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Introduction

Waveform generator is a device that can produce variable signals (waves) at the output. This generator
that we design is made in order to produce digital waveform outputs with variable programmable pulses. It
can produce 4 types of digital signals (pseudorandom, pulse, square, pulse of 100ns with pseudorandom
timing delays). It can produce all that signals with programmable variable timing steps of the waveform
from 1,67s to 100ns or from 167ms to 10ns for the pseudorandom wave.

|| | || | | || | Pseudorandom
| |_ Square

[
100ns Pulses with
|| l”l " " pseudorandom
L delays

Fig. A: waveforms

At the block diagram below you can see how we can use this generator remotely. We can connect
from our pc through SSH tunnel to Raspberry Pi board. This board is a small cheap pc that runs Linux. So
sending commands to Raspberry Pi we can communicate through USB 2.0 to Hadcon2 board. There the
ATMEL receives our commands and sends them with RS232 protocol to the FPGA (MachX02) and form

there we can have our waveform.

Y Ras Pi
,/ - V\‘\
| ‘ )

Internet

OUTPUT

Fig. B: Block diagram



1. Hardware

¢CKS ¢ @ST2N)Y ISYSNI G2NJ A& A YLI SPByeus BlythgFPGAKS t /
(MachX02-1200), the ATMEL (AT90CAN128) and the FTDI chip for USB 2.0 communication with the pc. Also
the oscillator of the board is 10MHz and the connection between FPGA and ATMEL is with 2 wires on board

with RS$232 protocol.

Fig. 1: Hadcon2 PCB



FPGADesign (Main system)

The FPGA design is consisted of eight different components.

VI.

VIL.

G! ¢a9[ gCt D! y O 2i¥ymadizin brdet taicAnBeyt dvith RS232 protocol the ATMEL
with the FPGA.

G RRNEB & a ghit 8 theehBal dfdhe system, it decodes the data and sends the correct
enable signals and data to the other components to generate the correct waveform output.

. Greading_dat& that is the feedback loop of the system. It reads the values of the registers

inside the address_decoder component and sends them through
ATMEL_FPGA_communication to the pc.

Gt &S dzR 2 NtlgeyidRagesrte variable pseudorandom waveform output.
osquare_waveform_generatarit generates the variable square waveform output.
opulse_geaeratorg it generates the variable pulses waveform output.

Gt &S dzR2 NI y KeyenepaReSthelpuidsés of 100ns in pseudorandom timing between
them.

VIII.&GPLL clock multipligrit multiplies the oscillator frequency in order to produce 100MHz for the

pseudorandom component.

communication
L2
g ( Reading data
» N from ATMEL

Address Decoder
.

[ PLL clock
muliplier

J

s o
Pseudorandom |

Ve -
Pulse with Square ” Pulse
Generator ) Pseudorandom || Generator Generator

U ;l'iming Generato; @ U
Waveform —ﬂ— Waveform Waveform

Waveform

Fig. 2.1 FPGA design, block diagram

It can produce four types of digital programmable waveforms. It communicates with RS232 through

ATMEL to the pc and from there you can send commands and use it as you want.

The whole system has 2 ports for UART communication with ATMEL,(data_recieve and
data_transmif), the waveform output, the synchronous reset_button to reset the whole system, the clock
input for the oscillator 10MHz. It also has the usb output that is always at High Z, this output has no direct
meaning for the architecture but it is made in order to protect the FPGA. It works like a buffer, because the
hardware of HADCON2 has both in parallel the connection of USB and those 2 pins. If we do not put it in

High Z we will have connection problem with the connection to the PC.
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Fig. 2.2 FPGA design



2.1. ATMEL-FPGA communication

This component is the main input and output port of the FPGA that helps to receive and transmit data
and have the RS232 communication between ATMEL and FPGA. It receives and sends data with baud rate
1,25Mbps. It uses 10bit per frame (1 start, 8 data and 1 stop).

clk

xd

RAKLR

reset

recieve_transmit_select

byte_to_ATMEL_ready

data_to_ATMEL[7:0]

stage0

ATMEL_FPGA_communication

data_from_ATMEL[7:0]

byte_from_ATMEL_ready

usbh_config[1:0]

txd

R

Fig. 2.1.1: ATMEL-FPGA communication component

It is designed with a state machine that waits synchronously for the receive_transimt_select signal the
rxd signal and the byte to ATMEL ready signal in order to take decision if it will start transmitting or

receiving.

When the receive_transmit_selecth a

also waits the rxd signal from ATMEL. This signat

WYmQ
Aa

start bit for the data stream. We receive the data from MSB to LSB and save them to a register for further
use. When all data are received the signal byte from_ATMEL readygoes t2 YmMQ YR
data_from_ATMElLas, in parallel, the value of the data.

When the receive_transmit_selectA a
transmission it also waits the byte to ATMEL_ readgignal to become YmQ® @lRAA d BHE A

whenitia WmMQ YSIya

data_to_ATMElwith serial way.

WnQ

0KS

agausSy aa

NEBI R&

i koding e velugdiitd viafa that are &t thetidiplit NI

byte_from_ATMEL _ready

data_from_ATMEL

old data

G KI G
LSB rxd MSB
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|
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Fig. 2.1.2 waveform for receiving data from ATMEL
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\I byte_to_ATMEL _ready l

|

|

|

I\
old data ‘:‘ new data data_to_ATMEL
M

| LsB txd MSB

start | Bit0 | Bit1 | Bit2 | Bit3 | Bit4 | Bit5 | Bit6é | Bit7 | stop

8us

Fig. 2.1.3 waveform for transmitting data toTMEL

2.2. Address Decoder

¢tKS ! RRNS4d4a RSO2RSNJ A& (KS d&KS lcompodentvdcaniiekddnd2 I @S ¥
write the registers that it has inside it can decode them and after it can decide and enable the correct
waveform-component and have the correct waveform output with the delays we want.

The decoder is made with a state machine that has two basic steps. The first step is to receive the
address we have sent and after, the second step is to write the value we sent to that correct address. So
every time we want to give instruction to the system we have to send both address and value.

Inside this component we have 3 Registers that we can use. The most important register is the Control
Registerit is an 8bit register and with this we can control and choose what waveform we want. Also there
are other 2 registers the Delayl Registeand the Delay2 RegisterThat two registers are used to fill them
with the values of the delays we want to produce. That registers are smashed into 3 smaller one of 8bit in
order to have access to them in better way with the RS232 communication. The registers map is shown at
the following table with the addresses of each of them.

ADDRES] REGISTER NAN
0x00 Control Register
0x01 Delayl MSB

0x02 Delayl MIDDLE
0x03 Delayl LSB

0x04 Delay2 MSB

0x05 Delay2 MIDDLE
0x06 Delay2 LSB

Fig. 2.2.1 Registers map

The Delayl register is used more often than the Delay2 because with this one we declare the delays of
the pseudorandom waveform, the square waveform and also the LISNA 2 R F2NJ GKS WI LDI
g GSTF2NX¥O® 2AGK GKS 5Stren ¢S 2yfeée RSOfIINBE GKS LISN
In order to produce the delays at the waveforms we use counters with basic steps with same period of
the clock. Our board has 100ns clock period and if we want to make big steps we have to count until very
big numbers. This is the reason because that two registers use 24bits for the values. Now with that 24 bits
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we can have waveforms with the smallest step Tmn=100nsand biggest step Tpa= T B 4
h Ymi
Delayl Register
7/6|5(4|3/2/1/0]7/6[5[4(3|2(1/0}7/6/5/4|3/2|1|0
1 I 1
Delayl MSB Delayl MIDDLE Delayl LSB

Fig. 2.2.2 Delayl Register map

Delay2 Register
7/6/5/4/3|2|1|0]7|6/5/4[3|2]|1/0]7|6|/5[4/3]|2][1]0

1 I 1

Delay2MSB DRIADDLE DdISB

Fig. 2.2.3 Delay2 Register map

The Control Register is the main register of the system. With this one we can decide what waveform
we want to enable. It is consisted of 8bits the first bit (from the MSB) is the enable bit. Every time we want
to enable one component and have the waveform to the output> ¢ S Y dzA G LJdziiwe Ratle the' M Q !
NEaSG oAl GKIG NBaSia AyaSNyrtte oe az2fasgl NB GKS
gKSy G(GKAa oAl Aa wmMQ ¢S Oly SylotS (GKS NBFIR 02YLJ
also have in the middle two free bits for future developing. The three LSB bits (selectl, select2, select3) are
used to select the waveform we want to produce.

Control Register (0x00)

MSB | enable | reset | read - - selzect sel190t seloect LSB
Value Result
0x40 Reset
0x81 Pseudorandom Wave
0x82 Square Wave
0x83 Pulse Wave
Pulses with
0x34 pseudorandom delays
0xAO0 Read Registers

Fig. 2.2.4 Control Register map
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The address decoder component has an internal_resetoutput that resets the system by software, the
output_selection that selects the waveform component every time we want new waveform, the
delayl_out and delay2_out that have the values of the delays. Also it has a second reset that can
externally reset this component by hardware, the data_from_ATMEIlinput that receives the addresses and
values we want to write to the registers , the byte_from_ATMEL_readghat becomes WM Q S @SNE (A
data are ready to the input. Finally it has the control_register_outputin order to be able to read the value
of it with the read component to your PC screen.

address_decoder

internal_reset ==
=] clk output_selection[4:0] =
=] reset control_register_output[7:0] ==
=1 byte_from_ATMEL_ready - -
delay_1_out[23:0] ==
===~ data_from_ATMEL[7:0]
delay_2_out[23.0] =

stage1

Fig. 2.2.1: Address decoder component

2.3. PLL Frequency Multiplier

The Hadcon2 PCB has oscillator crystal f=10MHz, and in order to make the Pseudorandom generator
having smaller timing steps (the smallest step 10ns) we must have clock frequency 10 times bigger. This can
be designed by using an internal PLL component inside FPGA that can multiply by 10 times the oscillator
frequency.

PLL
P CLKI CLKOP E=>

stage7

Fig. 2.3: PLL 100MHz component schematic

The PLL component is designed automatically by the IPexpress of Lattice Diamond software. It receives
at the pin CLKI the oscillator clock signal f=10MHz and it multiplies it 10 times so we have at the output
CLKOP a clock signal F=100MHz.
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2.4. Pseudorandom Generator

The pseudorandom generator is used to generate the pseudorandom waveform with variable
programmable steps of delays. To generate the pseudorandom sequence we use a Maximum-Length with
Linear Feedback Shift Register of 32bits. The formula of this registers is:

A ] ] ] ]

This formula can produce ¢ p different pseudorandom digital numbers.

The component has an internal clock input from the PLL, and for this reason we have 100MHz clock in
order to produce pseudorandom sequences with smaller step delays. So the maximum delay we can
produce is 167,7msand the minimum 10ns.

At the waveform below we have an example of a pseudorandom signal with step delay 1ms. To
produce it we must give to delayl_in the following value:

delayl_inpec=—"5—=100.000 b delayl_inyex= 0186 AO

p TOTOd

smallest step
1ms
7

oA

UL

Fig. 2.4.1 Pseudorandom waveform with 1ms delay steps

In order to be programmed with the delay we want it is connected with the Delayl register of the
address decoder component and every time we change the value of this register we can directly change the
delay steps. Also we have the enableA y LJdzi G KI G YdzAadG 6S WmMQ Ay 2NRSNI {:
at the output wave_output

pseudorandom
el clk
=] reset
=== enable wave_output —
sm-] delay_1_in[23:0]
stage?

Fig. 2.4.2: pseudorandom waveform generator component
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2.5. Square Waveform Generator

The square generator is used to generate the square waveform with variable programmable steps.

¢KS YIAY ARSIH 2F GKA&a RSaAdy Aa 2y I AAYL
lj

(o]
Wl h2Q SOSNE GAYSpdelky®xpie® dzy 4 SNJ 2 F KS a
At the waveform below we have an example of a square signal with step delay 500ns. In order to
produce it we must give to delayl_in the following value:
delayl_inpee=—5--=5 T delayl_inyex= 00 00 05

p 1 'Oa

o
| i

Fig. 2.51: square waveform with 500ns delay steps

In order to be programmed with the delay we want, it is connected with the Delayl register of the
address decoder and every time we change the value of this register we can directly change the delay
steps. Also we have the enableA y LJdzii G KIF G Ydzad 6S WmMQ Ay 2NRSNI (G2 o
output wave_output

square_waveform_generator
clk

reset

enable wave_output ==

i ¢

delay_1_in[23:0]

stage3

Fig. 2.5.2: square waveform generator component
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2.6. Pulse Waveform Generator

The pulse generator is used to generate the pulses withvarir 6 £ S LINP IANI YYIF 6f S LIS N ;
Y[ 206Q

¢KS YIAYy ARSI 2F (GKAa RSaA3dIy Aa oFaASR 2y | &AYL
W[ h2Q SOSNE §okedchstef deldy expidsdzy G S NJ

At the waveform below we have an example of a pulse signal with delay ¥ 2 NJ S00na aAdkd€lay for
W[ 2 ¢ (nhondediza gpoduce it we must give to delayl_in and delay2_in the following values:

L TEM

delayl_inpec=—5—=5 [ delayl_inye=00 00 05
p 1 'Oa

delay?_inpee=—5—=10 T delay2_ingex=00 00 0A
p 1 'Oa

1~

Fig. 2.6.1; Pulsewaveform with500né Hi ghé & 1us 6Lowb

In order to be programmed with the delays we want, it is connected with the Delayl and Delay2
registers of the address decoder and every time we change the values of that registers we can directly
change the delay steps. Also we have the enableA y LJdzi G KIF G Ydzad 6S WwmQ Ay 2NR
waveform at the output wave_output

pulse generator
clk
reset

enable
wave_output ==

delay_1_in[23:0]

RREL

delay_2_in[23:0]

stage4

Fig. 2.6.2: Pulse waveform generator component
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2.7. Pulses with Pseudorandom timing delays

The pseudorandom time component is used to produce small pulses of 100ns is a pseudorandom
sequence between them.

