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RAM RAM Blocks Total RAM Total RAM Total RAM
Device Celumns | Per Column Blocks Bits Kbits
XC3550 1 4 4 73,728 72K
XC35200 2 & 12 221,184 216K ;,Pfif_;i]o/,w
XC35400 2 a8 16 204 912 288K 54_;{;_;[;,5
XC351000/L 2 12 24 442 368 432K A
XC351500/L 2 16 32 589,824 576K
XC352000 2 20 40 737,280 720K
XC354000/L 4 24 96 1,769,472 1,728K
XC3s55000 4 26 104 1,916,928 1,872K
= HE HEalel 37| b
IM-byte bf Fast Asynchronous SEAM (bottom side of board, see Figure 1-3) ZCE= 1M byte 0/ 2
¢+  Two 256Kx16 ISSTISA1LV25616AL-10T 10 ns SRAMSs 0/ = 0/|&dt= 20/
+ Configurable memory architecture 2452

Single 256Kx32 SRAM array, ideal for MicroBlaze code images
Two independent 256Kx16 SEAM arrays

¢ Individual chip select per device

¢ Individual byte enables




FIFO QFAIE

=5ES2 SoC HE= HIZAM E0 AE =, AESHII HISTX S=

22T HEEY
o OIctM fifo = HE HIZd] HESH HET 0HOF &

= JIEQ] fifo 9] ZAS T 20| A0, sw hexIlt2 & PC 9
S0l &5 &1 29| HIZ A0 & write Ol= JIS0l 2
o Uart 9] Z&ot HEEZ 0l 0f &

FPGA

of 0/ iH
ity




FIFO P AR

=EE HEdO AlEd0jlM B &
» HEH fifo O] 78 L AISHI0IMS SIOHME EE HIZ2I0] AISHI0IM

DI'-II(.V) OI ﬂ-EAI II'JOGF

= Ot0|IH EOjd 22
oHex MAUES HOIE EEJUE SUHM ME0l= WSAAE AMEY 0N D
22 A0 &
¢ Instruction 0l HHOIZZ MSE Wl MSET= FHSE ATHOF S

= OlOIH EHOId == ]
+ Windows?| HIX Ol UIOIIH HOIZ2 M2 M5S0l A
» HEHQI OI0IH HOEE 0128
e teraterm , Mttty S



L

- FIFO Q7 AKet

= AJAE! Y™ FIFO O] SAF Uiy
o FIFO = MMl A|AEIO] AT} IO E=THOHOF S

o+ HI22] - W22 2t0] M&0] B4  FIFO o] S OFF

SW bin[}|ZZ &

Lo ZE 2
B E9 H0/ES 0/

= L

PCUIA

oFOIIHEO1E

=Xt5L0/
O T T

PC

P

SW hex="14/
bin & SA/0f
SAI0) 250/ &

[ — 0= = &=
019rI'|J|' FIFO EEQI Enable 0:|-r§ T :9_% control
= FPGA
A=
U= corea ahb | sram_if ahb Board f
1 Memory
(sram)
amba_ahb UART
ahb RS-232C
S E
apb TTLIZ
Het
HMotet= ==
FIFO &/&
Pc HE0 2R
FPGA
; Board
coreaahbl_ W Memory
(sram)
FIFO
amba_ahb ME)|
e UART =y ¥-%0)
to I; MAX rs.2zzc| =&
aph || uart aphb ;7;1:5//5 PC
— 510/ HEO/ S




» W22 A

=1 ISSI AIC] IS61LV25616AL

TRUTH TABLE
/O PIN
Mode WE CE OE LB UB 1/00-1/07 1/08-1/015 Voo Current
Mot Selected X H X X X High-Z High-Z IsB1, IsB2
Output Disabled H L H X X High-Z High-Z lcc
X L X H H High-Z High-Z
Read H L L L H Dout High-Z lcc
H L L H L High-Z Dout
H L L L L DouTt Dout
Write L L X L H Din High-Z 266KLIE SRAM
L L X H L High-Z Din {10 nsj
L L X L L Din Din (see Table 23) () - | vops:0)
— e | A[1T:0]
CE1 BT TE
PIN DESCRIPTIONS o . ic1e
AD-A17 Address Inputs LB (F6) -|TB
1/00-1/015 Data Inputs/Outputs WE
CE Chip Enable Input Spartan-3 ok
— FPGA =
CE Qutput Enable Input T
p— X
WE Write Enable Input {10 ns)
LB Lower-byte Control (/00-/07) (see Table 2-4) - | vO[15:0]
UB Upper-byte Control (1/08-1/015) (see Table 2-1) [ AL17:0]
NC No Connection CE2 (NS} e
VoD Power uB2 (R4 oy o
GND Ground LB2 o= B
WE (G3) WE
OF (K} oE
I

{xx) = FPGEA pin number




» H2 2] AW
=] READ

READ CYCLE NO. 20

- trec -
ADDRESS
tas - toHa
OE —‘3\_\ /
<—looE— |-t—:-—— tHzoe
CE A - tLzoE
N 7|-¢
= ‘ Tk | tHzcE
tizce _..._Ie},. - —
LB, UB 5\1 o L/
- Taa— - » tHze
(T - O S trec
oo Ul X DATA VALID }
lcc
VDD - tru s0% tro 0% I
Supply o
Current ]

Notes:

1. WE Is HIGH for a Read Cycle. o

2. The device is continuously selected. OE, CE, UB, or LB = VL.
3. Address is valid prior to or coincident with CE LOW transition.
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=] WRITE

WRITE CYCLE NO. 4 (LB, UB Controlled, Back-to-Back Write) 2

- two o | Two

ADDRESS x ADDRESS 1 XK ADDRESS 2 >

CE  Low
— - -1 Ha — - —#—1 Ha
Sy =
WE i - S — ?-{
TPBEW —=] T PEW —=
UB. LB WORD 1 WORD = 3
T HIWE —f=——= --t—tLZWE—--|
HIEH-Z J/'—
DouT DATA UMNDEFIMED

I'\_—
— = tHD = tHD
tso | §={n]
Din oy By
MNotes:

1. The internal Write time is defined by the overlap of CE = LOW, UB and/or LE = LOW, and WE = LOW. All signals must be in
valid states to initiate a Write, but any can be deasserted to terminate the Write. The tsa, tHa, tsp, and tHo timing is refarenced
to the rising or falling edge of the signal that terminates the Write.

. Tested with OE HIGH for a minimum of 4 ns before WE = LOW to place the /O in a HIGH-Z state.
. WE may be held LOW across many address cyclas and the LB, LB pins can be used to control the Write function.

[




HIZ22] AA (IS61LV25616AL.v)

“timescale 1ns/18ps
module IS61LU25616 (A, 10, CE_, OE_, WE_, LB_, UB ):

parameter dgbits = 16;
parameter memdepth = 262143

parameter addbits = 18;
parameter Toha = 2;
parameter Tsa = 2;

input CE_, OE_, WE_, LB_, UB_;

input [(addbits - 1) - 6] A:

inout [{dgbits - 1) : 8] I0;

wire [ 15 : B8] dout;

reg [ 7 : 8] bank@ [8 : memdepth];
reg [ : 8] bank1 [8 : memdepth]:

f4 wire [{dgblits - 1) :

wire r_en
wire w_en
assign #i{r_en 7 Taa :

WE_ & ("CE_) & (™DE_);
{("WE_) & ("CE_) & ({™LB_) | ("UB_));
Thzce) I0 = v_en 7 dout :

initial
Stimeformat (-9, 8.1, " ns', 18);

assign dout | 7 : 8] = LB_ 7 8'bz :
assign dout | 15 : 8 = UB_ 7 8'bz :
Ffalways E{A or w_en)
always @@=
begin
#iTsa
if {w_en)
#iThzuwe
begin
bankB[A] = LB_ ? bank®[A] : IO [ 7
bank1[A] = UB_ 7 bank1[A] : I0 [ 15
end

16°bz;

8] memprobe = {bank1[A], bankB[A]};

CE
OE
WE
15 | UB_ 8 LB
A
70 bank1 bankO
bank@[A]; H//EE/—'E—'?E%
bank1[A]; read
22107
write
: a1
: 8 1:

10



> Uart introduction

= main.c

// main.c
#include "bsp.h"
#include "uart.h"

char msg[20]="Hello World!Wr#n";

int main()

{
uart_init(UART_BAUD, UART_FREQ);
uart_put_string(msg);
return(0);

}

11
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Uart introduction

=] uart.c

// uart.c
#include "uart.h"

#define ADDR_UART_START 0x4000 0000

e

// Register access macros

Register access macros

#define REG32(add) *((volatile uint32_t *)(add))
#define REGR(add) REG32(add)

J e e

#define UART_RB_THR
#define UART_IER
#define UART_IIR_FCR
#define UART_LCR
#define UART_MCR
#define UART_LSR
#define UART_MSR

