Group 11 Submission
DATA BUFFER

. If get_RX_data and buffer occupancy empty 8 8
>
° Decrease next_buffer_occupancy by 1. next_RX_packet_data
get RX_data _ ) —HA_packet_ RX_data
o Setnext_RX_packet_data to the least significant byte
(LSB) of buffer.
° Right-shift buffer by 8 bits to update next_buffer. O
store_TX_data ———» . If get_TX_packet_data and buffer occupancy empty
° Decrease next_buffer_occupancy by 1. 8 8
get_TX_packet_ data ° Set next_TX_data to the LSB of buffer. > »
° Right-shift buffer by 8 bits to update next_buffer. next TX data X _pal cket data
. store_RX_pacet_data and buffer occupancy is less than 64
store_RX_packet_data — | Q
° Increase next_buffer_occupancy by 1.
o Append RX_packet_data to the buffer by left-shifting it by
(buffer_occupancy * 8) bits and OR-ing it with the current
clear )] buffer. 512 512
>
> >
. store_TX_data and buffer occupancy is less than 64
flush  — next_buffer buffer
8 ° Increase next_buffer_occupancy by 1.
RX_Packet Data ﬁ+ N ° Append TX_data to the buffer by left-shifting it by O
- - (buffer_occupancy * 8) bits and OR-ing it with the current
buffer.
8
TX_Data —— ~ 5
. Clear flush and n_rst causes everything to go to 0
7 7
> >
next_buffer_occupancy buffer_occupancy




TRANSMITTER

»

end_of_packet ”

tx_transfer_active
>

get_TX_packet_data

TOP LEVEL
TX _pagket
ﬁ;"
clear d 7 tx_error
Shiﬂ_enable buffer Bccupancy _—)
Parallel to Serial 8 :
i Timer . . > Logic
timer_enable
8 . Shift Register serial_data
TX_packet_data —
512 %
buffer
Bit Counter > count_up

O

Encoder

3 dp_out

3 dm_out
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pet_TX_packet_datg

shift_enable

. FETLULDATA .

TRANSMIT_BIT

tx_error
clear

FSM

IDLE

ITX_active
clear

TX_Packet = 1121314

TX_packet=1 & buffer_occupancy=8

TX_packet & buffer_occupancy = 0

SYNC_WAIT

" TX active”
imer_enable,

shift_enable

TX_active

count_up

lcount_up



TIMER

clear -

1-1 Clocker Divider >

Sync

COUNTER

A

if clear
next_count =0

else if shift_enable
next_count = count+1

else if count=8
next_count =8 >

shift_enable |

next_count count
clear —————>»

output logic
count_up=0
if count=8
count_up =1

>

shift_enable

count_up



tx_transfer_active

serial_data

end_of_packet

ENCODER

8

Set dp_out and dm_out to 0 by default.

If tx_transfer_active:

* For end_of_packet:
« dpout=0
« dm_out=0
* For serial_data == 1:
* dp_out = prev_data
« dm_out = ~prev_data
* For serial data == 0:
* dp_out = ~prev_data
* dm_out = prev_data

If not tx_transfer_active:

« dp_out=1
« dm out=0

»  dm_out

»  dp_out
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hrdata 474

2

4

haddr +>

hsel ——5———>

htrans A >

AHB SATELLITE

hwrite g

32

hwdata 74

always comb

dmode RX1p?§ket
0:0UT
4 :ACK
5 :NACK
16 [ €«——— RX_Data_Ready
status_reg —g— :
always comb RX_Transfer_active
RX_Packet
«—<—_TX Transfer active | reg
< 16 error_reg O
< l«—— TX_error
< z buffer_occupancy always comb
reg next_hrdata » [ €«————— RX_error
O < 32
x_(lata_temp 32
reg
% always comb §
O next_rx_datd > ') (74 x data
_temp =
Address write
reg select prev_TX_Transfer_active
o
N s
il 5| reg
74 >
tx
/ue{_tx_c ata e
O
2
/
= . ™ TX control reg
2 » | Value = 1 +Send a DATA packet
nex{_tx_packet "~ tx_packet if data is present in the buffer.
Value = 2 —+Send an ACK packet.
Value = 3 +Send an NAK packet.
|Value = 4 =+Send a STALL packet.
8
> reg
8
next_flush_buffer 5 flush_Rufier I
4| clear= )
“Iflush_buffer[0] cloat




