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Abstract:

Our project was to design a home phone
appliance control system, which interfaces with a
phone. Our design was required to answer the phone
and take input from atouch tone keypad inorder to
turn appliances on and off. The UP1 board’'s FLEX
chip was programmed using VHDL to interface with
some externa hardware, aswell as aphoneline, in
order to complete this project. Though our design
allowed for 10 devices to be controlled, only one
remote-controlled AC switch was obtained to turn an
AC appliance on and off. The other outputs cortrol
turning LEDs on and off. Currently, our device
provides no feedback to the user and has no
recording features for messages as an answering
machine would. The design does, however, answer
the phone without the aid of a standard answering
machine. Our current design is fully functional and
can be used as intended, but is not user friendly and
would need the feedback features to become easier
to use.

|. Introduction

A private telephone line consists of two
wires. When the phoneisnot in use, thereis a
constant DC voltage across these wires of about
50V . When the phone rings, thereisa ‘ring voltage’
sent down one of the wires. This ‘ring voltage’ isan
AC voltage in the range of 100V. When the phore is
taken off the hook, the DC voltage across the wires
dropsto about 12V to 15V asaresstive short (the
phone) is placed on the line. Analog signals are sent
between userswhen acall is set up.

Most phonesin use now have touch tone
keypads. For each key pressed these keypads
generate two pure frequencies which can be heard as
tones. Each tone has a unique set of frequencies.

Thisis known as dual tone multiple frequency
(DTMF). A table showing these frequencies with the
corresponding key is shown in table 1 below.

Table 1: Table showing DTMF and keys?

1209 Hz 1336 Hz 1477 Hz
697 Hz 1 2 3
770 Hz 4 5 6
852 Hz 7 8 9
941 Hz * 0 #

Our design uses a DTMF decoder chip to
detect the touch tone signals, aswell asrelay
switches in detection of rings and answering the
phone. The UP1 board and programmed FLEX chip
control the relay for answering the phone as well asa
remote relay switch for an appliance. These controls
are based on inputs from the DTMF decoder and the
ring detection circuitry.

II. Design Methodology

The design for our project consisted of
externa hardware circuitry and components as well
as programmed functional units.

Externa Hardware

Our external hardware circuitry had to
implement four functions. One was DTMF
decoding, the next was ring detection, and the third
was answering and hanging up the phone. The fina
function was turning a device on and off. The design
and use of these will be reviewed here.

1. DTMF decoder:
For this function, we obtained achip



manufactured for this purpose. The chip we used
was Teltone’ s M-8870-01 chip. This chip takes an
analog input signal and for each DTMF or touch
tone signal it receives, it outputs a particular 4 bit
binary code. The hexadecimal digit corresponding to
each key pressed in given in table 2 below.

Table 2: DTMF decoded hex values®
KEY |1 2 3 4 5 6

HEX |1 2 3 4 5 6
Digit

KEY |7 8 9

HEX |7 8 9 A B C
Digit

The M-8870-01 chip also has an output pin
named StD called delayed steering output. This pin
outputs a high when the DTMF 4 bit signal isvalid
(when atouch tone key is pressed) and alow when
the DTMF signa isnot valid. When the DTMF 4 bit
signal isnot valid, it isin a high impedance state.
This chip can be connected directly to a phone lire.
This chip and supporting circuitry which were given
in the datasheet for the chip are shown in figure 1
below.
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Figure 1: M-8870-01 chip with supporting circuit?

The external circuitry shown in figure 1did

not work, however, for our project. Sincethere are
two wires which must be connected from the phone
we also had to use the IN+ pin. In this schemethe
Ve Pinis not used. The chip with the supporting
wiring used in our project is shown in figure 2
below.
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Figure 2: M-8870-01 chip and circuitry used in our
implementation?

2. Ring detection:

The next hardware circuit which had to be
implemented in our design was a ring detection
circuit. Since aring on aphoneisashort 100VAC
signal, an AC to DC transformer can be used to
convert thisto a DC pulse. Inour case we used a
120VAC/12V DC 500mA transformer. Since a
resistive load on the phone will take the phone off
the hook, a capacitor with alarge capacitance and
high voltage rating is used in serieswith the
transformer to create a near infinite DC impedance.
Sncethe ring voltage may vary on different phone
lines, the output of the transformer is sent to arelay
switch. When the ring voltage powersthe
transformer, therelay switchisclosed. In the
switched state, the relay can be connected to a5V
source and in the non-switched state, the relay can be
connected to ground. A schematic of thisis shown in
figure 3 below.
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3. Phone line control:

Our last external hardware featureis the
phone line control. In order to answer the phone, a
resistive short must be placed between the two
phone wires. A straight short will not work because
the analog signals will be shorted out as well and the
DTMF signal will not be decoded by the decoding
circuit. For our implementation we used a small 45
Ohm speaker in serieswitha ~3 KOhm resistor. In
order to protect the UP1 board and FLEX chip, the
switching is done through arelay. The UP1 board is
not powerful enough to switchtherelay, so an
amplifier circuit isused to do this. The schemetic for
this circuit is shown in figure 4. The op-amp circuit
used for this isshown in figure 5.
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Figure5: Op-amp circuit for phone answer circuit

4. Device Control

In this stage a remotely switched AC outlet
was ohtained. Wires were extended from the switch
on the remote to plug into the UPL board. This
switch carried only asmall DC voltage so was safe
to use with the UP1 board. The particular one which
we purchased worked by sending an RF signal to a
switched outlet. To turn the outlet on, the switch
needed to be closed for 3to 5 seconds. To turnthe
device off, the switch had to be closed for a second
or less. If the device was on and the switch was held
for about 5 seconds, the switched outlet would turn
off, and then back on again. This had to be
considered in designing a controller for this switch
in VHDL.

Programmed Functions

For our design we programmed 12 functiona
blocks in VHDL. Along with these, the debounce
and clk_div UP1core functions were also used in our
design. The twelve functiona units which we
programmed are listed as follows:

compare_unit
control_unit(aj)
time_out_unit
count_rings
ring_time_out
phone_control
one_minute
select_dtmf
convert_to_zeros
my_pulse
my_pulse 2
pulse five clock
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1. Compare Unit:

Thisblock in our design was required to take
input from the DTMF decoder to create a password,
aswell as verify a password. Once the password is
verified, it must check the incoming DTMF codes
(which are valid when the StD signal on the DTMF
decoder chip is high) asthe control codes.



For our implementation we had a4 key PIN
number. Once thisis entered, a user will select a
deviceto control from O to 9 sincethere are ten
controllers. Thisisthe first key entry inthe control
code. The next key entered selects turning the device
on or off. In our implementation if the user enters a
1, the device should be turned on, and a 0 should
turn the device off. The third key in the control code
can be either the pound key (#) or thefirst digit of a
time. The latter of theseisonly used for turning a
device on sincein our project, a device may be
turned onwith a time limit. If no time is necessary,
thethird key isall that is entered. With atime entry
another key for the least significant digit for minutes
is entered followed by the pound key (#). This key
entry format is shownin table 3.

Table 3: key entry format for compare unit

4 Digit PIN | 1 Digit | 1 Digit | (#)
Device | On/Off
ID
4 Digit PIN | 1Digit | 1 Digit | 2Digit | (#)
Device On time
ID

Once the compare unit receives these codes
(terminated by #), it must forward them to the
control units.

