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1 Introduction

The General Avation (GA) aircraft fleet has become very old (40+ year old
aircrafts are now very common) thanks to reliable air frames and rapidly
increasing prices of new light aircraft. A vast majority of these aircrafts are
equipped with old-fashioned mechanical flight instruments, now reaching the
end of their lifetime as the air frames become older. Instead of performing
a complete upgrade of the entire instrument panel, which can result in costs
often exceeding the value of the entire aircraft, one can complete the system
with a much more affordable Micro EFIS. A Micro EFIS is, as the name
implies, a small EFIS (Electronic Flight Information System), targeted for
the GA market. It is intended as a backup system for the mechanical flight
instruments.

1.1 Parties
Customer: Jan-Erik Stromberg, DST Control, Linképing

Supervisor: Jeroen Hol, Department of Electrical Engineering, Linképing
Institute of Technology

Producent: A group of six students at Linképing Institute of Technology

1.2 Goal

The goal of this project is to design a stripped down version of a Micro
EFIS and to evaluate the implementation based on state-of-the art organic
graphical display; a so called OLED display. This to ensure high endurance at
extreme temperatures (down to —30° C). The system shall be implemented
on one single FPGA to meet the need to be small in size and have a low
cost. Since it is intented as a backup system it must have a high reliability,
be independent of external systems and simple to use. To increase the ease
of upgrading the system and to incrementally add functions, it shall be built
in modules.

1.3 Use

The system is intented as a backup for the mechanical flight instruments and
the primary use is in the case of instrument failure.

TSRT71 Automatic control project (©Lips
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1.4 Notation and abbreviations

The following abbreviations and notations will be used:
ADI Attitude and Direction Indicator
A /C Aircraft

DST DST Control AB: the project owner

EFIS Electronic Flight Information System: a standardised terminology
used for a system of sensors, computers and displays designed to present
critical flight data to the pilot

ESI Engine Status Indicator

GA General Aviation: non-commercial air traffic (including aircraft oper-
ated by companies for internal use only)

GND Ground Level

GUI Graphical User Interface
HSI Horizontal Situation Indicator
MSL Mean Sea Level

SPI Serial Peripheral Interface

TSRT71 Automatic control project (©Lips
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2 System overview

2.1 Product components

The Micro EFIS consists of an instrument casing with specific measures (60 x
60 x 50 mm), with a user interface on a single monochrome display (128 x
64 pixels) and one single rotary mode selector switch. Inside the box there
will be an FPGA (field programmable gate array), an RTC (real-time clock),
and a FLASH memory. Externally the box will be connected to a power
supply and sensor units. A user manual and technical documentation will be
included at delivery.

Intelligent sensors<—RS422 (DBUS) . *> OLED Display

Primitive sensors—E‘S-A“ZLU:AALM)—>

FPGA

PSU >

A

Rotary Switch

FLASH

Figure 1: System overview

2.2 Subsystems

The system will be divided into the following subsystems: OLED unit,
HSI/ADI/ESI/setup modes, and a rotary switch unit.

2.3 Design method

The system shall be built in modules with well defined interfaces to enable
upgrade of a single subsystem independent of the others. The system shall

TSRT71 Automatic control project (©Lips
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Figure 2: Inside FPGA

be developed with use of VHDL, if needed a softcore will be included. One
single FPGA shall be used and one single FLASH memory.

3 Sensors

The back of the MEFIS casing has eight possible external connectors. One
of these is intended for power supply, one for upgrades/maintenance of the
software in the FPGA, and the other six for sensor units.

We will use two different kind of sensors; simple and intelligent. The
simple sensors are pulse width modulated (PWM) and the intelligent work
through a standard (DBUS) developed by the customer (DST Control AB).
We will use the following sensor units:

e Magnetic sensor unit (DBUS)

e Outside air temperature (PWM)

e Pneumatic sensor unit (optional)

e Engine sensor unit (optional)

e Electric sensor unit (optional)

Notice that all sensor units include several actual sensors.