100ns

[ —

Fig.2.7.1: pseudorandom timing waveform

This pseudorandom generator is consisted of a Maximum-Length with Linear Feedback Shift Register
of 32bits. The formula of this registers is:

1 ] ] ] ]

This formula can produce ¢ p different pseudorandom delays between the pulses. So the maximum
delay can be 1,677sec and the minimum 100ns.

From the block diagram of the component we can see that it has clk input of 10MHz, a synchronous
resetinput the waveform outputwhere we can have the pseudorandom pulses and also an enableinput in
2NRSNJ G2 Syl of S (akdSenddte peddoyar@leimpulsésh G K WM Q

pseudorandom_delays
clk
reset wave_output ==

{44

enable

stageb

Fig. 2.7.2 Pulses with pseudorandom timing delays component
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2.8. Reading Data

This component is the feedback of the system. With this one we can read all the values of the registers
and send them through ATMEL to the PC. This can help us because with this way we can know in which
situation is the Generator, we can know what waveform we have at the output with witch delays in our PC
screen without measuring it with an oscilloscope.

reading_data

=] clk

== reset

=== enable byte_to_ATMEL_ready ==
recieve_transmit_select ===

=== Control_Register_input[7:0] - -

data_to_ATMEL[7:0] ==
=] delay_1_in[23:0] - 701
=== delay_2_in[23:0]

stage6

Fig. 2.8.1 Reading data component

The architecture of this component is consisted of a state machine that waits for the enableinput to
becoY S WmMQ®d 2 KSy théi fiédeidie_tradmif sefecio SUORX' SEa FTNBY WmQ
connected with the ATMEL FPGA communication component and it means that we will start to transmit
data from FPGA. After that it starts sending all the values of the registers one by one from the
data_ to AIMELLIAY YR S@SNE GAYS 4SS KI @S | ySg
byte to ATMEL_readwin in order the ATMEL FPGA communication component to know when to start
send this value. The system reads the values of the registers in parallel way from the inputs
Control_Register_inpytdelay_ 1 inand delay 2 _in.

enable

116us

148us
byte_to_ATMEL _ready

r— 20us —+—16us—
I data_to_ATMEL
| Ili I|I III I|I III lII IIl lll IIl |lI ‘Il |II IIl lXI Xf
00 } Delay1 | Delay1 | Delay1} Delay2| Delay2 | Delay2 | Control | 00
' msB /\ Middle [\ LSB /| MSB /\Middle/| LSB [|Register|

+—— 24us —+—16us—

Fig. 2.8.2 Reading data waveform

G2 v

gt dz
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3. ATMEL Design

We use the ATMEL microcontroller in order to make the connection between the PC and the FPGA
through RS232 and USB protocol. The baud rate connection between the PC and ATMEL through USB2.0 is
115200bps and the baud rate between ATMEL and FPGA through RS232 is 1,25Mbps

We use the firmware API-Slave of the Hadcon2 board and inside this code we made 2 new commands
GNWR(Generator Write) and GNRKGenerator Read).

GNWR

If we want to send and write a value to a register of the FPGA we must use the GNWR command. The
syntax of this function is: GNWR<address> <value.
Fortheaddressvalueg S &Sy G GKS ydzYoSNI Ay KSEFRSOAYLIE &aeéai
write and for the value we write again in Hexadecimal the value we want to write to that register.
With this way we can use and control the entire waveform generator by sending this command with the
appropriate values and addresses each time.
At the picture below you can see the answer at your PC screen every time you use it.

RECV GNWRontrol Registers written

Fig. 3.1 Answera your screen b@8using the AGNWR 0

GNRE

If we want to read the value of a register in the FPGA we must use the GNRE command. The syntax of
this function is: GNREaddress>

For the address we sent the number in hexadecimal system of the registerQ & I Rv&W&E o &ead.

In this way we can read only one register per time, if we want to read all the registers at the same time we
can write the command GNRE with no giving any address.

At the picture below you can see the answer at your PC screen every time you use it. The first number
is the address of the register after the value of the register and in the end the name of the register.

RECV GNRE 1 0 Delayl MSB
RECV GNRE 2 0 Delayl MIDDLE
RECV GNRE 3 4 Delayl LSB
REC\GNRE 4 0 Delay2 MSB

RECV GNRE 5 0 Delay2 MIDDLE
RECV GNRE 6 1 Delay2 LSB
RECV GNRE 0 83 Control Register

Fig. 3.2 Answer at your screen by using the fAGNREDQ
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4. System Performance

The system can produce digital waveforms with different delays between them. So the maximum
delay that can be produced is 1,677secand the minimum 100nsfor the square pulse and pulses (100ns)
with pseudorandom timing components. The pseudorandom component because of the different clock
frequency can produce smaller delays (10ng and the maximum 167,7ms

The minimum period of the Pseudorandom signal with the smallest delay (100ns) can reach 7,16
minutesand it can produce 4,3 billiondifferent number combinations.

|/100ns

Fig. 4.1 Pulse Waveform with minimum and maximurmlays for High and Low

1677ms

1,677sec

Fig. 4.2 Pseudorandom Waveform with minimum ameximum delays for High and Low



19

5. How to connect it to PC / problem solutions

5.1.How to start

To connect the Hadcon2 board to the pc you have to follow the steps below:

1. Plug in Hadcon2 board
2. Give command : hadcon--device=/dev/hadcon2cbaudrate=115200
3. Give command: HELRn order to have the control menu of the device

If at the screen you have the message: ¢ G NBE Ay 3 G2 NBF R T NRoWcaR$tdA OS
chance the second step by giving the correct USB port in which Hadcon2 is connected.

ex. Give command : hadcon--device=/dev/ttyUSBOcbaudrate=115200

5.2.Connection problem fixing

If you have problems to connect the board to PC you can follow the steps below in order to fix the
problem.

Give command: ps aux |grep hadcon| grepusername

Plug off all USB devices

Give command: /shin/modprobe -r usbserial ftdi_sio

Plug in Hadcon2 board

Give command: hadcon--device=/dev/hadcon2cbaudrate=11520®r hadcon--
device=/dev/ttyUSBxcbaudrate=115200

9. Give command: HELRn order to have the control menu of the device

o N oA

pul;

w»
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6. Examples of use

In this chapter we will have some examples about how we can use the Waveform generator and the
commands you have to give. Firstly you have to follow the steps of chapter 5 to connect correctly to
Hadcon2 main menu.

A. Pulsewaveform with400nsW| A 3 KQ | VYR mnannya Y[ 28Q

1. Write command GNWR 0x00 Ox4fd reset the system and previews data.
2. We must calculate the values of the register Delayl and Delay?2 for the HIGH and LOW. The
clock frequency is 10MHz.

Delaylpec= =4 b Delayluex= 00 00 04
p 1 'Oa

Delay2pec=5~=1 T Delay2uex= 00 00 01
p i "Od

3. Write command GNWR 0x01 OxO@rite at the delayl MSB register ¥ 2 NJ @ddresd K Q

0x01 the value 0x00)

4. Write command GNWR 082 0x00write at the delayl Middle register ¥ 2 NJ @ddresd K Q
0x02 the value 0x00)

5. Write command GNWR 083 0x04write at the delayl LSB register ¥ 2 NJ (a€dregds &3 Q
the value 0x04).

6. Write command GNWR 0x80x006 NRA S | 4 GKS RSt | &ddreadx04 NB I A
the value 0x00)

7. Write command GNWR 0850x006 NA 4GS i GKS RSt & (ddess RRf S N.
0x05 the value 0x00)

8. Write command GNWR 0860x01writi S G GKS RSt I & H(adfirdss.ox0BNB 3 A & i
the value 0x01)

9. Write command GNWR 0x00 0x@&Bto enable from the Control Register the pulse waveform
component (address 0x00 the value 0x83)

Now you have the Pulse waveform at the output.

400ns +100ns4

B. Read thevalues of the Reqisters from the previews example.

1. Write command GNRHo read all the values of all the registers at the same time.
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At your PC screen you will have the following answer.

RECV GNRE 1 0 Delayl MSB
RECV GNRE 2 0 Delayl MIDDLE
RECV GNRE 3 4 Delayl LSB
RECV GNRE 4 0 Delay2 MSB

RECV GNRE 5 0 Delay2 MIDDLE
RECV GNRE 6 1 &« LSB
RECV GNRE 0 83 Control Register

2. Write command GNRE 0x@to read the value only of the Control Register.
At your PC screen you will have the following answer.

RECV GNRE 0 83 Control Register

C. Pseudorandonwaveform with Imsstep delay

1. Write command GNWR 0x00 Ox4tb reset the system and previews data.
2. We must calculate the value of the register Delayl. For the pseudorandom component
because of the PLL clock we do not have any more clock frequency 10MHz, but 100MHz.

Delaylose= -4 =100.000 I Delaylye =01 86 AO

[
p TUTOd

After the calculation we must write that value to the Delayl register, as you can see below.

3. Write command GNWR 0x01 OxOfrite at the delayl MSB register (address 0x01 the
value 0x01)

4. Write command GNWR 0x02x86 write at the delayl Middle register (address 0x02 the
value 0x86)

5. Write command GNWR 0xB8 OxAOwrite at the delayl LSB register (address 0x03 the value
0xA0)

6. Write command GNWR 0x00 0x8to enable from the Control Register the pseudorandom
component (address 0x00 the value 0x81)

Now you have the pseudorandom waveform at the output.

smallest step
1ms

AT -
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-- SYSTEM WAVEFORM GENERATOR
- random_generator.vhd

- Michail Pligouroudis

- M.Pligouroudis@gsi.de

-- FPGA : MachXO2 - 1200HC

- ATMEL: AT90CAN128

-- clock: f=10MHz, T=100ns

-- system description: This system produces 4 types of digital waveform signals

-- (pseudorandom, pulse, square, pulse 100ns with

-- pseudorandom timing delays)

- It communicates through ATMEL to the pc and from there
- you can send commands in order to use it as you want.

- It can produse signal with programmable variable

- timing steps of the waveform (from 1,67s to 100ns)

-- components: main system - > random_generator.vhd
- component0 - > ATMEL_FPGA_communication.vhd
- componentl - > address_decoder.vhd
- component2 - > pseudorandom.vhd
-- component3 - > square_waveform_generator.vhd
-- component4 - > pulse_generator.vhd
- component5 - > pseudorandom_delays.vhd
-- componenté - > reading_data.vhd
library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all;
entity random_generator is
port (
clock :in std_logic; --  clock signal 10MHz
reset_button :in std_logic; -~ reset button
data_recieve :in std_logic; -- recieve serial data from ATMEL (RXD pin)
data_transmit : out std_logic; -- transmit serial data to ATMEL (TXD pin)
waveform  : out std_logic; - waveform output
usb : out std_logic_vector(1 downto 0)); - output for the

--  parallel usb
-~ connection to the pc

end random_generator;

architecture behave of random_generator is

signal data_from_ATMEL_databus
signal data_to_ATMEL_databus
signal control_register_databus

: std_logic_vector(7 downto 0) :="00000000";
: std_logi c_vector(7 downto 0) :="00000000";

signal delay_1_databus
signal delay_2_databus
signal selection : std_logic_vector(

signal inter_reset, inter_reset_main : std_logic

signal recieve_transmit_signal, data_ready_to_send : std_logic
signal internal_clock : std_logic;

component ATMEL_FPGA_communication

port (
clk 1in std_logic; -
reset 1in std_logic; -

recieve_transmit_select : in std_logic; -

rxd 1in std_logic; -
txd :out std_logic; -
data_from_ATMEL : out std_logic_vector(7 downto 0);

byte_from_ATMEL_ready : out std_logic; -

data_to_ATMEL in std_logic_vector(7 downto 0);

byte_to_ ATMEL_ready :in std_logic; -

: std_logic_vector(7 downto 0) :="00000000";
signal ready : std_logic ='04

: std_logic_vector(23 downto 0) := (others =>'0");

: std_logic_vector(23 downto 0) := (others =>'0");

4 downto 0) :="00000";
=14
=15

input clock f=10MHz
reset button
input in order to select
between recieve or transmmit
(recieve - > 'HIGH', transmit ->'LOW)
recieve bitsream input pin
transmmit bitstream output pin
-- recieved byte from ATMEL
'HIGH' when the recieved byte
from ATMEL is ready
-- value of FPGA registers
-- inordet to be send
-- to ATMEL
'HIGH' when the value of the
registers is ready to the input

usb_config : out std_logic_vector(1 downto 0)); - output will be setto 'Z' in order

end component;

component address_decoder

-- to be buffered from the parallelism
- of USB conection with
-~ the pc on hadcon2 pcb




