This is
changing as manufacturing techniques grow more refined LCOD displays have lim-
itations, Most early problems have been solved but one remains; Temperature
range, an LCD can be destroyed by excessively high or low temperature. Low tem-
perature freezes the LCD material and causes possible permanent damage. Re-
sponse time also slows. For an instrument display, where there is no high-speed
motion, slowness can be tolerated. At a low temperature that renders an LCD tel-
evision worthless, the LCD display is satisfactory for an indicator, Noticeable slow-
ing occurs at temperatures below about 10 degrees C and freezing occurs below
-20 degrees C. Permanent damage results below about -40 degrees C. With the
possible exception of bush planes in Alaska, aircraft are not usually flown with a

cockpit temperature below -20 degrees C. And aircraft are rarely stored beiow -40
degrees C.

Back-lighting LCD displays is an art. To be sunlight readable requires significant
intensity. Any backlight must be reasonably efficient if the display is not to get too
warm. For colour LCD's, the backlight should have a white colour that does not
shift with dimming, as would an incandescent. Of alt the potential lamp technolo-
gies, fluorescent tubes emerged as the choice of illumination. Specialized fluores-
cent tubes with steady illumination are mounted behind the LCD.

Fluorescent tubes require high voltage and a "kick" to start an internal arc. The
lamps are a constant current device so they need current limiting. A power supply
is usually included as a part of the lamp assembly. In spite of the fact that fluores-
cent tubes are more efficient than other lamp technologies, they dissipate energy.
The power supply also needs to dissipate heat so backlight assemblies often have
heat sinks.

Figure 12: Example of a Cockpit LCD Display Unit Block Diagram
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Electrostatic Sensitive Devices (ESD) Figure 2: Typical ESD Event

Figure 1: Explosion caused by Electrostatics on an Integrated Circuit
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That small shock is an ESD event!

This small shock is exactly the same as the large bolts of lightning you may see
during a thunderstorm. The ESD event that you may feel when walking across a
carpet and touching a metallic object measures between 12,000 and 40,000 voits.
The common fevel a human can feel is from 3,000 to 4,000 volts.

ESD can damage most electronics

Static can damage, degrade or "blow” electrical components. To increase the refi-
abifity of the electronic systems, we must be very careful to handle with it. Electri-
cal components confain very small conductors that are sensitive to ESD

Figure 3: Damage on Integrated Circuits.

Electrostatic discharge, also known as ESD, is defined as the “equalization of stat-
ic charge between two surfaces.” Most of us can relate to ESD in a more personal
way. It's the small shock you get when walking across a carpet and then touching
a metal object, like a TV or doorknob.
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Damages caused by ESD Latent failures affects the performance of electronic systems and in our case the
Some conductors are only one millionth of one millimeter in diameter (smaller than reliability éf_ the a\flonlcs-s‘ystems In an ESD event airplane.
a speck of dust). These conductors melt and/or vaporize when an ESD event oc- ESD sensitivity withstanding voltage (Human Body Model HBM)
CUIs
Figure 4: ESD - Damage inside integrated circuit {Magnification 1000x and Type of semiconductor Voltage
5000x). -
X} Very sensitive parts 10-100

Power MOSFETS 100 - 300

VLSI before 1990 400 - 1000

Modern VLSI 1000 - 3000

CMOS 1000 — 5000

Linear MOS 800 - 4000

&% Transistor old 600 — 6000
Sometimes an ESD event causes a hidden or latent failure. This type of ESD dam- Transistor modem 2000 - 8000
age will not appear in the electronics during testing of final check-out, but because Power Transistor 7000 - 25000
of stresses of in-operation efectrical overstress, power on/off, etc...this component
fails at a later date. Filrm resistor 1000 - 5000
Figure 5: Consequences of ESD.
g a ESDS Part Label

Electro Static Discharge Sensitive (ESDS) parts and package material are usually
labelled with stickers of the colours black and yellow with a symbol and text as
shown in Figure 6.

Figure 6: ESDS Symbol

A ATTENTION

ORSERVE FAECALTIONS
FOA

HANDLING
ELECTROSTATIC
DILHARGE
SEHSTIVE
DEVICES
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Generating static charges and damaging fields Triboelectric series

Everyone who handles with electronic system is responsible to ensure that sensi-

tive compeonents are protected from ESD damage. For this you must become fa- AIR

miliar with Static Generators. There are many ways static charges damage ESD HUNAN HAIR A
sensitive components. The most common method of generating static is by rub- ASBESTOS
bing or sliding two different materials together. This is calied Triboelectric charg- RABBIT FUR
ing. Tribo means “to rub.” The size of the charge generated depends on the type :'I":is

of materials rubbed together. High static-producing materials include plastics and HURAN AIR POSITIVE

glass. Even air may become charged when it moves through an area. One of the NYLON CHARGE
worst static generators is tape. Unrolling a 10 ¢m piece of tape can generate be- ‘F‘ag'-

tween 3,000 and 5,000 volts of static. LEAD
Figure 7: Generating Electrostatics :Etli:l(l NUN
PAPER
COTTON— — — — — — — — — — — —
STEEL
Woop
ANBER
SEALING WAX
HARD RUBBER
NICKEL/COPPER
BRASS/SILVER
SUCPUR T INUR NEGATIVE
ACETATE/RAYON
POLYESTER CHARGE
CELLULOID
ORLON
SARAN
POLYURETHANE
POLYETHYLENE
POLYPROPYLENE
PV
KEL-F (CFTE)
SILICON
TEFLON

a) Walking over carpet 1'500 - 35'000 Volt

b) Walking over Vinyl floor 250 - 12’000 Volt

¢) Working at unprotected bench 700 - 6'000 Volt

d) Putting work-instruction in a vinyl-cover 600 - 7'000 Volt
e} Plastic bag picked up from workbench 1°200 - 20'000 Volt
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ESD Training

ESD damage can be prevented. One way is to provide a discharge path to ground
the charge. How to get grounded!

Wear a snug-fitting wrist strap that is connected to ground. Your wrist strap should
always touch the skin. It should not dangle freely. Don't wear a wrist strap inside
out, over clothing or just held in the hand. When worn this way, the strap cannot
prevent ESD damage.

Figure 9: Wrist Strap

Wrist straps are required for all visitors who are at a work station and handling
ESDS material/assemblies. Check your wrist strap daily. Personnel shall not be
connected directly to hard ground. Wrist straps have a current limiting resistor {one
mega-ohm} to ensure that personnel safety requirements are met.

Wear ESD shoes or straps when it is inconvenient or impossible to wear a wrist
strap. Foot straps must be worn on both feet. Foot straps are only effective on con-
ductive flooring. ESD shoes or straps must be checked daily

Figure 10: ESD Shoes.

Clothes must be put on and taken off away from the static-safe work station.

Personal greoming should not take place within one meter of an ESD work station
or ESDS material.

.Corresponding with JAR 66
For trairung purposes only

Cat: B1 512-5



Basic Maintenance
Training Manual

Module 5§ Digital Technology / EIS
5.12 Electrostatic Sensitive Devices

Material handling

ESD-sensitive material should be handled by trained personnel at a certified work
station. All ESDS material should be packaged and transperted in a Faraday Cage
static shielding enclosure. Examples of Faraday Cages are static shielding bags
that have been sealed with a ESD caution label on the bag or a covered conduc-
tive tote. Keep units not being worked on in their protective packaging. Remove
ESD sensitive material from its protective packaging only when it is absolutely re-
quired.

All ESDS material must be re packaged in a Faraday cage before going to breaks
or lunch.