2. Control Units:

Our project implemented 10 control units.
Each of these had a unique identity given by a
hexadecimal number. Thiswas done so that the
compare unit could forward the device ID directly
from the input to each controller to compareto its
own ID. When the compare unit forwards avalid
control code, each controller checksthe ID first and
if this matches, decides whether it should turn a
device on or off and if atimer should be loaded. If a
timer should be loaded, the controller passesthe 2
hex digits from the control code which correspond to
thetimeto be loaded to the timers.

3. Time Out Unit:

Each control unit hasits own time out unit.
These time out units will receive a load command as
well asatimeto be loaded into them. They will then
begin timng down from this value in minutes. Once
zero has been reached, the timer will send asignal
back to the control unit informing the control unit
that it has timed out and the device should now be
turned off.

4. Count Rings:

In order to answer the phone, our design
needs to be able to count how many rings have
occurred consecutively. The count rings block will
receive (debounced) pulses from the ring detection
circuit. When thefirst pulseisreceived, it will start a
timer. If four rings occur before the timer times out,
asignal will be sent saying that the phone should be
picked up.

5. Ring Time Out:

Thering time out circuit counts down the
time in which four consecutive phone rings should
occur in. When thistimeisover it sendsa signal to
the count rings circuit.

6. Phone Control:

Thisblock controls answering and hanging
up the phone. It will receive asigna from the count
rings block and will answer the phone (by sending a
high signal to the phone answer circuit). This high
will also load a timer that will tell the phone control
unit to hang up the lineif this time limit is reached
(which is done by sending alow signal to the phone
answer circuit). It will also receive a signal from the
compare unit which allows it to know when a valid
control code has been entered. If avalid control code
has been entered, the phone control will hang up the
phone.

7. One Minute:
Thisis another timer unit which times the
length of time the phone will be answered for. This



prevents the phone line from staying busy if a proper
control code is not entered and the user hangs up.

8. Select DTMF:

Thisunit prevents the compare unit from
detecting avalid DTMF code. Thisisrequired for
when the controller has not answered the phone or a
password is hot being created. When the phore is
answered or a password is being created, it allows
the StD (or valid) signa from the DTMF decoder to
be passed to the compare unit. When this is not the
case the StD signal is not passed on.

9. Convert To Zeros:

When the control codes are passed to the
control units, the time digits are passed in the form
they were entered in from the keypad. From table 2,
zero on the keypad will be passed as a hexadecimal
‘A’. Thistimeis also passed onto the timer units.
The timer units will read thistime as 10. So if a user
has entered the time ‘01’ on the keypad, the timer
will read it as 10+1 or 11 minutes. To prevent this
from happening when the control code is passed the
bits corresponding to the time are checked and if
thereisa hexadecimal ‘A’, thisisconverted to a
hexadecimal ‘0’

10. My Pulse:

Thisisthe same asthe UP1core Library
Function which pulses a signal for one clock cycle
no matter how long the signal stays high for. This is
used between blocks, such asthe timers and control
units. This is aso used in our remote switch to turn
our outlet off.

11. My Pulse 2:

Thisisthe same as my pulse except that it
introduces a delay of three clock cycles before the
pulse occurs. Thisisused where a valid signd is
sent and there are other values which must be set up
and passed on a bus such as between the compare
unit and the control units.

12. Pulse Five Clock:

Thisisthe same as my pulse except that the
pulse is high for five clock cyclesinstead of one.
Thiswas used to control the remote switchto turn
the outlet on.

1. Analysis

Our project used roughly 3/4 of the
programming space on the FLEX chip. In order to
approximate the gates used by each block, the report
files from the compiled units were looked at and the
number of LCs and percentage of the chip used was
determined. From this, and the knowledge thet the
FLEX chip isa 20,000 gate chip, we were able to
obtain an estimate for the number of gates used by
each unit. Table 4 summarizes these findings. The
total percentage of each unit used was added
together to determine an estimate for total
percentage of chip used for the entire project. This
number turned out to be larger than the estimate
obtained from the report file of the completed
project. However these percentages are rounded. The
total number of LCswas also much higher when the
total from all the units was compared to the actual.
This may be because each unit, when put together
with other units, may use parts of an LC that another
unit isnot using (ie for flip flops).

The timing analysis of our project was not
very complex since the only unitswhich used it were
the timers which used a clock with a period of a
second. However, certain aspects of the design had
to be examined to ensure proper communication
between units. When the compare unit passes codes
to the control units, it sets avalid bit high indicating
that the codes needed are on the bus. From the
timing analyser, it was discovered that the time for
the flag signal to propagate after the last key is
pressed is 15.8ns. The dowest code hit propagated in
15.9ns. Also the code hits travel through the convert
to zeros unit. The maximum propagation delay
through this unit was 15.9ns as well. This meant that
at least a 16ns delay was required for the flag from



the compare unit to the control units. In our design
we used my_pulse 2 to accomplish thisdelay. This
unit delays for three clock cycles. This was also
connected to a 100Hz clock. This meant that the
my_pulse_2 unit provided a 30ms delay for the flag,
which was more than required. Since the user can
only enter avalid code within a period of time
measured in seconds, this is suitable for our design.
From our timing analysis, however, atwo clock
cycle delay would have also been more than
sufficient. A pulse unit with fewer clock cycle delays
also usesless code and fewer gates, which would
have made our design simeller.

Table 4: Functional units and estimated gates used

Unit LCs % Qty. | Gates
count_rings 6 1 1 200
ring_time_out 14 2 1 400
phone_control 2 0 1 <150
select_dtn 1 0 1 | <150
control_unit 21 3 10 6000
my_pulse 2 0 17 | ~1200
one_minute 37 6 1 1200
compare_unit 5 | 124 21 1 4200
clk_div 38 6 1 1200
debounce 5 0 1 <150
convert_to zeros | 18 3 1 600
pulse five clock 6 1 1 200

| Toas [2408| 76 | | 15200
remote_phone a | 851 73 14600

ctual

V. Simulations

Certain parts of our project were difficult to
simulate properly since there were events occurring
at various time scales. For instance, the compare unit
can have aclock with a period in the range of
microseconds and the user will enter codes in a
range of seconds. A smulationwith a clock of that
period over that length cannot be achieved dueto
memory limitations of the computer.

Compare Unit:

For the compare unit various simulations
were tested. For the smulation shown infigure 6, a
1 ms period clock was used and the smulation was
run over a 10-second period of time. A PIN is
created with the pressing and holding of pbl, and
PN entry and control code entry is simulated. The
flag out goes high at the end of the entry and the
control code is placed on the output of the compare
unit. The valid flag out goes low again as soon asa
new input is entered. Thiswas the desired behaviour
of the compare unit.
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Figure 6: Timing smulation for compare unit

Control Units:

For the control units, asimilar test was used
asthe one for the compare unit. A 1ms clock was
used and various control codes were inputted to test
the behaviour. The smulationwasrunover al
second period of time. The time out unit’s flag had
to be smulated as well. Infigure 7, some control
codes are inputted consecutively. Inthis case, the
control codes are entered such that the controller
turns the device off and then on again before the



timer times out. I n this case the deviceis desired to
stay turned on. This is shown to happen in our
simulation.
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Figure 7: Control unit smulation with codes entered

Time Out Unit:

The time out unit uses a one second period
clock to time the minutes which are loaded into it.
When the time out unit first powers up it will output
ahigh after asecond. Thiswill not affect the control
unit as shown in the simulation of figure Y where
the device was on and since atime wasn't loaded the
time out flag did not turn the device off. The
simulation in figure 8 shows the timer sending a
high flag after a minute when atime of ‘01’ in
hexadecimal isloaded in.
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Figure 8: time out unit smulation

The other timer units work basicaly in the
same manner.

