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Revision 1.10 2003/09/01 10:34:38 rherveille
Fi x a blocking vs. non-blocking error in the wb_dat output nux.

Revision 1.9 2003/01/09 16:44:45 rherveille
Fi xed a bug in the Command Regi ster declaration

Revision 1.8 2002/12/26 16:05:12 rherveille
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Core is now a Miultinmaster |12C controller

Revision 1.6 2002/11/30 22:24:40 rherveille
Cl eaned up code
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Revision 1.5 2001/11/10 10:52:55 rherveille

/
/
/ Changed PRER reset value from 0x0000 to Oxffff, conform specs
/

~ — — —

/1l synopsys transl ate_off
“include "tinescal e.v"
/1 synopsys transl ate_on

“include "i2c_master_defines.v"

nodul e i 2c_nmaster _t op(
wb_clk_ i, wo_rst_i, arst_i, wb_adr_i, wb_dat_i, wb_dat_o,
wb_we i, wb_stb_ i, wb_cyc_i, wb_ack_o, wb_inta_o,
scl _pad_i, scl_pad_o, scl_padoen_o, sda_pad_i, sda_pad_o, sda_padoen_o );

/| paraneters
paranmeter ARST_LVL = 1'bl; // asynchronous reset |eve

/1
/1 inputs & outputs
/1

/'l wi shbone signals

i nput wb_cl k_i; /1 master clock input

i nput wb_rst_i; /'l synchronous active high reset

i nput arst_i; /'l asynchronous reset

input [2:0] wb_adr_i; /1 lower address bits

input [7:0] wb_dat _i; /1 databus input

output [7:0] wb_dat_o; /1 dat abus out put

i nput wb_we_ i; /1l wite enable input

i nput wb_stb_i; /1 stobel/core select signa

i nput wb_cyc_i; /1 valid bus cycle input

out put wb_ack_o; /1 bus cycle acknow edge out put
I

out put wb_inta_o; i nterrupt request signal output
reg [7:0] wb_dat_o;

reg wb_ack_o;

reg wo_inta_o

/1 12C signals
/1 i2c clock line

input scl_pad_i; /1 SCL-line input

out put scl _pad_o; /1 SCL-line output (always 1'b0)

out put scl _padoen_o; /1 SCL-line output enable (active |ow)
/1 i2c data line

i nput sda_pad_i; /1 SDA-1ine input

out put sda_pad_o; /1 SDA-1ine output (always 1'b0)

out put sda_padoen_o; /1 SDA-1ine output enable (active |ow)
/1

/1 variabl e declarations

/1

/'l registers

reg [15:0] prer; // clock prescale register

reg [ 7:0] ctr; // control register

reg [ 7:0] txr; // transmt register

wire [ 7:0] rxr; /I receive register

reg [ 7:0] cr; /1 command register

wire [ 7:0] sr; /1 status register
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/1 done signal

wi re done

/1 core enabl e signal
Wi re core_en;

wire ien;

/1 status register signals
wire irxack

reg rxack; /1
reg tip; /1
reg irg_flag; /1
wire i2c_busy; I
wire i2c_al; /1
reg al; Il
/1

/1 nmodul e body

11

/1 generate interna

wire rst_i

= arst _i

conmand conpl eted, clear command register

recei ved aknow edge from sl ave
transfer in progress

interrupt pending flag

bus busy (start signal detected)

i 2c bus arbitration | ost

status register arbitration |lost bit

reset
N ARST_LVL,;

/1 generate w shbone signals
wire wb_wacc = wb_cyc_i

& whb_sth_ i & wb_we_i;

/'l generate acknow edge output signa
al ways @ posedge wb_clk_i)

wb_ack 0 <= #1 wb_cyc i & wb_stb i & ~wb_ack _o; // because timng is al ways

honor ed

/1 assign DAT_O
al ways @ posedge wb_clk_i)

begin
case (wb_adr_i) // synopsis full_case parallel_case
3'b000: wb_dat_o <= #1 prer[ 7:0];
3'b001: wb_dat_o <= #1 prer[15:8];
3'b010: wb_dat_o <= #1 ctr;
3'b011: wb_dat_o <= #1 rxr; // wite is transmt register (txr)
3'b100: wb_dat_o <= #1 sr; // wite is command register (cr)
3'b101: wb_dat_o <= #1 txr;
3'b110: wb_dat_o <= #1 cr
3'b111: wb_dat_o <= #1 O; /1 reserved
endcase
end
/1 generate registers
al ways @ posedge wb_cl k_i or negedge rst_i)
if ('rst_i)
begin
prer <= #1 16' hffff;
ctr <= #1 8'h0
txr <= #1 8'h0
end
else if (wb_rst_i)
begin
prer <= #1 16' hffff;
ctr <= #1 8'h0
txr <= #1 8'h0
end
el se
if (wb_wacc)
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case (wb_adr_i) // synopsis full_case parallel_case
3'b000 : prer [ 7:0] <= #1 wb_dat
3'b001 : prer [15:8] <= #1 wb_dat