[ e
void uart_init(uint32_t baud, uint32_t freq) {

uint32_t divisorH, divisorL;

divisorH

divisorL
REGR(UART_LCR)
REGR(UART_IER)
REGR(UART_RB_THR)
REGR(UART_LCR)
REGR(UART_IIR_FCR)
REGR(UART_IER)

(ADDR_UART_START+0x00) // read for RB, write for THR
(ADDR_UART_START+0x04) // read/write UART CSR address
(ADDR_UART_START+0x08) // read for IIR, write for FCR definition
(ADDR_UART_START+0x0C) // read/write (0x03) -- line_control
(ADDR_UART_START+0x10) // write only (0x00) -- modem_control
(ADDR_UART_START+0x14) // read only -- line_status
(ADDR_UART_START+0x18) // read only -- modem_status

UART initialization with

= 0x00; 25Mhz :

_Ox0e,  // 13.56 Tig300°T given frequency and
— 0x83;  // DLAB (7th bit of LCR) = 1 baud rate

= 0xo00 // Divisor latch MSB SMEE M|

= o0x0e // Divisor latch LSB

= 0x03; // DLAB (7th bit of LCR) = 0

= 0x01;  // receiver FIFO trigger level OIfHHE MO|

= 0x01; // receive-data available interrup

12



Uart introduction

= Uart.c

uint32_t uart_put_char(uint32_t ¢)

{
while (!(REGR(UART_LSR)&0x20));
REGR(UART_RB_THR) = ¢;
return(c);

uint32_t uart_put_string(char* s)
{
inti;
char c;
while ((c=*s++)!="W0") {uart_put_char(c); i++; }
return (i);

uint32_t uart_get_char(void)

{
while (( REGR(UART_LSR)&0x01));
return REGR(UART_RB_THR);

}

A\

“Print Just one character

7 Print String
Call uvart_put_char repeatly

“Get one character

13
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Uart introduction

=] Register list

Name Address | Width | Access | Description

Receiver Buffer 0 8 R Recetver FIFO output

Transmitter Holding 0 8 W Transmit FIFO input

Begister (THE)

Interrupt Enable 1 8 W EnableMask intermipts
generated by the UART

Interrupt Identification | 2 8 R Get interrupt information

FIEO Control 2 g W Control FIFO options

Line Control Eegister 3 8 RW Control connection

Modem Control 4 8 W Controls modem

Line Status 3 8 R Status information

Modem Status & 8 R Modem Status

= Interrupt Enable Register(IER)

This register allows enabling and disabling inferrupt generation by the TART.

| Bit# | Access

Description

0 RW

Received Data available interrupt
07 — disabled

‘1" — enabled

0x00
0000 0000

0x01
0000 0001

ransmurter Holdmg Kegister empty mniermpt
7 — disabled
‘1" — enabled
2 EW Receiver Line Status Interrupt
07 — disabled
‘1" — enabled
3 EW Modem Status Intermupt
‘07 — disabled
‘1" — enabled
7-4 EW Reserved. Should be logic ‘0,

Reset Value: 00h

HIOIE =20t
CIHEEZ Al

=X 88

14
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Uart introduction

= Line Control Register(LCR)

The line control register allows the specification of the format of the asynchronous data
communication used. A bit in the register also allows access to the Divisor Latches,
which define the baud rate. Reading from the register is allowed to check the current
settings of the communication.

0x83

1000 0011

M= I3 8bit
Divisor latch 0] 3
> SUSE 48

0x03

0000 0011

ol
24 o

dIXIAHN &2

Acce TEr'fir.rinﬂ
1-0 RW Select number of bits in each character
007 — 5 bits
017 — 6 bats
107 =7 bits
‘117 — 8 bits
2 RW Specify the number of generated stop bits
‘07 — 1 stop bit
‘17 — 1.5 stop bits when 5-bit character length selected and
2 uts otherwise
Note that the receiver always checks the first stop bit only.
3 RW Parity Enable
‘07 — No parity
‘1" — Panty bit 15 generated on each outgoing character and
15 checked on each inconung one.
4 W Even Parnity select
‘07 — Odd number of ‘1 is transmitted and checked in each
word (data and panty combined). In other words, if the data has an
even number of ‘1" in if, then the parity bitis ‘1"
‘1" — Even number of “1° is transmitted in each word.
3 RW Stick Parity bit.
‘07 — Stick Parity disabled
‘17 - Ifbats 3 and 4 are logic 17, the panty bit is transnutted
and checked as logic “0°. Ifbit 3 1s “1" and bit 4 15 “0" then the
parity bit is transmitted and checked as “1°.
] RW Break Control bit
17 —the serial out is forced into logic *0° (break state).
‘0" — break ds disabled
7 RW Divisor Latch Access bit.

‘17 — The divisor latches can be accessed
‘07 — The normal registers are accessed

Reset Value: 000000110

15



> Uart introduction
= Interrupt Identification Register(IIR)

The IIF. enables the programmer to retrieve what is the current highest priority pending
intermpt.

Bit 0 indicates that an intermupt 1s pending when it’s logic "0°. When it's '1" — no interrupt
1s pending.

The following table displays the list of possible interrupts along with the bits they enable,
priorty, and their source and reset control.

_. | Interrupt Interrupt Source Interrupt Reset
I T | Type Control
= =l = g
Bl E| 8| =
011 |1 1% |Receiver Line | Parity, Overrun or Framing | Reading the Line
Status errors of Break Interrupt Status Eegister
0 (1|0 ]|2%|Receiver Data | FIFO trigger level reached | FIFO drops below
available trigger level
1]1]0]2" | Timeout There’s at least 1 character | Reading from the
Indication in the FIFO but no character | FIFO (Recerver
has been input to the FIFQ | Buffer Eegister)
or read from it for the last 4
Char times.
00|13 Transmitter Transmitter Holding Writing to the
Holding Begister Empty Transmitter Holding
Register empty Begister or reading
IIE..
olo]0]4" | Modem Status | CTS. DSR, RIor DCD. Reading the Modem
status register.

Bits 4 and 5: Logic "0,
Bits 6 and 7: Logic ‘1" for compatibility reason.

Eeset Value: Clh
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Uart introduction

=] FIFO Control Register(FCR) 0x01
Bit# | Access | Description 0000 0001
0 W Ignored (Used to enable FIFOs 1n NS16550D). Since this UART
only supports FIFO mode, this bit 15 ignored.
1 W Writing a “17 to bit 1 clears the Receiver FIFO and resets its logic.
But it doesn’t clear the shaft register, 1.e. receiving of the current =
character continues. B : 1 byte J } EO'I 2 E
2 W Writing a ‘17 to bit 2 clears the Transmitter FIFO and resets 1ts Interru pt = ﬂé’
logic. The shift register 1s not cleared, 1.e. transmitting of the
current character continues.
5-3 W Ignored
[7-0 W Deline the Recelver FIF O Intermupt trigger level
007 -1 byte
‘017 — 4 bytes
‘107 — 8§ bytes
‘117 — 14 bytes

Eeset Value - 110000000

17



Uart introduction

=] Modem Control Register(MCR)

The modem control register allows transferring control signals to a modem connected to

the UART.
Bit# | Access | Descrption
0 W Data Terminal Ready (DTR) signal control
‘0" -DTRis 1"
‘1'-DTRis ‘0"
1 W Request To Send (RTS) signal control
W-RTS1s°1°
‘1"-RTS1s (v
2 W Outl. In loopback mode, connected Ring Indicator (EI) signal input
3 W Out2. In loopback mode, connected to Data Carrier Detect (DCD)
input.
4 W Loopback mode
‘0" —normal operation
‘1" — loopback mode. When in loopback mode, the Serial
Output 5ignal (STX PAD O] 1s set to logic “1°. The signal of the
transmitter shaft register 15 internally connected to the input of the
recetver shift register.
The following connections are made:
DTR = DSR
RTS =2 CTS
Outl = RI
Out2 < DCD
7-3 W Ignored

Reset Value: 0

18



Uart introduction

= Line Status Register(LSR)
- 3J1 &8 dXIAH

0x20 0x01

0010 0000 0000 0001

Hi

of
A

\d
——

e o o] {51
=Dl E0ES

by =

rie o
gl
ill]

Data Ready (DR) indicator.
‘07 —No characters in the FIFO

‘17 — At least one character has been received and is in the
FIFO.

Overmun Error {OF) indicator

‘17" —If the FIFO is full and another character has been
recewved 1n the recerver shift register. If another character 15 starting
to arrive, 1t will overwrite the data in the shift register but the FIFO
will remain intact. The bit is cleared upon reading from the register.
(Generates Receiver Line Status interrupt.

‘0" = No overmun state

Parity Error (PE) indicator

‘1" — The character that is currently at the top of the FIFO
has been received with parity error. The bit is cleared upon reading
from the register. Generates Receiver Line Status interrupt.