23

port (
clk 1in std_logic; -~ clock signal f=10MHz
reset in std_logic; - reset signal
internal_reset :out std_logic; -- internal reset signal
data_from_ATMEL :in std_logic_vector(7 downto 0); -- data and adresses input bus
byte_from_ATMEL_rea dy :in std_logic; - 'HIGH' when data or addreses are ready to
-~ the input from component0
output_selection : out std_logic_vector(4 downto 0); -- enable pins for selection
control_r  egister_output : out std_logic_vector(7 downto 0); -- databus for the value of
-- the Control Register
delay_1_out :out std_logic_vector(23 downto 0); -~ output databus for delay_1
delay_2_out :out std_logic_vector(23 downto 0)); -- output databus for dalay_2
end component;
component pseudorandom
port (
clk :in std_logic; -~ clock signal 10MHz
reset 1in std_ logic; -~ system reset
enable  :in std_logic; -- enable signal for the component
delay_1_in :in std_logic_vector(23 downto 0); -~ input for the delay1 timing
wave_output : out std_logic); - waveform output pin
end component;
component square_waveform_generator
port (
clk :in std_logic; - clock signal f=10MHz
reset :in std_logic; - reset signal
enable  :in std_logic; -- enable signal for the compone nt
delay_1_in :in std_logic_vector(23 downto 0); -~ input for the delay1 timing
wave_output : out std_logic); - waveform output
end component;
component pulse_generator
port (
clk :in std_logic; - clocks ignal f=10MHz
reset :in std_logic; - reset signal
enable  :in std_logic; -- enable signal for the component
delay_1_in :in std_logic_vector(23 downto 0); -- delay for High
delay_2_in :in std_logic_vec tor(23 downto 0); - delay for Low
wave_output : out std_logic); - waveform output
end component;
component pseudorandom_delays
port (
clk :in std_logic; -~ clock signal 10MHz
reset :in std_logic; - system reset
enable  :in std_logic; -- enable signal for the component
wave_output : out std_logic); - waveform output
end component;
component reading_data
port (
clk :in std_logic; -- clock signal f=10MHz
reset 1in std_logic; -~ reset signal
enable :in std_logic; -- enable signal for the component
byte_to_ ATMEL_ready : out std_logic; - HIGH when the value of the
- registers is ready to the output
recieve_transmit_select : out std_logic; -~ output in order to select
--  between recieve or transmmit
-~ (recieve - > 'HIGH', transmit ->'LOW)
data_to_ATMEL : out std_logic_vector(7 downto 0); -- value of FPGA registers
-- ino rdetto be send to ATMEL
Control_Register_input :  std_logic_vector(7 downto 0); -- databus for the value of
-- the Control Register
delay_1_in in std_logic _vector(23 downto 0); - input for delayl value
delay_2_in in std_logic_vector(23 downto 0)); -- input for dalay2 value
end component;
component PLL
port (
CLKI: in std_logic; -- oscillator clock inp ut 10MHz
CLKOP: out std_logic); - PLL internel clock output 100MHz
end component;
begin  -- behave
inter_reset_main <= reset_button and inter_reset;
stage0 : ATMEL_FPGA_communication port map (
clk => clock,
reset => inter_reset_main,
recieve_transmit_select => recieve_transmit_signal, -- "high" recieve , "low" transmitt
rxd => data_recieve,
txd => data_transmit,
data_from _ATMEL => data_from_ATMEL_databus,
byte_from_ATMEL_ready => ready,
data_to_ ATMEL => data_to_ATMEL_databus,

byte_to_ ATMEL_ready =>data_ready_to_send,
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usb_config => ush);

stagel : address_decoder port map (
clk => clock,
reset => inter_reset_main,
internal_reset => inter_reset,
data_from_ATMEL => data_from_ATMEL_databus,
byte_from_ATMEL_ready =>ready,
output_selection => selection,
control_register_output => control_register_databus,
delay_1_out =>delay_1_databus ,
delay_2_out =>delay_2_databus);

stage2 : pseudorandom port map (
clk => internal_clock,
reset => inter_reset_main,

enable  => selection(0),
delay_1_in =>delay_1_databus,
wave_output => waveform);

stage3 : square_waveform_generator port map (

clk => clock,
reset => inter_reset_main,
enable =>se lection(1),

delay_1_in =>delay_1_databus,
wave_output => waveform);

stage4 : pulse_generator port map (
clk => clock,
reset => inter_reset_main,
enable  => selection(2),
delay_1_in =>delay_1_databus,
del ay_2 in =>delay_2_databus,
wave_output => waveform);

stage5 : pseudorandom_delays port map (
clk => clock,
reset => inter_reset_main,
enable  => selection(3),
wave_output => waveform);

stage6 : reading_data por t map(
clk => clock,
reset => inter_reset_main,
enable => selection(4),

byte_to_ ATMEL_ready =>data_ready_to_send,
recieve_transmit_select => recieve_transmit_signal,

data_t o ATMEL => data_to_ATMEL_databus,
Control_Register_input => control_register_databus,
delay_1_in =>delay_1_databus,

delay_2_in =>delay_2_databus);

stage7 : PLL port map (
CLKI  =>clock,
CLKCP =>internal_clock);
end behave;
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COMPONENT 0
ATMEL_FPGA_communication.vhd
Michail Pligouroudis
M.Pligouroudis@gsi.de
FPGA : MachXO2 - 1200HC
ATMEL AT90CAN128
clock: f=10MHz, T=100ns

component description: This component creates the UART RS232 communication
between ATMEL and FPGA. The communication protocol
uses 10bits with baudrate 1.25Mbps (1 stop bit, 1
finish bit and 8bit word )

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all;

entity ATMEL_FPGA_communication is

port (
clk :in std_logic; -~ in put clock f=10MHz
reset :in std_logic; -- reset button
recieve_transmit_select: in std_logic; -- inputin order to select
-- between recieve or transmmit
-~ (recieve - > 'HIGH', transmit ->'LOW")
rxd in std_logic; -~ recieve bitsream input pin
txd : out std_logic; -~ transmmit bitstream output pin
data_from_ATMEL: out std_logic_vector(7 downto 0); -- recieved byte from ATMEL
byte_from_ATMEL_ready : out std_logic; -- 'HIGH' when the recieved byte
--  from ATMEL is ready
data_to_ATMEL : in std_logic_vector(7 downto 0); - value of FP  GA registers
-- inordet to be send
- to ATMEL
byte_to_ ATMEL_ready :in std_logic; -- 'HIGH' when the value of the
-~ registers is ready to the input
usb_config  : out std_logic_vector(1 downto 0)); -~ output will be set to 'Z' in order

-~ to be buffered from the parallelism
--of USB conection with
-~ the pc on hadcon2 pcb

end ATMEL_FPGA_communication;

architecture behave of ATMEL_FPGA_communication is

type states is (idle, decision, start_recieve, read0, readl, read2, read3, read4, read5, read6, read?,

finish_recieve,

start_transmit, send0, sendl, send2, send3, send4, send5, send6, send7, end_transmit);
signal present_state, next_state : states;
signal data : std_logic_vector(7 downto 0):= "00000000";
signal start_baudrate_delay, data_to_output, start_baudrate_delay1, finish_baudrate_delay: std_logic;
signal saved_byte_to_send : std_logic_vector(7 downto 0):="00000000";
signal counter : st d_logic_vector(2 downto 0):="000";
0~

signal save_data : std_logic :=
signal send_data : std_logic :='0"

begin

usb_config <="ZZ";

- pins N6,P6 are set to highZ in order
- to be buffe red from the parallelism
-- of USB conection with the pc

-- purpose: selecting the state of the state machine both for recieving an d transmitting
-- type :combinatorial

-- inputs : present_state, recieve_transmit_select, rxd, finish_baudrate_delay, byte_to_ ATMEL_ready

-- outputs: next_state, data_to_output, send_data, txd, start_baudrate_delay1,

-- start_baudrate_d elay, save_data

state_selection: process (present_state, recieve_transmit_select, rxd, finish_baudrate_delay,

byte_to_ATMEL_ready)

begin  -- process state_selection
st art_baudrate_delay <="'0";
start_baudrate_delayl <="0";
save_data <="'0";
data_to_output <="'0",
send_data <="0";

case present_state is
when idle =>
next_state <= decision;
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when decision =>

if recieve _transmit_select ='1' and rxd ="'0' then
next_state <= start_recieve;
start_baudrate_delayl <="1";

elsif recieve_transmit_select = '0' and byte_to_ ATMEL_ready = '1' then
next_state <= start_transmit;
send_d ata <="'1";
start_baudrate_delay <=1

else
next_state <= decision;

end if;

-- RECIEVE-

when start_recieve =>

if finish_baudrate_delay = '1' then
next_state <= read0;
start_baudrate_delayl <="'0";
start_baudrate_delay <=1
save_data <="'1";

else
next_state <= start_recieve;
start_baudrate_delayl <="'1";

end if;

when read0 to read7 =>

if finish_baudrate_delay = '1' then
save_data <="'1";
next_state <= states'succ(present_state);
start_baudrate_delay <=1

else
next_state <= present_state;
start_baudrate_delay <=1

end if;

when finish_recieve =>

if finish_baudrate_delay = '1' then
next_state <= idle;
data_to_output <="'1"
start_baudrate_delay <="'0";

else
next_state <= finish_recieve;
start_baudr ate_delay <=1}

end if;

-- TRANSMIF-

when start_transmit to end_transmit =>
if finish_baudrate_delay = '1' then
send_data <="1";
if present_state = end_transmit then
next_state <= idle;
start_baudrate_delay <='0’;
send_data <="'0";
else
next_state <= states'succ(present_state);
start_baudrate_delay <=1
end if;
else
sta rt_baudrate_delay <=1,
next_state <= present_state;
end if;

when others => null;
end case;
end process state_selection;

-- purpose: save 8bit data from the serial bitstream rxd
-- type :sequential

-- inputs : clk, save_data, reset, rxd, data

-- outputs: data

store_data: process (clk, save_data, reset, rxd, data)
begin  -- process store_data
if reset ='0' then -- asynchronous reset (active low)
data <= (others =>'0");
elsif clk'event and clk = '1' then --  rising clock edge
if save_data="1"t hen
data <= rxd & data(7 downto 1);
end if;
end if;

end process store_data;

-- purpose: send data from FPGA to ATMEL with the outpout pin txd
-- type :sequential
-- inputs : clk, reset, send_data, data_to_ ATMEL, next_state, saved_byte to_send




-- outputs: txd, saved_byte_to_send

transmit_data: process (clk, reset, send_data, data_to_ ATMEL, next_state, saved_byte_to_send)
begin  -- process send_data
if reset ='0' then -- asynchronous reset (active low)
txd <="'1";
elsif clk'event and clk = '1' then --  rising clock edge

i f send_data = '1' then
if next_state = start_transmit then
txd <="'0";
saved_byte_to_send <= data_to_ATMEL,;
elsif next_state = end_transmit then
txd <="1";
else
txd <= saved_byte_to_send(0);
saved_byte_to_send <= saved_byte_to_send(0) & saved_byte_to_send(7 downto 1);
-- shifting
end if;
end if;
end if;
end process transmit_data;

-- purpose: show saved data from ATMEL to output

-- type :sequential

-- inputs : clk, data_to_output, reset, data

-- outputs: data_from_ATMEL, byte_from_ATMEL_ready

show_saved_data_to_output: process (clk, data_to_output, reset, data)

begin  -- process show_saved_data_to_output
if reset ='0' then - asynchronous reset (active low)
data_from_ATMEL <= (others =>'0");
elsi fclk'event and clk = '1' then -~ rising clock edge

byte_from_ATMEL_ready <="'0";
if data_to_output ='1' then
foriin 7 downto O loop
data_from_ATMEL(i) <= data(i);
byte_from_ATMEL_ready <='1
end loop; - i
end if;
end if;
end process show_saved_data_to_output;

- purpose: sychronus passing from present state to next state
- type :sequential

- inpu ts: clk, reset, next_step, finish_baudrate_delay

- outputs: present_state

steps: process (clk, reset, next_state)

begin  -- process next_step
if reset = '0" then -- asynchronous reset (active low)
present_state <= idle;
elsif clk'event and clk = '1' then --  rising clock edge
present_state <= next_state;
end if;

end process steps;

-- purpose: generating dalays for correct synchronisation for sampling

-- (delay1=800ns, delay2=300ns)

-- type :sequential

-- inputs : clk, reset, start_baudrate_delay, start_baudrate_delay1, counter
-- outputs: finish_baudrate_delay, counter

delays: process (clk, reset, start_baudrate_delay, start_baudrate_delay1, counter)
begin  -- process delays
if reset ='0" then
counter <= "000";
finish_baudrate_delay <='1';
elsif clk'event and clk = '1' then
if start_baudrate_delay = '1' then
if counter = "111" then
counter <= "000";
finish_baudrate_delay <='1';
else
counter <= counter + 1;
finish_baudrate_delay <='0";
end if;
elsif start_baudrate_delayl ='1' then
if counte  r="010" then
counter <= "000";
finish_baudrate_delay <='1";
else
counter <= counter + 1;
finish_baudrate_delay <='0";
end if;
end if;
end if;

asynchronous reset (active low)

rising clock edge

delay1=800ns

delay2=300ns
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end proc ess delays;

end behave;
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COMPONENT 1
address_decoder.vhd
Michail Pligouroudis
M.Pligouroudis@gsi.de
FPGA : MachXO2 - 1200HC
ATMEL: AT90CAN128
clock: f=10MHz, T=100ns

-- component description: This componen

in order to understnd the whole system what
waveform output we want and with which delays. The
decoder works with 2 bytes <address>

-- map of the decoder : <address>| <name>
0x00 | Control Register

0x01 | Delayl MSB

- 0x02 | Delayl Middle

- 0x03 | Delayl LSB

-- 0x04 | Delay2 MSB

- 0x05 | Delay2 Middle

- 0x06 | Delay2 LSB

library ieee;

use ieee.std_logic_1164.all;

use ieee.std_logic_unsigned.all;

entity address_decoder is

port (

clk :in std_logic; -- clock signal f=10MHz
reset :in std_logic; -~ reset signal
internal_reset : out std_logic; -- internal reset signal
data_from_ATMEL :in std_logic_vector(7 downto 0);
byte_from_ATMEL_ready : in std_logic; -- 'HIGH' when data

output_selection : out std_logic_vector(4 downto 0);

t decodes the recieved data from ATMEL

<data>.