3'b010 : ctr <= #1 wb_dat
3'b011 : txr <= #1 wb_dat
endcase

/1 generate commuand register (special case)
al ways @ posedge wb_cl k_i or negedge rst_i)
if (~rst_i)
cr <= #1 8' hO;
else if (wb_rst_i)
cr <= #1 8'hO;
else if (wb_wacc)

begin
if (core_en & (wb_adr_i == 3'b100) )
cr <= #1 wb_dat _i
end
el se
begin
if (done | i2c_al)
cr[7:4] <= #1 4' ho; /1 clear command bits when done
/1 or when aribitration |ost
cr[2:1] <= #1 2'bO; /'l reserved bits
cr[0] <= #1 2'bO0; /1 clear I RQACK bit
end

/{ decode comand regi ster

wire sta =cr[7];
wire sto = cr[6];
wire rd = cr[5];
wirew = cr[4];
wire ack = cr[3];
wire iack = cr[0];

/1 decode control register
assign core_en = ctr[7];
assign ien = ctr[6];

/1 hookup byte controller block
i 2c_master_byte _ctrl byte_controller (

.clk ( wo_clk_i ),
.rst ( wb_rst_i ),
. NReset ( rst_i ),
. ena ( core_en ),
.clk_cnt ( prer ),
.start ( sta ),
.stop ( sto ),
.read (rd ),
.Write ( w ),
.ack_in ( ack ),
.din ( txr ),
.cnd_ack ( done ),
.ack_out ( irxack ),
. dout ( rxr ),
.i2c_busy ( i2c_busy ),
.i2c_al ( i2c_al ),
.scl _i ( scl_pad_i ),
.scl _o ( scl_pad_o ),
.scl _oen ( scl_padoen_o ),
.sda_i ( sda_pad_i ),
.sda_o ( sda_pad_o ),
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.sda_oen ( sda_padoen_o )

)

/1 status register block + interrupt request signa
al ways @ posedge wb_cl k_i or negedge rst_i)
if ('rst_i)

begin
al <= #1 1'bO;
r xack <= #1 1' b0
tip <= #1 1' bO0;
irq_flag <= #1 1' b0;

end

else if (wb_rst_i)

begin
al <= #1 1'bO;
r xack <= #1 1' b0
tip <= #1 1'bO0;
irq_flag <= #1 1' b0;

end

el se

begin
al <= #1 i2c_al | (al & ~sta);
r xack <= #1 irxack
tip <= #1 (rd | w);
irg_flag <= #1 (done | i2c_al | irq_flag) & ~iack; // interrupt request

flag is always generated
end

/1 generate interrupt request signals
al ways @ posedge wb_cl k_i or negedge rst_i)
if ('rst_i)
wb_inta o <= #1 1'b0
else if (wb_rst_i)
wb_inta o <= #1 1'b0
el se
wb_inta o <= #1 irq_flag & ien; // interrupt signal is only generated when |IEN
(interrupt enable bit is set)

/1 assign status register bits

assign sr[7] = rxack;

assign sr[ 6] = i 2c_busy;

assign sr[5] = al

assign sr[4:2] = 3'h0; // reserved
assign sr[1] =tip;

assign sr[0] =irqg_flag

endnodul e

/'l synopsys transl ate_off
“include "tinescal e.v"
/'l synopsys transl ate_on

“include "i2c_master_defines.v"

nodul e i 2c_master _byte_ctrl (
clk, rst, nReset, ena, clk_cnt, start, stop, read, wite, ack_in, din

cnd_ack, ack_out, dout, i2c_busy, i2c_al, scl_i, scl_o, scl_oen, sda_i, sda_o
sda_oen );
/1
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/1 inputs & outputs

/1

i nput cl k; /1 master clock

i nput rst; /'l synchronous active high reset
i nput nReset; // asynchronous active |ow reset
i nput ena; /1 core enable signa

input [15:0] clk_cnt; // 4x SCL

{/ control inputs

i nput start;
i nput st op;

i nput r ead;

i nput wite;
i nput ack_in;
i

nput [7:0] din

/1 status outputs

out put cmd_ack;
reg cnd_ack

out put ack_out;
reg ack_out;

out put i 2c_busy;
out put i 2c_al;

out put [7:0] dout;

/1 12C signals
i nput scl _i;
out put scl _o;
out put scl _oen
i nput sda_i;
out put sda_o;
out put sda_oen

I
/1 Variable declarations
/1

/] statenmachine

paraneter [4:0] ST_IDLE = 5'b0_0000;
paranmeter [4:0] ST_START = 5'b0_0001;
paraneter [4:0] ST_READ = 5'b0_0010
paraneter [4:0] ST_WRI TE = 5' b0_0100
paraneter [4:0] ST_ACK = 5'b0_1000
paraneter [4:0] ST_STOP = 5'bl_0000;