‘07 — No parity error in the current character

Framing Error (FE) indicator

‘1" — The received character at the top of the FIFO did not
have a valid stop bit. Of course, generally, it might be that all the
following data 1s corrupt. The bit is cleared upon reading from the
register. Generates Receiver Line Status interrupt.

‘0" —No framing error in the current character

Break Intermupt (BI) indicator

‘1" —A break condition has been reached in the current
character. The break occurs when the line is held in logic 0 for a
time of one character (start bit + data + parity + stop bit). In that
case, one zero character enters the FIFO and the UART waits for a
valid start bit to receive next character. The bit is cleared upon
reading from the register. Generates Receiver Line Status inferrupt.

‘0" —No break condition in the current character

A

= |

Transmit FIFO 15 Empty.

‘1" — The transmitter FIFO 1s empty. Generates Transmitter
Holding Register Empty interrupt. The bit is cleared when data is
being been written to the transmitter FIFO.

‘0" — Otherwise

Transmitter Empty indicator.

‘1" — Both the transmutter FIFO and transmitter shift register
are empty. The bt i1s cleared when data 1s being been written to the
transmitter FIFO.

‘0" — Otherwise

‘17 — At least one parity error, framing error or break
indications have been received and are inside the FIFO. The bit 1s

cleared upon reading from the register.
‘0" — Otherwise.




Uart introduction

= Uart_apb 71X

PRESETn

PCLK

PSEL

PENABLE

PWRITE

PADDR

PWDATA

Srx

Uart apb

~PRESETn

—_—>
—
[31:24] -~ ,
L |[23:16 ? 32‘b 3
—_—> reg_dat8_r [15:5]
[7:0]
3 interrupt
—
S uart_ stx
>
regs
9 HAAE |Uart‘=’l’é’|
32b [4:2] UART_RB_THR Base + 0x00 Base + 0x00
e reg_adr — -
[1:0] UART_IER B+ 0x04 B+ 0x01
) [31:24]
32b UART_IIR_FCR B + 0x08 B + 0x02
——> reg_dat8_w
[7:0] UART_LCR B + 0x0C B + 0x03
Srx
— UART_LSR B + Ox14 B + 0x05

PRDATA

interrupt

stx

20



% uart_apb.v

PRESETn & P3EL & ™PEMABLE & PUWRITE;
PRESETn & PSEL & PEMRBLE & "PWRITE;

assign req we
assign req _re

module uart_apb assign regq_adr = PADDR[4:2]; /fassign adr_o = PADDR[2:8];
PRESETn, assign PRDATA = (PSEL) ? {4{reg dat® r}} : "hB;
PCLK, always @ (PADDR[1:8] or PWDATA) begin
PSEL, case (PADDR[1:8])
PEHRBLE , “ifdef ENDIAM BIG
PADDR, 2'b0A: #1 reg dat8 w = PUDATA[31:24];
PURITE, 2'b81: #1 reg dat8 w = PUDATA[23:16];
PUDATA, 2'b18: #1 reg_dat8 w = PUDATA[15:8];
PRDATA, 2'b11: #1 reg_dat8 w = PYDATA[7:0];
“else ff little-endian -- default
interrupt, 7/ interrupt regquest {active-high) 2'bAA: #1 reg_dat8 w = PUDATA[F:z8];
stx, /f serial output 2'bf1: #1 reg_dat® w = PHDHTR[15:B]E
SKX // serial input 2'bi8: #1 reg_dat8 w = PUDATA[23:16];
): 2'b11: #1 reg _dat8 w = PUDATA[31:24];
input PRESETn; wire PRESETn; “endif
input PCLK; wire PCLK; endcase
input PSEL; wire PSEL; end
input PENABLE ; wire PENABLE ;
input [31:8] PADDR; wire [21:8] PADDR; uart_regs Uregs(
input PURITE; wire PYRITE; .clk {PCLK),
output [31:8] PRDATA; wire [31:08] PRDATA; ~wb_pst_i {(™PRESETn},
input [31:8] PWDATA; wire [31:8] PUDATA; -wb_addr_i  (reg_adr),
output interrupt; wire interrupt; -wb_dat_1 (reg_dat8_uw),
input SKFX: wire SFX: .wh_datTu {reg_datd_r),
output sty wire stx; .wh_we_% (reg_we),
-wh_re_1 {reg_rej,

-modem_inputs{{™~ctsn, dsr_pad_i, ri_pad_i, dcd_pad_i}),
.stx_pad_o {stx),

-sr¥_pad_i {srx),

-rts_pad_o {rts_internal},

.dtr_pad_o {dtyr_pad_o},

-int_o {interrupt)

)i

I emdedute
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Uart = SHIEZ WIS 0l=Ml,
HIZ 2100l 32bit2 Hex A3 X Xl OF &

Ol0IH HOIg2
02 OIAJ| UCE 0x30 OF Uart D0 MS

0x30 0x63 0x36 0x63

0x30 0x36 0x30 0x31

4'h0 4'hC 4'h6 4'hC

4'h0 4'hé 4'h0 4'h1

Endian

el

S p
Y4

Transition_data[7:0]

8'hoC 8'h6C

FifoJ}

HZd &S S

—

CE_0_ 0
CE_o_1

LB_o_ 0
UB_o 0

LB_o_1
UB_o_1

1 1

™

8'h06 8'h01

—

1 0 =]

1 Sw depth-1




+ FIFO

Hets
FIFO

ﬁF

2

/

g

-
IS)

FPGA

Board

bin&'& 410/

FIFO SAIO) BtE01 &
amba_ahb MEl)| T
I — |7 vaRT .
fo Rs-23zc| =5=2
aph | uart apb ;7;': A= PC
_ SO/ HE DI E




> FIFO
T User_mode
CLK Enable RSTn User_add
_start
= Top View Vool s
\4
16'b
boardmem_dat_i_0 | e——p
16'b
boardmem_dat_o_0 ﬁ;
CE_0_0 D ——
3b
UB_0_0 —_— FIFo —q uart_addr_o
8'b
LB_o_0 —_— &—r_t—i uart_rdata_i
18b
boardmem_addr_o €—~— 8b
uart_wdata_o
WE_o _
H uart_we_o
OE_o D
16'b
boardmem_dat_j_1 | =—————pl—3> H uart_re_o
16'b
boardmem_dat_o_1 —pfe—
CE_o_1 —
UB_o_1 G
LB_o_ 1 _

{ 8,b

L . LED




L
¥

FIFO
op) ke

CLK

RSTn

Enable
User_mode_start

User_add
LED

boardmem_dat_i_0, 1
boardmem_dat_o_0, 1
CE_ 00,1

UB_o 0,1

LB 00,1
boardmem_addr_o
WE_o

OE_o

| Width | Description |

= 25

L—
oy Al
Fifo O] SZ} Enable
SHIZEQ A MR (T: 1, F: 0)
FHEEAL ZR R 8 EECE S0l FA2 dt

T T L HA
Fifo S} 248 HAl &£

30 o
2
H |

S 0fIA instruction 2t ==

HE HZA=FH AH
HCE HZc= =50l= UI0IH &t

HE W29 Chip Enable , low Active

HE 220 A 16HIE S&t Enable , low Active
HE H2d|° 0t 16HIE S&t Enable , low Active
HE HZdE S50l F4 &t

HE H22|2 ==0l= Write Enable, low Active

HE HIT2=E &80l= Output Enable, low Active

i
ull
rir
=
(=
m
&}

o

o)
0

uart_addr_o
uart_rdata_i
uart_wdata_o
uart_we_o

uart_re_o

Uart & E0l= address &t
Uart OIIAM 2=El= IOIE &t
Uart 2 E50t= HIOIH &
Uart 2 &8 0l= Write Enable

Uart 2 &= 0}= Read Enable

25



FIFO
=T

UART init / veri

UART XJ|3}
HAEZ Tal= 2XIE

o A HOES &3

HMALE XL HS AR

UART_LSR #& 210
8 bit HIOIE{ 7| S0iR2H

Fifo Disable
4HZ HEE0M 32bit 2
Ay = H=2lol &
HASH gol
EPll add + 1

(o) [}
(pc2l OIOIHEIOIE) Hex ALOIX 3JIE -1

O 2=

S|

—

op

&5 HA

00

LED &

HE 220 =48 &
HEE UZ 2000 read
WHE HZ 200l write

WL HZaol S
LEDE =tol

-_




void uart_init(uint32_t baud, uint32_t freq) {
uint32_t divisorH, divisorL;

‘_%.av divisorH = 0x00;
FIFO ~HIOIE HAS divisorL - 0x0e;  // 13.56
‘K O] Als}

Enable=191 AIZHOIA| St REGR(UART_LCR) = 0x83;
REGR(UART_IER) = divisorH; EAMEET XO|
REGR(UART_RB_THR) = divisorL;
W] Al'EH E -1 REGR(UART_LCR) = 0x03;
o REGR(UART_IIR_FCR) = OXOL; OIF{YE NO|
REGR(UART_IER) = 0X0L;
Y

sT13 & | st12 | st11 | sT10 ST9 ST8 | ST7 | ST6 | ST5 | ST4 | ST3 | ST2 | ST1 | STO
n