-- data and adresses input bus
or addreses are ready to

the input from component0

control_register_output: out std_logic_vector(7 downto 0);

delay_1_out : out std_logic_vector(23 downto 0);

-- enable pins for selection

-- databus for the value of

-- the Control Register

-~ output databus for delay_1

delay_2_out : out std_logic_vector(23 down to 0)); -~ output databus for dalay_2
end address_decoder;
architecture behave of address_decoder is
type states is(idle, address, data ) ; -- states of the state machine
signal next_state, present_state : states := idle;
type states2 is (decision, send ) ; -- states of the state machine

sig

nal next_state2, present_state2 : states2 := decision;

signal address_register : std_logic_vector(7 downto 0) := "00000000";
nal data_register : std_logic_vector(7 downto 0) :="00000000";
signal control_register : std_logic_vector(7 downto 0) := "01000000";

sig

sig

nal control : std_logic_vector(7 downto 0) := "00000000";

signal delayl_MSB_register : std_logic_vector(7 downto 0) := "00000000";
signal delayl_MIDDLE_register : std_logic_vector(7 downto 0) := "00000000";
nal delayl_LSB_register : std_logic_vector(7 downto 0) := "00000000";
signal delay2_MSB_register : std_logic_vector(7 downto 0) := "00000000";
tor(7 downto 0) :="00000000"; -- DELAY2 REGISTER

sig

sig

nal delay2_MIDDLE_register : std_logic_vec

signal delay2_LSB_register : std_logic_vector(7 downto 0) := "00000000";
signal finish_recieving, start_delay_for_sending, start_reading_signal : std_logic := '0";

sig
sig

naltem pl, temp2 : std_logic_vector(7 downto 0) := "1
nal synch, finish_delay_for_sending : std_logic :="'1";

11111117

signal count : std_logic_vector(19 downto 0) := (others =>"'0");

sig

begin

nal output : std_logic_vector(4 downto 0) := "00000";

-- behave

purpose: selecting the state of the state machine
type :combinatorial

inputs : present_state, data_from_ATMEL, synch, byte_from_ATME
data_register, address_register, temp2, temp1
outputs: finish_recieving, next_state, templ, temp2, address_register,

data_register

- address buffer register
-- data buffer register
-- CONTROL REGISTER
-- buffer from
-- control register
-- DELAY1 REGISTER
-- DELAY1 REGISTER
-- DELAY1 REGISTER
-- DELAY2 REGISTER

-- DELAY2 REGISTER

synch="High' when data= 0x00 and
address=0x00 in order to
resynghronize the decoder

- counter
buffer for selection outpu t

L_ready,

state_machine: process (present_state, data_from_ATMEL, synch, byte_from_ATMEL_ready, data_register,
address_register, temp2, temp1l)
begin  -- process state_machine
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finish_recieving <='0";

case present_state is
when idle =>

if synch="1 "then
next_state <= address;
templ <="11111111"
temp2 <="11111111"
address_register <= "00000000";
data_register <= "00000000";

end if;

if byte_from_ATMEL_ready ='1' then
next_state <= address;
templ <= data_from_ATMEL;
temp2 <="11111111";
address_register <= data_from_ATMEL;
data_register <= data_register;

else
address_register <= address_register;
data_register <= data_register;
next_state <= idle;
templ <="11111111";
temp2 <="11111111";

end if;

when address =>

if synch ='1' then
next_state <= address;
templ <="11111111";
temp2 <="11111111";
address_reg ister <= "00000000";
data_register <= "00000000";

end if;

if byte_from_ATMEL_ready = '1' then
data_register <= data_from_ATMEL;
address_register <= address_register;
templ <= templ;
temp2 <=data_f rom_ATMEL;
next_state <= data;
finish_recieving <= "1

else
address_register <= address_register;
data_register <= data_register;
templ <= templ;
temp2 <= temp2;
next_state <= address;

end if;

when data =>

if synch ='1' then
address_register <= "00000000";
data_register <= "00000000";
next_state <= address;
templ <="11111111"
temp2 <="11111111"

end if;

if byte_from_ ATMEL_ready = '1' then
address_register <= data_from_ATMEL,;
data_register <= data_register;
templ <= data_from_ATMEL;
temp2 <= temp2;
next_state <= address;
else
address_register <= address_register;
data_register <= data_register;
templ <= templ;
temp2 <= temp2;
next_state <= data;
end if;

when others => null;

end case;
end process state_machine;

-- purpose: sychronus passing from present state to next state
-- type :sequential

-- inputs : clk, reset, next_state

-- outputs: present_state

step: process (clk, reset, next_state)
begin  -- process steps

if reset = '0' then -- asynchronous reset (active low)

present_state <= idle;
elsif clk'event and clk = '1' then -- rising cloc

k edge




present_state <= next_state;
end if;
end process step;

-- purpose: writing the correct data to the correct register decoding the address

-- type :se quential

- inputs : clk, reset, address_register, data_register, finish_recieving,

- count, control,bcontrol_register

-- outputs: control_register, delayl_LSB_register, delayl MIDDLE_register,

- delayl_LSB_register, delay2_LSB_ register, delay2_MIDDLE_register,
- delay2_MSB_register

decodel: process (clk, reset, address_register, data_register, finish_recieving, count, control,
control_re  gister)
begin  -- process decode
if reset = '0' or control_register(6) = '1' then -- asynchronous reset (active low)
control_register <= "00000000";
delayl_MSB_register <= "00000000";
delayl_MIDDLE_register <= "000 00000";
delayl_LSB_register <= "00000000";
delay2_MSB_register <= "00000000";
delay2_MIDDLE_register <= "00000000";
delay2_LSB_register <= "00000000";
elsif clk'event and clk = '1' then -~ rising clock edge
if finish_r ecieving = '1' then
case address_register is
when "00000000" =>
control_register <= data_register;
when "00000001" =>
delayl_MSB_register <= data_register;
when "00000010" =>
delayl_ MIDDLE_register <= data_register;
when "00000011" =>
delayl_LSB_register <= data_register;
when "00000100" =>
delay2_MSB_register <= data_register;
when "00000101" =>
delay2_MIDDLE_register <= data_register;
when "00000110" =>
delay2_LSB_register <= data_register;
when others => null;
end case;
end if;

if count = x"00488" then
control_register<= control;
end if;

end if;
end process decodel;

-- purpose: enabling the correct component in order to have the correct

-- waveform output decoding from the data of the control register
-- type :sequential

-- inputs : clk, reset, control_register, delayl_MSB_register, delayl_MIDDLE_register,

-- delayl_LSB_register, delay2_MSB_register, delay2_MIDDLE_register,

-- delay2_LSB_register, count, output

-- outputs: delay_1_out, delay_2_out, output, start_reading_signal, output_selection

decode2: process (clk, reset, control_register, delayl_MSB_register, delayl_MIDDLE_regi ster,
delayl_LSB_register, delay2_MSB_register, delay2_MIDDLE_register, delay2_LSB_register, count, output)
begin  -- process decode2

if reset = '0' or control_register(6) = '1' then -- asynchronous reset (active low)
delay _1_out <= ( others =>'0");
delay_2_out <= ( others =>'0");
output(0) <="'0";
output(1) <="'0";
output(2) <="'0";
output(3) <="'0";
start_reading_signal <='0";
elsif clk'event and clk = '1' then -- rising clock ed ge
start_reading_signal <='0";
case control_register is
when "10000001" =>
output(0) <="'1";
output(1) <="'0";
output(2) <="'0";
output(3) <="'0";
when "10000010" =>
output(0) <="'0";
output(1) <="'1";
output(2) <="'0";
output(3) <="'0";
when "10000011" =>
output(0) <="'0";
output(1) <="'0";




32

output(2) <="'1";
output(3) <= ‘0'
when "10000100"
output(0) <= ‘0,
output(1) <="'0";
output(2) <= ‘0';
output(3) <="1
when "10100000" =>
start_reading_signal <=1},
when others =>
output(0) <="'0";
output(1) <='0";
output(2) <="'0";
output(3) <="'0";

end case;

delay_1_out <= delayl_MSB_register & delayl_MIDDLE_register & delayl_LSB_register;
delay_2_out <= delay2_MSB_register & delay2_MID DLE_register & delay2_LSB_register;
output_selection(0) <= output(0);

output_selection(1) <= output(1);

output_selection(2) <= output(2);

output_selection(3) <= output(3);

if count = x"00488" then
start_reading_ signal <="'0";
output_selection(0) <= output(0);
output_selection(1) <= output(1);
output_selection(2) <= output(2);
output_selection(3) <= output(3);

end if;

end if;
end process decode2;

-- purpose: enabling component 6 "reading_data" in order to send the

-- value of the registers to ATMEL

-- type :combinatorial

-- inputs : present_state2, start_reading_signal, finish_delay_for_sending
-- outputs: next_state2, start_delay_for_sending, output_selection

reading: process (present_state2, start_reading_signal, finish_delay_for_sending )
begin  -- process reading

case present_state2 is
when decision =>

if start_reading_signal = '1' then
next_state2 <= send;
start_delay_for_sending <="1";
output_selection(4) <="1";

else
next _state2 <= decision;
start_delay_for_sending <="'0",
output_selection(4) <="'0";

end if;

when send =>

if finish_delay_for_sending = '1' then
next_state2 <= decision;
start_delay_for_sending <= ‘04
output_selection(4) <="'0";

else
next_state2 <= send;
start_delay_for_sending <=1,
output_selection(4) <="1";

end if;

when others => null;

end case;
end process reading;

-- purpose: sychronus passing from present state2 to next state2
-- type :sequential

-- inputs : clk, reset, next_state2

-~ outputs: present_state2

steps: process (clk, reset, next_state2)

begin  -- process next_step
if reset ='0' then -- asynchronous reset (active low)
present_state2 <= decision;
elsif clk'event and clk = '1" then --  rising clock edge
present_state2 <= next_state2;
end if;

end process steps;

-- purpose: generating delay for the enabling signal for the ¢ omponent 6 "reading_data"
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-- in order t o be synchronized (delay=116u ms)
-- type :sequential

- inputs : clk, reset, start_delay_for_sending, count

- outputs: count, finish_delay_for_sending

generate_delay: process (clk, reset, start_delay_for_sending, count)

begin  -- process generate_delay
if reset ='0' then - asynchronous reset (active low)
count <= (others =>'0");
elsif  clk'event and clk ='1' then -~ rising clock edge
if start_delay_for_sending = '1' then
if count = X"0048 8" then -- delay=116u s

count <= (others =>'0");
finish_delay_for_sending <=1},

else
count<=count +1;
finish_delay_for_sending <= '0;

end if;

end if;
end if;
end process generate_delay;

-- purpose: internal reset, in order t o reset the whole system by software
- commands and not only with hardware way like reset buttons

-- type :sequential

-- inputs : clk, reset, control_register

-- outputs: internal_reset

intern_reset: process (clk, reset, control_register)
begin  -- process intern_reset
if reset ='0' then
internal_reset <="'1";
elsif clk'event and clk = '1 'then
if control_register(6) = '1' then
internal_reset <="'0";
else
internal_reset <="'1";
end if;
end if;
end process intern_reset;

asynchronous reset (active low)

rising clock edge

-~ purpose: synch="1"' when data= 0x00 and
- address=0x00 in order to
- resynghronize the decoder
- type :sequential
- inputs : clk, reset, temp2, templ
-~ outputs: synch
synchronize: process (clk, reset, temp2, temp1)
begin  -- process synchronize
if reset ='0' then -- asynchronous reset (active low)
synch <="'1";
elsif clk'event and clk ='1"then --  rising clock edge
if templ = "00000000" and temp2 = "00000000" then
synch <="'1";
else
synch <="'0";
end if;
end if;
end process synchronize;

-- purpose: remain giving waveform to the main output while sending data to ATMEL
-- type :sequential

-- inputs : clk, reset, start_reading_signal, output, control

-- outputs: status, control_register_output,

allive: process (clk, reset, start_reading_signal, output, control)

begin  -- process allive
if reset ='0' then -- asynchronous reset (active low)
control <="00000000";
elsif clk'event and clk = '1' then --  rising clock edge

control_register_output <= control;
if start_reading_signal = '1' then
case output is
when "00001" =>
control <= "10000001";
when "00010" =>
control <= "10000010";
when "00100" =>
control <="10000011";
when "01000" =>
control <= "10000100";
when others =>
control <= "00000000";
end case;
end if;
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end if;
end process allive;

end behave;
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- COMPONENT 2

-- pseudorandom.vhd

-- Michail Pligouroudis

-- M. PI|gouroud|s@QS| de

- FPGA: M achXOZ 1200HC
- ATMEL: AT90CAN128

-- clock: f=10MHz, T=100ns

-- component description: This component generates the pseudorandom waveform

-- with variable timins steps (from 1,677sec to 100ns).