Figure 11: ESD Package Material

Shielding bag

Shielding (Faraday) box

Figure 12: Warning Plates
ATTENTION

ESD PROTECTED AREA
A e A

ELECTROSTATIC
\ DISCHARGE ‘ (z I\
‘h SENSITIVE

DEVICES

Work stations

Handle ESD-sensitive materials at certified work stations only. When you are seat-
ed at the work station, your wrist strap should be attached to the grounding jack at
all times. Static generators like paper and plastic should be kept a minimum of 30
cm from the ESD sensitive assemblies. ESD-safe work stations are labelled.
Check and make sure that the conductive mat is properly grounded. Use a topical
approved spray cleaner to keep your mat clean. Then use a topical antistatic so-
lution to preserve the dissapative qualities of the mat. lonizing fans are used to
help eliminate the build-up of charges on plastics that cannot be eliminated from
the work station. Only tools required to perform the operation will be on the work
surface. Tools having plastic (insulated) handles must be treated with a topical
antistatic. Whenever possible, all static generators such as untreated plastic, pa-
per and rubber should be removed from the work station. All electrical equipment
used at the work station shall be properly grounded. Electrical equipment must
have a 3-prang plug.Personal items are not permifted on ESD work stations.
Sweaters, coats, smocks, etc., are not permitted on the back of the chair.

Figure 13: ESD Safe Workstation
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Things to remember to prevent an ESD event:

Figure 14: Grounding

At aircraft

Establish gocd grounds (as for fueling) if a unit has to be serviced.

Discharge your own body electricity by touching the metallic aircraft structure
or by using grounded wrist band.

When connecting test equipment, first establish the ground connection.
Avoid using flying leads on pins for testing.

Use approved test equipment oniy.

Do not touch any connectors pins

Protect the unit by placing protective caps on the connectors.

Place the unserviceable unit in its reusable shipping container.

Figure 15: Warning Plate on ESD Units

A

Line
Replaceable
Unit

GROUND

At workstation

*

The Line Replaceable Unit (LRU) can only be opened at an ESD-controlled
workstation.

The technician has to wear a grounded wristband.
All test equipment and tools are grounded.

Removed circuits board are stored and shipped in conductive plastic bags or
wrap.

\A

\,/
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Introduction

Each digital LRU (Line Replaceable Unit) consists of Hardware, the electronic de-
vices, and Software, instructions that tell a computer what to do. Software com-
prises the entire set of programs, procedures, and routines associated with the
operation of a computer system.

With the considerable use of software on modern aircraft used in essential sys-
tems such as flight controls, engine controls, electrical generation, navigation flight
instruments and auto-flight it is essential that the software design must be investi-
gated and control of its certification maintained.

The basis for the certification of software in aircraft equipment and systems is
RTCA {(Radio Technicat Comission for Aeronautics) document DO-178B, and EU-
ROCAE (European Organization For Civil Aviation Equipment) document ED-12/
12B entitled "Software Considerations in Airborne Systems and Equipment Certi-
fication".

These documents provide guidelines for the production of airborne systems equip-
ment software. They are used internationally to specify the safety and airworthi-
ness of software for avionics systems. They describes techniques and methods
appropriate to ensure the integrity and relfabitity of such software.

Software Definition

LRU's of new generation often confains their software in different packages, which
can be divided into different categories:

+  Core Software or Syster Software

+  Operational Software or Application Software and V- 2 £ ge <«

+ Data Base Software.

The Core Software refers to the operating system and all utility programs that man-
age computer resources at a low level. It also defines the interface of this specific
LRU to other LRU's.

The Operational Software, or Application Software, defines the part of a computer
program, that varies for different aircraft configuration or changes for each differ-
ent airline.

By implementing a new Data Base Software, only parameter values will be
changed. Therefore it is not a program change. An example would be the naviga-
tion data base, that contains flight plan information such as runway direction or
landing system frequency etc.

In the RTCA Document DO 178B, software /evels are defined from A down to E:
«  Level A, where anomalous behaviour can cause a catastrophic resuit down to
+  Level E, where anomalous behaviour will not effect the safety of the aircraft.

Software Handling

Depending on the Software Level!, different care must be taken in documentation
and handling of the software. Only authorized personal may modify the software
which is classified in feve! A. Software which is classified in fevel E can be done by
maintenance personal, but only if respective documentation is available.

In any case it must be guaranteed that:

+ only the authorized software will be influenced by the load-activity,
+ the successful loading must be acknowledged,

+ no other systems will be affected.

The Core-Software should normally never be touched, because it is a part of the
control loop of the aircraft. An uncontrolled change could have a catastrophic ef-
fect on the aircraft. A change of this software can only be made with the agreement
of the aircraft manufacture and the LRU manufacture. This is documented in au-
thorized Service Bulietin (Cover-S/B) of this two manufactures.

A change of the Operational/Application-Software needs also the agreement and
documentation of both manufactures. But the LRU-Manufacture can be bypassed,
if the airline engineering guarantees an 'equivalent-level-of-safety’, a very compli-
cate act,

A Data Base Software change can normally be done without activity of the manu-
factures and if it is guaranteed that the software is classified in lovel E.
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Introduction

With the introduction of computers and Fly-by-Wire on such aircraft as the Airbus
A320, A330, A340 and the Boeing 777, regulations were introduced to increase
the protection fevels of certain systems from the effects of High Intensity Radiated
Fields (HIRF) and lightening strikes. These regulations require that critical and es-
sential systems be protected to higher standards than was the case previously.

The regulations also require that a maintenance programme be put into effect to
ensure the continued airworthiness of such systems.

The prime requirement for an aircraft's computer and data transmission system is
reliability. The units are put through severe temperature, pressure and humidity
tests during design and manufacture to check that they work satisfactory in ad-
verse conditions.

It is equally important to check the electromagnetic compatibility (EMC), i.e. that it
radiates little or no electromagnetic interference to cause prablems to other sys-
tems and is also unaffected by external electromagnetic interference from other
systems.

High Intensity Radiated Fields - HIRF, Electromagnetic
Interference - EMI

Electromagnetic interference (EMI) may come from inside the plane or from out-
side it. What makes the internal sources a matter for concern is that they are so
close to the systems they might affect; what makes the external sources a matter
for concern is that, despite their distance, their power fevef can be very high. Ai-
though the internal and external oveilap in their effects, in general the external
sources involve much higher power levels, even after travelling some distance;
hence they may have more serious effects called HIRF's -- which sometimes
stands for High Intensity Radiated Fields and other times High Intensity Radio Fre-
quency -- the external signals come either from huge ground transmitters such as
radio, radar, and television antennas, or airborne transmitters such as high-pow-
ered radar and radio on military planes.

It is similar to the electromagnetic fields induced by lightning and can also affect
the proper functioning of critical and essential systems. Low-intensity RF can orig-
inate from personal electronic devices (PED) such as Notebook computers and
celi phones used by passengers in flight. These low-intensity devices can also af-
fect critical and essential systems. Electromagnetic interference from PED's is
suspected as the cause of many unexplained flight controf upsets.

Electrical signals are susceptible to voltage fransients caused by lightning and
high-intensity radiated fields (HIRF}. The airplane critical flight control system, as
well as all lightning/HIRF critical and essential systems, must be protected from
these voltage for the life of the airplane. Boeing and Airbus provide the initial pro-
tection in the airplane structure; shielding all cabling is additional protection. Oper-
ators are responsible for maintaining the protection by adhering to grounding
practices for all components and inspecting the integrity of the shielding and
shielding connections.