TSRT71 Automatic control project
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3.1 Magnetic sensor unit

The magnetic sensor unit is an ”intelligent” unit, which means that we can
both read and write from/to this unit. From this unit we get the aircraft
magnetic heading, from which we can measure the:

e Yaw angle and angular velocity
e Roll angle and angular velocity
e Pitch angle and angular velocity

e The magnetic heading (compass)

3.2 OQOutside air temperature

This unit simply supply the outside air temperature as measured by it’s
sensor

e Outside air temperature

3.3 Pneumatic sensor unit (optional)

The pneumatic sensor unit gives us the static and dynamic pressure from the
aircraft pitot tube, which we can use to measure approximate values of the
actual aircraft speed and altitude.

o Altitude

e Airspeed

3.4 Engine sensor unit (optional)

The engine sensor unit measures various engine parameters such as:
e QOil pressure

Fuel flow

Manifold pressure

Engine speed (RPM)

Oil temperature

TSRT71 Automatic control project (©Lips
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3.5 Electric sensor unit (optional)

The electric sensor unit measures the status of the airplane battery:
e Battery voltage
e Alternator current

e Load current

4 Flash

The FLASH memory contains the configuration of the FPGA. The configu-
ration will be downloaded to the FPGA every time the MEFIS is started. If
needed by the Setup module, some of the remaining memory can be used for
configuration parameters for the MEFIS.

5 RTC (real-time clock)

The real-time clock is programmable from the setup mode and is displayed
in the ESI mode. It has four external pins for communication. In the clock
itself, there are address fields that can be read and written. These contain
the year, month, day, hour, minute and second of the clock.

5.1 Interface

The RTC communicates through the SPI interface. The external pins are
SDI (Serial Data Input), SDO (Serial Data Output), CE (Chip Enable) and
SCLK (Serial Clock).

6 ADI and HSI units

These modules are the modes displaying sensor data on the OLED display.
These are functions are very similar and therefore described in the same
section. They use the same functions with only different data. This section
will describe these functions and how the modules are designed in detail, also
the interfaces with other modules will be defined.

The HSI and ADI modules will make use of the following functions, where
the # is exchanged for HSI and ADI respectively:

e ACTIVATION_#

TSRT71 Automatic control project (©Lips
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INACTIVATION _#

SEND_OLED

INIT_OLED_#

SEND_SENSOR_DATA _#

6.1 Description

The HSI and ADI modules is very similar and uses the same functions. The
only differences is in when initiliazing the modules different characters are
sent and that they collect different sensor data. The communication with
other modules are similar. They collect data from the sensor unit, which is
sampling with frequency 50 Hz, converts the data to characters and send it
to the OLED unit.

6.2 ACTIVATION function

The ACTIVATION function synchronizes the active signal recieved from the
Main Unit. It also produces a clock signal clkActive that is low when module
is inactive and follows clk when module is active. See figure 3.

rising_edge(clk)
active ———— ™ ™ activeSync -
activation_# activeSync

clk —* ™ clkActive .
active i E clkActive

clk

Figure 3: ACTIVATION_# overview

6.3 INACTIVATION function

The INACTIVATION function just set init low so that the INIT_OLED function
starts the next time the module becomes active. See figure 4.

6.4 SEND_OLED function

The SEND_OLED function sends a singel character to the OLED when re-
quested. When sendRequest is high, the id and id is send to OLED as
described in figure 5. The characters are coded as ASCII.