V. Implementation

The VHDL portion of our project’s design
was put together using the schematic editor. Each

. unit was connected individually to other units. This
- approach led to arather large schematic file.

However, for testing and debugging purposes it was
easier to make changes to the schematic in this form.

This schematic was compiled using Altera's
MAX+plus |1 software and downloaded into the
FLEX chip.

For our external circuitry, an old
microprocessor kit was used for its power supply
and breadboard. The kit hasa+5V, +12V, -12V, and
ground on its voltage supply. After compiling our
code and doing some initial testing we found that the
ground on the kit needed to be connected to aground
on the UP1 board in order for the inputs to the UP1
board to be read properly.

The DTMF decoder chip (M-8870-01) was
connected with supporting circuitry on the
breadboard and tested on a phone line and simulated
usage with a phone connected to the +12V power
supply. When connected directly to the phone, the
M-8870-01 chip outputted proper codes for touch
tone keys pressed. When connected to a phone
powered by the +12V supply, the signal from the
phone had to be amplified with an op-amp circuit.

The ring detection circuitry was connected to
aphone line and tested for ahility to switch the relay.
The relay switched fine and the non-switched input
on the relay was connected to the ground of the kit,
while the switched input was connected to the +5V
of the kit.

Theresgtive circuit (resistor and speaker) of
the answer circuit was tested for ahility to answer the
phone. Thiswastested with a physical switch. With
the resistive network connected, the phone was taken
off the hook. Next, the amp circuit was tested for
ability to switchthe relay with a5V input (from the
UP1 board). Thistest was also successful. All the
connections were soldered together with jumper
wire. Once this was done, a phone cord was cut and



the (red and green) wires were soldered to the three
circuits. Electrical tape was used to cover soldered
wires and hold the partsto the kit.

For the remote AC switch, the remote was
taken apart and jumper wires were soldered to the
switch connections. These wires were connected
directly to the UP1 board through the expansion
header pins.

The ligting of pin connections made on the
UP1 board and flex chip are given in appendix A.

Once the circuitry was set up, tests were done
inthe lab in asmulated fashion. A push button on
the UP1 board was used to smulate rings from the
phone instead of from the ring detection circuit. The
phone was connected directly to the +12V supply on
the kit and connections were made from thisto an
amplifier and the output of this was connected to the
DTMF decoder. LEDs on the UP1 board were used
to determine the states of the devices (on or off) and
the state of the phone line (off the hook or hung up).
The remote AC switch was connected to device a
which corresponds to selecting ‘0’ on the keypad.

Various tests were done, turning devicesin
the lab on and off and for given lengths of time. A
computer monitor across the room displaying agame
implemented on the UP1 board was turned on and
off using the phone connected to our device. With
the remote-controlled switch it was possible to turn
the monitor on and off manually aswell using the
remote. If our controller had previoudly turned the
monitor off and we turned it back on manually, then
used our deviceto try to turnit on, the monitor
would turn off for a couple of seconds and back on
again. This isdue to the feature of the remote that
was used. Since there was only one switch on the
remote, asignal sent for 1 second turned the device
off. I'n order to turnit on the switch had to be held
for about 5 seconds. When our controller closed the
switch for 5 seconds, the AC switch turned off and
thenon again. If aremote with two buttons had been
obtained, one for on and one for off, this strange
feature would not have occurred.

V1. Conclusions

Dueto restrictions, mainly in time, but also
in cost and perhaps in chip size, our implementation
of the remote phone appliance control system had
numerous limitations. It was, however, a success
from what we had intended to accomplish for our
project. Our main goal wasto use our devicein
parallel with an answering machine to input codes
from a phone to turn devices on and off. We
surpassed this goal with the added feature of
controlling the answering of the phone.

We have not provided any mechanism for
feedback, however. A few simple methods of
feedback have been thought of, such as an oscillator
circuit which is enabled by the FLEX chip, to allow
the user to know when avalid PIN has been entered
and when a device has been successfully controlled.
A more complicated version of this would be to play
voice messages for greetings, instructions and
confirmations. Some digital recorders could be used
to thisend. This may involve asignificant amount of
time researching how to interface with such a device,
athough it may not be beyond the scope of afuture
project in this course.

This project gave usthe opportunity to create
apractical device controlled using a chip
programmed in VHDL.
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Pin Connections

Appendix A

Pin Name I nput/Output | Comments

6 output_a output display state of device 0 on segment of LED
7 output_b output display state of device 1 on segment of LED
8 output_c output display state of device 2 on segment of LED
9 output_d output display state of device 3 on segment of LED
11 output_e output display state of device 4 on segment of LED
12 output_f output display state of device 5 on segment of LED
13 output_g output display state of device 6 on segment of LED
17 output_h output display state of device 7 on segment of LED
18 output_i output display state of device 8 on segment of LED
19 output_j output display state of device 9 on segment of LED
20° phone_hook output display state of phone line on segment of LED
28 set_password input Push button 1 to set PIN

29 Ring_in input Push button 2 to simulate ring

91 Clock input

126 dtmff 0] input LSB from DTMF converter

127 dtmf 1] input

128 dtmff 2] input

129 dtmff 3] input MSB from DTMF converter

131 dtmf_std input valid signal for DTMF converter

132 ground output common ground for external circuitry

133 switch_1 output one wire of remote controlled AC switch
134 switch_2 input second wire of remote controlled AC switch
136" | Ring_in input Pin to ring detection circuit

137" | phone_hook output pin to amp for phone answer circuit

" These pin assignments are for smulation without a phone line
" These pin assignments are for use with an actual phoneline

1




Appendix B

VHDL CODE
Unit Pages
compare_unit 2-4
control_unit_a 5-6
control_unit_b 7-8
control_unit_c 9-10
control_unit_d 11-12
control_unit_e 13-14
control_unit_f 15-16
control_unit_g 17-18
control_unit_h 19-20
control_unit_i 21-22
control_unit_j 23-24
convert_to_zeros 25
count_rings 26
my_pulse 27
my_pulse 2 28
one_minute 29-30
phone_control 31
pulse five clock 32
ring_time_out 33
select_dtmf 34
time_out_unit 35-36




LI BRARY | EEE;