- To generate pseudorandom sequense we use

-- Maximum- Length with Linear Feedback Shift Register
- of 32 bits

-- The formula of this generetor is :

- Y=2z"32+2"22+z22+z+1

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all;

entity pseudorandom is

port (
clk :in std_logic; -~ clock signal 10MHz
reset 1 in std_logic; -~ system reset
enable :in std_logic; -- enable signal for the component
delay_1_in :in std_logic_vector(23 downto 0); -~ input for the delayl timing
wave_output : out std_logic); - waveform output pin

end pseudorandom;

architecture behave of pseudorandom is
signal rand_temp : std_logic_vector(31 downto 0) := (0 =>'1', others =>'0");
signal temp : std_logic := ‘0
signal sync_reset : std_logic :='0";
signal finish_delay : std_logic :='0";
signal counter : std_logic_vector(23 downto 0) := (others =>'0");
signal delay_time : std_logic_vector(23 downto 0) := (others =>'0");
signal delay_change : std_logic_vector(23 downto 0) := (others =>'0");
signal delay_change_flag : std_logic :='0;

begin  -- behave

-- purpose: Linear Feedback Shift Register of 32 bit in order to generate
-- pseydorandom signal (Y =z"32 +z2"22+2z"2+z+1)

-- type :sequential

-- inputs : clk, sync_reset, temp, rand_temp, finish_delay

-- outputs: rand_temp, temp

shift_register: process (clk, sync_reset, temp, rand_temp, finish_delay)

begin  -- process shift_register
if sync_reset = '1' then -- asynchronous reset (active low)
rand_temp <= (23 =>'1', others =>'0";
elsif clk'event and clk = '1' then -- rising clock edge

if finish_delay = '1' then
temp <= rand_temp(31) xnor rand_temp(21) xnor rand_temp(1) xnor rand_temp(0);
rand_temp(31 downto 1) <= rand_temp((30) downto 0);
rand_temp(0) <= temp;
end if;
end if;
end process shift_register;

-- purpose: generating delay for the variable timing steps (from 1,677sec to 10 ons)
-- type :sequential

-- inputs : clk, sync_reset, counter, delay_time

-- outputs: finish_delay, counter

delay: process (clk, sync_reset, counter, delay_time)
begin  -- process delay
if sync_reset = '1' then -- asynchronous reset (active low)
counter <= (others =>'0");
elsif clk'event and clk = '1' then -- rising clock edge
counter <= counter + 1;
finish_delay <= ‘0%
if counter = delay_time then
counter <= (0 =>"1", others =>'0");
finish_delay <="1";
end if;
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end if;
end process delay;

-- purpose: syghronous recieving timing data to produce delays only if the
-- timing data is changed

-- type :sequential

-- inputs : clk, sync_reset, delay_1_in, delay_time, delay_change

-- outputs: delay_time, delay_change, delay_change_flag

recieve_timing_data: process (clk, sync_reset, delay_1_in, delay_time, delay_change)
begin  -- process recieve_timing_data
if sync_reset = '1' then -- asynch ronous reset (active low)
delay_change_flag <="'0";
elsif clk'event and clk = 1" then - rising clock edge
delay_change <= delay_1_in xnor delay_time; - checking if delay data changed
if delay_change = X"FFFFFF" then
delay_time <=delay_1_in;
delay_change_flag <="'0";
else
delay_change_flag <='1";
delay_time <=delay_1_in;
end if;
end if;
end process recieve_timing_data;

-- purpose: waveform to the output pin in the component is enabled, else 'Z'
-- type :sequential

-- inputs : clk, sync_reset, enable, temp

-~ outputs: wave_output

waveform_out: process (clk, sync_reset, enable, temp)
begin  -- process waveform_out
if sync_reset = '1' then
wave_output <= 'Z";
elsif clk'event and clk ='1' t hen -- rising clock edge
if enable ='1' then
wave_output <= temp;
else
wave_output <= 'Z";
end if;
end if;
end process waveform_out;

asynchronous reset (active low)

-~ purpose: sychronus reset button, resetting also when delay data are changed
- type :sequential

- inputs : clk, reset

- outputs: sync_reset

synchronus _reset: process (clk, reset, delay_change_flag)
begin  -- process synchronus_reset
if clk'event and clk = '1' then -- rising clock edge
if reset ='0' or delay_change_flag = '1' then
sync_reset <='1";
elsif reset ='1' then
sync_reset <="0";
end if;
end if;
end process synchronus_reset;

end behave;
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- COMPONENT 3

-- square_waveform_generator.vhd
-- Michail Pligouroudis

-- M.Pligouroudis@gsi.de

-- FPGA : MachXO2 - 1200HC
- ATMEL: AT90CAN128

-- clock: f=10MHz, T=100ns

-- component description: This component generates the square waveform
-- with variable timing steps (from 1,677sec to 100ns).

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all;

entity square_waveform_generator is

port (
clk :in std_logic; -- clock signal f=10MHz
reset :in std_logic; -- reset signal
enable  :in std_logic; -- enable signal for the component
delay_1_in :in std_logic_vector(23 downto 0); -- input for the delayl timing
wave_output : out std_logic); -- waveform output
end square_waveform_generat or;

architecture behave of square_waveform_generator is
signal delay_finish : std_logic :='0";
signal wave : std_logic :='0';
signal counter : std_logic_vector(23 downto 0) := (others =>'0');
signal delay_change : std_logic_vector(23 downto 0) := (others =>'0");
signal delay_time : std_logic_vector(23 downto 0) := (others =>"'0");
signal delay_change_flag : std_logic :='0;
signal sync_reset : std_logic :='0";

begin  -- behave

-~ purpose: generating the square shape to waveform
- type :sequential

- inputs : clk, sync_reset, delay_finish, wave

- outputs: wave

sq uare: process (clk, sync_reset, delay_finish, wave)

begin  -- process square
if sync_reset = '1' then -- asynchronous reset (active low)
wave <='0";
elsif clk'event and clk = '1' then --  rising clock edge

ifdela y_finish ='1' then
wave <= not wave;
else
wave <= wave;
end if;
end if;
end process square;

-- purpose: genarate delay for the variable t iming steps (from 1,677sec to 100ns)
-- type :sequential

-- inputs : clk, sync_reset, counter, delay_time

-- outputs: delay_finish, counter

delays: process (clk, sy nc_reset, counter, delay_time)
begin  -- process delays
if sync_reset ='1' then -- asynchronous reset (active low)
counter <= (others =>'0");
delay_finish <=1,
elsif clk'event and clk = '1' then -~ rising clock edge
if counter = delay_time then
delay_finish <=1,
counter <= (0 =>"'1', others =>"'0");
else
counter <= counter + 1;
delay_finish <="'0",
end if;

end if;
end process delays;
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-- purpose: syghronous recieving timing data to produce delays only if the

-- timing data is changed
-- type :sequential
-- inputs : clk, sync_reset, delay_1_in, delay

_time, delay_change

-- outputs: delay_time, delay_change, delay_change_flag

delay_changed: process (clk, sync_reset, delay_1_in, delay_time, delay_change)

begin  -- proc ess delay_data
if sync_reset = '1' then
delay_change_flag <="'0";
elsif clk'event and clk = '1' then

delay_change <= delay_1_in xnor delay_time;

if delay_change = X"FFFFFF" then
delay_time <= delay_1_in;
delay_change_flag <="'0";

else
delay_change_flag <='1";
delay_time <= delay_1_in;

end if;

end if;
end process delay_ changed;

-- asynchronous reset (active low)

- rising clock edge
-- checking if delay data changed

-- purpose: waveform to the output pin in the component is enabled, else 'Z'

-- type :sequential
-- inputs : clk, sync_reset, enable, wave
-~ outputs:wav  e_output

wave_out: process (clk, sync_reset, enable, wave)
begin  -- process wave
if sync_reset = '1' then
wave_output <="'Z";
elsif clk'event and clk = '1' then
if enable ='1' then
wave_output <= wave;
else
wave_output <= 'Z";
end if;
end if;
end process wave_out;

-- asynchronous reset (active low)

rising clock edge

-~ purpose: sychronus reset button, resetting also when delay data are changed

- type :sequential
- inputs : clk, reset, delay_change_flag
- outputs: sync_reset

synchronus_reset: process (clk, reset, delay_change_flag)

begin  -- process synchronus_reset
if clk'event and clk = '1' then -
if reset ='0" or delay_change_flag = '1' then
sync_reset <=1
elsif reset ='1' then
sync_reset <="'0";
end if;
end if;
end process synchronus_reset;

end behave;

rising clock edge
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COMPONENT 4
pulse_generator.vhd
Michail Pligouroudis
M. PI|gouroud|s@QS| de
FPGA : MachXOZ 1200HC
ATMEL: AT90CAN128
clock: f=10MHz, T=100ns

component description: This component generates the pulse waveform

with variable timing steps (from 1,677sec to 100ns).
It can also generate waveform with different

timing delays for the 'High' and ‘Low" using both

the delayl and delay? registers.

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all;

entity pulse_generator is

port (
clk :in std_logic; -- clock signal f=10MHz
reset :in std_logic; -- reset signal
enable  :in std_logic; -- enable signal for the component
delay_1_in :in std_logic_vector(23 downto 0); -- delay for High
delay_2_in :in std_logic_vector(23 downto 0); -- delay for Low
wave_output : out std_logic); -- waveform output

end pulse_generator;

architecture behave of pulse_generator is

type states is (HIGH_state, LOW_state);

signal present_state, next_state : states;

signal delay_finish_H, delay finish_L : std_logic :='0;

signal wave : std_logic := 04

signal counter_H : std_logic_vector(23 downto 0) := (others =>"'0");

signal counter_L : std_logic_vector(23 downto 0) := (others =>'0);

signal delay_H_change : std_logic_vector(23 downto 0) := (others =>'0");

signal delay_L_change : std_logi

c_vector(23 downto 0) := (others =>'0);

signal delay_H : std_logic_vector(23 downto 0) := (others =>'0");
signal delay_L : std_logic_vector(23 downto 0) := (others =>'0");
signal delay_H_change_flag : std_logic :="'0";

signal delay_L_change_fla g : std_logic :="'0";

signal delay_H_start : std_logic :='0";

signal delay_L_start : std_logic

signal sync_reset : std_logic :='0';

begin

purpose: stat e machine in order to produce 2 states of waveform output High
type :combinatorial

inputs : present_state, delay_finish_L, delay_finish_H

outputs: delay_L_start, delay_H_start, wave, next_state

state_machine: process (present_state, delay_finish_L, delay_finish_H)
begin  -- process state_machine

delay_L_start <="'0";
delay_H_start <="'0';

case present_state is

when HIGH_state =>

if delay_finish_H ="1" then
next_state <= LOW_state;
delay_L_start <='1";
delay H_start <='0";
wave <=0

else
wave <='1';
next_state <= HIGH_state;
delay_L_start < ='0}
delay H_start <='1";

end if;

when LOW_state =>
if delay_finish_L ='1' then
next_state <= HIGH_state;

- Low
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delay_L_start <='0";
delay_H_start <='1";

wave <="1";
else
wave <="'0";

next_state <= LOW._state;
delay_L_start <='1";
delay_H_start <='0";

end if;

when others => null;

end case;
end process state_machine;

-- purpose: sychronus passing from next state to present state
-- type :sequential

-- inputs : clk, sync_reset, next_state

-~ outputs: present_state

change_states: process (clk, sync_reset, next_state)

begin  -- process change_states
if sync_reset = '1' then - asynchronous reset (active low)
present_state <= HIGH_state;
elsif clk'e vent and clk = '1' then -~ rising clock edge
present_state <= next_state;
end if;

end process change_states;

- purpose: genarate variable delay for 'High' (fr om 1,677sec to 100ns)
-- type :sequential

-- inputs : clk, sync_reset, delay_H, delay_H_start, counter_H

-- outputs: delay_finish_H, counter_H

delay_High: process ( clk, sync_reset, delay_H, delay_H_start, counter_H)
begin  -- process delays
if sync_reset ='1' then - asynchronous reset (active low)
counter_H <= (others =>"'0");
elsif clk'event and clk = '1' then -~ rising cloc k edge

if counter_H = delay_H and delay_H_start ='1' then
delay_finish_H <="1};
counter_H <= (0 =>"'1', others =>'0");

elsif delay_H_start = 1" then
counter_H <= counter_H + 1;
delay_finish_H <="0";

end if;

end if;
end process delay_High;

-- purpose: genarate variable delay for ‘Low' (from 1,677sec to 100ns)
-- type :sequential

-- inputs : clk, sync_reset, delay_L, delay_L_start, counter_L
-- outputs: delay_finish_L, counter_L

delay_Low: process (clk, sync_reset, delay_L, delay_L_start, counter_L)

begin  -- process delays
if sync_reset ='1' then -- asynchronous reset (active low)
counter_L <= (others =>'0");
elsif clk'event and clk = '1' then --  rising clock edge

if counter_L = delay_L and delay_L_start = '1' then
delay_ finish_L <="1"
counter_L <= (0 =>"'1", others =>"'0");

elsif delay_L_start = '1' then
counter_L <= counter_L + 1;
delay_finish_L <='0";

end if;

end if;
end process delay_Low;

-- purpose: syghronous recieving timing data to produce delay for 'High' only

-- if the timing data is changed

-- type :sequential

-- inputs : clk, sync_reset, delay_1_in, delay_H_change, de lay H
-- outputs: delay_H, delay_H_change, delay_H_change_flag

delay_H_changed: process (clk, sync_reset, delay_1_in, delay_H_change, delay_H)
begin  -- processdelay_da ta
if sync_reset = '1' then -- asynchronous reset (active low)
delay_H_change_flag <="'0";
elsif clk'event and clk = '1' then - rising clock edge
delay_H_change <= delay_H xnor delay_1_in; -- checking if delay da ta changed
if delay_H_change = X"FFFFFF" then
delay_H <=delay_1_in;
delay_H_change_flag <="'0";
else
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delay_H_change_flag <="'1";
delay_H <=delay_1_in;
end if;
end if;
end process delay_H_changed;

-- purpose: syghronous recieving timing data to produce delay for ‘Low' only
- if the timing data is changed

-- type :sequential

-- inputs : clk, sync_res et, delay_2_in, delay_L_change, delay_L

-- outputs: delay_L, delay_L_change, delay_L_change_flag

delay_L_changed: process (clk, sync_reset, delay_2_in, delay_L_change, del ay_L)
begin  -- process delay_data
if sync_reset = '1' then -- asynchronous reset (active low)
delay_L_change_flag <='0";
elsif clk'event and clk = '1' then -- rising clock edge
delay_L_change <= delay_L xnor d elay_2_in; -- checking if delay data changed

if delay_L_change = X"FFFFFF" then
delay_L <=delay_2_in;
delay_L_change_flag <='0";
else
delay_L_change_flag <=1
delay_L <=delay_2_in;
end if;
endi f;
end process delay_L_changed;

-- purpose: waveform to the output pin in the component is enabled, else 'Z'
-- type :sequential

-- inputs : clk, sync_reset, ena ble, wave

-~ outputs: wave_output

wave_out: process (clk, sync_reset, enable, wave)

begin  -- process wave
if sync_reset = '1' then -- asynchronousr eset (active low)
wave_output <= 'Z";
elsif clk'event and clk = '1' then -~ rising clock edge

if enable ='1' then
wave_output <= wave;
else
wave_output <= 'Z";
end if;
end if;
end process wave_out;

-~ purpose: sychronus reset button, resetting also when delay data are changed
- type :sequential

- inputs : clk, reset, delay_L_change_flag, delay_H_change_flag

- outp uts: sync_reset

synchronus_reset: process (clk, reset, delay_L_change_flag, delay_H_change_flag)
begin  -- process synchronus_reset
if clk'event and clk = '1' then -- rising clock edge
if reset ='0' or delay_H_change_flag = '1' or delay_L_change_flag = '1' then
sync_reset <='1";
elsif reset ='1' then
sync_reset <="0";
end if;
end if;
end process synchronus_reset;

end behave;
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- COMPONENT 5

- pseudorandom_delays.vhd

-- Michail Pligouroudis

-- M.Pligouroudis@gsi.de

- FPGA : MachXO2 - 1200HC
- ATMEL: AT90CAN128

- clock: f=10MHz, T=100ns

-- component description: This component generat es pulses of 100ns with
- pseudorandom timing delays between that pulses.