TSRT71 Automatic control project (©Lips
Mikael Lord page 7



Micro EFIS June 5, 2006

falling_edge(activeSync)
activeSync —®| inactivation_# it

START

init <="0’

Figure 4: INACTIVATION_# overview

rising_edge(clk)

ck —* —OLEDdata START
data —* .
.y —»| SEND_OLED OLEDid
OLEDready —| ™OLEDclk Y
sendRequest —*| —sendDone Se”dRqu\?\%z r
OLEDready ='1’ FALSE

%RUE

OLEDid <=id

OLEDclk <="0’

OLEDclk <="1"

datalndex <= "0000"

Y
OLEDdata <= data(datalndex)
OLEDclk <="0’

datalndex <= datalndex + 1

'

’ OLEDclk <="1" ‘

Cdatalndex =data’length - 1 )?ALSE
;TRUE
OLEDclk <="0’

sendDone <="1"

Y
[sendRequest =0

FALSE

TRUE

’ sendDone <=0’ ‘

[

Figure 5: SEND_OLED overview

TSRT71 Automatic control project (©Lips
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6.5 INIT_OLED function

The INIT_OLED function runs when the main unit switches on the module.
It first clears the screen and then, one by one, sends out the characters. See
figure 6.

rising_edge(clkActive)
™ data
)
clkActive INIT_OLED_# —id START
init  —1 = init 1

159NbaYPUSS |
sendDone —™

CLEAR OLED

SEND LAYOUT
Q Ol FD

init<="1’

Figure 6: INIT_OLED_# overview

6.6 SEND_SENSOR_DATA_# function

The SEND_SENSOR_DATA function is first collecting the needed data when
the signal newData gets high. For the ADI unit the magneticHeading and
outside AirTemperature is collected, and the HSI unit collects the rollAngle,
pitchAngle, slip, outsideAirTemperature and the verticalSpeed. Then the data
is splitted into single digits so it can be sent with the SEND_OLED function.
See figure 7.

7 Sensor Unit

This block is the ADI and HSI unit way to communicate with the sensors.

7.1 Description

The sensor unit is going to sample the sensor data with frequency 50 Hz.
It communicates with the intelligent sensors, in our case the 7777, through
DBUS which is developed by DST. Some education must be performed to

TSRT71 Automatic control project (©Lips
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rising_edge(clkActive)

sensorData —™| ™ data START
newData —| SEND_SENSOR_DATA_#*id T
clk — ™ dataCollected
1%
% % newData =1’
AND
T 0O A A FALSE
2 2 init="1
c [9)
(0] (7]
a

Collect needed data.
dataCollected <=1’

newData ='0 FALSE

Convert data so
it can be sent by
SEND_OLED

'

Send data with
SEND_OLED

L]

Figure 7: SEND_SENSOR_DATA_# overview

understand the usage of the VHDL blocks that DBUS consists of. The prim-
itive sensors, in our case the outside air temperature, will continually send
data via pulse modulator.

The unit will consist of the following functions

e SAMPLE_PERIOD
e GET_INTELLIGENT_DATA

e GET_PRIMITIVE_DATA

7.2 SAMPLE_PERIOD function

The SAMPLE_PERIOD function will send out a signal getData with frequency
50 Hz.

7.3 GET_INTELLIGENT_DATA function

The GET_INTELLIGENT_DATA function ...

TSRT71 Automatic control project (©Lips
Mikael Lord page 10



Micro EFIS June 5, 2006

7.4 GET_PRIMITIVE_DATA function

The GET_PRIMITIVE_DATA function will ...

8 ESI Unit

13:42:16 2006-04-23

Figure 8: ESI unit

8.1 Description

This mode will display the date and time, similarly to the setup unit. This is
a separate unit because there shall be future upgrades available for it. These
upgrades include:

9 Setup Unit

9.1 Description

In this mode the pilot will be able to set time and date of the RT'C, which will
be displayed in ESI mode. The setup mode will work according to figure 9

9.2 10HOURS

After pushing the button one time in Setup mode, it will enter the sub-mode
10HOURS. This block will read the 10Hours address from the RTC and store
it in the variable hour_h, see figure 10. This variable will only be 0, 1 or 2.

TSRT71 Automatic control project (©Lips
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SETUP
CW
cow SET TIME DATE SDI
activeSetup
push timeReady
SDO INIT SETUP

Figure 9: Setup unit

9.2.1 INC(10HOURS)

If the user rotates the switch clockwise, this block increases the variable
hour_h by one.