USE | EEE. STD LOGd C_1164. ALL;
USE ieee.std logic_arith.all;
USE i eee.std_| ogi c_unsi gned. al |

entity conparing_unit 5 is

PORT(
pbl, pb2, std_dtnf, clock
i nput _tone
out put _code
flag_out
)

end conparing_unit_5;
architecture a of conparing unit 5 is
type password_type is array(0 to 3) of std_l

si gnal password . password_type;

in STD LCA G

in std | ogic_vector(3 downto 0)
out std_logic_vector(15 downto 0);
out std_logic

ogi c_vector (3 downto 0);

si gnal out_code . std_l ogic_vector (15 downto 0);

signal pass_count : std_|logic_vector(3 downt
signal code_count : std_logic_vector(3 downt

o 0);
o 0);

signal flag . std_Il ogic;
signal flag 2 : std_|l ogic;
si gnal input . std_logic_vector(3 downto 0);
signal input_2 . std_logic_vector(3 downto 0);

begin
--flag<=std_dtnf
--flag_2<=std_dtnf
process_clockit_1: process(clock)
begi n
if (clock'event and clock="1") then
if (pbl="1" and std _dtnf="1") then
flag_2<="1'";
i nput _2<=i nput _t one;
elsif (pbl="1 and std_dtnf="0") then
flag_2<="0";
end if;
end if;
end process process_clockit_1;
process_enter_password: process(flag_2, pb2)
begin
if (pb2="1") then
pass_count <="0000"
elsif (flag_2'event and flag 2="0") then
if (pbl1="1" and input_2/="0000") then
pass_count <=pass_count +' 1';
if (pass_count="0000") then
passwor d( 0) <=i nput _2;



el sif (pass_count="0001") then
passwor d( 1) <=i nput _2;

el sif (pass_count="0010") then
passwor d(2) <=i nput _2;

el sif (pass_count="0011") then
passwor d( 3) <=i nput _2;

end if;

end if;
end if;
end process process_enter_password;
process_cl ockit: process(clock)
begin
if (clock'event and clock="1") then
if (pbl1="0" and std_dtnf="1") then
flag<="1";
i nput <=i nput _t one;
elsif (pbl='0" and std_dtnf="0") then
flag<='0";
end if;
end if;
end process process_clockit;

process_get input: process(flag, pb2)
begin

if (pb2="1") then
code_count <="0000";
flag_out<='0";
out _code<="0000000000000000"

elsif (flag event and flag="0") then
if (pbl1='"0" and input/="0000" and code_count="0000") then
flag_out<='0";
out _code<="0000000000000000"
i f (input=password(0)) then --
code_count <=code_count + '1';
el sif (input/=password(0)) then --
code_count <="0000";
end if;

elsif (pbl='0" and input/="0000" and code_count="0001") then
if (input=password(1l)) then --
code_count <=code_count + "1';
el sif (input/=password(1l)) then --
code_count <="0000";
end if;

elsif (pbl="'0" and input/="0000" and code_count="0010") then
if (input=password(2)) then --
code_count <=code_count + '1';
el sif (input/=password(2)) then --
code_count <="0000";



end if;

elsif (pbl='0" and input/="0000" and code_count="0011") then
i f (input=password(3)) then --
code_count <=code_count + '1';
el sif (input/=password(3)) then --
code_count <="0000";
end if;

-- get device code
elsif (pbl='0" and input/="0000" and input/="1100" and input/="1011" and
code_count ="0100") then

out _code(15 downto 12)<=input; --

code_count <=code_count + '1';

-- device on or off, should only do if input =1 ORinput =0

elsif (pbl="0" and (input="0001" or input="1010") and code_count="0101") then
out _code(1ll1 downto 8)<=input; --
code_count <=code_count + '1';

-- get time MSD---
elsif (pbl='0" and input/="0000" and input/="1100" and input/="1011" and
code_count="0110") then

out _code(7 downto 4)<=input; --

code_count <=code_count + "1';

-- get tinme LSD---
elsif (pbl='0" and input/="0000" and input/="1100" and input/="1011" and
code_count="0111") then

out _code(3 downto 0)<=input; --

code_count <=code_count + '1';

-- check if just device on or off ie notime # is pressed here
elsif (pbl='0" and input="1100" and code_count="0110") then
out put _code<=out _code;
flag_out<="1";
code_count <="0000";

--get # to end input

elsif (pbl='0" and input="1100" and code_count="1000") then
out put _code<=out _code;
flag_out<="1";
code_count <="0000";

end if;
end if;
end process process_get _input;

end a;



--control unit a

LI BRARY | EEE;

USE | EEE. STD LOGd C_1164. ALL;
USE ieee.std logic_arith.all;
USE i eee.std_| ogi c_unsi gned. al |
entity control _unit_a is

PORT(
pin_in_reg : in std_logic _vector(15 downto 0);
valid_in, clock : in std_logic;
zero : in std_logic;

u_out_p : out std_logic;
start_u_p: out std_logic;

reset : in std_|logic;
u_timeout_p : out std_|ogic_vector(7 downto 0)
)

end control _unit_a;

architecture a of control _unit_a is
signal identity :std_logic_vector(3 downto 0);

signal pin_in :std_logic_vector (15 downto 0);
signal a_out : std_|l ogic;

signal start_a . std_l ogic;

signal a_timeout : std_logic_vector(7 downto 0);
signal valid . std_Il ogic;

begi n

u_out _p<=a_out;
start_u_p<=start_a;
u_timeout _p<=a_timeout;

pi n_i n<=pi n_i n_r eg;

process_cl ock_i nput: process(cl ock)

begin

if (clock'event and clock="1") then
if (valid_in="1") then

val i d<="1";
elsif (valid_in=0") then
val i d<='0";
end if;
end if;

end process process_clock_input;

process_main: process(reset, valid, zero)
begin

if (reset="1") then
a_out<="0";
start _a<='0";

elsif (zero="1'" and start_a="1") then
a_out<="'0";



start_a<='0';

elsif (valid="1") then
if (pin_in(11 downto 8)="1010") then
if (pin_in(15 downto 12)="1010") then
a_out<="0";
start_a<='0";
end if;
elsif (pin_in(11 downto 8)="0001") then
if (pin_in(15 downto 12)="1010") then
a_out<="1";
if (pin_in(7 downto 0)/="00000000") then
a_tineout<=pin_in(7 downto 0);
start_a<='1";
end if;
end if;
end if;
end if;

end process process_nain;

end a;



--control unit b

LI BRARY | EEE;

USE | EEE. STD LOGd C_1164. ALL;
USE ieee.std logic_arith.all;
USE i eee.std_| ogi c_unsi gned. al |

entity control _unit_b is

PORT(
pin_in_reg : in std_logic_vector(15 downto 0);
valid_in, clock : in std_logic;
zero : in std_|ogic;

u_out_p : out std_logic;
start_u_p: out std_logic;

reset : in std_|logic;
u_tinmeout_p : out std _|ogic_vector(7 downto 0)
)

end control _unit_b;

architecture a of control _unit_b is
signal identity :std_|logic_vector(3 downto 0);

signal pin_in :std_logic_vector(15 downto 0);
signal a_out : std_l ogic;

signal start_a . std_Il ogic;

signal a_timeout : std_logic_vector(7 downto 0);
signal valid . std_l ogic;

begi n

i dentity<="0001";

u_out _p<=a_out;

start _u_p<sstart_a;
u_timeout _p<=a_timeout;

pi n_i n<=pin_in_reg;

process_cl ock_i nput: process(cl ock)

begi n

if (clock'event and clock="1") then
if (valid_in=1") then

val i d<="1";

elsif (valid_in=0") then
val i d<='0";

end if;

end if;
end process process_cl ock_input;

process_main: process(reset, valid, zero)
begin

if (reset="1") then
a_out<="'0";



start_a<='0';

elsif (zero='"1" and start_a='"1") then
a_out<="'0'
start_a<='0';

elsif (valid="1") then
if (pin_in(11 downto 8)="1010") then
if (pin_in(15 downto 12)=identity) then
a_out<="0";
start_a<='0";
end if;
elsif (pin_in(11 downto 8)="0001") then
if (pin_in(15 downto 12)=identity) then
a_out<="1";
if (pin_in(7 downto 0)/="00000000") then
a_tineout<=pin_in(7 dowto 0);
start_a<='1";
end if;
end if;
end if;
end if;

end process process_nain;

end a;