Mitigation of Damage to Airplane Systems

If electronic equipment needs to be operated in a region subject to changing elec-
tromagnetic fields, and if the currents generated by these fields are considered
harmful, the recommended approach to mitigating the harmful effects is to shield
and ground the electronic equipment and the interconnecting wiring. As a result,
electrical currents generated by lightning or HIRF then circulate through the equip-
ment enclosure to ground without affecting internal circuitry. This enclosure prac-
tice extends to interconnecting wiring through the use of cable shielding; that is,
the shield is the enclosure that is grounded. Other damage mitigation considera-
tions include the location of the equipment and wiring, use of effective wiring, use
of good grounding practices, and building equipment to withstand transients. All
these tactics are incorporated into the design of modern airplanes and the installed
eguipment.

A new shielded cable properly installed will exhibit a certain amount of resistance
in the shield circuit. By monitoring this resistance, maintenance personnel can de-
termine the ability of the shield to protect internal wiring. Any increase in resistance
indicates that a problem is occurring in the circuit, such as corrosion at a junction
or loose hardware. When the resistance reaches a certain fevel, maintenance per-
sonnel must take corrective action, usually by cleaning the affected junctions, se-
curing loose connections, or replacing the cable.

Low Intensity Radiated Fields

Electromagnetic Interference from Portable Electronic Devices

Operators of commercial airplanes have reported numerous cases of portable
electronic devices affecting airplane system during flight. These devices, including
Notebook and paimpilot computers, audio playersirecorders, electronic games,
cell phones, compact-disc players, electronic toys, and laser pointers, have been
suspected of causing such anomalous evenis as autopilot disconnects, erratic
flight deck indications, airplanes turning of course, and uncommanded turns.
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Aircraft manufacturer recommend that devices suspected of causing these anom-
alies be turned off during critical stages of flight (takeoff and landing}. The compa-
ny aiso recommends prohibiting the use of devices that intentionally transmit
electromagnetic signals, such as cell phones, during all phases of flight. The U.S.
Federal Communications Commission already prohibits the use of cell phones
during flight.

Electromagnetic interference (EMI} from passenger-carried portable electronic de-
vices (PED) on commercial airplanes has been reported as being responsible for
anomalous events during flight. The operation of PED's produces uncontrolled
electromagnetic emissions that could interfere with airplane systems. Airplane
systems are tested to rigorous electromagnetic standards to establish and provide
control of the electromagnetic characteristics and compatibilify of these systems.
However, PED's are not subject to these same equipment qualification and certi-
fication processes. Though many cases of EMI have been reported over the years,
with PED's suspected as the cause, it has proven almost impossible to duplicate
these events.

Protection from HIRF, EM! and LIRF

The systems that require extra protection are specified and include Fly-By-Wire
systems, Auto flight systems, data bases, LRU's (Line Replacement Units) etc.

The fevel of protection from HIRF and other electrical sources (lightning strikes
etc.) is increased by the use of Fly-By-Light systems which use light as the data
transmission medium in place of digital (or analogue)} electrical/ electronic signals.

Whilst external electrical inputs to a data transmission line will have an effect on
electrical/ electronic based data transmission systems their effect on light based
data systems is considerably reduced.

Of course, there can always be mechanical damage - from lightning strikes for ex-
ample - and the data transmission/reception units can be affected by HIRF as they
are electronic.

To provide the regulatory requirements with regards to HIRF /lightning protection
the LRU’s in modern digital systems have built in filters and filter pins and over volt-
age protection systems. The wire design includes the following:

a) Single fayer of braid internal to fuselage.

b) Two fayers of braid external to fuselage.

c) Extensive use of twisted pairs and triples.

d} No power or signal grounds external to fuselage.

e} Single point grounding for actuator control electronics and power control
units and signals.
f)  Nickel coating for fly-by-wire shields
g) Back shell and shield termination for connectors
h) Eqguipment interface protection
Protection for the systems is also provided by aluminated honeycomb wall, floor
and ceiling panels around the flight deck and electrical equipment bays

Metal Protected Areas

These may include whole parts of the airframe such as the flight deck and equip-
ment racks. Aluminium-coated honeycomb structure may be used to ensure that
whole areas are encased in a "metal box".

In this way HIRF shouid not get through to sensitive equipment. Existing electrical-
ly conducting window coatings (electric heater film elements) on the flight deck
windscreens are used as part of the protection system.

Equipment racks may also be "metal box™ shielded and special attention is paid to
grounding and earth returns - both for power and signal systems.

Wiring
On the Boeing 777 wiring internal to the fuselage have a single braid screening

whilst wiring outside the fuselage have 2 layers with the outer fayer terminated at
the fuselage bulkhead. The braid is tinned copper.

To help reduce HIRF, twisted pairs and triples are used wherever possible.

Transfer resistance of shielding should be in the region of 2.7 m{¥m and transfer
inductance should be 1.0 nH/m. Check the manual on your aircraft for specific val-
ues.

Plugs and Sockets

These may vary in design from aircraft to aircraft. The design may also be affected
depending on where they are fitted in the aircraft, e.g. within the pressure hull, or
outside it.

Shielding is achieved using mechanical connection of the cable braid to the metal
plug / socket body. In some cases individual wire jumper leads are used and me-
chanically connected from their respective wires to the metal part of the plug /
socket by a metal band.
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Maintenance Practices

All wiring, plugs, sockets, and screening on the aircraft should be inspected as laid
down in the maintenance schedule and AMM. Special checks may be required at
intervals such as at 4 and 8 years. The ingpections are normaily visual but will re-
guire bonding testing where necessary and the use of specialist test equipment
where specified in the AMM.

For example:

»  Every 4 years. Detailed inspection of all critical wiring external to the fuselage.

+  Every 8 years. General inspection of all critical and essential wiring inside the
fuselage.

+  Every 8 years. Detailed inspection of some essential wiring external to the fu-
selage.

General Visual Inspection

This is a general visual inspection using a light source if necessary, to check for
damage, deterioration, contamination, signs of burning, security, open circuits,
correct assembly, correct torque of plugs/ sockets, locking, chafing, corrosion, bro-
ken strands, broken screening, etc. All wires, shields, ground leads, screen jump-
ers are to be intact. Panels and access doors may have to be removed/refitted. All
this will be specified in the AMM and the maintenance schedule. There is normally
no routine requirement for dismantling.

Detailed Visual Inspection

This involves an inspection similar to above but it will also include the use of spe-
cialist test equipment. All metal airframe (and other) screening to be secure, un-
damaged and complete.

Of course, if any item is found to be defective, the defect should be repaired or the
part replaced, and the system tested.

Systems Testing

When testing a HIRF sensitive system other systems may produce radiated sig-
nals which can be picked up as noise. It is important that the AMM is consulted
reference the precautions to take prior to testing any system so that other systems
and / or aircraft are not affected.

The actual test will depend on the system to be tested but it will be in accordance
with AMM and will normally invoive a functional test. It may require that other elec-

tric / electronic systems are working at the same time to check for any cross-inter-
ference. It may require the use of a special test programme in include simulated
interference signals (noise).

Remember that testing of some equipment on the ground requires safety precau-
tions to be carried out to prevent injury to personnel. This includes safety distances
for radar antennae and radio aerials for example. On the point of test equipment,
it must be electromagnetic compatible to the aircraft systems to ensure no prob-
lems are caused to the system under test or other systems.
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Introduction

In the foliowing section, the general arrangement of typical electronic/digital air-
craft systems and associated BITE (Built in test equipment) testing will be shown.

In most modern aircraft such as Airbus A320, A330, A340 and Boeing 747-300,
Boeing 777 and MD11, Onboard Maintenance Systems are installed. These Sys-
tems collect failure reports from each system computer BITE and shows the fail-
ures on a display in the cockpit or allows printing of the failures on an onboard
printer.