9.2.2 DEC(10HOURS)

If the user rotates the switch counter-clockwise, this block decreases the
variable hour_h by one.

9.2.3 SEND OLED(10HOURS)

This block will firstly make sure the handshake signal (Ready signal) from
the OLED is good (=1). If this is the case it will update the 10hours part
of the time display on the display. It does this by sending a 3 bit ID (which
is 7 Character”, this is a constant explained in the OLED chapter), and after
this setting the start coordinate (both horizontal and vertical coordinates,
these are constants). Following this is the hour_h variable.

9.3 HOURS

After pushing the button the second time in Setup mode, it will enter the
sub-mode HOURS. This sub-mode will read the Hours address from the RTC
and store it in the variable hour_l. This variable will be 0 to 9.

9.3.1 INC(HOURS)

If the user rotates the switch clockwise, this block increases the variable
hour_l by one.

TSRT71 Automatic control project (©Lips
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timeReady

cw INC(10HOURS)

CCw
DEC(10HOURS)

SEND OLED(10HOURS)

cw INC(HOURS)

ccw
*)‘ ]
DEC(HOURS)

SEND OLED(HOURS)

SEND OLED(10MONTHS)

cw INC(10MINUTES)

ccw
*)‘ ——|
DEC(10MINUTES)

SEND OLED(10MINUTES)

month_h=0-1

ccw
= DEC(1OMONTHS) [~

WRITERTC START
DATE
|| l
INC(DATE) cw ATE 10HOURS
SEND OLED(DATE) cow : hour_h=0,1 0r 2
%’—’(f w00
DEC(DATE) then day 1=1-9
L push pushl
INC(10DATE) cw 10DATE HOURS
SEND OLED(10DATE) day_h=0-3 J
ccw then four_1 =0 -9
DEC(10DATE)
push
WRITERTC WRITERTC
MONTH HOUR
INC(MONTHS) cw 10MINUTES
SEND OLED(MONTHS) minutes_h =0 -5
ccw
DEC(MONTHS)
L push push
INC(10MONTHS) cw 10MONTHS MINUTES

minutes_| = 0-9

cw INC(MINUTES)

ccw
DEC(MINUTES)

SEND OLED(MINUTES)

SEND OLED(YEARS)

INC(YEARS) cw

ccw
— -
DEC(YEARS)

CwW INC(10YEARS)

push
WRITERTC WRITERTC
YEARS MINUTE
| L™ l
YEARS 10YEARS
year1=0-9 year_h=0-9
push

ccw
*)‘ ——|
DEC(10YEARS)

SEND OLED(10YEARS)

Figure 10: Function of SET TIME DATE
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hour

1
hour_h hour_|

minute

1 |
minute_h minute |

year
LITTTTIT]

year_h year_|

month
LITTTTIT]
L

month_h month_|

day
LTI
L

day_h day_|

Figure 11: Variables of SET TIME DATE

9.3.2 DEC(HOURS)

If the user rotates the switch counter-clockwise, this block decreases the
variable hour_l by one.

9.3.3 SEND OLED(HOURS)

This block will firstly make sure the handshake signal (Ready signal) from
the OLED is good (=1). If this is the case it will update the hours part of
the time display on the display. It does this by sending a 3 bit ID (which is
”Character”, this is a constant explained in the OLED chapter), and after
this setting the start coordinate (both horizontal and vertical coordinates,
these are constants.). Following this is the hour_l variable.

9.4 WRITE RTC(HOUR)

When pushing the button the third time in Setup mode, the hours will be

written into the appropriate memory address of the RTC. After this the setup

mode will enter sub-mode MINUTES. This, and all the other sub-modes in

the flow-diagram, work similarly to the HOURS sub-mode. described above.
The following settings will be optional:

e Set the barometric pressure (provided by air traffic control)

TSRT71 Automatic control project (©Lips
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e Turn off some functions in HSI and ADI mode

e A possibility to select between two light intensity modes: normal and
dimmed, and to adjust the intensity in these modes

9.5 Interface

The RTC will communicate with setup mode using SPI interface.