FSM_TX_Data

ERROR

Store_TX_data=0
hready =0

hresp htrans == idle
IDLE prev_hwrite TX0
= e &&
Storz(_‘l(’j);{::tg =0 prev__hsnze Store_TX_data = 1
hirda dy = 1 =0 case (prev_haddr)
0 : tx_data= hwdata([7:0]
S 1: tx_data= hwdata[15:8]
prev_hwrite 2: tx_data= hwdata[23:16]
n_rs ol 3: tx_data= hwdata[31:24]
prev_hsize hready =0

=1

TX6

Store_TX_data =1 prev_hwrite
tx_data= &&
hwdata[31:24] prev_hsize
hready = 0 =2 TX1 TX2

Store_TX_data =1
case (prev_haddr)
0 : tx_data= hwdata[15:8]
1: tx_data= hwdata[23:16]
2: tx_data= hwdata[31:24]
3: tx_data= hwdata[31:24]
hready =0

Store_TX_data =1
case (prev_haddr)
0 : tx_data= hwdata[7:0]
1: tx_data= hwdata[15:8]
2: tx_data= hwdata[23:16]
3: tx_data= hwdata[23:16]
hready =0

TX5

Store_TX_data =1
tx_data=
hwdata[23:16]
hready =0

TX4

Store_TX_data =1
tx_data=
hwdata[15:8]
hready = 0

TX3

Store_TX_data = 1




FSM_RX_Data

_I'S

RX6

get_RX_Data=0
next_hrdata[31:24] =
RX_Data

hready = 0

RX5

get_RX_Data= 1
next_hrdata[23:16] =
RX_Data
hready = 0

ERROR

Store_TX_data =0
hready = 0

htrans == idle

IDLE RX0
e = lhwrite && SO A O
get_RX_Data=0 hsize 2 0 get_RX_tht:_ 1

next_hrdata= 0 case (haddr)
hready = 1 »{ 0 :next_hrdata[7:0] = RX_Data
/ 1: next_hrdata[15:8] = RX_Data
2: next_hrdata[23:16] = RX_Data
3: next_hrdata[31:24] = RX_Data
lhwrite && hready = 0
hsize = 2
RX3
get_RX_Data= 1 lhwrite &&
hsize =1

next_hrdata[7:0] =
RX_Data
hready = 0

RX4

get_RX_Data= 1
next_hrdata[15:8] =
RX_Data
hready = 0

RX1

get_RX_Data= 1
case (haddr)
0 : next_hrdata[7:0] = RX_Data
1: next_hrdata[7:0] = RX_Data
2: next_hrdata[23:16] = RX_Data
3: next_hrdata[23:16] = RX_Data
hready = 0

WAITO

" hready=0

RX2

get_RX_Data=0
case (haddr)

0 : next_hrdata[15:8] = RX_Data

1: next_hrdata[15:8] = RX_Data

2: next_hrdata[31:24] = RX_Data

3: next_hrdata[31:24] = RX_Data

hready =0




RECIEVER

v

clear——>|

count_en——>

count X cycles
synchronized
with clock
divider

synchronized edge detector

async_dp_in

1FF

4FF

—

counter for 8 bit

and 11 bits. X is

the number of bits.