System Tests or Return to Service Tests can be initiated from a maintenance de-
vice in the cockpit.

BITE Philosophy

A system is composed of LRU’'s which can be: computers, sensors, actuators,
probes, etc. With the new technology, most of these Line Replaceable Units
(LRU's) are controlled by digital computers. For safety reasons, these LRU's are
permanently monitored, they can be tested and trouble shooting can be per-
formed. In each system, a part of a computer is dedicated to these functions: itis
called Buiit- In Test Equipment. Sometimes, in multi- computer systems, one com-
puter is used to concentrate the BITE (Built- In Test Equipment) data of the sys-
tem.

BITE

During normal operation, the system is permanently monitored: internal monitor-
ing, inputs/ outputs monitoring, link monitoring between LRU's within the system.

Fault Detection
if a failure occurs, it can be permanent (consolidated) or intermittent.

Isolation

After failure detection, the BITE is able to identify the possible failed LRU's and can
give a snapshot of the system environment when the failure occurred.

Memorization

All the information necessary for maintenance and trouble shooting is memorized
in a Non Volatile Memory.

Test
The test function can be divided into 4 groups.

Power Up Test

The power up test is first a safety test. The purpose of a safety test is to ensure
compliance with the safety objectives. Itis executed only on ground after long pow-
er cuts {more than 200 ms).

Its duration is function of the system which is not operational during the power up
test,

If the aircraft is airbormne, the power up test is limited to a few items to enable a
quick return to operation of the system. The typical tasks of a power up test are:
test of microprocessor, test of memories, test of ARINC 429 and various I/ O cir-
cuits, configuration test.

Cyclic Tests

These tests are carried out permanently. They do not disturb system operation.
The typical tasks of a cyclic test (also called IN OPERATION TEST) are: Waich-
dog test (a watchdog is a device capable of restarting the microprocessor if the
software fails), RAM test. Permanent meonitoring is performed by the operational
program {e.g. ARINC 429 messages validity).

System Test

The purpose of this test is to offer to the maintenance staff the possibility to test
the system for trouble shooting purposes.

This test can be performed after the replacement of a LRU in order to check the
integrity of the system or sub-system. It is similar to the POWER UP TEST but it
is more complete. It is performed with all peripherals supplied.

Specific Tests

For some systems, specific tests are available. The purpose of these tests is to
generate stimuli to various command devices such as actuators or valves.
They can have a major effect on the aircraft {automatic moving of slats or flaps,
engine dry cranking).
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New Concept - -single interface iocation (cockpit).
The BITE information stored in the system BITE memories is sent to a centralized * - easy fault identification. ' ‘
maintenance device. The manual tests (SYSTEM TEST and SPECIFIC TESTS) + - reduction of the trouble shooting duration.
can be initiated via this centralized maintenance device. + - simplification of the technical documentation.
Its main advantages are: + - standardization of the equipment.
Figure 1: BITE Philosophy
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ATIMS Air Traffic Information Management System on AIRBUS Figure 2: ATIMS General Architecture
A330

Up to now, flight crews have communicated with air traffic controllers using HF and
VHF radio communications which are subject to atmospheric disturbances and so,
often difficult to understand. COMAUNICATION ]

Furthermore, the transmission networks become saturated due to the air traffic in-
crease, and to the limited capability to exchange complex data (routes, weather PISCREPANCY
information...}. CLEARANCE

Consequently, the Air Traffic and Information Management System (ATIMS) has
been developed to enable datalink communications and the exchange of complex
data or specific reports between the aircraft and the ground centers:

CONCEPTS

+  controlier-pilot datalink communications {HF voice in backup) for air traffic

management, [ SURVELLLANCE J ( NAVIGATION J
«  automatic reporting (position, intention) for air traffic surveillance, W
+  specific airline-aircraft communications (operational contro!) to improve airline

operational costs and flexibility. FLIGHT INFORMATION

ARCHITECTURE
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System Description
The Air Traffic and Information Management System is organized around a host
platform which integrates datalink applications and the routing function.
The ATIMS system can be configured in two ways:
+  in Pre-FANS configuration:
—  Air/lground communication Router Function (ARF)

~  Airline Operational Control applications (AQC)
NOTE: The Datalink Control and Display Units (DCDU) and the ATC
MSG push button switches are not operational.

* orin FANS A configuration:
—  Airfground communications Router Functions (ARF)
—  Airline Operational Control applications (AOC)
— FANS A Air Traffic Control {ATC) applications.
NOTE: The DCDUs and the ATC MSG push button switches are opera-
tional.
System Architecture the ATIMS is composed of:
*  an Air Traffic Service Unit (ATSU)
+ two Datalink and Control Display Units (DCDU) located on the left and right
center instrument panels {not operational in Pre-FANS version),
+  two ATC MSG illuminated push button switches (not operational in Pre-FANS
version).
+ a RESET/ATSUA1 circuit breaker to reset the ATSU.
The ATIMS uses the Multipurpose Controi and Display Units (MCDU) for mainte-
nance and application purposes.

The ATSU is the main component of the system.

Its architecture is based on:

+ an Air Traffic Service Unit {ATSU) hardware case

* an ATSU A/C INTERFACE software uploaded in the ATSU through the Mul-
tipurpose Disk Drive Unit (MDDU) or the portable data loader

« an AQC software uploaded in the ATSU through the MDDU or the portable
data loader (in Pre-FANS and FANS A configurations).

+  FANS A application software uploaded in the ATSU through the MDDU or the
portable data loader {only in FANS A configuration).

Figure 3: System Configuration
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The main functions performed by the ATSU are:
+ to host the various datalink applications, including Airline Operational Control
and Air Traffic Services,

*  to provide management and access to the different datalink services availa-
ble,
+ to provide management and access to the various datalink networks availa-
ble.
1. ATSU A/C interface software
Its different functions are:
—  monitoring of the system (power supply and BITE functions)
- acquisition of the aircraft parameters for applications software use
- management of the air/ground communications (ARF function
- management of the communication with the on-board peripheral units

Cormresponding with JAR 68 .
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— management of the human/machine interface (MCDU, DCDU, Printer then collected and reported as Test Result, if no failures are present, a Test OK
and alert function) message will be displayed.

2.  AQC software
The AOC software consists in hosted AQOC applications which are depending
on airline definition. These datalink applications concern operations related to
the flight such as fliight plans, weather, behaviour of aircraft elements trans-
mitted for maintenance reasons, fuel quantity, personnel management, gate
management...

3. FANS A application software The FANS A application packages consist of.
— ATSU AFN (ATS Facilities Notification} application software
- ATSU CPDLC (Controller-Pilot DataLink Communications) application
Software
-  ATSU ADS (Automatic Dependent Surveillance) application Software

Two utilities packages are necessary for ATC applications:

a) ATC HMIUTILITIES software: this package provides services for the HMI
of the ATC application {DCDU, MCDU, printer and ATC alert)

b} ATC INTEGRATION UTILITIES software: this package provides services
for integration of the ATC application with on-board system, mainty for in-
terface with the FMS3.

—  ATS Facilities Notification (AFN) application
The purpose of this application is to establish the contact with the ATC
ground center, then to provide the ATC center with the aircraft registra-
tion, the datalink applications available on the aircralt with the corre-
sponding addresses.

—  Controller-Pilot Data Link Communications (CPDLC) application The aim
of this application is to provide dialog between ATC controllers and flight
crew, using datalink communication jinstead of voice communications.
Each CPDLC message is composed of a set of message elements which
correspond to the existing phraseology used by current ATC procedures.