000 000 000 000 000 101 | 000 | 001 | 010 § 011 J 00O § OO1 f O11 uart_addr_o

S i boardmem_addr_o+1 54 01 01 03 | OE 00 83 uart_wdata_o
caremem_ader—o cnt_total_data_depth-1
WE_o | 0 0 1 1 1 1 1 1 1 uart_we_o
OE_o // low active Transition. | 1 1 uart_re_o
Data
boardmem_dat_o_0,1 wse | """ H@ u art_
b4 =]
HA=
CE_0_0,1 —— ]| 2| i regs
4xX24E Up uart_ | uart_ L‘LSR
UB_o_0,1 < =X2IS rdata_i | rdata_i [BX READ JuART_RB_THR Base + 0
— Write de;ggn a | ozt e
LB_0_0,1 < 4Qls 20? 1? UART_IER B+ 1
—— flag 0a?
PYCPTTELS . — —_ TeEx UART_IIR_FCR B + 2
o} |msee]| ma. | F1den 22271 &5 a5
0000000 M2l JSHiE?] s HAE UART_LCR B+ 3

UART_LSR B +5

Transition_Data_o Transition_Enable=1

transition

ASCII to —

Original hex value
8 bit -> 4 bit

O AHet ‘

LED

27




L
¥

FIFO

= NEHET -2

AHIOIE A2

Enable=1921 MM SEt

I User_mode_start &t

: ST14-16 =
= SHMII -

boardmem_addr_o <—
WE_o // low active
OE_o
CE_0_0 ——
CE_0_0 | ——

UB_o_1

—

internal_ram_WE
//high active

internal_ram_add

boardmem_dat_i_0[7:0]

D

_start

internal_ram_dat_o

LED

ST17 ST18 ST19 ST20 ST21 ST22 ST23 ST24 ST25 ST26
o
=X +1 +1 +1
want
1 1 1 1
0 0 0 0
1 1 1 1
0 0 0 0
1 1 1 1
1 1 1 1
1 1 1 1
=] =]
read from T read from read from read from T
pI=2 = alff Mem ='u||9a| e [bimzay e sy || Mem
write write write write
1
00 01 10 11
internal_ram_EN=1
q
reg_sram
22x8
? —
real_Address_ram
User_add User_mode

28
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¥

TTY D&

= PCO|] OIO|H 0|8 2 &

EPCOl SW & 2-& BlH% vart Z&EZ ME0| Bt I E

EUart S22 WS Z80IH FIFO WAIOT sw B =X1MOoZ MS
msSwW ) 81 U= 159 8 EX1& OtAJ| AET HEAOIH M5

})

29



+ TTY DS
= AT

AHIOIE AR
]
=10l Alzt =X}
BankO Enable=121 SB0IM S5 LSR[5] ==0 0] [ LSr[5]==0 01 || LSR[5]==0 0|™
218x[31:0] SIS0t delay Transition_Enable | Transition_Enable Transition_Enable
swgEx Z A= o #o 240
alalalalalala]s D D
char STOJ ST1] ST2] ST3] ST4 ] STS | ST6 § ST7 I ST8 I ST9 §ST10ST11]ST12 ST29 1 ST30
transition
Original hex value to ASCII H Transition_Enable 1 1 1 1
Char0f Char0f
reg_dat8_i 83l ool oel 03l o1 Bank Hst Bank Bank [char0fl
transition_data_o af F4 | Bank
27 124 [rm— 23:20
o} o} +1 |31:28
reg_dat8_i LAl n=ian
reg_adr 0111 001§ 000§ 011§ 010 § 001 000 § 101 000 § 101 101
STX | Uart_regs S
I reg_we 1 1 1 1 1 1 1 0 1 0 * 0
SRX .IUART_RB_THR Base + O]
UART_IER B+ 1 reg_re 1 1 1
UART IIR_FCR B + 2
UART LCR B+ 3
UART LSR B +5
reg_dat8_o
F2 SR

30



L
¥

HIAE HiX| &3

tty

UART_TX1

User_add[1:0] User_mode_start RESETn CLOCK Enable
|
IS61LV25616 X 2J &
—p
100, 1[15:0] | quummmmgp]  10_0, 1[15:0] UART_RX1
UART_TX1

A[17:0] C— A[17:0]
CE_0, 1 C— CE_0, 1
OE_0, 1 — OE
WE_0, 1 — WE
LB_O, 1 C— LB_0, 1
UB_O, 1 — UB_O, 1

LED[7:0]

UART_RX1 SW

{

AIEYI0|8 2

Ong 2=9| 915 HiEel)

SIAIEl OdAd
Hoa3a o1

Fifo + uart

AI2YI0|8 2

(PCO| OIOITHE{OIE)

31



+ HIAE WX A
=EHAE AlUZL

top_uart fifo Utop uart fifo{
.Enable(Enable},
-User_add(User_add),

.User_mode_start{lUser_mode_start},

.LED{LED),
AR},

.10_B{I0_m),
10 1(1I0 1),

.CE_B{CE_B),
.CE_1{CE_1),

WECWE),
.0E(OE},

.LB_0{LB_0)[]
.LB_1{LB_1),

.UB_B{UB_m),
.UB_1{uB_1),

-RESETn(RESETn),

.GLOCK{CLOCK},

UART_TX1(UART_TX1),

UART_RX1{UART_RX1)
);

/f active-1g
/# system clq

IS61LU25616 U_IS61LU25616(
-ACA),
.I0_8{I0_B),
.10 1(10_1),
.CE_B{CE_B),
.CE_1{CE_1),
.0E_B{™WE),
L0E_1({™¥E),
JME_B(WE),
JME_1(UE),
.LB_B{LE_B),
.LB_1({LB_1),
.UB_B{UB_B),
.UB_1{UB_1)

¥i

tty Utty(
-RESETn(RESETn),
.cLE(cLocK)
-STX(UART_RX1),
-SRX(UART_TX1),
.Enable{Enable}

initial begin

CLOCK = 1'h8;

Enable = 1'b1;
RESETn = 1'b#;
User_mode start = 1'b@;

2|l / FIFO, tty Enable

User_add = 2'bB6;

#1868 RESETn = 1°b1;

ol Ol / sw §F

H96348000 User_add = 2'bA0;
#28 User_mode_start = 1'b1]
#2088 User_add = 2'hbi1;
#2080  User_add = 2'b16f
#2048 User_add = 2'b11;

AL HIZZRH

2 | 3E read 0101
Fifo LHE O] reg_sram O &
Write & LED 2 gt &9l

#1868 Enable = 1°b@;

#1064 RESETn 1'bA;

Fifo, tty &%} Disable

#sa RESETn 1'b1;

always begin

#18 CLOCK = ™CLOCK;
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TE_top_uart_fifofUbop_vart_fifo/Enable
TB_top_uart_FfofUtop_uart_Ffofuart_addr o I R T < I [g 5
|

e

LY

JTE_top_uart_fifofUtop_uart_fifofuart_wdata o 15300 Ine 03 0l 4
ITB_top_uart_fifofUtop_uart_fifojuart_rdata_ i 300 3l l
ITB top_uart_FifofUtop_uart_Fifofuart_we o
ITE top_uart_fifofUtop_uart_fifofuart_re_o
ITB_top_uart_fifofUtop_uart Fifojinterrupt
ITB_top_uart_FifofUtop_uark_fifalcksn
ITE_top_uart_FifofUkop_wart_fifafdtr pad_o
ITE_top_uart_FifofUkop_uart_fifo/dsr pad_i
JTE_top_uart_fifofUtop_uart_fifofri_pad i
ITB_top_uart_fifofUtop_uart_fifofded_pad i
ITB top_uart_fifofUtop_oart_fifojrks_internal
ein Divider
ITB_top_uart_FifofUte/RESETR
ITE _top_uark FifafUIkky fCLE
ITB_kop_uart_FifofUkky (ST
JTE_top_uart_FifofUkky /SR
JTE_top_uart_fifofUtty finkerrupt
ITE top_uart Fifoilitbyfreg_we
ITE_top_uart_FifofUttyireq_re ] | |
ITB_top_uark_fifofUtky freg_adr 1301 ;oE e
{TE_top_uart_fifofUtbyreq_dats i J83 700 Joe J03 )01
ITE_top_uart_FifofUtbyreg_datd o DEjo0 [ ¥Rl IDDl:I:Dl
ITE top_uart FiFofUtey fcksn
ITB_top_uart_fifafUtbyidtr_pad_o
ITB_top_uart FifofUktyfdse pad
JTB_top_uark_FifofUkkyfri_pad i
ITE _top uart FifofUtkyded pad |
JTE _top_uart_FifofUkkyrks_internal i [ |
ITE top_uart FifofUtby state Iz 3 14 5] J50
ITB_top. uart_FifofUtby fchar
ITE _top_uark FifofUtky A,
ITB_top_uart_FfifafUtky ILSR
[TE_top_uart_FifofUtty state 1§z §5 14 5] J=0
[TB_top_uart_Fifa Uty /ST ] ] )
ITE_top_uart_FifofUtky ftransition_data_ o
JTE_top_uart_Fifof/Ukky /transition_enable