10 Rotary switch unit

10.1 Description

ROTARY SWITCH ROTARY SWITCH MODUL

A intPush
B intCW

S 4’7 intCCW

Figure 12: The rotary switch unit

This unit utilizes a button integrated with a rotary switch and decoding
software. The button is model EM11B from the manufacturer ALPS.
The following functions shall be detectable by the rotary switch unit and will
be outputs to the Main unit.

e Single tap
e Rotary switching to the left and right
e Double tap (optional)

e Holding down the button (optional)

11 Main unit

11.1 Description

This unit will handle which mode that is active. Input signal is the interrupt
from rotary switch unit. This will be set by a flag (flagActive) that will be

TSRT71 Automatic control project (©Lips
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_timeReady .| L ecw
l cocw

_intCW | . . Il push
Main Unit activeSetup o

_intCCW | | activeHsl
[ activeADl

_intPush | | activefS

Figure 13: Main unit
any of the numbers 1 to 4 as specified below.

11.2 Setup Mode

If the setup mode is active, the main unit must also check that the signal
timeReady is high. If timeReady is high the main unit will work as usual.
However, if timeReady is low, this means that the user is setting date and
time. In this case the main unit will send the signals intC'W and intCCW
from the rotary switch module straight to the setup. The signal intPush will
always be forwarded to the outgoing signal push in setup mode.

Active mode | intCW intCCW intPush

Setup (1) if timeReady = 1 |if timeReady = 1 | push = intPush
flagActive + 1 else | flagActive = 4 else
CW = intCW CCW = intCCW

HSI (2) flagActive + 1 flagActive -1 ignore

ADI (3) flagActive + 1 flagActive -1 ignore

ESI (4) flagActive = 1 flagActive -1 ignore

12 OLED

This module is supposed to act as a graphic generator and present the data
sent by HSI, ADI, ESI and the Setup modules on the display. The display
hardware has none of the features as character, line or circle generators. All
these will, if time allows, be implemented in the FPGA in the module OLED.
For the ease of upgrade and module block thinking the data received from
the other blocks will be sent in a particular order. More about the packet
organisation can be found under the subsection Data receiver. This section
will describe in detail how the module will be designed and specify interfaces
with its surrounding.

TSRT71 Automatic control project (©Lips
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*I CW
SETUP MODE
timeReady
ccw|
CW
HSI MODE
CCW
CW
ADI MODE
ccw cwW
ESI MODE
CCw

Figure 14: The order in which the modes switch
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The OLED module is divided into the following seven blocks:
e Data receiver
e Clear
e Character generator
e Line generator (optional)
e Circle generator (optional)
e Initiator

e Data transmitter

12.1 Rough description of the module

The data that are to be displayed will be recieved from the other units by a
Data reciever block. This data will be sent as defined in the subsection Data
recetver. The type of data, refered to as the data ID, will be defined by four
bits in a special register and will decide which block to process the data.

There are five diffrent blocks that handle different kind of datatypes (dif-
ferent data ID). These blocks are; Clear that will clear the display when
switching mode, Line generator that will draw lines, Circle generator that
will draw circles, Character generator that will print different characters and
Initiator, that will initiate the display when reset. When any of these blocks
has finished its task it will signal ready to the Data receiver that in turn will
signal ready to the transmitting unit and enable new data to be transmitted
and processed.

The blocks will send their information to the display circuit of type
SSD0323 trough a Data transmitter block. This block will perform all nesces-
sary steps to enable communication with the OLED.

12.2 Data receiver

This block will receive data from the ESI, HSI, ADI and the Setup modules.
The data is received in a particular order as defined below.