- Automatic Dependent Surveillance (ADS} application The ADS function
is to provide the ATC ground center with aircraft surveillance data
through pericdic, event or on-demand reports.

BITE Testing of the ATIMS System

The Basic ATSU interface software enables the BITE Testing of the ATIMS sys-
tem. Testing is done using the MCDU in the Cockpit. A specific menu on the
MCDU gives access to the Test function. Failures of the system components are

'Oorresponding with JAR 66 .
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Electronic Instrument System (EIS)

Another typical digital aircraft system is the electronic instrument system which
comprises the Electronic Centralized Aircraft Monitoring (ECAM) and the Electron-
ic Flight Instrument System (EFIS). In the following section the general arrange-
ment of the Airbus A320 EIS will be shown.

General

The EIS {Electronic Instrument System) presents on Display Units (DU's):

+  EFIS (Electronic Flight Instrument System) information, (i.e. flight parameters
and navigation data).

. ECAM (Electronic Centralized Aircraft Monitor) information,

The layout of the 6 DU’s and the breakdown of the information displayed on them
is presented as follows:

2 DUs are installed side by side in front of each piiot. They display flight and nav-
igation data. On each main instrument panel, in normal configuration, the outer DU
will be allocated to the Primary Flight Display (PFD) function, and the inner DU to
the Navigation Display (ND) function.

Each pilot is given the possibility to display ECAM information instead of naviga-
tion information on its inner DU, in order to cover ECAM DU failure cases.

The complete system includes the following components:

» 2 DU's housed in racks on the Captain's main instrument panel

+ 2 DU's housed in racks on the First Officer's main instrument panel

* 2 DU’s housed in racks on the center instrument panel

+ 3 DMC's (Display Management Computers} commen to the EFIS and ECAM
systems, located in the avionics compartment.

+ 2 SDAC's (System Data Acquisition Concentrators) located in the avionics
compartment.

+ 1dual EFIS/FCU, located on the glare shield, and called the FCU (Flight Con-
trol Unit), including CAPT and F/O EFIS control sections.

+ 1 ECAM control panel, kocated on the center pedestal.

— those concerning the ECAM DUs are located on the ECAM control panel

*  One PFD/ND transfer push button switch for each pilot, located between the
PFD and ND control/brightness potentiometers.

+  Two sets of visual attention lights, located on the glare shield, on either side
of the FCU, each including a MASTER WARN light and a MASTER CAUT
light, these lights are of the push button switch type

+  Maintenance and test controls accessible through the MCDU's

Figure 4: gives a complete block diagram of the EIS system.

EFES FIO EFES

APT
EPIIS 77 '6 Icmm b ens J 6 ////_{///zlﬂ

A
> >
c © __'\ UrPER E [#l1]

t_L_*_[l_. P

D

LCHE
ECam

| ECAM CTL PHL

i H

—tp

it li it

e ———

MEC EYSTEMS SENSORNOOMPUTE RE
INEITS FOR

—— e ——
SENEDREAWEUITE RS
- NAVIGATION & AFS

+  One set of transfer selector switches accessible to the Captain and the First R s e emoeries
Officer located on the center pedestal. They provide EIS reconfiguration con- " TosmeTORAL
trols in case of DMC or ECAM DU failure
+  Control/brightness potentiometers for the DUs:
— those concerning the EFIS DUs are located on the left side of the CAPT
and on the right side of the F/O instrument panel (301VU and 500VU)
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BITE Testing of the EIS System
Maintenance and test;

The EIS includes Hard-oriented and Soft-oriented Built-In-Test (BITE) functions.
The CFDS (Centralized Fault Data System) facilitates the interface of these BITE
resident routines for maintenance and test implemented in the various computers.

Failure Detection Functions:

The BITE of a computer is able to detect the internal failures as well as failures
affecting the I/P parameters. The BITE is designed so as to minimize the undetec-
ted failures, and to make the maintenance of the system easier. To that end, the
events detected by the BITE (anomaly, abnormal disengagement, failure...} are
coded and stored in non-volatite memories called BITE memories, under the form
of messages in alphanumeric characters. The GMT at the time of each failure is
recorded and stored with the associated event. The BITE memories store informa-
tion concerning several flights. The CFDS helps the flight crew and the mainte-
nance persennel by providing the capability of displaying the above messages, as
well as system maintenance data and procedures, through the interactive Multi-
purpose Control and Display Units (MCDU's}), located on the center pedestal.

Figure 5: BITE Connections of the EIS System
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Flight Management System (FMS) of the Airbus A330

General

The Flight Management System (FMS) performs various functions to help the crew
in the management of the flight. These functions are all constructed from a lateral
and a vertical flight plan. The pilot can select this flight plan from a data base stored
in the system and can modify it at any time.

In the lateral plan, the FMS performs: navigation computation (aircraft position), ra-
dic navigation aid selection {(automatically or by pilot selection), lateral guidance to
maintain the aircraft along the flight plan from takeoff to approach.

in the vertical plan, it computes: an optimum speed at each point, other character-
istic speeds. Then it computes predictions along the flight plan based on these
speeds, weather parameters, and weight. It performs vertical guidance referenced
to these predictions.

Other miscellaneous performance computations are also made.

The crew can insert various data or select function modes through two MCDU's
{Multipurpose Control and Display Unit) finked to the FMGEC's (Flight Manage-
ment, Guidance and Envelope Computer).

The third MCDU is in hot spare for FM function in case of one of the above MCDU
failed. The two MCDUs, both ND’'s {Navigation Display), and, for some parame-
ters, the PFD’s (Primary Flight Display) are also used by the system to display in-
formation related to the above-mentioned functions

System Description

The FMS general architecture which shows the two FM pertions incorporated in
the FMGEC's, with the three MCDUs and the DMC's {Display Management Com-
puter) for display is given in Figure 6. it has to be noted that the navigation data
base must be loaded once every 28 days by a loader which is plugged to the FMS
in the cockpit.

The MCDU is a colour Multipurpose Control and Display Unit capable of commu-
nicating with two FMGEC's and up to other subsystems. The MCDU aiso contains
a Stand-by Navigation function which enables it to be used for IRS based naviga-
tion. The Stand-by Navigation mode allows limited lateral flight planning within the
MCDU that can be used to drive the Navigation Display, provides relative lateral
path paosition information and auto-sequencing of the active flight plan. The Stand-
by Navigation flight plan reflects, as much as possible, the active FM flight plan
upon initial activation. The MCDU design alse includes BITE functions to continu-

ously ascertain the integrity of the MCDU and that disable the MCDU for serious
malfunctions.

Figure 6: FMS general architecture
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As the FMS System is a part of the Auto Flight System (AFS) of the Airbus A339,
the BITE Testing of the entire AFS System will be explained:

AUTO FLIGHT SYSTEM (AFS) BUILT-IN TEST EQUIPMENT (BITE)
Line Maintenance:

The line maintenance of the Automatic Flight System (AF S} is based on the use of
the Fault Isolation and Defection System (FIDS).
The system:
« detects, isolates and memorizes the AFS internal and external faults
+ initiates and performs the test after replacement of an AFS Line Replaceable
Unit (LRL)
+ initiates and performs the availability test of the category Il automatic landing
function.
Characteristics of the AFS Maintenance System:
»+ A certain number of the AFS maintenance system characteristics are com-
mon to all the aircraft systems. These characteristics concern:
+ the Built-In Test Equipment {(BITE) operating principle;
+  transmission of fault messages in normal mode
« transmission of maintenance data in menu mode.
+  the operational use of the Multipurpose Control and Display Unit (MCDU) up
to access to the AFS REPORT/TEST pages
Safety:
Special precautions were taken at the maintenance system design stage to ensure
safety.
+  Attest level/ (LAND TEST, SYSTEM TEST)
«  Each test request made via the MCDU is accepted only if certain conditions
concerning the components which perform the test are met:
— The FIDS only accepts the test request if its ground condition is met
(NOSE GEAR PRESSED and ENGINES STOPPED).
~ The LRU's under test only accept the test request if their own ground con-
ditions are met (NOSE GEAR PRESSED and ENGINES STOPPED).
+  Atinterference feve/ between the software which performs the test and the ap-
plication software.
—  The test software is only authorized to read certain variables of the oper-
ational software. In no case can it write into the memories where these
variables are stored.