--control unit c

LI BRARY | EEE;

USE | EEE. STD LOGd C_1164. ALL;
USE ieee.std logic_arith.all;
USE i eee.std_| ogi c_unsi gned. al |

entity control _unit _c is

PORT(

pin_in_reg : in std_logic_vector(15
valid_in, clock : in std_logic;
zero : in std_|ogic;

u_out_p : out std_logic;

start_u_p: out std_logic;

reset : in std_Ilogic;

u_tinmeout_p : out std _|ogic_vector(7 downto 0)

)

end control _unit_c;

architecture a of control _unit_c is

si gnal
si gnal
si gnal
si gnal
si gnal
si gnal

begi n
i denti

u_out _

start _

identity :std_logic_vector(3 downto 0);
pin_in :std_logic_vector(15 downto 0);
a_out : std_l ogic;
start_a . std_Il ogic;
a_timeout : std_logic_vector(7 downto 0);
valid . std_l ogic;
ty<="0010";
p<=a_out;
u_p<=start_a;

u_timeout _p<=a_timeout;

pi n_i n<=pin_in_reg;

process_cl ock_i nput: process(cl ock)

begi n
if (cl

ock' event and clock="1"'") then
if (valid_in=1") then

val i d<="1";

elsif (valid_in=0") then
val i d<='0";

end if;

end if;
end process process_cl ock_input;

process_main: process(reset, valid, zero)

begin

if (reset="1") then

a_out<="'0";

downto 0);



start_a<='0';

elsif (zero='"1" and start_a='"1") then
a_out<="'0'
start_a<='0';

elsif (valid="1") then
if (pin_in(11 downto 8)="1010") then
if (pin_in(15 downto 12)=identity) then
a_out<="0";
start_a<='0";
end if;
elsif (pin_in(11 downto 8)="0001") then
if (pin_in(15 downto 12)=identity) then
a_out<="1";
if (pin_in(7 downto 0)/="00000000") then
a_tineout<=pin_in(7 dowto 0);
start_a<='1";
end if;
end if;
end if;
end if;

end process process_nain;

end a;
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--control unit d

LI BRARY | EEE;

USE | EEE. STD LOGd C_1164. ALL;
USE ieee.std logic_arith.all;
USE i eee.std_| ogi c_unsi gned. al |

entity control _unit_d is

PORT(
pin_in_reg : in std_logic_vector(15 downto 0);
valid_in, clock : in std_logic;
zero : in std_|ogic;

u_out_p : out std_logic;
start_u_p: out std_logic;

reset : in std_|logic;
u_tinmeout_p : out std _|ogic_vector(7 downto 0)
)

end control _unit_d;

architecture a of control _unit_d is
signal identity :std_|logic_vector(3 downto 0);

signal pin_in :std_logic_vector(15 downto 0);
signal a_out : std_l ogic;

signal start_a . std_Il ogic;

signal a_timeout : std_logic_vector(7 downto 0);
signal valid . std_l ogic;

begi n

identity<="0011";
u_out _p<=a_out;
start_u_p<=start_a;

u_timeout _p<=a_timeout;
pi n_i n<=pi n_i n_r eg;

process_cl ock_i nput: process(cl ock)

begi n

if (clock'event and clock="1") then
if (valid_in=1") then

val i d<="1";

elsif (valid_in=0") then
val i d<='0";

end if;

end if;
end process process_cl ock_input;

process_main: process(reset, valid, zero)
begin

if (reset="1") then
a_out<="'0";
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start_a<='0';

elsif (zero='"1" and start_a='"1") then
a_out<="'0'
start_a<='0';

elsif (valid="1") then
if (pin_in(11 downto 8)="1010") then
if (pin_in(15 downto 12)=identity) then
a_out<="0";
start_a<='0";
end if;
elsif (pin_in(11 downto 8)="0001") then
if (pin_in(15 downto 12)=identity) then
a_out<="1";
if (pin_in(7 downto 0)/="00000000") then
a_tineout<=pin_in(7 dowto 0);
start_a<='1";
end if;
end if;
end if;
end if;

end process process_nain;

end a;
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--control unit e

LI BRARY | EEE;

USE | EEE. STD LOGd C_1164. ALL;
USE ieee.std logic_arith.all;
USE i eee.std_| ogi c_unsi gned. al |

entity control _unit_e is

PORT(
pin_in_reg : in std_logic_vector(15 downto 0);
valid_in, clock : in std_logic;
zero : in std_|ogic;

u_out_p : out std_logic;
start_u_p: out std_logic;

reset : in std_|logic;
u_tinmeout_p : out std _|ogic_vector(7 downto 0)
)

end control _unit_e;

architecture a of control _unit_e is
signal identity :std_|logic_vector(3 downto 0);

signal pin_in :std_logic_vector(15 downto 0);
signal a_out : std_l ogic;

signal start_a . std_Il ogic;

signal a_timeout : std_logic_vector(7 downto 0);
signal valid . std_l ogic;

begi n

i dentity<="0100";

u_out _p<=a_out;

start _u_p<sstart_a;
u_timeout _p<=a_timeout;

pi n_i n<=pi n_i n_r eg;
process_cl ock_i nput: process(cl ock)
begi n
if (clock'event and clock="1") then
if (valid_in=1") then

val i d<="1";

elsif (valid_in=0") then
val i d<='0";

end if;

end if;
end process process_cl ock_input;

process_main: process(reset, valid, zero)
begin

if (reset="1") then
a_out<="'0";
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start_a<='0';

elsif (zero='"1" and start_a='"1") then
a_out<="'0'
start_a<='0';

elsif (valid="1") then
if (pin_in(11 downto 8)="1010") then
if (pin_in(15 downto 12)=identity) then
a_out<="0";
start_a<='0";
end if;
elsif (pin_in(11 downto 8)="0001") then
if (pin_in(15 downto 12)=identity) then
a_out<="1";
if (pin_in(7 downto 0)/="00000000") then
a_tineout<=pin_in(7 dowto 0);
start_a<='1";
end if;
end if;
end if;
end if;

end process process_nain;

end a;
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--control unit f

LI BRARY | EEE;