LN

[oo

2|l / FIFO, tty Enable

Uart B & XJ|3%}

Fifo LI 22
Uart 2=

2 X out &
LSR &S
Sw /& MAl

4 S e ] e B v I e RS 0 e v PR e e

[ e =T

ttylLi £ 2
Uart £ =

Fd
#
#
#
#
4
#
#
F
i
#
#
#
4
#
#
#
Fl
&
#
r
#
F
#
&
F

Cursor 1 {133 ps




+ AlEd|0]M

TE2Xt

Fifo L= 2
Uart 2=

ttylLHi 2
Uart 2=

o T

TTY Ol A SHS 2t delay

=~ ko _Uart HFofUART_Til

A S ltop-uart FFo/UART Rl

{TB_top_uart_fifo{Utop uart fifo/Enabls
{TB_kop_uart fifofUbop_uart fifofuart_addr o

;l'TB_l:0_|:|_L|art-__'Fifa,l'L|t0|:|_.Llaf't;_ftir,l'ua_rt_‘w.cIata_u

» ITB_top_uart_fifo/Utop_uart_fifofuart_rdata_i

SRR R R

A

Me:
4,

i Divider

TB_top_uart_FifofUkop -uark_fifojuart we_o
ITE top_uart ffofUtop, uart Fifofuart re o

!
f
ITE_top_uart_FifofUkop_Uart Fifafinkerrupt
ITE_top_uart_ fifofltop_uart_fifo/cten
{TE_top_uart fifa/Utop uart fifojdte pad o
{TB_top_uart_fifafUtop_uart_fifo/dsr_pad i
[TE_top_uart Ffe/Litop_uart_fifofri_pad_i
{TE top. vart Fifo/Utop uart FiFofded pad i

{TB_top. vart fifefUtop -uart_fifofrts_internal

Jbop-uart_fifo/boardmem_dat_o_0
Jtap_uart_fifofboardmem_dat o1
[TE: top-wart FrofUtop_uart fifofboardmemn dat_i o
$T6_top_ uart_fifo/Utop_uart fifo/boardmem_dat i1

o o000 oo o -~ o

{TE._top_uart_ fifo/Ukty/RESETr

L {TE_top. uart FifofUkbfCLE

4

ITE: kop_uart Fifo/Ukbyw ST

TB_top. uart FifofULtyISRY
TE_top_uart_fifofLitty finkerrupk
TB_top_uart_fifo/Utty req we
TB_top_uart_fifofUtty/reg_re
TB_top_uart fifa/Uttyfreq adr
TB top. uark Fifo/Utbyireg datg i

{TB_top_vart_ fifofUttyfreg_datd o
ITB: top_uart: FifofLttyictsn

TE top._ uart fifo/Uttyidtr: pad o
TE_top_uart_fifofltty/dsr_pad i
{16 top_uart FiFafUtty/ri pad |
TE_top_uart_fifofUttyfded_pad
TB_top_uart_fifafLtbyfrts. internal
TE_ top. uatk fifo/Utby/state

!
!
!
!
1
!
!
!
!
!
!
!

I

!

Ill =
ATB_kop_uart_FifafUtkyfchar
ATB: bop_uart_Fifo/Lttia
!
i
/
I
I

TE. top. uart FFo/UEtyILSR
TE_top_uart_Fifo/Uitty/skate
TB_bop_uart FfofUtty/STS
TB_1:op_uar_tj|'F|_:|;|'L!I_:tw'l;?an_éition’_;data_q’
TB_top_uark_FifofLttyftransition_snable.

LSR &S
[0]2t01 10| =/ 01 OF
It A

O it LR o BT o o B




| DEC' HEX OCT Char | DEC: HEX OCT Char  DEC HEX OCT Char |

[ — | O | 00 [ 000 CW-@MNUL| 43 28 053 | + | B8 |56 126 V
Qia 1 a1 (1] Crrl-A S0OH dd 2C 054 i a7 57 127 W
i E — 2 | 02 ooz CH-BSTX|| 45 20 o055 - [ 8B 58 130 X
3 | 03 | 008 cCwm-CETX | 46 26 056 . | B9 |59 13| Y . z
4 | 04 o004 CH-DEGT | 47 | 26 057 J |l 80 | sA 13z z Fr uart. hex = (C:¥CorelDEAWexample...
5 | 05 005 Cul-E ENQ | 48 oso [0 Qa1 58 133 | Lo = = = S
oS0l o Toce | cEicic T 61 o : mrhy HEE =4I 2EE) HEHE) 3
TTY a3 7 07 007 Ctn-G BEL | 50 32 (062 2 93 KD 135 ] o E] A Y &t
Delay =g S g Ma Al’“ | 8 o8 010 cm-HBS | 51 33 063 3 |4 BE 136 ° = IQ ® @ | 4 EHE e B
ol
o4l T —o | g 09 011 Ctrl=1 HT 52 34 064 d 25 5F 137 -
0 | oA 012 | ch-JLF | 83 | a5 |oes | & o5 | &0 | 1aa | BcHcB6H1 36600004 BA0O0BOA BA0000A80
11 | 08 [ 013  Cw-KVT | 54 36 066 6 (97 € 141 a J66Ffffe 800000800 246bcB28 18ccfffy
2 |00 U4 OMLER (S8 3 G I |Smo@ oz b 612c8cB0 10abfffc 18ccFFfc Bc600907
tri=} 4 c
14 OEF | 016  Cu-NSO | 57 38  om g 100 €4 144 | 4 1AAAA? AR AcA1271F ART12h1e 1RA11ARALA
15 | OF | 017 cw-08l |58 | 3a o72 | : ||101| 65 145 | e
16 10 | 020 Cw-POLE | 58 38 078 : 102 66 146 f
17 11 021  Cn-Q DCl 1] ac 074 < 103 67 147 a
18 12 022 Cui-R DC2 (1] 3D o075 = 104 68 150 h

&t &

op_uart_fi . Transition_data_o

fTE_top_uart_fi 2t reg_dat8_i £ 21D
ITB_top_uark
ITB_top_uart_|

Sw hex° Hex &/
1)l £ Transition
2= &5 ot¢

HE AIE 8bit dd

op._uark Fi
'TB_ top_uart_FifayLite,

n

[':] [u] |..:..I




=¥

[ — | TTY 259]
AlE40|M

JTE_kop_uart_fifofUkop_uart_FifofUB_1 i}

L

T
=

UART?2| =422 : interrupt
> 30= 2H0tA
> 022

B T T T T R T R T T T T e T T T S R R T T R R R T T

TTYO A =& &
UART=Z & SAIE

a5 N |

b L

T T R R T T T T R T T T T T T T T T




A|=E||0|M wHs o =
E | - OWHZ 2= =] -WHE ram 0l &+ 2H0IL71

&dE 22 = FIFOO| 2| of ot?l HiZ2el 16bit =
LED 8 2% &S ot? 8HIE AUES LHR ram 22 NE
Oc et2 SMIIJISUHZE =& Jts

ITE_top_uart_FfifofUkop_uart_fifofUboard_fifofUser_mode_skart
ITE_top_uart_Ffifo/Ukop_uark_Fifofboard_Fifo/User_add
ITE_top_uart_Fifo/Ukop_uart_fifofUboard_Fifo/Enable
ITE_top_uart_Fifo/Ukop_uart_FifofUboard_FifofCLE
ITE_top_uart_FifofUkop_uart_fifo/Uboard_fifo/RSTR
ITE_top_uart_Ffifo/Ukop_uart_FifofUboard_Fifof/LED ng TFF |
ITE_top_uart_Fifo/Ukop_uart_fifofUboard_Ffifo/boardmem_addr_o 0dida noiob ) TS I:I'lDEIEIEId
ITE_top_uart_FifofUkop_uart_fifof/Uboard_fifo/boardmem_dat_o_0 ngon Joana
ITE_top_uart_FfifofUkop_uart_fifofUboard_Fifo/boardmem_dat_o_1 ngon Joana
ITE_top_uart_FifofUkop_uart_fifo/Uboard_fifo/boardmemn_dat_i_0 Na zz07
ITE_top_uart_FifoflUkop_uart_FiFafboard_Fifofboardmem_dat_i_1
ITE_top_uart_FifofUkop_uart_fifo/Uboard _FifofiCE_o_0
ITE_top_uart_FifofUkop_uart_fifofUboard_fifofiCE_o_1
ITE_top_uart_FfifofUkop_uart_fifo/Uboard_fifo"WE_o
ITE_top_uart_Fifo/Ukop_uart_fifofUboard_FifofLE_o_0
ITE_top_uart_fifo/Utop_uart_fifo/Uboard_Fifof/LE_o_1
ITE_top_uart FifofUkop_uart_ fifofUboard, fifo/UB o 0
ITB_kop_uart fifo/Utop_uart_fifo/Uboard fifofUB o 1 . - -