The system comprises:

+  AFIDS card physically located in each Flight Management, Guidance and En-
velope Computer (FMGEC). Only the card ltocated in the command side of the
FMGECH1 is activated (by the SIDE 1 signal)

. the BITEs located in the various AFS computers:
-  FMGEC's 1 and 2 (FE CMD/MONG, FG CMD/MONG, FM)
—  Flight Control Unit {FCU) {in each of FCU channels)
- MCDUs 1, 2and 3.

FIDS Card

The FIDS card includes:

+ a CPU (Microprocessor and associaled circuits)

» a memary module which contains the application program

»  ARINC input/output circuits

+  discrete inputioutput circuits.

The FIDS serves as the SYSTEM BITE (maintenance data concentrator).

The FIDS is linked in acquisition and reception to the CMS and is connected to the
BITEs of the various AFS computers.

It receives commands (on the label 227) from the CMC, interprets these
commands and transfers them to the various BITEs concerned.

It can also request the BITE to give complementary information.

It receives malfunction reports (labels 350- 351) from BITEs, manages these
reports and, if applicable, consolidates the BITE diagnosis and generates a fault
message which is sent to the CMC (label 358).

BITE information of MCDUs, FM and FG parts is sent to the FIDS via a common
RAM.

'Corresponding wilh JAR 66 .
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AFS BITE Its main function is to detect, isolate and memorize the system failures.
The BITE is an electronic device (HARDWARE + SOFTWARE) located inside At operating fevel, distinction must be made between;
each AFS computer. FE and FG BITE, FM BITE, FCU BITE, MCDU BITE, FIDS BITE.
Figure 7: BITE and FIDS Block Diagram (AFS System)
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Electronic Flight Control System (EFCS) Airbus A330 Figure 8: Electronic Flight Control System
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To realize the various laws and functions, the flight control computers acquire sig- PEAC
nals from: The side stick, speed brake lever and throttle lever potentiometers. The m,:::‘:::.l;zlgl{— » P ez
rudder pedal inductive sensors. The rudder trim confrol switch and RESET push wecummicn. S i
button switch. The FAULT/OFF and side stick priority push button switches. The eFLienT ContRoLs PRIARY ComPUTER
hydraulic pressure transmitters and switches. The accelerometers and rate gyro S=PLIGHT CONTROLS SECONDARY CONPOTER
. B.G,Y:BLUE,GREEN,YELLOW HYDRAULIC SYSTEMS
unit. The wheel tachometers. —= ARROWS INPLCATE THE ACTUAYIOM RECONFIGURATION PRIORITIES.
Fly By Wire Philosophy

Control Column
General The control celumn has been replaced by the side stick.

All the flight control surfaces are electrically controlled and hydraulically operated.

In addition, the stabilizer and the rudder have hydromechanical control back- up in ) . . .
case of electrical failure. The mechanical channel is replaced by electrical wiring and computers.

The main advantages of this philosophy are an improvement in redundancy, in These computers control the servo- actuators. ‘
handling quaiities and thus in performances. The computers efaborate the flight control laws, including flight envelope

protection, which optimize the control of the aircraft

Autopilot Servo
The autopilot commands are directly transmitted to the computers.

Mechanical Linkage
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Artificial Feel
The modulated artificial feel is replaced by the side stick centering spring.

Servo Actuator

The mechanical feedback of the conventional servoactuator is repiaced by an
electrical feedback to the computers.

Control Wheel Steering Function

The Control Wheel Steering (CWS) function is ensured by the computers which
use the aircraft response to maintain the required attitude.

Figure 9 shows the differences between the older "classic" Flight Control System
and the modern Fly By Wire system.

Figure 9: Fly By Wire Philosophy
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BITE Maintenance

The flight contrels maintenance and failure defection function is built around the 2

Flight Control Data Concentrators (FCDC's).

The failure detfection is ensured by the Flight Control Primary Computers

(FCPC's), Flight Control Secondary Computers (FCSC's) and FCDC's,

The FCPC's and FCSC's send failure information to the FCDC’s which analyse,
store them and send maintenance messages to the Central Maintenance Comput-
ers (CMC's).

The failure data are accessible on the Multipurpose Control and Display Unit
(MCDU) in the form of maintenance messages.

Tests in Interactive Mode

The electrical flight control system comprises 5 tests initiated on the ground from
the MCDU. These tests are managed by the FCDC's:

+  Systemtest

+  Elevator servo control damping test

*  Inboard aileron servo control damping test

+  Outboard aileron servo control damping test

+  Back-Up Yaw Damper test.

Automatic Tests
Two types of automatic tests are built in the flight control computers:
« the power-up tests

+ the automatic tests performed at engine start to check availability of stand-by
control channels.

Interface
+  Interface between the FCPC's, FCSC’s and FCDC's
*  Interface with the Onboard Maintenance System (OMS)

The link between the CMC and the FCDC'’s is ensured by ARINC 429 buses; and
is bi-directional.
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Figure 10: Test Equipment of the EFCS System *  From this primary failure information {loss of servoing, etc.), the FCDC's efab-
orate a warning boolean and if necessary the compiementary data required to

_:@ animate the ECAM System page.
Febe 1,2 +  Moreover, the FCDC's analyse the failure and, after confirmation, generate a
fese .z | eesonra - maintenance message. The message gives in clear language the designa-
T naNa E tion, FIN and ATA chapter related to the removal of the concermned LRU. This
message is permanently transmitted to the CMC'’s.
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INTERFACE P1AGRAM % occurrence and additional data linked to the failure.
+  The memorization is performed in the FCDC 1 and 2 as per the rules below:
— the system failures (ATA 27 except SLAT/FLAP system) are considered
as internal failures
— the others {e.g. ADIRU failures) are considered as external failures.
+  The transmission is performed as per the rules below:
— ifboth FCDC's are available, FCDC 1 sends external and internal failures
while the FCDC 2 sends all failures as external to avoid double storage
within the CMC.

. if the FCDC 1 is not available, the FCDC 2 sends failures classified as internal
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Failure Detection
Except for the rudder servo control jamming defection which is ensured by the
FCDC's, failure detection of the other LRU's is ensured by the FCPC's and FC-
SC's at the time of input validation by the monitoring related to servoing and the
computer internal monitering.
When a failure is detected:
+ the FCPC's and FCSC's take operational actions (system reconfiguration)

and send a failure information to the FCDC’s.
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Global Positioning System (GPS)

Description and Operation

The Multi Mode Receiver (MMR) receives RF signals through an active GPS an-
tenna {preamplifier implemented within the antenna). The GPS receiver filters,
mixes, and performs analog-to-digital conversions. The resulting data is proc-
essed by microprocessors that output position, velocity, time, and integrity data to
the system processor. The system processor transmits ARINC 743A - compliant
data for use by other aircraft systems. The GPS receiver also outputs a time mark
discrete signal that tells users of the ARINC 743A data the instant in time when the
position solution is valid.