-- This component has no programmable variable timing.
- To generate pseudorandom timing we use

-- Maximum- Length with Linear Feedback Shift Register
- of 32 bits

-- The formula of this generetor is :

- Y=2z"32+2"22+z2"2+z+1

library ieee;
use ieee.std_logic_1164.all;
use ieee.std_logic_unsigned.all;

entity pseudorandom_delays is

port (
clk : in std_logic; -- clock signal 10MHz
re set : in std_logic; -~ system reset
enable : in std_logic; -- enable signal for the component
wave_output : out std_logic); -- waveform output

end pseudorandom_delays;

architecture behave of ps eudorandom_delays is
signal rand_temp : std_logic_vector(31 downto 0) := (0 =>'1', others =>'0);
signal temp : std_logic :='0";
signal finish_delay : std_logic :='0";
signal counter : std_logic_vector(23 downto 0) := (others =>'0");

begi n -- behave

- purpose: Linear Feedback Shift Register of 32 bit in order to generate
- pseydorandom signal (Y =z"32 +z"22 +z"2+z+1)

- type :sequen tial

-- inputs : clk, reset, finish_delay, rand_temp, temp

-- outputs: rand_temp, temp

shift_register: process (clk, reset, finish_delay, rand_temp, temp)

begin  -- proc ess shift_register
if reset ='0' then -- asynchronous reset (active low)
rand_temp <= (31 =>'1', others =>'0");
elsif clk'event and clk = '1' then --  rising clock edge

if finish_delay = '1' then
temp <=rand_ temp(31) xnor rand_temp(21) xnor rand_temp(1) xnor rand_temp(0);
rand_temp(31 downto 1) <= rand_temp((30) downto 0);
rand_temp(0) <= temp;
end if;
end if;
end process shift_register;

-- purpose: generating the pseudorandom timing delay
-- type :sequential

-- inputs : clk, reset, rand_temp, counter, rand_temp

-- outputs: finish_delay, counter

delay: process (clk, reset, rand_temp, counter, rand_temp)

begin  -- process delay
if reset ='0' then -- asynchronous reset (active low)
counter <= (others =>'0");
elsif clk'event and ¢ Ik ="1" then --  rising clock edge

counter <= counter + 1;

finish_delay <="0";

if counter = rand_temp(23 downto 0) then
counter <= ( others =>"0");
finish_delay <="1";

end if;

end if;
end process delay;
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-- purpose: waveform to the output pin in the component is enabled, else 'Z'
-- type :sequential

-- inputs : clk, reset, enable, finish_delay

-- outputs: wave_output

waveform_out: process (clk, reset, enable, finish_delay)

begin  -- process waveform_out
if reset ='0' then -- asynchronous reset (active low)
wave_ou tput <="'Z";
elsif clk'event and clk = '1' then -~ rising clock edge

if enable = '1' then
wave_output <= finish_delay;
else
wave_output <= 'Z";
end if;
end if;
end process waveform_out;

end behave;
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- COMPONENT 6

-- reading_data.vhd

-- Michail Pligouroudis

-- M.Pligouroudis@gsi.de

- FPGA : MachXO2 - 1200HC
- ATMEL: AT90CAN128

-- clock: f= 10MHz, T=100ns

-- component description: This component is enabled only when you want to

-- send all the values of the registers to ATMEL in

-- order to read them from the pc. Every time it

-- sends 7 bytes of the values with the following

- sequense (delayl MSB, delayl Middle, delayl LSB,

-- delay2 MSB, delay2 Middle, delay2 LSB, Control Register)

library ieee;
use ieee.std_logic_1164. all;
use ieee.std_logic_unsigned.all;

entity reading_data is

port (
clk :in std_logic; - clock signal f=10MHz
reset :in std_logic; - reset signal
enable :in std_logic; -- enable signal for the component
byte_to_ ATMEL_ready : out std_logic; --  HIGH' when the value of the
-- registers is ready to the output
recieve_transmit_select : out std_logic; -- output in order to select
-- between recieve or transmmit
-~ (recieve - > 'HIGH', transmit ->'LOWY)
data_to_ATMEL : out std_logic_vector(7 downto 0); -- value of FPGA registers
-- inordet to be send to ATMEL
Control_Register_input: std_logic_vector(7 downto 0); -- databus for the value of
-- the Control Register
delay_1_in  :instd_logic_vector(23 downto 0); -~ input for delayl value
delay_2_in : in std_logic_vector(23 downto 0)); -~ input for dalay2 value
end reading_data;
architecture behave of reading_data is
type states is (decision, delayl_MSB, delayl_MIDD LE, delayl_LSB,delay2_MSB, delay2_MIDDLE, delay2_LSB,

Control_Register);
signal present_state, next_state : states := decision;
type states3 is (decision3, MSB_1, MIDDLE_1, LSB_1, MSB_2, MIDDLE_2, LSB_2, Control_Register3);
signal present_state3, nex t_state3 : states3 := decision3;
type states2 is (decision2, enable_low);
signal present_state2, next_state2 : states2 := decision2;
signal counter, counter2, counter3 : std_logic_vector(19 downto 0) := (others =>"'0');
signal finish_delay,finish_c ounting,finish_counting3 : std_logic :='0",
signal start_delay1, start_delay2, start_counting,start_counting3, start_counting4 : std_logic := '0";

begin  -- behave

-- purpose: selecting the state of the state machine in order to send

-- seperated the value of each register to ATMEL

-- type :combinatorial

-- inputs : present_state, enable, finish_delay, delay_1_in, delay_2_in, Control_Register_input
-- outputs: start_delayl, start_delay2, next_state, data_to_ ATMEL

state_selection: process (present_state, enable, finish_delay, delay_1_in, delay_2_in, Control_Register_inp
begin  -- process state_selection

start_delayl <="0";

start_delay2 <="0";

case present_state is
when decision =>

if enable ='1' then
next_state <= delayl_MSB;
start_delayl <="1";
data_to_A TMEL <=delay_1_in(23 downto 16);

else
next_state <= decision;
data_to_ ATMEL <= "00000000";

end if;

when delayl_MSB =>
if finish_delay = '1' then
next_state <= delayl_MIDDLE;

ut)
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star t_delayl <="0";

start_delay2 <="1";

data_to_ATMEL <= delay_1_in(15 downto 8);
else

next_state <= delayl_MSB;

start_delayl <="1";

data_to_ ATMEL <= delay_1_in(23 downto 16);
end if;

when delayl MIDDLE =>
if finish_delay = '1' then
next_state <= states'succ(present_state);
start_delay2 <="1";
data_to_ATMEL <= delay_1_in(7 downto 0);
else
next_state <= present_state;
start_delay2 <="1";
data_to_ATMEL <= delay_1_in(15 downto 8);
end if;

when delayl LSB =>
if finish_delay = '1' then
next_state <= states'succ(present_state);
start_delay2 <="1";
data_to_ ATMEL <=delay_2_in(23 downto 16);
else
next_state <= present_state;
start_delay2 <="1";
data_to_ATMEL <= delay_1_in(7 downto 0);
end if;

when delay2_MSB =>
if finish_delay = '1' then
next_state <= states'succ(present_state);
start_delay2 <="1";
data_to_ ATMEL <= delay_2_in(15 downto 8);
else
next_state <= present_state;
start_delay2 <="1";
data_to_ ATMEL <= delay_2_in(23 downto 16);
end if;

when delay2_MIDDLE =>
if finish_delay = '1' then
next_state <= states'succ(present_state);
start_delay2 <="1";
data_to_ATMEL <= delay_2_in(7 downto 0);
else
next_state <= present_state;
start_delay2 <="1";
data_to_ATMEL <= delay_2_in(15 downto 8);
end if;

when delay2_LSB =>
if finish_delay = '1' then
next_state <= states'succ(present_state);
start_delay2 <="1' ;
data_to_ATMEL <= Control_Register_input;
else
next_state <= delay2_LSB;
start_delay2 <="1";
data_to_ATMEL <= delay_2_in(7 downto 0);
end if;

when Control_Register =>
if finish_delay ='1"then
next_state <= decision;
start_delay2 <="0";
data_to_ATMEL <= "00000000";
else
next_state <= Control_Register;
start_delay2 <="1";
data_to_ATMEL <= Control_Register_input;
end if;

when others => null;
end case;

end process state_selection;

purpose: sychronus passing from present state
type :sequential

inputs : clk, reset, next_step, finish_delay
outputs: present_state

steps: process (clk, reset, next_state)
begin  -- pro cess next_step

if reset ='0' then -- asynchronous reset (active low)

present_state <= decision;

to next state
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elsif clk'event and clk = '1' then -~ rising clock edge
present_state <= next_state;
end if;

end process steps;

-- purpose: generating dalays for correct synchronisation between component6

- and component0. Delay for the first byte sending (24u ms).
-- Delay b etwee n each byte (16u s)

-- type :sequential

- inputs : clk, reset, start_delay2, start_delayl, counter

-- outputs: finish_delay, counter

delays: process (clk, reset, sta rt_delay2, start_delay1, counter)
begin  -- process delays
if reset ='0' then -- asynchronous reset (active low)

counter <= (others =>'0");
finish_delay <=1}

elsif clk'event and clk = '1' then -~ rising clock edg e
if start_delayl ='1' then
if counter = X"000f0" then - delay for the first byte sending (24u s)

counter <= (others =>'0");
finish_delay <=1}

else
counter <= counter + 1;
finish_delay <='0%

end if;
elsif start_delay2 ='1' then
if counter = X"000a0" then -- delay between each byte (16u s)

counter <= (others =>'0");
finish_delay <=1}

else
counter <= counter + 1;
finish_delay <=0

end if;

end if;
end if;
end process delays;

- purpose: selecting the state of the state machine in order to be

- synchronized with the component0 "FPGA - ATMEL: communication" if
- the system will recieve or transmitt data.

- type :compinatorial

- inputs : present_state2, enable, finish_counting

-~ outputs: next_state2, start_counting, recieve_ transmit_select

state_selection2: process (present_state2, enable, finish_counting)
begin  -- process state_selection

case present_state2 is

when decisi  on2 =>

if enable ='1' then
next_state2 <=enable_low;
start_counting <=1,
recieve_transmit_select <='0";

else
next_state2 <= decision2;
start_counting <='0";
recieve_transmit_ select <="1";

end if;

when enable_low =>

if finish_counting = '1' then
next_state2 <= decision2 ;
start_counting <='0";
recieve_transmit_select <=1,

else
next_state2 <= enable_low;
recieve_transmit_select <="'0',
start_counting <= "1,

end if;

when others => null;
end case;
end process state_selection2;

-- purpose: sychronus passing from present state 2 to next state 2
-- type :sequential

-- inputs : clk, reset, next_state2

-~ outputs: present_state2

steps2: process (clk, reset, next_state2)
begin  -- process next_step
if reset ='0" then
present_state2 <= decision2;
elsif clk'event and clk = "1' then

asynchronous reset (active low)

rising clock edge
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present_state2 <= next_state2;
end if;
end process steps2;

-- purpose: generating delay for correct synchronisation during transmitting
-- period (148u  s)

-- type :sequential

-- inputs : clk, reset, start_counting, counter2

-- outputs: finish_counting, counter2

delays2: process (clk, reset, start_counting, counter2 )
begin  -- process delays
if reset = '0" then
counter2 <= (others =>'0");
finish_counting <="1";
elsif clk'event and clk = 1" then
if start_counting = '1' then

rising clock edge

if counter2 = X"005C8 " then -- dela y for transmitting data (148u

counter2 <= (others =>'0");
finish_counting <="1";

else
counter2 <= counter2 + 1;
finish_counting <="'0 ;

end if;

end if;
end if;
end process delays2;