- ITE_top_uart_FifofUkop. wart. fifo/Uboard_ fifefOE o _ _ W= BiZ=el= 2% HZ22l0Al &S 20t

- ITB_top_uart_fifofUtop vart_FifofUboard_fifofuart_addr o 0,1, 2,3 =400 2=
ITE_top_uart_fifofUbop_uart_fifoflboard_fifofuart_wdata o 07, 00, 1f, 1e stS M &

¥ ITB_top_uart_fifo/Ukop_uart_fifofUboard_fifofuart_rdata_i 36 (Internal_ram_WE &2 1)
{TE_top_uart_FifofUkop wart FifofUboard Fifofuart we o
JTE_top_uart_fifofUtop_uart_fifofliboard_fifafuart re o
{TE_top_uart FifofUkop uart_fifofUboard, fifofinternal_ram_EN
ITE_top_uart_fifo/Ukop_uart_Fifof/Uboard Fifofinternal_ram \WE

- ITB_top_wart fifo/Utop. wart fifofUboard fifofinternal ram_dat o

0 TR _top_uart_fifofUtop_uart_fifofboard_fifo)state g 5 @ 0o 1 1z na | liz s
ITE_top_uart_fifofUbop_uart_fifoflboard_fifafent_relax 7
* . JTB_top_uart_fifofUtop_uart fifofUboard_fifojcnt_during sal... 3 i
ITE_top_uart_FifoflUkop_uart_ fifo/Uboard_fifofcnt_tokal-data_de...
{TE_top_uart_fifofUtop_wart_fifofUboard_fifofinternal_ram_add
{TE_top_uart FifofUkop_uart_ FifofUboard, fifofinternal_ ram WE ...
ITB_top_uart fifo/Utop_uark Fifoflboard Fifofreal Address ram

- |TB_top_uart Fifo/Utop. wart FifofUboard, fifoftransitiondata_o

- ITE_top_uart_fifofUkop uart_fifofUboard_fifofflag_nevw
ITE_top_uart_fifofUkop_uart_fifoflboard_fifo/transition_data

¢ ITB_top_uart fifofUkop uart fifofUboard, fifoftransition_enable

o

o oK O oM OO

=]
(1]

—




] User mode start 2/0| 10| & ™
¥ AI EII OI A OHZ 22 - | =W LED 2 B User_add 20| Lj= 0122|2 3%
- c ram 0l Y= &t LED Al
) E [ <= T U= - > MEE SW2tS LED 2 2010}s

"=E‘—‘=='

I R it [ N I R

2207 z200 z2lf zzle

o

4
4
’
4
4
4
4
4
’
4
4
4
4
4
’
4
I
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+ Al total A|JAE!

FPGA

Board
bram_ahb Memo

bin&'& 410/

FIFO SAlO) Bt=0/ &
amba_ahb MEl)| T
I — |7 vaRT .
to rRs-zzzc| =552
aph || uart aphb ;g:a/g/ pPc
oIOIHE O/ E




L
¥

uart apb:

CLK

Enable

RSTn ||

User_mode
_start

= FIFO Top View

HIZ2] TE{HI0] A 2%

WA O] selection TI010F St

v v v
16'b
boardmem_dat_i_0 | e——p
16'b
boardmem_dat_o_0 ﬁ;
CE_0_0 D ——
3b
UB_0_0 —_— FIFo —q uart_addr_o
8'b
LB_o_0 — @F ! uart_rdata_i
18b
boardmem_addr_o €—~— 8b
uart_wdata_o
WE_o _
H uart_we_o
OE_o D
16'b
boardmem_dat_j_1 | =—————pl—3> H uart_re_o
16'b
boardmem_dat_o_1 —pfe—
CE o 1 —
UB o1 ——
LB_o_ 1 _
{ 8 Uart 9t 3T 0f selection |00 &
[ LED

40



+ uart apbrA

= J|ZE Uart_apb

~PRESETn

PRESETN > I

PCLK —_—
[31:24] 3%
23:16

PSEL | ———> —‘ reg_dat8_r [Fise PRDATA
[7:0]

PENABLE | ——> —lnterrupt —_— interrupt

stx
PWRITE > uart_ q stx
regs
32b [4:2]
PADDR AN > reg_adr  fomm

[1:0]

[31:24]

PWDATA | —ez—>

reg_dat8_w I_

SrxX

Srx —_—




= O

+ uart_apbrA
boardmem_dat_i_0,1 Iboardmem_dat_o_O,l boardmem_addr_o WE_o OE_o CE_o0 0,1 UB_o_0,1 LB_o 0,1 ||
AN
=& Uart_apb FIFO
c c
s 13 s| |7 3
| lm In = |—1
AN S
o N o o o
o |o |_.
3b p l .
Enable —I 8b 8D
| |
» ~PRESETnN
1
PRESETn }—> -
= ———Ja
PCLK  f—> IR reg_re
[31:24] -
/ \ 23:16]
PSEL > v e reg_dat8_r [[175:;05;] Q PRDATA
interrupt :
PENABLE > reg_we _r?\ interrupt
) Nt ) uart X stx
PWRITE > _
o v regs
32b [4:2]
PADDR |
[1:0]
39 [31:24]
PWDATA s> : reg_dat8_w
[7:0]
SIX S Srx

42
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A& uart apb.v

[module uart_apb (

Enable,

PRESETnN,

PCLEK,

PSEL,

PEMABLE ,

FADDR ,

PURITE,

PUDATA,

PRDATA,

interrupt, // interrupt request (active-high)

stx, /4 serial output

From FIFO |srx=., /4 serial input

uart_addr_o,

uart_wdata_o, /f write to req

uart_rdata_i, // read from reqg

uart_we_o, ff Write enable for registers

uart re o // Read enable for registers

b3

input Enable; wire Enable;
input PRESETn: wire PRESETn:
input PCLK; wire PCLE;
input PSEL; wire PSEL;
input PEHMABLE ; wire PEHRBLE ;
input [31:8] PADDR; wire [31:8] PADDR;
input PYRITE; wire PWRITE;
output [31:8] PRDATA; wire [31:8] PRDATAH;
input [31:0] PWDATA; wire [31:8] PWDATA;
output interrupt; wire interrupt;
input Sk wire SKFX:
output stx; wire stx;

input wire [2:8] uart_addr_o;

input wire [7:08] vart_wdata _o; // wite to reg
jputput wire [7:8] uvart_rdata_i; // read from reg
input wire vart_we o; f/ Write enable for regiﬁterE
input wire uvart_re_o; // Read enable for registers

wire
wire
wire
wire
wire
wire

[2:8] req_adr_temp;
[7:8] reg_dat8_w _temp;
[7:8] reg_dat8_r_temp;
req_we temp;
req_re_temp;
real clk;

assign req_adr_temp =

Enable? uart_addr_o : reg_adr;

assign reg_dat8 w_temp = Enable? uart_wdata_o : reg_dat8_w;
assign vart _rdata i = reg_dat8 r_temp;

assign reqg_dat8 r = reg_dat3_r_temp;

assign reqg we _temp = Enable? uart we o : reg we;

assign reqg re_temp = Enable? uart re o : reg_re;

uart_reqgs Uregs{

¥s
endmodul e

.clk {PCLK}),

.ub_pst i {~PRESETn),
-wb_addr_i {reqg_adr_temp),
-wb_dat_i {reqg_dat8_w _temp),
-wb_dat_o {reg_dat8 r_temp},
.wb we i {req we temp),
-wb_re_ i {reg_re_temp),
-modem_inputs{{~ctsn, dsr_pad_i, vi_pad_i, dcd_pad_i}),
.stx _pad_o (stx),

.skx_pad i {Srx),

.rts_pad_o  (rts_internal)[]
.dtyr_pad_o {dtr_pad_o),

.int o {interrupt)

input 2i21)|2] 2 UYL Z

RTL 330] ZH4

F_
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+ Sram if T+

E SOC.V - o Board
Enable &t0l 10|™ FIFO M & Memories
Bram_ahb
temp_EN_O
- ? CE_O
T_EN é :(
’ ? CE_1
temp_EN_1 —
LB 0
T_WE ? ? =22
LB 1
UB 1
[19:2] , i
T_ADDR A
temp_WE / WE
[T_WE [3:0] HHI ORAM High Active
/ OE
T_DW
10.0,1
T_DR Low Active 16b |
boardmem_dat_i_0,1 boardmem_dat_o_0,1 boardmem_addr_o WE_o OE_o CE 00,1 UB_0_0,1 LB_o_0,1
FIFO
. 5 c 5 5
< o) S A =
=4 [ ~+ ! '
| [ Z a
3 = 3 5 &
o |" o Q Q
° IS I_.
. .