ADIRU
In normal operation, the MMR1 data is used by ADIRU 1 and 3, the MMR 2 data by

ADIRU 2. In order to reduce GPS Receiver initialization time, ADIRU1 and 2 re-
spectively send data to MMR 1 and 2 (IR position, Aftitude, Date, UTC).

FMGEC

The Inertial Reference portions of ADIRU 1 and 2 respectively provide Flight Man-
agement Guidance and Envelope Computer (FMGEC) 1 and 2 with pure inertial
reference data, hybrid GP inerfial reference data used by the FMGEC for position
fixing purposes and pure GPS data which is displayed on MCDU, in this case the
ADIRU operates as a relay.

In case of failure of one GPS: the two ADIRU’s automatically select the only oper-
ative GPS to compute hybrid GPIR data.

ATT/ HDG Switching

In case of failure of ADIRU 1, FMGEC 1 uses ADIRU 3 / GPS 1 data and in case
of failure ADIRU 2, FMGEC 2 uses ADIRU 3/ GPS 2 data.

The primary source of ADIRU 3 being GPS 1, itis necessary to select the second-
ary input part of ADIRU 3 (GPS2) by means of the SWITCHING ATT/ HDG selec-
tor switch to preserve side 1 fside 2 segregation (GPS1/ ADIRU1/ FMGEC1 and
GPS2/ ADIRU3/ FMGEC2 architecture).

DMC! FWC

The MMR’s are monitored by the three ADIRU's using the status word send by
each MMR and the BITE of the inertial reference portion.

in case of GPS failure, the NAVGPS 1(2) FAULT message is displayed on the low-
er part of the Engine/ Warning Display (EWD).

This message is accompanied by:

«  activation of the MASTER CAUTION lights on the glare shield,

+  aural warning: Single Chime (SC).

Indicating

The GPS data is displayed on the GPS Monitor Page of the MCDU through the
FMGEC.

The displayed data are:

+  GPS position (Lat/ Long)

+  ftrue frack

+  figure of merit (in meters)

+  ground speed

s+ mode.

Antenna

The GPS antenna is a L- band preamplified antenna. The GPS antenna is de-
signed to operate at 1575.42 MHz with a right hand circular polarization and to pro-
vide an omnidirectional upper hemispheric coverage.

CMC

The BITE of the MMR is connected to the Central Maintenance Computer (CMC).
The units tested are the MMR, GPS Receiver, ILS Receiver, GPS antenna and ¢o-
axial cable.

LGCIU

This ground/ flight information is used by the receiver BITE module to count the
flight legs.
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Figure 11: GPS System Overview
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Upper ECAM DU failed or switched OFF . .
51-7
Video Displays . ................ 511-4
Volatle Memory ................. 5.6-8
Warning and Cautions

ECAM ... ... ... ... ... 5.1-18
Waveform Generators .. ........... 53-7
Weather Radar Display ... ........ 5.1-14
Wiring . ... ... . o 5.14-3
Work stations . ............ ... .. 5.12-8
Wrap-Around .. ..... ... ... ..., 56-18

Corresponding with JAR 86 .
For training purposes only Cat: B1 -3



Basic Maintenance
Training Manual

Module 5 Digital Technology / EIS

arra blind cladding
y
bi -Aufstelfung, Ansammiung {com- -Blende -Verkieidung, Hiille
acﬁ:ﬂ?ehf??bar put)Datenfeld, eine Form des branch coated
Datenaufbaus -Zweig, Abzweigung -beschichtet
accommodate assert buffer comparator
-behefbergen, unterbringen -festiegen, bestimmen -Speicher, Pufferspeicher -Vergleicher
accomplished ianed e
-vollbringen, erreichen asslg i ; buffered compatibility ; ;
acourac ’ -zugewiesen, zugeteilt -gespeichert -Vereinbarkeit, Vertraglichkeit
-Gengufgkeit Pazision assignment bug complement
' -(comp) Zuweisung -Index einer Instrumentfenanzeige -Komplement, Ergdnzung, Vervoil-
accurate rurat assumption -Wanze, Kéfer, Ungeziefer, Baziilus, standigung
-genau, akxkura -Annahme, Vermutung verstecktes Mikrofon (comput) Pro-  compound
accurately ‘ at stake grammfghfer oder Hardlfyarefeh!er, -chemische Verbindung
__genau, prézise -auf dem Spiel stehen der zu einem Problem fiihrt conductive
achlevef:l attenuation -leitend
-erreichen -Verminderung, Abschwéchung, c conductor
adequate Dampfung cache -Lejter
-{Jassend -Versteck, geheimes Lager, (comput)  conjunction
advisory B Speicherplatz, der Informationen en- -Verbindung, in Verbindung mit
-b.?r_atend, ermahnend Barometric pressure thalt, die d_er Computer in einer consider
Amplifiers -Luftdruck kurzen Zeit braucht -Erwégen
-Verstarker Base capacitance considered
angular -Basis -Kapazitat (elektr.) -in Betracht gezogen
-Winkel carry i
based lect b ibert it contentions
ANSI . _ ‘ -basiert, auf Basis '(ef, ectron, chem) ube ragen, mit- -Auseinandersetzung, Kampf
-American National Standards Insti- | eyond fitwen, transfer (math) abertragen, convenience
fute, Amerikanischer Normenatss- jenseits, dahinter mitfithren _Bequemfichkeit, Komfort
chuss Bezel carry out convenient
applying -Fassung, Rahmen durchfdhren ) -praktisch, giinstig
-anwenden, anlegen bias central processor unit convention
imati ) -zentrale Prozessoreinheit .
aplf::::g;;t;s:g Angleichung -(error), unsymmetric (comp) unsym- ; -Konvention, Abmachung
: metrisch (Fehler), bias vt (electr, CII'CBI‘:? fe;ence conventional
electron, techn) vorbelasten, unter | ~umiang -konventionelf
Vorspannung sefzen, vorspannen, circumstance
vormagnetisieren -Umstand
e wotos oy Cat: B1 Glossary - 1
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convert
-umwandein
correspond
-entsprechen, korrespondieren
coupler
-(electr) Koppler, coupler connecting
iine (electr) Kupplungsieitung
CPU
-see central processing unit
cut-off
-unterbrechen, abschalten
cyan
-Zyan, Farbe zwischen blau und grtin

D
Dagger

-Dolch, Schwert
decrement

-rlickwérts z&dhlen
density

-Dichte
derived

-abgeleitet
derives

-hervorbringen, streben nach
designator

-Kennzeichner, Benenner
despite

-trotz
determine

-bestimmen, festsetzen
development

-Entwickiung

differentiate

-differenzieren, unterscheiden
digit

-Ziffer, Finger
digitized

-digitalisiert
disabling

-ausschalten
distinguish

~unterscheiden
distortion

-Verzerrung
disturbing

-stéren, unterbrechen
dotted

-getupfeit, punktiert
drift

-Bewegung, Richtung, Tendenz
drop

-faflen, sinken
dye

-Farbstoff, Farbe

E
edge
-Ecke, Kante, Flanke
edge-triggered
-flankengetriggert
egress
-Ausgang, Verlust

embedded
-eingebetiet

employ
-ginsefzen, anwenden, beschéftigen

employed
-angewendel, eingesetzt
encoding
-Kodierung
endoscopy
-Endoskopie (Medizinische innere
Unfersuchung, Untersuchung von
Karperhohlen mit dem Endoskop)
enhanced
-verbessern, erhGhen, steigern
equivalencies
-Gleichwertigkeit
equivalent
-gleichwertig, equivalent
established
-erreicht, gesichert, gefestigt
etch
-gtzen, kupferstechen, radieren, sch-
neiden, krafzen
eventually
-schiiesslich, endiich
excessive
-{tbermassig