-- purpose: selecting the state of the state machine in order to send signal when
-- the value of each register is ready at the output of this component
-- type :combinatorial
-- inputs : present_state3, enable, finish_counting3
-- outputs: start_counting4, start_counting3, next_state3, byte_to ATMEL_ready
state_selection3: process (present_state3, enable, finish_counting3)
begin  -- process state_selection

start_counting3 <='0";

start_counting4 <="'0";

case present_state3 is
when decision3 =>

if enable ='1' then
next_state3 <= MSB_1;
start_counting3 <= '1
byte_to_ ATMEL_ready <="'0";

else
next_state3 <= decision3;
byte_to_ ATMEL_ready <="'0";

end if;

when MSB_1 =>

if finish_counting3 = '1' then
next_state3 <= MIDDLE_1;
start_counting3 <="'0";
start_counting4 <="'1";
byte_to_ ATMEL_ready <="'1";

else
next_state3 <= MSB_1;
start_counting3 <="'1";
byte_to_ATMEL_ready <="'0";

end if;

when MIDDLE_1 =>

if finish_counting3 = '1' then
next_state3 <= states3'succ(present_state3);
start_counting4 <="1";
byte _to_ ATMEL_ready <="'1";

else
next_state3 <= present_state3;
start_counting4 <="1";
byte_to_ ATMEL_ready <="'0";

end if;

when LSB_1 =>

if finish_counting3 = '1' then
next_state3 <= state s3'succ(present_state3);
start_counting4 <="1";
byte_to_ ATMEL_ready <="'1";

else
next_state3 <= present_state3;
start_counting4 <="1";
byte_to_ ATMEL_ready <="'0";

end if;

when MSB_2 =>
if finish_counting3 = "1' then
next_state3 <= states3'succ(present_state3);

asynchronous reset (active low)

s)
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start_counting4 <="1";

byte_to_ ATMEL_ready <="'1";
else

next_state3 <= present_state3;

start_counting4 <="1' ;

byte_to_ ATMEL_ready <="'0";
end if;

when MIDDLE_2 =>

if finish_counting3 = '1' then
next_state3 <= states3'succ(present_state3);
start_counting4 <= '1;
byte_to_ ATMEL_ready <="'1";

el se
next_state3 <= present_state3;
start_counting4 <= '1
byte_to_ ATMEL_ready <="'0";

end if;

when LSB_2 =>

if finish_counting3 = '1' then
next_state3 <= states3'succ(present_state3);
start_counting4 <="'1";
byte_to_ ATMEL_ready <="'1";

else
next_state3 <= LSB_2;
start_counting4 <="'1";
byte_to_ ATMEL_ready <="'0";

end if;

when Control_Register3 =>

if finish_counting3 ='1"then
next_state3 <= decision3;
start_counting4 <="'0";
byte_to_ ATMEL_ready <="'1";

else
next_state3 <= Control_Register3;
start_counting4 <="'1";
byte_to_ ATMEL_ready <="'0";

end if;

when others => null;
end case;
end process state_selection3;

- purpose: sychronus passing from present state3 to ne xt state3
- type :sequential

- inputs : clk, reset, next_state3

- outputs: present_state3

steps3: process (clk, reset, next_state3)

begin  -- process next_step
if reset ='0' then -- asynchronous reset (active low)
present_state3 <= decision3;
elsif clk'event and clk = '1' then -- rising clock edge
present_state3 <= next_state3;
end if;

end process steps3;

-- purpose: generating dalays for correct synchronisation Delay for the first

-- byte sending whe n itis ready to output (20u s). Delay between each
-- bytew heni tis ready to output (16u ms)

-- type :sequential

-- inputs : clk, reset

-- outputs: finish_delay, counter

delays3: process (clk, reset, start_counting3, start_coun ting4)
begin  -- process delays
if reset ='0' then -- asynchronous reset (active low)

counter3 <= (others =>'0");
finish_counting3 <= "1",

elsif clk'event and clk = '1' then --  rising clock edge
if start_count ing3 ='1" then
if counter3 = X"000c8" then -- delay in order to start the 1st byte (20u S)

counter3 <= (others =>'0");

finish_counting3 <="1";
else

counter3 <= counter3 + 1;

finish_co  unting3 <="'0

end if;
elsif start_counting4 = '1' then
if counter3 = X"000a0" then -- delay between every byte (16u s)

counter3 <= (others =>'0");

finish_counting3 <="1";
else

counter3 <= counter3 + 1;

finish_counting3 <="0";
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end if;
end if;
end if;
end process delays3;

end behave;
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-~ VHDL netlist generated by SCUBA Diamond_1.4_Pr

-~ Modu

-- Jopt/lattice/diamond/1.4/ispfpga/bin/lin/scuba

le Version: 5.2

10 - fclkop 100 - fclkop_tol 0.0 -trimp O -phasep 0 - trimp_r

-- Tuel

un 12 16:47:05 2012

library IEEE;

use IEEE

.std_logic_1164.all;

--  synopsys translate_off
library MACHXO2;

use MACHXO2.components.all;
-~ synopsys translate_on

entity PLL is

port

attribute
attribute
end PLL;

(

CLKI: in std_logic;

CLKOP: out std_logic);
dont_touch : boolean;

dont_touch of PLL : entity is true;

architecture Structure of PLL is

sign
sign
sign

internal signal declarations
al LOCK: std_logic;

al CLKOP_t: std_logic;

al scuba_vlo: std_logic;

local component declarations

component VLO

end

port (Z: out std_logic);
component;

component EHXPLLJ

generic (INTFB_WAKE : in String; DDRST_ENA : in String;
DCRST_ENA :in String; MRST_ENA : in String;

PLLRST_ENA : in String; DPHASE_SOURCE : in String;

OUTDIVIDER_MUXD?2 : in String;
OUTDIVIDER_MUXC2 : in String;
OUTDIVIDER_MUXB?2 : in String;
OUTDIVIDER_MUXAZ : in String;
PREDIVIDER_MUXDL1 : in Integer;
PREDIVIDER_MUXCL : in Integer;
PREDIVIDER_MUXBL1 : in Integer;

oduction (87)

-w -nPLL

- lang vhdl - synth synplify

- phase_cntl STATIC

PREDIVIDER_MUXAL : in Integer; PLL_USE_WB : in String;

PLL_LOCK_MODE : in Integer;
CLKOS_TRIM_DELAY :in Integer;
CLKOS_TRIM_POL : in String;
CLKOP_TRIM_DELAY :in Integer;

-fb_mode 1

CLKOP_TRIM_POL : in String; FRACN_DIV : in Integer;
FRACN_ENABLE : in String; FEEDBK_PATH 1 in String;
CLKOS3_FPHASE : in Integer; CLKOS2_FPHASE : in Integer;
CLKOS_FPHASE : in Integer; CLKOP_FPHASE : in Integer;
CLKOS3_CPHASE : in Integer; CLKOS2_CPHASE : in Integer;
CLKOS_CPHASE : in Integer; CLKOP_CPHASE : in Integer;
VCO_BYPASS_DO : in String; VCO_BYPASS_CO : in String;
VCO_BYPASS_BO : in String; VCO_BYPASS_AO : in String;
CLKOS3_ENABLE : in String; CLKOS2_ENABLE : in String
CLKOS_ENABLE : in String; CLKOP_ENABLE : in String;

CLKOS3_DIV : in Integer; CLKOS2_DIV : in Integer;
CLKOS_DIV :in Integer; CLKOP_DIV : in Integer;

CLKFB_DIV :in Integer; CLKI_DIV : i n Integer);

port (CLKI: in std_logic; CLKFB: in std_logic;
PHASESELL: in std_logic; PHASESELO: in std_logic;
PHASEDIR: in std_logic; PHASESTEP: in std_logic;
LOADREG: in std_logic; STDBY: in std_logic;
PLLWAKESYNC: in std_logic; RST: in std_logic;
RESETM: in std_logic; RESETC: in std_logic;
RESETD: in std_logic; ENCLKOP: in std_logic;
ENCLKOS: in std_logic; ENCLKOS2: in std_logic;
ENCLKOS3: in std_logic; PLLCLK: in std_logic;
PLLRST: in std_logic; PLLSTB: in std_logic;
PLLWE: in std_logic; PLLADDRA4: in std_logic;
PLLADDRS: in std_logic; PLLADDR2: in std_logic;
PLLADDR1: in std_logic; PLLADDRO: in std_logic;
PLLDATI7: in std_logic; PLLDATI6: in std_logic;
PLLDATIS5: in std_logic; PLLDATI4: in std_logic;
PLLDATI3: in std_logic; PLLDATI2: in std_logic;
PLLDATI1: in std _logic; PLLDATIO: in std_logic;
CLKOP: out std_logic; CLKOS: out std_logic;
CLKOS2: out std_logic; CLKOS3: out std_logic;
LOCK: out std_logic; INTLOCK: out std_logic;

- arch x02c00

-€e

- type pll

- fin
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REFCLK: out std_logic; CLKINT FB: out std_logic;
DPHSRC: out std_logic; PLLACK: out std_logic;
PLLDATO?7: out std_logic; PLLDATO6: out std_logic;
PLLDATOS: out std_logic; PLLDATO4: out std_logic;
PLLDATOS3: out std_logic; PLLDAT 02: out std_logic;
PLLDATOL1: out std_logic; PLLDATOO: out std_logic);

end component;

attribute STDBY_ENABLE : string;

attribute FREQUENCY_PIN_CLKORP : string;

attribute FREQUENCY_PIN_CLKI : string;

attribute ICP_CURREN T : string;

attribute LPF_RESISTOR : string;

attribute STDBY_ENABLE of PLLInst_O : label is "DISABLED";

attribute FREQUENCY_PIN_CLKOP of PLLInst_O : label is "100.000000";

attribute FREQUENCY_PIN_CLKI of PLLInst_O : label is "10.000000";

attribute ICP_CURRENT of PLLInst_0 : label is "9";

attribute LPF_RESISTOR of PLLInst_0 : label is "8";

attribute syn_keep : boolean;

attribute syn_noprune : boolean;

attribute syn_noprune of Structure : architecture is true;

begin
-- component instantiation statements
scuba_vlo_inst: VLO
port map (Z=>scuba_vlo);

PLLInst_0: EHXPLLJ
generic map (DDRST_ENA=> "DISABLED", DCRST_ENA=> "DISABLED",

MRST_ENA=> "DISABLED", PLLRST_ENA=> "DISABLED", INTFB_WAKE= > "DISABLED",

DPHASE_SOURCE=> "DISABLED", PLL_USE_WB=> "DISABLED",
CLKOS3_FPHASE=> 0, CLKOS3_CPHASE=> 0, CLKOS2_FPHASE=> 0,
CLKOS2_CPHASE=> 0, CLKOS_FPHASE=> 0, CLKOS_CPHASE=> 0,
CLKOP_FPHASE=> 0, CLKOP_CPHASE=> 5, PLL_LOCK_MODE=> 0,
CLKOS_TRIM_DELAY=> 0, CLKOS_TRIM_POL=> "FALLING",
CLKOP_TRIM_DELAY=> 0, CLKOP_TRIM_POL=> "RISING", FRACN_DIV=> 0,
FRACN_ENABLE=> "DISABLED", OUTDIVIDER_MUXD2=> "DIVD",

PREDIVIDER_MUXD1=> 0, VCO _BYPASS_DO0=> "DISABLED", CLKOS3_ENABLE=> "DISABLED",
OUTDIVIDER_MUXC2=> "DIVC", PREDIVIDER_MUXC1=> 0, VCO_BYPASS_CO0=> "DISABLED",
CLKOS2_ENABLE=> "DISABLED", OUTDIVIDER_MUXB2=> "DIVB",

PREDIVIDER_MUXB1=> 0, VCO_BYPASS_BO0=>"DIS ABLED", CLKOS_ENABLE=>"DISABLED",
OUTDIVIDER_MUXA2=> "DIVA", PREDIVIDER_MUXA1=> 0, VCO_BYPASS_A0=> "DISABLED",

CLKOP_ENABLE=> "ENABLED", CLKOS3_DIV=> 1, CLKOS2_DIV=> 1,

CLKOS_DIV=> 1, CLKOP_DIV=> 6, CLKFB_DIV=> 10, CLKI_DI V=> 1,

FEEDBK_PATH=> "CLKOP")

port map (CLKI=>CLKI, CLKFB=>CLKOP_t, PHASESEL 1=>scuba_vlo,
PHASESELO=>scuba_vlo, PHASEDIR=>scuba_vlo,
PHASESTEP=>scuba_vlo, LOADREG=>scuba_vlo, STDBY=>scuba_vlo,
PLLWAKSYNC=>scuba_vlo, RST=>scuba_vlo, RESETM=>scuba_vlo,
RESETC=>scuba_vlo, RESETD=>scuba_vlo, ENCLKOP=>scuba_vlo,
ENCLKOS=>scuba_vlo, ENCLKOS2=>scuba_vlo, ENCLKOS3=>scuba_vlo,
PLLCLK=>scuba_vlo, PLLRST=>scuba_vlo, PLLSTB =>scuba_vlo,
PLLWE=>scuba_vlo, PLLADDR4=>scuba_vlo, PLLADDR3=>scuba_vlo,
PLLADDR2=>scuba_vlo, PLLADDR1=>scuba_vlo,
PLLADDRO=>scuba_vlo, PLLDATI7=>scuba_vlo,
PLLDATI6=>scuba_vlo, PLLDATI5=>scuba_vlo,
PLLDATI4=>scuba_vlo, PLLDATI3=>scuba_vlo,
PLLDATI2=>scuba_vlo, PLLDATI1=>scuba_vlo,
PLLDATIO=>scuba_vlo, CLKOP=>CLKOP_t, CLKOS=>0pen,
CLKOS2=>0pen, CLKOS3=>0pen, LOCK=>LOCK, INTLOCK=>o0pen,
REFCLK=o0pen, CLKINTFB=>open, DPHSRC=>o0pen, PLLACK=>open,
PLLDATO7=>o0pen, PLLDATO6=>0pen, PLLDATO5=>0pen,
PLLDATO4=>o0pen, PLLDATO3=>0pen, PLLDATO2=>0pen,
PLLDATO1=>o0pen, PLLDATOO=>0pen);

CLKOP <= CLKOP_t;
end Structure;

-- synopsys translate_off
library MACHXO2;
configuration Structure_CON of PLL is
for Structure
for all:VLO use entity MACHXO2.VLO(V); end for;
for all:EHXPLLJ use entity MACHXO2.EHXPLLJ(V); end for;
end for;
end Structure_CON;