If the Data receiver (DR) is ready to receive data, the ready pin is pulled
high. If the module which is connected to the Data receiver want to send
data, the module first set the three ID-pins corresponding to the data to be
transmitted. Thereafter one clock pulse is sent (from the transmitter) and
the ID is stored in a 4-bit register (in the DR), and the ready pin is pulled
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Figure 15: Overview of the OLED unit
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_ido o | lineData
_id1r | lineRun
_id2  _| DATARECEIVER | clearRun
_d3 | __erase
__data | | dataClock
__ dataClock <_finished

Figure 16: Outline of the Data receiver

low (by DR). The DR’s multiplexer is switched to the corresponding block
by ID and is ready for block specific data. On the next clock pulse (from the
transmitter) the first data bit is received on the data pin. When all the spec-
ified bits (by ID) are stored the DR sends a start pulse to the corresponding
block; character, line, circle or clear. The Data receiver then waits for the
tasks to complete, by waiting for a ready signal from the specified block.

The following ID’s will be used:
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ready

ido, id1, id2, id3<

dataClock ‘

data ><><><><

Figure 17: How to access the Data receiver

ID ID bits
Init 0000
Clear 0001
Character | 0010
Line 0011
Anti line 0100
Circle 0101
Anti circle | 0110

The start coordinate is the same for all the blocks that must have a start
coordinate. It is specified by 6 + 7 bits, which is the row (64 rows) and
column (128 columns) respectively.

12.3 Clear

When this block is adressed by ID and started, the whole display is cleared.
The block does not require any data but ID and is started just after ID
is stored in the Data receiver’s 4-bit ID register. When finished the block
sends a signal, clear_ready, to the Data receiver block to state that the task
has been processed. The Data receiver is then ready to process the next
command.

In the following text the data sent is assumed to be sent to the Data
transmitter before the display. When the Clear block receives a start pulse
the command ”Set Column Address” is sent to goto the display line zero.
Then the command ”Set Row Address” is sent to goto the display row zero.
Then 128x64 pixel data containing zeros is sent to clear the whole display.
Clear_ready is then sent to let the next task proceed.
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__clearRun DC -
<« ClearFinished CLEAR dataOut -
_dataClockOut

. inished

Figure 18: Outline of the Clear block

12.4 Contrast

The contrast block holds the contrast that will be used for all the pixels on
the display. When reset the register that holds the contrast value is set to a
default value. If the value is changed, in Setup mode, the Setup module sends
the new contrast value through the Data receiver to the contrast block. The
contrast is changeable (16 different values) and is stored in a 4-bit register.

___contrastRun | |___contrastOOut
«contrastFinished | CONTRAST | __ confrastlOut
___contrastData | |___contrast20ut
__ dataClockln | | contrast30ut

Figure 19: Outline of the Contrast block

12.5 Character generator

If the data received is of character type this block will get the corresponding
character from a character memory and send it to the Data transmission
block. The characters are predefined and stored in the FPGA. All characters
are of the same height and width (monospace).

This block contains a register that is adressed by the Data receiver when
a character is to be displayed. When the register is filled with data, start
coordinates and the specific character code, and receives a start pulse from
the Data receiver, the character is sent via the emphData transmitter to the
display. When finished the block sends a signal, character_ready, to the Data
receiver to state that the task has been processed. The Data receiver is then
ready to process the next command.
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__ characterRun | DC -

-« CharacterFinished | CHARACTER | _dataOut

__dataln _dataClockOut
I locl . inished

Figure 20: Outline of the Character block

The specific character code is sent after the mandatory start coordinate
and tells the character generator which character to get from the memory.
The character code is specified by 8 bits. The character is then displayed (via
the Data transmitter) on the OLED with respect to the upper left corner as
reference. The upper left corner of the character will be put at the particular
point stated by the start coordinate.

In the following text the data sent is assumed to be sent to the Data
transmitter before the display. When the Character generator receives a
start pulse the command ”Set Column Address” is sent to goto the start
line, and to set the character width. Then the command ”Set Row Address”
is sent to goto the start row, and to set the character height. The Character
generator then gets the right character from memory and shovels it out to
the display. Character_ready is then sent to Data receiver to let the next
task proceed.