USE | EEE. STD LOGd C_1164. ALL;
USE ieee.std logic_arith.all;
USE i eee.std_| ogi c_unsi gned. al |

entity control _unit _f is

PORT(
pin_in_reg : in std_logic_vector(15 downto 0);
valid_in, clock : in std_logic;
zero : in std_|ogic;

u_out_p : out std_logic;
start_u_p: out std_logic;

reset : in std_|logic;
u_tinmeout_p : out std _|ogic_vector(7 downto 0)
)

end control _unit_f;

architecture a of control __unit_f is
signal identity :std_|logic_vector(3 downto 0);

signal pin_in :std_logic_vector(15 downto 0);
signal a_out : std_l ogic;

signal start_a . std_Il ogic;

signal a_timeout : std_logic_vector(7 downto 0);
signal valid . std_l ogic;

begi n

i dentity<="0101";

u_out _p<=a_out;

start _u_p<sstart_a;
u_timeout _p<=a_timeout;

pi n_i n<=pi n_i n_r eg;
process_cl ock_i nput: process(cl ock)
begi n
if (clock'event and clock="1") then
if (valid_in=1") then

val i d<="1";

elsif (valid_in=0") then
val i d<='0";

end if;

end if;
end process process_cl ock_input;

process_main: process(reset, valid, zero)
begin

if (reset="1") then
a_out<="'0";
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start_a<='0';

elsif (zero='"1" and start_a='"1") then
a_out<="'0'
start_a<='0';

elsif (valid="1") then
if (pin_in(11 downto 8)="1010") then
if (pin_in(15 downto 12)=identity) then
a_out<="0";
start_a<='0";
end if;
elsif (pin_in(11 downto 8)="0001") then
if (pin_in(15 downto 12)=identity) then
a_out<="1";
if (pin_in(7 downto 0)/="00000000") then
a_tineout<=pin_in(7 dowto 0);
start_a<='1";
end if;
end if;
end if;
end if;

end process process_nain;

end a;

16



--control unit g

LI BRARY | EEE;

USE | EEE. STD LOGd C_1164. ALL;
USE ieee.std logic_arith.all;
USE i eee.std_| ogi c_unsi gned. al |

entity control _unit_g is

PORT(

pin_in_reg : in std_logic_vector(15 downto 0);
valid_in, clock : in std_logic;
zero : in std_|ogic;

u_out_p : out std_logic;
start_u_p: out std_logic;

reset : in std_logic;
u_timeout_p : out std_|ogic_vector(7 downto 0)
);

end control _unit_g;

architecture a of control _unit_g is

si gnal
si gnal
si gnal
si gnal
si gnal
si gnal

begi n
identi

identity :std_logic_vector(3 downto 0)
pin_in :std_logic_vector(15 downto 0);
a_out . std_l ogic;

start_a : std_l ogic;

a_timeout : std_logic_vector(7 downto 0);
valid : std_|l ogic;
ty<="0110";

u_out _p<=a_out;

start_u_p<=start_a;

u_tinmeout _p<=a_tinmeout;

pi n_i n<=pi n_i n_r eg;

process_cl ock_i nput: process(cl ock)

begi n
if (cl

ock' event and cl ock="1") then
if (valid_in=1") then

valid<="1";

elsif (valid_in="0") then
val i d<='0";

end if;

end if;
end process process_cl ock_input;

process_mmain: process(reset, valid, zero)

begi n

if (reset="1") then

a_out<='0'
start_a<='0';
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elsif (zero='"1" and start_a="1"') then
a_out<="0";
start_a<='0";

elsif (valid="1") then
if (pin_in(11 downto 8)="1010") then
if (pin_in(15 downto 12)=identity) then
a_out<="0'
start_a<='0";
end if;
elsif (pin_in(11 downto 8)="0001") then
if (pin_in(15 downto 12)=identity) then
a_out<="1";
if (pin_in(7 downto 0)/="00000000") then
a_tineout<=pin_in(7 downto 0);
start_a<="1";
end if;
end if;
end if;
end if;

end process process_nain;

end a;
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--control unit h

LI BRARY | EEE;

USE | EEE. STD LOGd C_1164. ALL;
USE ieee.std logic_arith.all;
USE i eee.std_| ogi c_unsi gned. al |

entity control _unit_his

PORT(
pin_in_reg : in std_logic_vector(15 downto 0);
valid_in, clock : in std_logic;
zero : in std_|ogic;

u_out_p : out std_logic;
start_u_p: out std_logic;

reset : in std_|logic;
u_tinmeout_p : out std _|ogic_vector(7 downto 0)
)

end control _unit_h;

architecture a of control _unit_h is
signal identity :std_|logic_vector(3 downto 0);

signal pin_in :std_logic_vector(15 downto 0);
signal a_out : std_l ogic;

signal start_a . std_Il ogic;

signal a_timeout : std_logic_vector(7 downto 0);
signal valid . std_l ogic;

begi n

i dentity<="0111";

u_out _p<=a_out;

start _u_p<sstart_a;
u_timeout _p<=a_timeout;

pi n_i n<=pi n_i n_r eg;
process_cl ock_i nput: process(cl ock)
begi n
if (clock'event and clock="1") then
if (valid_in=1") then

val i d<="1";

elsif (valid_in=0") then
val i d<='0";

end if;

end if;
end process process_cl ock_input;

process_main: process(reset, valid, zero)
begin

if (reset="1") then
a_out<="'0";
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start_a<='0';

elsif (zero='"1" and start_a='"1") then
a_out<="'0'
start_a<='0';

elsif (valid="1") then
if (pin_in(11 downto 8)="1010") then
if (pin_in(15 downto 12)=identity) then
a_out<="0";
start_a<='0";
end if;
elsif (pin_in(11 downto 8)="0001") then
if (pin_in(15 downto 12)=identity) then
a_out<="1";
if (pin_in(7 downto 0)/="00000000") then
a_tineout<=pin_in(7 dowto 0);
start_a<='1";
end if;
end if;
end if;
end if;

end process process_nain;

end a;

20



LI BRARY | EEE;

USE | EEE. STD LOGd C_1164. ALL;
USE ieee.std logic_arith.all;
USE i eee.std_| ogi c_unsi gned. al |

entity control _unit_i is

PORT(
pin_in_reg : in std_logic_vector(15 downto 0);
valid_in, clock : in std_logic;
zero : in std_|ogic;

u_out_p : out std_logic;
start_u_p: out std_logic;

reset : in std_Ilogic;
u_timeout_p : out std_|ogic_vector(7 downto 0)
)
end control _unit_i;
architecture a of control _unit_i is
signal identity :std_|logic_vector(3 downto 0);
signal pin_in :std_logic_vector(15 downto 0);
signal a_out : std_l ogic;
signal start_a . std_Il ogic;
signal a_timeout : std_logic_vector(7 downto 0);
signal valid . std_l ogic;
begi n

i dentity<="1000";

u_out _p<=a_out;

start _u_p<sstart_a;
u_timeout _p<=a_timeout;

pi n_i n<=pi n_i n_r eg;
process_cl ock_i nput: process(cl ock)
begi n
if (clock'event and clock="1") then
if (valid_in=1") then

val i d<="1";

elsif (valid_in=0") then
val i d<='0";

end if;

end if;
end process process_cl ock_input;

process_main: process(reset, valid, zero)
begin

if (reset="1") then
a_out<="'0";
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start_a<='0';

elsif (zero='"1" and start_a='"1") then
a_out<="'0'
start_a<='0';

elsif (valid="1") then
if (pin_in(11 downto 8)="1010") then
if (pin_in(15 downto 12)=identity) then
a_out<="0";
start_a<='0";
end if;
elsif (pin_in(11 downto 8)="0001") then
if (pin_in(15 downto 12)=identity) then
a_out<="1";
if (pin_in(7 downto 0)/="00000000") then
a_tineout<=pin_in(7 dowto 0);
start_a<='1";
end if;
end if;
end if;
end if;

end process process_nain;

end a;
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LI BRARY | EEE;