-~ synopsys translate_on
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#ifndef WAVEFORM_GENERATOR_REGISTERS_H
#define WAVEFORM_GENERATOR_REGISTERS_H
#include "api_define.h"
#include "api_global.h"
#include "api_debug .h"
#include "api.h"

#define UCSR1C_register_of ATMEL_address OXxCA
#define UBRR1L_register_of ATMEL_address 0xCC
#define UBRR1H_register_of _ATMEL_address 0xCD
#define UCSR1B_register_of ATMEL_address 0xC9
#define UCSR1A_register_of ATMEL_address 0xC8
#def ine UDR1_register_of _ATMEL_address OxCE

#define UCSR1C_register_of _ATMEL_value 0x06

#define UBRR1L_register_of ATMEL_value 0x00

#define UBRR1H_register_of ATMEL_value 0x00

#define UCSR1B_register_of ATMEL_value_transmit 0x08
#define UCSR1B_register_of A TMEL_value_receive 0x10
#define UCSR1A_register_of ATMEL_value 0x22

#define CONTROL_REGISTER 0x00
#define DELAY1_MSB_REGISTER 0x01
#define DELAY1_MIDDLE_REGISTER 0x02
#define DELAY1_LSB_REGISTER 0x03
#define DELAY2_MSB_REGISTER 0x04
#define  DELAY2_MIDDLE_REGISTER 0x05
#define DELAY2_LSB_REGISTER 0x06
#define SHOW_ALL OxFF

#define DEBUG 0x00

#define RESET 0x40

#define READ 0xa0

#define PSEUDORANDOM 0x81

#define SQUARE 0x82

#define PULSE 0x83

#define PSEUDORAND_TIME_PULSE 0x 84

enum steps{
step1=0,
step2,
step3,
step4,
step5,
step6,
step?,
step8,
step9,
step10,
stepll,
stepl2

h

enum registerindex {
DELAY1_MSB_REGISTER_INDEX =0,
DELAY1_MIDDLE_REGISTER_INDEX,
DELAY1_LSB_REGISTER_INDEX,
DELAY2_MSB_REGISTER_INDEX,
DELAY2_MIDDLE_REGISTER_INDEX,
DELAY2_LSB_REGISTER_INDEX,
CONTROL_REGISTER_INDEX,
MAX_REGISTER_INDEX

h

void waveformGeneratorReadRegister( struct uartStruct *ptr_uartStruct ); /*this function reads the
register with the of his adress */

void waveformGeneratorWriteRegister( struct uartStruct *ptr_uartStruct );/* this function writes a value the

status in the register with the of his adress */

void waveformGeneratorPrintSingleRegister( uint8_t registerld, uint8_t r
void waveformGeneratorDeclareUARTtoSendData(void);

void waveformGeneratorDeclareUARTtoReceiveData(void);

#endif

status of a

egisters[], uint8_t size );
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/*
* Author: Michail Pligouroudis 30/05/2012
* modified (heavily rath er rebuild): Peter Zumbruch
*/

#include <stdint.h>

#include <stdio.h>

#include <string.h>

#include <math.h>

#include <stdlib.h>

#include <util/delay.h>

#include <avr/pgmspace.h>

#include "read_write_register.h"
#include "waveform_generator_registers.h"

#include "adc.h"
#include "api.h"
#include "api_define.h"
#include "api_global.h"

#include "api_debug.h"

void waveformGeneratorWriteRegister(struct uartStruct *ptr_uartStruct)
{

uint8_t status = 0;

uint8_t waveformGeneratorRegisterAddress, value;

switch(ptr_uartStruct - >number_of_arguments)

{
case 0:
case 1:
CommunicationError(ERRG,
status = 1;
break;
default:
break;
}
if (0 !=status )
{
return;
}

waveformGeneratorRegisterAddress
value = ptr_uartStruct - >Uart_Mask;

/ldeclare UART in order to send data with baud=1,025Mbps
waveformGeneratorDeclareUARTtoSendData();

/lsending your new data

writelnto8bitRegister(UDR1_register_of _ATMEL_address, wa

-1, 1, PSTR("too few arguments"),

= ptr_uartStruct

- 1000);

- >Uart_Message_|ID;

veformGeneratorRegisterAddress);

writelnto8bitRegister(UDR1_register_of ATMEL_address, value);

/I print response
clearString(uart_message_string, BUFFER_SIZE);

createReceiveHeader(ptr_uartStruct, uart_message_string, BUFFER_SIZE);

switch (waveformGen  eratorRegisterAddress)

snprintf_P(uart_message_string, BUFFER_SIZE -

{
case CONTROL_REGISTER:
{
switch (value)
case DEBUG:
break;
case RESET:

snprintf_P(uart_message_stri

break;
case PSEUDORANDOM:

1, PSTR("%s DEBUG"),
uart_message_string);

ng, BUFFER_SIZE - 1,
PSTR("%SRESET STATUS"), uart_message_string);

snprintf_P(uart_message_string, BUFFER_SIZE -1,

uart_message_string);
break;
case SQU ARE:

PSTR(" '%sPSEUDORANDOM WAVEFORM OUTPUT" ",

snprintf_P(uart_message_string, BUFFER_SIZE 1,

uart_message_string);
break;
case PULSE:

PSTR(" '%sSQUARE WAVEFORM OUTPUT ",

snprintf_P(uart_message_string, BUFFER_SIZE 1,

break;

PSTR("%sPULSE WAVEFORM OUTPUT ), uart_message

_string);
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case PSEUDORAND_TIME_PULSE:
snprintf_P(uart_message_string, BUFFER_SIZE 1,
PSTR("%sPSEUDORANDOM TIME PULSE(lOOns) WAVEFORM
OUTPUT"), uart_message_string);

break;
default:
CommunicationError(ERRG, -1,1 , PSTR("invalid argument"), - 1000);
status = 1;
break;
}
break;
}
case DELAY1_MSB_REGISTER:
{
snprintf_P(uart_message_string, BUFFER_SIZE -1,

PSTR("%sDelayl MSB is written"),
uart_message_string);
break;

}
case DE LAY1_MIDDLE_REGISTER:
{
snprintf_P(uart_message_string, BUFFER_SIZE -1,
PSTR("%sDelayl MIDDLE is written"),
uart_message_string);
break;

}
case DELAY1_LSB_REGISTER:
{
snprintf_P(uart_message_string, BUFFER_SIZE -1,
PSTR("%sDelayl LSB is written"),
uart_message_string);
break;

}
case DELAY2_MSB_REGISTER:

{
snprintf_P(uart_message_string, BUFFER_SIZE -1,
PSTR("%sDelay2 MSB is written"),
uart_message_string);
break;
}
case DELAY2_MIDDLE_REGIS TER:
{
snprintf_P(uart_message_string, BUFFER_SIZE 1,
PSTR("%sDelay2 MIDDLE is wrltten")
uart_message_string);
break;

}
case DELAY2_LSB_REGISTER:

snprintf_P(uart_message_string, BUFFER_SIZE -1,
PSTR("%sDelay2 LSB is wr itten”),
uart_message_string);

break;

default:
CommunicationError(ERRG, -1, 1, PSTR("invalid address"), - 1000);
status = 1;
break;

}
if (0 == status)

{
UARTO_Send_Message_String(NULL, 0);
}
return;
} /IEND of write_double_Re gister function

void waveformGeneratorReadRegister(struct uartStruct *ptr_uartStruct)

{
int step = 0;
uint8_t registers[7];

/ldeclare UART in order to send data with baud=1,025Mbps
waveformGeneratorDeclareUARTtoSendData();

/lcontrol register addres
writelnto8bitRegister( UDR1 reglster of _ATMEL_address, CONTROL_REGISTER); //0x00

/[control register in read status
writelnto8bitRegister( UDR1_register_of ATMEL_address, READ); //0XA0

/ldeclare UART in order to receive data with baud=1,025Mbps
waveformGeneratorDeclareUARTtoReceiveData();

_delay_us(32); //delay in order to synchronize the first recieving byte
/I saving value of the registers from FPGA at the table "registers[]"

for (step = 0; step < MAX_REGISTER_INDEX; step++)
{
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registers| step] = readFrom8bitRegister((uint8_t) UDR1_register_of ATMEL_address & OxFF );
_delay_us(16); // delay between each byte
} /lend for loop

/ldeclare UART in order to send data with baud=1,025Mbps (twice on purpose!)
waveformGeneratorDeclareUARTtoSend Data();
waveformGeneratorDeclareUARTtoSendData();

/I print results
switch(ptr_uartStruct - >number_of_arguments)
{
case 0:
waveformGeneratorPrintSingleRegister( (uint8_t) SHOW_ALL ,

registers, sizeof(registers)/sizeof(uint8_t) );
break;
default:
waveformGeneratorPrintSingleRegister( ( uint8_t) (ptr_uartStruct ->Uart_Message_ID &
OxFF),

registers, sizeof(registers)/sizeof(uint8_t) );
break;

} /lend of waveformGeneratorReadRegister function

void waveformGene ratorPrintSingleRegister( uint8_t registerld, uint8_t registers[], uint8_t size )
{
uint8_t status =0 ;
clearString(uart_message_string, BUFFER_SIZE);
createReceiveHeader(ptr_uartStruct, uart_message_string, BUFFER_SIZE);
switch (registerld)
{
case DELAY1_MSB_REGISTER:
snprintf_P(uart_message_string, BUFFER_SIZE -1,
PSTR("%s%x %x Delayl MSB "), uart_message_string,
DELAY1_MSB_REGISTER, registers[DELAY1_MSB_REGISTER_INDEX]);

break;
case DELAY1_MIDDLE_REGISTER:
snprintf_P(uart_me ssage_string, BUFFER_SIZE -1,
PSTR("%s%x %x Delayl MIDDLE "), uart_message_string,
DELAY1_MIDDLE_REGISTER, registers[DELAY1_MIDDLE_REGISTER_INDEX]);
break;
case DELAY1_LSB_REGISTER:
snprintf_P(uart_message_string, BUFFER_SIZE -1,
PSTR("%s%x %x Delayl LSB "), uart_message_string,
DELAY1_LSB_REGISTER, registers[DELAY1_LSB_REGISTER_INDEX]);
break;
case DELAY2_MSB_REGISTER:
snprintf_P(uart_message_string, BUFFER_SIZE -1,
PSTR("%s%x %x Delay2 MSB "), uart_message_strin g,
DELAY2_MSB_REGISTER, registers[DELAY2_MSB_REGISTER_INDEX]);
break;
case DELAY2_MIDDLE_REGISTER:
snprintf_P(uart_message_string, BUFFER_SIZE 1,
PSTR("%s%x %X Delay2 MIDDLE * ) uart_message_string,
DELAY2_MIDDLE_REGISTER, register  s[DELAY2_MIDDLE_REGISTER_INDEX]);
break;
case DELAY2_LSB_REGISTER:
snprintf_P(uart_message_string, BUFFER_SIZE -1,
PSTR("%s%x %Xx Delay2 LSB "), uart_message_string,
DELAY2_LSB_REGISTER, registers[DELAY2_LSB_REGISTER_INDEX]);
break;
case CONTROL_REGISTER:
snprintf_P(uart_message_string, BUFFER_SIZE -1,
PSTR("%s%x %X Control Register "), uart_message_string,
CONTROL_REGISTER, registersf CONTROL_REGISTER_INDEX]);
break;

case SHOW_ALL: /*recursive call*/
waveformGene ratorPrintSingleRegister(DELAY1_MSB_REGISTER, registers, size);
waveformGeneratorPrintSingleRegister(DELAY1_MIDDLE_REGISTER, registers, size);
waveformGeneratorPrintSingleRegister(DELAY1_LSB_REGISTER, registers, size);
waveformGeneratorPrint SingleRegister(DELAY2_MSB_REGISTER, registers, size);
waveformGeneratorPrintSingleRegister(DELAY2_MIDDLE_REGISTER, registers, size);
waveformGeneratorPrintSingleRegister(DELAY2_LSB_REGISTER, registers, size);

waveformGeneratorPrintSingleRegi ster(CONTROL_REGISTER, registers, size);
break;

default:
CommunicationError(ERRG, -1, 1, PSTR("wrong register address"), - 1000);
status = 1;
break;

}
if (0 == status)
{

}

return;

UARTO_Send_Message_String(NULL, 0);
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void wa veformGeneratorDeclareUARTtoSendData(void)

{
/ldeclare UART in order to send data with baud=1,025Mbps
writelnto8bitRegister(UCSR1C_register_of ATMEL_address, UCSR1C_register_of ATMEL_value);
writelnto8bitRegister(UBRR1L_register_of ATMEL_address, UBRR1L_register_of ATMEL_value);
writelnto8bitRegister(UBRR1H_register_of ATMEL_address, UBRR1H_register_of ATMEL_value);
writelnto8bitRegister(UCSR1B_register_of ATMEL_address, UCSR1B_register_of_ ATMEL_value_transmit);
writelnto8bitRegister(UCSR1A_register_of ATMEL_address, UCSR1A_register_of ATMEL_value);

}

void waveformGeneratorDeclareUARTtoReceiveData(void)

{

/ldeclare UART in order to receive data with baud=1,025Mbps

writelnto8bitRegister(U CSRI1C_register_of ATMEL_address, UCSR1C_register_of _ATMEL_value);
writelnto8bitRegister(UBRR1L_register_of _ATMEL_address, UBRR1L_register_of_ATMEL_value);
writelnto8bitRegister(UBRR1H_register_of ATMEL_address, UBRR1H_register_of_ATMEL_value);
writelnto  8bitRegister(UCSR1A_register_of ATMEL_address, UCSR1A_register_of ATMEL_value);
writelnto8bitRegister(UCSR1B_register_of _ATMEL_address, UCSR1B_register_of_ATMEL_value_receive);
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