F

Fetch
-abholen

fetch
-verselzen
flip-flop
-Kippschaltung, Kippglied

floating

-(electr) erdfrei, nicht geerdet
floating-point

-Gleitpunkt, Gleitkomma
foundation

-Fundament, Basis

friction
-Reibung

G
Gain
-Gewinn, Vortedl, Zunahme,
Steigerung
gain
-erreichen, gewinnen, zufiigen
gap
-Licke, Spalt, Abstand, Entfernung
generic
-generell, typisch
glance
-Blick, Glanz
glitch
-kieiner Fehler, (electr) Spannungss-
pitze, Storspitze

H

Hence

-daher, deswegen
hybrid

-Mischform, Kreuzung
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Ic
-integrated circuit
-Integrated Compuiter (Embraer)
IEEE
-institute of Electric and Electronic
Engineers, Institut far Elektrizitats-
und Elektronikingenietre
impedance
-impedanz, elektrischer Scheinwider-
stand
imperceptible
-nichf wahrnehmbar,unfassbar, un-
merkiich
implement
-realisieren, ausfihren, etfiiilen, du-
rchfdhren
implementation
-Realisierung, Ausfihrung
impurities
-Verunreinigungen, Unsauberkeif
incandescent
-glédnzend, gliithend

incorporating

infallibly

-unfehibar
ingress

-Zugang, Eintritt
instead

-anstatt
integrated-circuit

-integrierter Schaltkreis
integrating

-integrieren, erganzen, zufiigen
interrelated

-zirsammenhéangend
inversion

-Inversion, Umkehrung

J

justify
-rechifertigen

L

Ladder
-Lefter
Lamination
~(electr} Ankerblech, -schnitt

layer
-Ebene, Schicht
lend
-helfen
level
-Stufe, Niveau, Héhe, Ebene

loop
-Schieife, Schiaufe

loss
-Veriust

LSB
-least significant bit
kleinstwertiges Bit

maghnitudes
-Grésse

margin

-Grenze, Rand, Spielraum
mauve

-Maltvenfarbig
merely

-nur, lediglich
microprocessor

multiplex
-Uebertragungskandle biindein oder
vielfach ausniitzen

N

negation

-Negation, Verneinung, Ablehnung
Nibble

-haibes Byte, Dateneinheit mit 4 Bits

noise
-{electron} Rauschen, Stérschall,
Storgeradusch, Gerausche
Nought
-Nuit

O

occur
-auftreten, sich ereignen

occurring
-atiftretend

odometer
-Kilometerzahler

opaque

-enthalten, vereinigen laser -Mikroprozessor -lichtundurchldssig, undurchsichtig
increment -(light amplification by stimutated mitigating

-Erhéhung, Zuwachs emission of radiation} Gerat zur -mildem, lindern P
inductance Steigerung der Lichtkraft mitteis mitigation Parity

-induktanz (elektr.} rein induktiver Strahlen, Strahlenwerfer -Milderung, Linderung -Paritéat, Gleichheit

Widerstand latency MSB Peripherals

inductor -Latenz, {comput) die Zeit zwischen -most significant bit, héchstwertigest -Rand

-Induktor, Transformator der Befehiseingabe und der Aus- Bit perish
Inertial Reference System ftihrung des Befehles -vergehen, umkommen, Zugrunde

-Tragheitsnavigation gehen
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pictorial

-bilahaft, illustriert
pit

-Grube, Vertiefung
pixel

-Pixel, (comput) kleinste Dateneinheit
die einen Punkt in einem Qbjekt in
einer computerisierten Grafik
darstellt

power of

-(Math.) Potenz, 3 to the powerof 4, 3
hoch 4

precedence

-Vorrang, Prioritat

predefined

-vordefiniert

predictable

-voratssagbar, voraussehbar

prefixed

-voranstelien

prevalent

-geldufig, gangig, verbreitet

previous

-vorhergehend

proliferation

-Wucherung, starke Vermehrung

promote

-férdern

propagate

-sich ausbreiten, verbreiten, verme-
hren

propagation

-Ausbhreitung, Uebertragung

propagation delay

-Ausbreitungsverzogerung

punched
-gestanzt, gelocht

Q

quantisation levels
-Quantifizierungs-Stufen

queue
-Schiange, Warteschiange, Reihe

R
Radix

-Grundzahi
raising to a power

-hochrechnen
Random

-Zufall, zuféllig
randomly

-beilgufig, zuféllig
Range

-Bereich, Reichweite
ray

-Straht
reciprocal

-reziprok, umgekehrt
recognise

-identifizieren, erkennen
recognition

-Anerkennung
recognize

-erkennen, identifizieren
reconfigure

-wiederherstellen, neu konfigurieren

redundant

-liberzahlig, iberfliissig, doppelt aus-

gefthrt
refractive

-Brechungs
relation

-Beziehung
relationship

-Verbindung, Verhaltnis
reliance

-Verlass, Vertrauen
remainder

-Rest, Restbelrag
requirement

-Bedingung
rigid

-hart, sfarr, versteinert

S

saturated

-gesattigt, gefilit
saturation

-Séttigung
sawtooth

-Sdgezahn
semiconductor

-Halbleiter, Semikonduktor
significant

-bedeutsam, wichtig
sinks

-Senke, Abfluss
slope

-Steitheit Abhang, abfallen

solid state
-{electron) monolithisch, Festkérper
spraying
-zerstduben, besprengen, spritzen
spur
-anspornen
spurious
-unecht, kinstich,
stack
-Stapel, Haufen, (comput) ein Bereich
im Speicher an dem man Informatio-
nen speichern kann und sie in der
umgekehrien Reihenfolge abrufen
kann.
staircase
-Treppenhaus
state
-festlegen, ausdriicken, bestimmen
-Zustand, Stafus, Staat
strand
-{electr} Litze
stray
-(electr} Streuung, Streuveriust
string
-Schnur, Kordel, (Comput) Zeichen-
folge die als eine Einheit bezeichnet
wird
stringent
-streng, dberzeugend
stub
-Abzweigung
subscript
-fiefgestelit
successive
-gins nach dem anderen, folgend
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swap
-veriauschen, austauschen
-Wechsel, Tausch

T

tedious

-mithsam, ermidend, langweilig
threshold

-Schwelle
trace

-verfolgen, Spur untersuchen
track

-Kurs tiber Grund

-Spur

-verfolgen, ausfindig machen
trade-off

-ginen Kompromiss machen, Konzes-

sionen einrdumen.

transient

-Spannungsspitze
transition

-Uebergang, Verdnderung
freasure

-Schalz
trigger

-ausiGsen, betétigen
triggered

-ausgeldst, betatigt
tristate

-Dreistufen
tungsten

-Wolfram

U

unique
-ginzigartig
unpredictable

-unvorhersagbar, unvorhersehbar

\'/

vary
-verdndern, variieren

vast

-gross, enorm
versus

-gegen, gegeniiber
violate

yield
-hervorbringen, produzieren, Ertrag

yoke
-Joch, Paar, Verbindung, (elektr)
Ableitungssptile, Elektromagnet der
zur Richtung von Elektronenstrahien
in Monitoren dient

-brechen, verstossen, verietzen

w

waveguide
-Wellenieiter

wavelength
-Wellenidnge

weight

-Gewicht, Schwere, Gewichtigkeit

weighted

-gewichtet, abgewogen

weighting
-gewichten
withstand

-widerstehen, aushalten

Y

yarn
-Garn
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