USE | EEE. STD LOGd C_1164. ALL;
USE ieee.std logic_arith.all;
USE i eee.std_| ogi c_unsi gned. al |

entity control _unit_j is

PORT(
pin_in_reg : in std_logic_vector(15 downto 0);
valid_in, clock : in std_logic;
zero : in std_|ogic;

u_out_p : out std_logic;
start_u_p: out std_logic;

reset : in std_|logic;
u_tinmeout_p : out std _|ogic_vector(7 downto 0)
)

end control _unit_j;

architecture a of control _unit_j is
signal identity :std_|logic_vector(3 downto 0);

signal pin_in :std_logic_vector(15 downto 0);
signal a_out : std_l ogic;

signal start_a . std_Il ogic;

signal a_timeout : std_logic_vector(7 downto 0);
signal valid . std_l ogic;

begi n

i dentity<="1001";

u_out _p<=a_out;

start _u_p<sstart_a;
u_timeout _p<=a_timeout;

pi n_i n<=pi n_i n_r eg;
process_cl ock_i nput: process(cl ock)
begi n
if (clock'event and clock="1") then
if (valid_in=1") then

val i d<="1";

elsif (valid_in=0") then
val i d<='0";

end if;

end if;
end process process_cl ock_input;

process_main: process(reset, valid, zero)
begin

if (reset="1") then
a_out<="'0";
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start_a<='0';

elsif (zero='"1" and start_a='"1") then
a_out<="'0'
start_a<='0';

elsif (valid="1") then
if (pin_in(11 downto 8)="1010") then
if (pin_in(15 downto 12)=identity) then
a_out<="0";
start_a<='0";
end if;
elsif (pin_in(11 downto 8)="0001") then
if (pin_in(15 downto 12)=identity) then
a_out<="1";
if (pin_in(7 downto 0)/="00000000") then
a_tineout<=pin_in(7 dowto 0);
start_a<='1";
end if;
end if;
end if;
end if;

end process process_nain;

end a;
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LI BRARY | EEE;

USE | EEE. STD LOGd C_1164. ALL;
USE ieee.std logic_arith.all;
USE i eee.std_| ogi c_unsi gned. al |

entity convert_to_zeros is
PORT(

input : in std_|logic_vector(15 downto 0);

out put : out std_logic_vector(15 downto 0)
);

end convert_to_zeros;

architecture a of convert_to_zeros is
begi n

process_nane: process(input)

begi n

if (input(7 downto 4)="1010") then

out put (7 downto 4)<="0000"

out put (3 downto 0)<=i nput (3 downto 0);

out put (15 downto 8)<=i nput (15 downto 8);
elsif (input(3 downto 0)="1010") then

out put (3 downto 0)<="0000"
out put (15 downt o 4) <=i nput (15 downto 4);

el se
out put <=i nput ;
end if;
end process process_nane;
end a;
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--count rings

- - REFERENCES: Janmes O. Hanbl en and M chael D. Furnman

--Rapid Prototyping OF Digital Systens (Kl uwer:Boston, MA 2001).
LI BRARY | EEE;

USE | EEE. STD_LOG C_1164. ALL

USE ieee.std_logic_arith.all

USE i eee. std_I| ogi c_unsigned. al |

entity count _rings is

PORT(
pul se_in, hang up, tinme_out : in std_logic;
pi ck_up, load_timer : out std_logic
)

end count _ri ngs;

architecture a of count_rings is

si gnal counter : std_l ogic_vector(2 downto 0);
begin

process_count _rings: process(pulse_in, tinme_out, hang_up)
begi n
--if (hang_up="1") then
- - count er <=" 000"
-- pi ck_up<='0";
-- load_tiner<="0";
if (hang_up="1" or time_out="1") then
|l oad_tiner<='0";
count er <="000";
pi ck_up<='0";

elsif (pulse_in'"event and pulse_in="1") then
if (counter<="000") then
pi ck_up<='0";
|l oad tiner<="1";
count er <=count er +1;
el sif (counter<"011") then
pi ck_up<='0";
count er<=counter + 1;
el sif(counter="011") then
pi ck_up<='1";
count er <="000";
|l oad_tiner<='0";
end if;
end if;
end process process_count _rings;

end a;
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--my pul se
- - REFERENCES: Janes O. Hanbl en and M chael D. Furman,

--Rapid Prototyping OF Digital Systens (Kl uwer:Boston, MA 2001).
LI BRARY | EEE;

USE | EEE. STD_LOG C_1164. ALL

USE ieee.std_logic_arith.all

USE i eee.std_| ogi c_unsigned. al |

entity my_pulse is

PORT(
i nput, clock : in std_logic;
out put : out std_logic
)

end ny_pul se;

architecture a of ny_pulse is
signal flag : std_logic_vector(0 downto 0);

begi n

process_go_|l ow. process(clock)
begi n
if (clock'event and clock="1") then
if (input="1" and flag="0") then

out put<='1";
flag<="1";
elsif (input="1" and flag="1") then
out put<='0";
elsif (input="0") then
flag<="0";
end if;
end if;
end process process_go_| ow,
end a;
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--nmy pulse 2

- - REFERENCES: Janmes O. Hanbl en and M chael D. Furnman

--Rapid Prototyping OF Digital Systens (Kl uwer:Boston, MA 2001).
LI BRARY | EEE;

USE | EEE. STD_LOG C_1164. ALL

USE ieee.std_logic_arith.all

USE i eee. std_I| ogi c_unsigned. al |

entity my_pulse_ 2 is

PORT(
i nput, clock : in std_logic;
out put : out std_logic
)

end ny_pul se_2;

architecture a of ny_pulse 2 is
signal flag : std_logic_vector(1l downto 0);

begi n

process_go_|l ow. process(clock)
begi n
if (clock'event and clock="1") then
if (input="1" and flag<"10") then
flag<=fl ag+1;
elsif (input="1" and flag="10") then
out put <='1";
flag<=fl ag+1;
elsif (input="1" and flag="11") then

out put <='0'
elsif (input="0") then
flag<="00";
end if;
end if;
end process process_go_| ow,
end a;
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--one mnute

- - REFERENCES: Janmes O. Hanbl en and M chael D. Furnman

--Rapid Prototyping OF Digital Systens (Kl uwer:Boston, MA 2001).
LI BRARY | EEE;