12.6 Line generator (optional)

If the data received is of line type this block will compute the pixels that are
to be lit and send it to the Data transmitter block. This block contains a
register that is adressed by the Data receiver when a line is to be displayed.
When the register is filled with data, start and stop coordinates, and receives
a start pulse from the Data receiver, the line pixels are computed and is sent
via the Data transmitter to the display. When finished the block sends a
signal, line_ready, to the Data receiver block to state that the task has been
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processed. The Data receiver is then ready to process the next command.

_ lineRun DC -

< lineFinished | LINE . dataQut

__dataln ] . dataClockOut
I I . -

Figure 21: Outline of the Line block

The Line generator receives, apart from the start coordinate that is
mandatory, a stop coordinate that tells the block where to end the line.
The stop coordinate is specified by 6 + 7 bits, which is the row (64 rows)
and column (128 columns) respectivly. The start coordinate is sent first and
then the stop coordinate.

12.7 Circle generator (optional)

If the received data is of circle type this block will compute the pixels that
are to be lit and send it to the Data transmitter block. The circle generator
block contains a register that is adressed by the Data receiver when a circle
is to be displayed. When the register is filled with data containing start
coordinates and the circle radius, and receives a start pulse from the Data
receiver, the circle pixels are calculated and sent via the Data transmitter to
the display. When finished the block sends a signal, circle_ready, to the Data
recewer block to state that the task has been processed. The Data receiver
is then ready to process the next command.

The Circle generator receives, apart from the start coordinate that is
mandatory, a radius for the circle. The radius is specified by 7 bits as the
circle can have a radius of 128 columns. The start coordinate is sent first
and the the radius.
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__circleRun | DC ~
_circleFinished |  CIRCLE | dataOut
__dataln | _ dataClockOut

ataCloc terEinished

Figure 22: Outline of the Circle block

12.8 Initiator

This block is active when the circuit is reset and initiates the display for cor-
rect operation. When the Data receiver is reset the ID register contains 0000
which is the adress code for the Initiator. A start pulse is received and the
Initiator starts to send commands via the Data transmitter to the display.
The commands set the display hardware to the right state. When finished
the block sends a signal, initiator_ready, to the Data receiver block to state
that the task has been processed. The Data receiver is then ready to process
the next command.

- _
<_initiatorFinished |  INITIATOR | _dataOut
|__dataClockOQut

Figure 23: Outline of the Initiator block
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The Initiator will set the following pins on the SSD0323 circuit (not neces-
sarily in this order):

e CL: External clock input, maximal possible frequency is 4 MHz.

M/S#: 717

e CLS: 70" - To disable internal clock.

e BSO, BS1, BS2: 7000” - To set serial interface mode.

e RES#: 707 - Initiates the display.

The following commands will be sent to the SSD0323 circuit:

e Set Contrast Control Register

Set Full Current Range
Set Re-map

Set Display Offset

Set Multiplex Ratio

Set Phase Length

Set Row Period

Set Vooun Voltage

Set Precharge Voltage
Set Segment Low Voltage

Set Segment Low Voltage

12.9 Data transmitter

This block receives data from the blocks character generator, line generator,
circle generator and initiator and forwards it to the display. The procedure
of sending will be as follows.

e Set D/C+# to the appropiate state (0=command 1=data).

e Output "Data clock out” on the CL pin on the SSD0323.
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DCin - DCout -
_dataln ] DATA TRANSMITTER . dataOQut
_ dataClockln | _dataClockOut

itterEinished

Figure 24: Outline of the Data transmotter block

e Set CS# to 0 to enable communication.

e Start shifting data from the register in the data transmission block with
the minimum period possible (250 ns) into the SSD0323.

e When all data or commands are sent, send transmitter_ready to current
sending block.

The data or commands that are to be sent will be transferred serial into a
shift register in the data transmitter block. Also the D/C bit is needed. The
data clock out will trigger the transmission to start.
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