Lo
¥

Sram if &8

=] sOC.v

ire temp EH 8
ire temp EH 1
ire temp_WE;

assigqn

assiqn
assigqn

assigqn
assign

assigqn
assiqn

assign
assign

A

CE

CE_

WE
1] 3

LE

UB_

LB

UB_

]
1

T_EH[1] | T_EN[8];
T_EN[3] | T_EN[2];

Enable? A_temp - T_ADDR[19:2]:

Enable? CE_A temp “temp_EHN_8;

Enable? CE_1_temp “temp_EH_1;
Enable? WE _temp : “temp_UWE;
Enable? OE_temp : temp_WE;

Enable? LB A temp : ™T_EH[8];
Enable? UB_A temp: ™T_EH[1];

Enable? LB_1_temp: ™T_EH[2];
Enable? UB_1_temp: ™T_EH[3];
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Sram if &8

= &) $ES HA EColt

+ 2LHJIQH EDISE

SAl0l &2

received_data

Circuit
Block

send_data

il

|
T

send

bus_data
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Sram if &8

= &) 2ES HA =doli
+ 2LHJIQ HI1E SAI0N K2

module bidir bus(send, send data, rcv,
input send, rcv;
input [7:0] send data;
inout [7:0] bus data;
output [7:0] received data;

received data, bus_data);

assign received data =(rcv) ? bus data : 8'bz;

assign bus data =(send) ? send data

endmodule

: bus_data;
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+ Sram if T+

[=] SOC.V

boardmem_dat_i_0,1 boardmem_dat_o_0,1
Enable
read_value_from_IO_0
T DR
read_flag
Enable
T_DW 0 write_value_to_IO_0
] |
write_flag
Enable Enable
temp_WE -
[T_WE [3:0] K| ORCIA »_ '
N 7
Boardmem_dat_i 0 Boardmem_dat_o 0 WE
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¥

Sram if &8

[=] SOC.V

assign
assign

assign
assign
assign
!ssign
assign
assign

assign
assign

assign
assign

read_flag = Enable? WE_temp:~temp_WE: // '1' value means really read
write flag = Enable? “WE_temp : temp_WE ; // '1' value means really write
read_value from_I0_8 = read_flag? I0 8 : 16'bz;

boardmem_dat_i_8 = Enable? read_wvalue_from_I0_@ : 16'bz;

T _DR[15:8] = Enable? 16'bz : vead value from I0 8 ;

read value from_I0 1 = vread flag? I0 1 : 16'bz;

boardmem_dat i 1 = Enable? read value from IO 1 : 16'bz;
T DR[31:14] = Enable? 16'bz : read value from I0 1 ;

I0 8 = wite flag? write value to I0D @ : 16°bz;
write value to I0D B = Enable? boardmem dat o 8 - T DUW[15:8];

I0_1 = write_flag? write_value_to_IO0 1 : 16°bz;
write value to I0 1 = Enable? boardmem dat o 1 : T DU[31:16];
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| >

HIAE Y &3

x| &3

SoC
(Core-A + AMBA + uart + fifo) Sev2seie X O =2
CLOCK 10_0, 1[15:0] 10_0, 1[15:0] ]
_’l RESETn A[17:0] A[17:0]
—Di Enable CE_O, 1 CE_O0,1
—bi User_add[1:0] OE OE_0, 1
User_mode_start WE WE_O, 1
LB_O, 1 LB_O, 1
UB_O, 1 UBO, 1
l
tty
UART_RXL [ ——————————— R Ty 1
UART_TX1 UART_RX1 SW
LED[7:0]
\
= [myc]]
P M {22 AISH0IM 2 g@;‘;ﬁ'&'gug
L
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+ HIAE WiX| A

= HAE AU

SZt ALE : 50MHz

soc Usoc(

[561LU25616 UISGTLUZ25616_A(

.User_mode_start{lser_mode_start), alAY,
User add(User add),
.Enahie(agahle?, : -10¢10_8),
.LED{LED}, -CE_(CE_B),
.0E_(OE),
_acny, JWE_{WE),
.I0_@{I0_a), .LB_(LB_B],
10 1¢I0_1), _UB_(UB_@)
.CE_B(CE_@), )5
.CE_1(CE_1},
-WE{ME), I5S61LU25616 UISGILU25616_1¢(
.DE{DE)}, Ay,
.LB_B{LB_m), -10¢10_1),
.LB_1{LB_1}, -CE_{CE_1},
.0E_{0E),
.UB_B{UB_#m), WE (WE),
.UB_1¢UB_1},
.RESETn(RESETn}, // active- -LB_(LB_1),
_CLOCK(CLOCK), /7 system c -UB_(UB_1)
.UART_TH#1(UART_TX1), :
.UART_R&1(UART_RX1)
s
tty Utty(
.RESETn(RESETNn},
.CLK{PCLK},
STE(UART_RE1},
F/FSRE{UART _Tx1)
~SRX(),
.Enable{Enable)
b3

initial begin
CLOCK

RESETn
Enable
User_mode_start = 1°'ba;
User_add

1'ba;
1'b1;
1'b1;

2'bBa;

#1186 RESETn = 1'b8;

48 RESETn

= 1'b1;

@|All / FIFO, tty Enable

A OHAl / sw BT

#200000000 User_mode_start 1'b1;
#1568 User_add = 2'bAd;
4200 User_add = 2'ho1: 1% HIR2=RH
#2080 User_add = 2'b18; ™ C
#3080 User_add = 2'b11; = i T E read OH0{
Fifo W5 9] reg_sram O &
#500 RESETn = 1°h@; T = o} =10
#500 Enable = 1'ho; Write 3¢ LED 2 gt I
#1580 RESETn = 1'h1; !
| Fifo, tty S%} Disable
end '
always begin Elﬁll -?— UART &
#18 CLOCK = ~CLOCK; 10|
end HIAIX] 22l
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+ AlEd|0]M

Vgssages

V. uart.hex = (C:WCorelDEAWezample...
2 (F] ;BT =H HIHE
= E-El :E:lB Eh..

[I[:ﬁl:l]ﬁ[ﬁ J6600084 20000008 80800080
|I366FFFFe 30000088 246bcBA28 18ccffifl

- {TE_soc/Enable

4. 1TB_socfUsacitemp WE
4. 1T socfUsoc/WE_Eemip
4. 176 _socfUsdcfread flag
i :_Flag

ITE socfUsoc/Uboard fifofboardmem dat o 0
L ITE_ socilUsacitboard, fifo/boardmem dat o 1
: _,l'TEl;su:uu:,l'Llsu:uc;'l-_H:u:uar;:I_FiFm;'I:uuat:drnem_dat_i_D
" JTB_socfUsoc/Uboard fifajboardmem: dat i1

soc/A_temp
" [TB_sociUsocT_ADDR
- {TE_socflsoc/T DR
- TB_soc/Usoc/T_Diw

612c8cB@ 18abfffc 18ccfffc BcHBA9 @Y
M AARA? AR AC i bh1p 18118646

RESET &
FIFO 9] sw €4
to Board mem

write_flag & 1, Enable 2! 1

= write value = fifo 0| A = gt

BA

L Jecec Joene 0101 f3636 Je0eD JO000 Jp404 JS0E0 (000D

L lecec Josoe 0101 f3636 Je06D JO000 Jp404 J80E0 {0000

K JacAc 0606 0101 5636 JR060 JO000 jo404 JE0E0 J0000

b Jhchc J0s06 (0101 (3636 JR06D JOO00 J0404 J30B0 {0000

joooo01 jooooz

0000000c
2zizzri

j00000000

— Mew Divider
. ITB_soc{RESETR
. [TE_socfCLOCK
- {TB_sociUser_mode_start
ITE .sujc,l’LIseF_.a'dd

ITE_soc/CE_|
ITE_sociCE 1
[TE_soc/'WE
TB_sac/OE
{TB_socfLE D

1B _socfLB_1
{TE.sociUB. 0

{TE socfUB 1
{TE_socfUART_Ri1
ITE_socf/UART Tl

O T

00000000

jon001 o000z

IDcr

K Jhchc J0E06 (0101 (5636 JRO6D JOOOO J0404 J30B0 {0000

LT

[ Jhcbc J0A06 J0101 J3636 JR060 J0000 0404 JB0R0 JD000

P = O = e e Y D e
I




+ AlEd|0]M

ITE_SD:IEnabIE

ITB socflUsoc/temp WE
ITE sociUsoc/'WE_temp
T8 socfUsoc/read_flag
ITE_sociUsochwrite_ flag 0 i ; | | [ LA ELEE
[TE_soc/Usacfwrite_walue_ta I 0 ania T T Jnana N ) R
{TB_sociUsocfwrite_value_ta_I0 1 00a0 oo ooood Jnana AN )
ITE_soc/UsaciUboard_fifo/boardmern_dat o 0 Qom0 o ooen Ynana Inooo