USE | EEE. STD_LOG C_1164. ALL

USE ieee.std_logic_arith.all

USE i eee. std_I| ogi c_unsigned. al |

entity one_minute is

PORT(
cl ock, | oad : in std_logic;
zero_out : out std_logic
)

end one_ni nut e;

architecture a of one_ninute is

signal seconds_1 : std_logic_vector(3 downto 0);
signal seconds_2 : std_logic_vector(3 downto 0);
signal mnutes_1 : std_l|logic_vector(3 downto 0);
signal mnutes_ 2 : std_logic_vector(3 downto 0);
signal max_nine : std_logic_vector(3 downto 0);
signal max_five : std_l ogic_vector (3 downto 0);
signal mn_zero . std_logic_vector(3 downto 0);
signal load flag_2 : std_|l ogic;

begi n

max_ni ne<="1001";
mex_five<="0101";
nm n_zero<="0000"

process_cl ock: process(cl ock, | oad)

begin

if (load='1"') then
m nutes_1<="0001"; ~--tinme_in(3 downto 0);
m nut es_2<="0000"; ~--tinme_in(7 downto 4);

seconds_1<="0000"
seconds_2<="0000"
zero_out<="'0'
el sif (clock'event and clock="1") then
if (seconds_1>min_zero) then
seconds_l<=seconds_1 - 1;
sif (seconds_2>mi n_zero) then
seconds_2<=seconds_2 - 1;
seconds_1<=nmx_ni ne;
sif (mnutes_1>mi n_zero) then
mnutes_1<=pinutes_1 - 1;
seconds_2<=nax_five;
seconds_1<=nmx_ni ne;
sif (mnutes_2>mi n_zero) then
m nutes_2<=pinutes_2 - 1;
m nut es_1<=max_ni ne;
seconds_2<=nmXx_ni ne;
seconds_1<=nmx_ni ne;
el se
m nut es_2<="0000"
m nut es_1<="0000"

e

e

e
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seconds_2<="0000";
seconds_1<="0000";
zero_out<="1";

end if;

end if;
end process process_cl ock;

end a;
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LI BRARY | EEE;

USE | EEE. STD_LOG C _1164. ALL;
USE ieee.std logic_arith.all;
USE i eee. std_Il ogi c_unsigned. al |

entity phone_control is

PORT(
rings_in, hang_up, time_out : in std_| ogic;
open_Iline : out std_logic
)

end phone_control

architecture a of phone_control is

begi n

process_control phone: process(rings_in, hang _up, tinme_out)

begin

if (hang_up="1" or time_out="1") then
open_Iline<='0";

elsif (rings_in event and rings_in="1") then
open_line<="1";

end if;

end process process_control _phone;

end a;
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--pul se five clock
- - REFERENCES: Janes O. Hanblen and M chael D. Furnan,
--Rapid Prototyping OF Digital Systens (Kl uwer:Boston, MA 2001).

LI BRARY | EEE;

USE | EEE. STD LOGQ C _1164. ALL;

USE ieee.std_logic_arith.all;
USE i eee.std | ogic_unsigned.all;

entity pulse_five_clock is

PORT(
i nput, clock : in std_logic;
out put : out std_logic
)

end pul se_five_cl ock;

architecture a of pulse_five_clock is
signal flag : std_logic_vector(2 downto 0);

begin

process_go_l ow. process(clock)
begi n
if (clock'event and clock="1"') then
if (input="1" and flag<"101") then
out put<='1'";
flag<=fl ag+1;
elsif (input="1" and flag="101") then
out put<='1";
flag<=fl ag+1;
elsif (input="1" and flag="110") then

out put<='0';
elsif (input="0") then
fl ag<="000";
end if;
end if;
end process process_go_| ow,
end a;

32



--ring tinme out
- - REFERENCES: Janmes O. Hanbl en and M chael D. Furnman
--Rapid Prototyping OF Digital Systens (Kl uwer:Boston, MA 2001).

LI BRARY | EEE;

USE | EEE. STD LOGQ C 1164. ALL
USE ieee.std_logic_arith.all
USE i eee.std | ogi c_unsigned. al |

entity ring_tine_out is

PORT(
clock, load : in std_logic;
zero_out : out std_logic
)

end ring_tine_out;

architecture a of ring_time_out is

signal seconds_1 : std_logic_vector(3 downto 0);
signal seconds_2 : std_logic_vector(3 downto 0);
signal max_nine : std_|logic_vector(3 downto 0);
signal max_five . std_l ogic_vector(3 downto 0);
signal mn_zero : std_l ogic_vector (3 downto 0);
signal load flag 2 . std_Il ogic;

begi n

max_ni ne<="1001";
max_five<="0101";
m n_zero<="0000"

process_cl ock: process(cl ock, | oad)
begi n
if (load="1") then
seconds_1<="0101";
seconds_2<="0010";
zero_out<="'0'
el sif (clock'event and clock="1") then
if (seconds_1>min_zero) then
seconds_l<=seconds_1 - 1;
sif (seconds_2>mi n_zero) then
seconds_2<=seconds_2 - 1;
seconds_1<=nmx_ni ne;
el se
seconds_2<="0000"
seconds_1<="0000"
zero_out<="1";
end if;
end if;
end process process_cl ock

e

end a;
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LI BRARY | EEE;

USE | EEE. STD_LOG C _1164. ALL;
USE ieee.std logic_arith.all;
USE i eee. std_Il ogi c_unsigned. al |

entity select _dtnf is

PORT(
pi ck_up, set_password : in std logic
std_valid_in : in std_| ogic;
std_valid_out : out std_logic

) il
end sel ect _dtnf;

architecture a of select_dtnf is

begi n

process_use_dtnf: process(pick_up, set_password)

begi n

if (pick_up="1 or set_password='1") then
std_valid _out<=std_valid_in;

el se
std_valid_out<='0'

end if;

end process process_use_dtnf

end a;



--time out unit
- - REFERENCES: Janes O. Hanbl en and M chael D. Furnman
--Rapid Prototyping OF Digital Systens (Kl uwer:Boston, MA 2001).

LI BRARY | EEE;

USE | EEE. STD LOGQ C 1164. ALL
USE ieee.std_logic_arith.all
USE i eee.std | ogi c_unsigned. al |

entity time_out_unit is

PORT(
clock, load : in std_logic;
tine_in : in std_logic_vector(7 downto 0);
zero_out : out std_logic
)

end tinme_out_unit;

architecture a of tine_out_unit is

signal seconds_1 : std_logic_vector(3 downto 0);
signal seconds_2 : std_logic_vector(2 downto 0);
signal mnutes_ 1 : std_logic_vector(3 downto 0);
signal minutes_ 2 : std_logic_vector(3 downto 0);
signal max_nine : std_logic_vector(3 downto 0);
signal max_five . std_logic_vector(2 downto 0);
signal mn_zero : std_logic_vector(3 downto 0);
signal load flag_2 . std_l ogic;

begi n

max_ni ne<="1001";
max_five<="101";
nm n_zero<="0000"

process_cl ock: process(clock, |oad)
begi n
if (load="1") then
m nutes_1<=tinme_in(3 downto 0);
mnutes_2<=tine_in(7 downto 4);
seconds_1<="0001";
seconds_2<="000";
zero_out<='0'

el sif (clock'event and clock="1") then

if (seconds_1>mi n_zero) then
seconds_1<=seconds_1 - 1;

el sif (seconds_2>mi n_zero) then

seconds_2<=seconds_2 - 1;

seconds_l<=mmx_ni ne;

elsif (mnutes_1>mi n_zero) then
m nutes_l<=mnutes_1 - 1;
seconds_2<=mmx_fi ve;
seconds_l<=mmx_ni ne;

elsif (mnutes_2>m n_zero) then
m nut es_2<=m nutes_2 - 1;
nm nut es_1<=paX_ni ne;
seconds_2<=max_fi ve;
seconds_l<=naXx_ni ne;

el se

35



m nut es_2<="0000";
m nut es_1<="0000";
seconds_2<="000";
seconds_1<="0000";
zero_out<="1",;

end if;

end if;
end process process_cl ock;

end a;