1FF

> iFF

'sync_dp_in_)i!sync_dp_in &8

sync_dp_out

[—edge_det—>

sync_dp_out



serial to parallel
shift register

— N

if enabled: 8FF 8
next_data = {dp_sync, data[7:1]} | ext data 8 / rx_packet_data—>
else: - 7

next_data = data
_dp_sync_—> >

Decoder

dp_in_sy > \ if data_prev == data:
)) 1FF data_prev, data_o;lt;l: i1s (1b)ecause
> else data_out =0

—dm_in_sync > /

aVv

pid byte with its

decoded string
and mapped

rx_packet value 1. all CRC bits are setto 1

packet type decoded rx_packet

OUT: 4'b0001 10000111 (0x87) | o
IN: 4’b1001 10010110 (0x96) 1
DATAO: 4’b0011 11000011 (0xC3)
DATA1: 4b1011 11010010 (0xD2)
ACK:4’b0010 01001011 (0x4B)
NAK 4b1010 01011010 (0x5A)
STALL: 4b1110 01111000 (0x78)

2. eop detect is NOR(dp_in dm_in)

3. sync_byte = 8'b00000001

o s N




Serial-in 8
; N —_—
——dp_in—>{ sychronizer  f—dp sy »ledge > decoder decoded_dp=9| Parallel out 8- |K_patket_dah
bit shift register
O ; ) P
) 8 8
_/
\ 4 \ 4
edge_det: check_sync icheck_pid 3L,
always_comb r'ways_comb rx_packet
dm_sync, —11_bit_flag
=—dm_in—| sychronizer \
—>) clkdiv »| 11_bit_counter
Q O J
d issync
m_sync i .
_SYy A enable_count_11_bi pid 3
7
A\ 4
y (—bit_8_flag
, | always_comb v L\ A 4 Y
check eop le—— .
i en_8_bit_cnt
8_bit_counter - rx_transfer_active———>
( [——rx_data_ready————>
@) fsm to read data
f———rx_error————>
. d —flush———>
Is_eop———————— —store_rx_packet_data=———>
crc_det 1

¢ heCk_cCIC*

buffer_occupancy



n_rst.

IDLE
all outputs 0

edge_det=1

EDGE DET
enable_8_bit_count = 1

rx_transfer_active = 1
rx_data_ready = 1

bit_8_flag edge _det=1

issyncbyte
lis_sync_byte
—_—

E_IDLE
rx_error =1
all other

. outputs =0
bit 8 _flag=1
\ pid!=0|1|2|3]|4]|5]|6
pid==0]1]2]3 lis_eop
pid==4|5|6
pid = 2 | 3 && buffer occupancy == 0
is_eop PACKET_DONE
pid = 0 | 1 && buffer_occupancy == 0 REC_DATA CHECK_EOP'
bit_8_flag
REC_TOKEN
store_rx_packet_data = 1
enable_count_11_bit=1
flush =0
LOAD CRC 16 B1 CRC_det
store_rx_packet_data = 1 store__packet_data - 0
plepeis
b uffergo%cupancy CRC det
_ <64
11_bit_flag
CRC_16_B2
store_rx_packet_data =0
check_crc = 1
CRC_5
hy 1 CRC_det
ek o1

buffer_occupancy > 64 || eop_det

LUSH_BUFFER_DATA_ERROR
flush =1

! CRC_5_det
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ﬁLHWDATA-g—)

3 '
........ ;‘"'HBURST".")

32 .
(—HRDATA+?—

<—HRESP—;—

<—HREADY——]

TOP LEVEL

................................................................................................

3 :
< RX_Packet: / i
< RX_Data_Ready < —DP_IN
RX_Transfer_Active USB RX N
RX_Error '
e Flush <——DM_IN

A :

D_Mode dk — d —D_MODE—>
AHB-Lite 7, 7, !
Satellite <«€-Buffer Occupancy v ke -—Buffer Occupancy o b <
Interface 8 Y ;
(—RX_DataﬁL :
<—Store_RX_Packet_Data-J '
Get_RX_Data—) Data Buffer '
Store_TX_Data»| (64B FIFO) :
- «€—RX_Packet_Data ’ :
ﬁBLTX_Data—) - - / \ 4 :
J LGet_TX_Packet_Data— :.

Clear 8 : DP_OUT—™>
TX_Packet_Data=———»| USB TX .
2 '

// TX_Packet > ' DM_OUT—>
TX_Transfer_Active J ‘

TX_Error