ITB_ soc/UsociUboard FiFofboardmem dat o 1 0000 O Oy Joana jooon

ITE soc/Usoc/board_Fifo/boardmem_dat i 0 2z zz40

{TB_sociUsociUboard_fifofboardmen_dat_i 1 Farurar
ITE_socfUsocia_temp ooooo ... J0...J0...j0... jo... Joooaf joooon
ITE_soc/lUsoc)T_ADDR. 000003k
ITE_socflUsoc(T_DR. FEEZEZEE -
ITB_socfUsocT_Dh 0000001 S Qoooooog 0000001 5
e Divider
ITB soc/RESETR
ITE_soc/CLOCK
{TB_sociUser mode_ stark
ITB soc/User add
,I'TE_snl:,l'EnaI:uIe

ITB soc/LED

ITE socid

{TB_soci10_0

ITB soci10 1

ITB _sociCE_O

ITB socfiCE 1
ITE_soc/'WE

ITE_SD:IOE

ITB socfLE O

ITE socLE 1

{TB: socf/UB_O

ITE socfUB_1
{TE_sociUART Rl

{TB socfUBRT TH1
falbliGSR:

]
J.
)
Fl
4
i
4
4
]
J.
)
i
F
i
4
M
&
P
4
4
]
J.
P

= LED & il BSE

L VR SR R VR VRN e TR R S R S
A R TR el e e e




+ AlEd|0]M

l:_l
H_J
l"l
ns
H_J
I}_l
H_J
'I_J
l:_l
H_J

— Mews Divider

o+
4
&
H_J
F
l’_l
H_J
IE_J

?

L VU . T R N N VR e ¥

& |TE_s

ITB_soc/Enable

ITB_sociUsocitemp WE
JTB_sociUsocWE_temp
JTB_socfUsociread_Flag
JTB_sociUsociwrite Flag
ITB_sociUsacwrite_walus_ ko 10 0
JTB_sociUsociwrite_value to It 1
JTB_sociUsoc/Uboard_fifojboardmem_dat_o 0
JTB_sociUsoc/Uboard_fifo/boardmem_dat o 1
ITE_soc/Usoc/Uboard_fifofboardmem_dat_i_0
ITB_sociUsaciUboard_fifafboardmem_dak_j 1
JTB_socfUsacia_temp

JTE_socfUsoc!T_ADDR

JTB_sociUsociT_DR

JTB_sociUsociT_ D

S A NP

FIFOO O 2E -1

¥ uart.hex = (C:WCorelDEAWexample...

nkziE)

HEE)

ORPgE = @

D) BHE) HHE) :

= —t
& e

lBcAcA6A1 36600004 S0A0AAAN RAAAAOA0
[366F e 30000000 246bcO28 18ccHHFh

ﬁ12[:3[:ﬂﬂ 18abfffc 18ccFifc BcdBO9B7
’?'?I C 6

1£ 1881120161 18

g

Oala

da0a

Oala

da0a

Oala

J0a0a

Oala

Jda0a

zz1f

zzzz

i

zz0o

zz1f

zzle zz40

0000d

0010a

joniob

joooac

jooood

j0no0e  Joo0oF

Q000000

0000000 [{0000000S

joooonoo:

joo

100003 noooooo:

22222222

Qoonoond

Q0aaaaang

JTB_soc/RESETR
ITE _socfiCLOCK
JTB_sociUser_mode_skart
ITB socfUser _add
,l'TEi_'suc,l'EnaEIE
JTE_socfLED
JTB_socif
JTB_socfI0 0
JTB_socfI0 1
JTB_soc/CE_0

JTE sochiCE_1
ITB_socWE
JTB_sociOE
ITE_socfLE_0
JTB_socfLBE_1
JTB_socfUE 0
ITB_socfUB_1
{TE_soc/UART_RX1
IUBRT Tl

<= LED & E= [l

[oc - 0f)1 x|
Readdl] LIS & H&

aa

0010a

[T

joonac

jnoood

j0Do0e Joo0oF

o000

Jda0a

2o

aoan

da0a

T e v Y O T S

]

zz00

zz1f

z2zle zz40




4 AI=EIIOIA=| 9w g e
¥ = e FIFO O] I 2E -2

O O = e

g | | Qoog

o O
o

user mode start gt 1 | 2 Al

FA4HOZ S

User_add ?!J}5}0d
LED = gt &¢I

2l Al & o
00. 1f, 1e. 40 2/0| S Enable 2! 0 = fifo disable
L] ’ ’ BA 3 - T
LED = =0I&

HHI—I-“—‘-I—"_EI"Q'—"HDE:
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ITB_soc/RESETR

2IM &

Hello HIAIX =& =

F
4
4
Fl
F
4
F
&
F
.
4
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» HIPE AP EHE ALK

=] Slide switches

Ucf It

SHEHHHHHEEHHHHHHH U U

##t User switches

SEEHHHHEEEHEHHHHEEE R HHHHHHE User

HET “RESETn" LOC="F12"; FIFO Mode

NET “RESETn" IOSTANDARD=LUCHOS33: Enabl tart User | User

MET “Enable” LOC="K13"; nable star Add[1]}Add[0]

NET “Enable” 10STANDARD=-LUCHOS33; Switch | SW7 | SWe | SW5 | Sw4 | SW3 | SW2 | SWI

g—— g— g— g—

FPGA Pin (Kﬂ) K14 | 113 (114) H13 (I—Ilal) (t;u)

N g

HET “llser_mode_start™ LOC="J14";
HET "User_mode_start™ IOSTAHDARD=LUCHOS33;

MHET “lUser_add[8]" LOC="G12";
HET "User_add[8]" IOSTANDARD=LUCHOS33;

NET “User_add[1]" LOC="H14"f]
NET “User_add[1]" IDSTANDARD=LUCHDS33;

e Z%
AlLiel2
:Jéilda{t FIFO Enable | 21100 Eﬁx-:—:%g?é DiFSI;Se 24 gﬁgg
aAx | o 0 1| ;}gel 1 1
FIF)_(B-?Iinxalble 1 1 EY u;e;*add 0




[ Multi-threaded TTY
TITY Transfer Help

File ITY Transfer Help

[ Multi-threaded TTY: =0

Data Bits

Enable 294Xl on
clM Ol 3 T SXI &0l

= FIFO XJ|8} ¥ sw M & J|0O0E

Paily, DataBits  StopBits  LocalEcha I NoReading Port Baud Parity Stop Bits T R S .
) H [Nere =] [6 B0 =] ¥ DisplayErors [ Mo'Witing [eomn <] [t15200 «] [uere  +] [8 = | f_E:D‘WEEH";L’E ;:ﬂ\é’”“ﬂg
i [~ CR=SCRAF [ HoEvent & o Eves
Exit A | I Fort.. | CommEverts. | FlowCortol | Timeouss | Winie i
B A
J 9
£ 3 663 )
| Modem Status | Comm Status i Modem Status = = Comm Stalus B = I
I R AN T Hold 7% e ] Bk ’
= o T Chars [ " [Ensr I TXohas [
i T FXChas [T |7 FLSD e T AxChas [T
Send File B
2 Multi-threaded TTY
2= AAD: [S uant e = s = e
. File TITY
EY [=obi 1] uart.h ==
\7_23 [EClean.bat Port Stop Bits o =
W22 24 [E Clean.sh 5 uart,hexa Receive File (Text) i
= G mainic Bluatman [ b R it 1 - W Display Enars T
e ‘;a\kn;:‘“' Huersym = ot Sending ] ___] ; TR = CRAF ; d
EHB [ Makefile - v Autowrap |
\ |8 smkcow.uar hex |——— Schd Pepeatedly...
LY/ | = smkcow_uart hex~ ott Repeat Eh
WEM  Euankin
- 1@ uart,c
. ) | uarte~
i ZBEE | uart.elf
« |
W HETE B
STEEE n s |uart.hex =~ ERI
DA [AL =1 i

oo pees S

g

C LED 8| 25 S =0l

User mode start HE on

User add 2H|E XXtOZ LED & 3t &9l

Enable A4 X]| off
CiAl St 2|M = HO|20ll &8k =
=Xt ol

= | _Ull—nm

|

= Multi-threaded TTY

File TT% Transter Help

Pt Baud Farity
v <l fnsz200 w | fMong

Font...J EommEvents...I Fl

srkcod Hello HorldT —]
srkcon Hello Horld!
srkcon Hello Horld!
srkcon Hello Horld!

zHkcod Hello Hovld!

VY
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