/1 signals for bit_controller
reg [3:0] core_cnd;
reg core_txd
wre core_ack, core_rxd;

/1 signals for shift register
reg [7:0] sr; //8bit shift register
reg shift, |d;

/1 signals for state nmachine
wre go;

reg [2:0] dcnt;

wre cnt _done

/1
/1 Modul e body
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11

/1 hookup bit_controller
i2c_master_bit_ctrl bit_controller (

.clk ( clk ),
.rst ( rst ),
.NReset ( nReset ),
. ena ( ena ),
.clk_cnt ( clk_cnt ),
.cnd ( core_cnmd ),
.cnd_ack ( core_ack ),
. busy ( i2c_busy ),
.al ( i2c_al ),
.din ( core_txd),
. dout ( core_rxd),
.scl _i ( scl_i ),
.scl _o ( scl_o ),
.scl _oen ( scl_oen ),
.sda_i ( sda_i ),
.sda_o ( sda_o ),
.sda_oen ( sda_oen )

)

/'l generate go-signal
assign go = (read | wite | stop) & ~cnd_ack;

/1 assign dout output to shift-register
assi gn dout = sr;

/'l generate shift register
al ways @ posedge cl k or negedge nReset)
if (!'nReset)
sr <= #1 8' hO;
else if (rst)
sr <= #1 8' hO;
else if (1d)
sr <= #1 din;
else if (shift)
sr <= #1 {sr[6:0], core_rxd};

/1 generate counter
al ways @ posedge cl k or negedge nReset)
if (!'nReset)
dent <= #1 3' ho;
else if (rst)
dent <= #1 3' ho;
else if (1d)
dent <= #1 3' h7;
else if (shift)
dent <= #1 dent - 3' hi;

assign cnt_done = ~(|dcnt);
/1

/] state nmachine

/1

reg [4:0] c_state; // synopsis enumstate

al ways @ posedge cl k or negedge nReset)
if (!nReset)
begin
core_cnmd <= #1 " 12C_CMD_NOP;
core_txd <= #1 1'b0;
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shift <= #1 1' bO;
Id <= #1 1' bO;
cnd_ack <= #1 1'bO;
c_state <= #1 ST_IDLE;
ack_out <= #1 1'b0;
end
else if (rst | i2c_al)
begi n
core_cnd <= #1 "1 2C_CND_NOP;
core_txd <= #1 1'bO;
shift <= #1 1' bO;
Id <= #1 1' bO;
cmd_ack <= #1 1'bO;
c_state <= #1 ST _|IDLE;
ack_out <= #1 1'bO;
end
el se
begin
/1 initially reset all signals
core_txd <= #1 sr[7];
shift <= #1 1' bO;
Id <= #1 1' bO;
cnd_ack <= #1 1'bO;

case (c_state) // synopsis full _case parallel _case

ST I DLE:
if (go)
begin
if (start)
begin
c_state <= #1 ST_START,
core_cnmd <= #1 " 12C_CMD_START;
end
else if (read)
begin
c_state <= #1 ST_READ;
core_cnd <= #1 " 12C_CMD_READ,
end
else if (wite)
begin
c_state <= #1 ST_WRI TE;
core_cnd <= #1 " 12C_CVMD_WRI TE;
end
else /] stop
begin
c_state <= #1 ST_STOP;
core_cnd <= #1 " 12C_CMD_STOPR;
/'l generate command acknow edge si gnal
cnd_ack <= #1 1'bil;
end
Id <= #1 1' b1,
end
ST_START:
if (core_ack)
begin
if (read)
begin
c_state <= #1 ST_READ;
core_cnd <= #1 " 12C_CMD_READ,
end
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el se
begin
c_state <= #1 ST_WRI TE;
core_cnd <= #1 " 12C_CVMD_WRI TE;
end
Id <= #1 1' b1,
end
ST_WRI TE:

if (core_ack)
if (cnt_done)

begin
c_state <= #1 ST_ACK;
core_cnmd <= #1 " 12C_CMD_READ,
end
el se
begin
c_state <= #1 ST_VWRITE; /'l stay in sane state
core_cnmd <= #1 "12C CMD WRITE; // wite next bit
shift <= #1 1' bl;
end
ST_READ:
if (core_ack)
begin
if (cnt_done)
begin
c_state <= #1 ST_ACK;
core_cnmd <= #1 " 12C_CVMD_WRI TE;
end
el se
begin
c_state <= #1 ST_READ; /1 stay in sanme state
core_cnd <= #1 "12C_CMD _READ;, // read next bit
end
shift <= #1 1' bl;
core_txd <= #1 ack_in;
end
ST_ACK:
if (core_ack)
begin
if (stop)
begi n
c_state <= #1 ST_STOP;
core_cnd <= #1 |1 2C_CVD_STOPR;
end
el se
begi n
c_state <= #1 ST _|IDLE;
core_cnd <= #1 "1 2C_CND_NOP;

/1 generate
cmd_ack <=
end

command acknow edge si gnal
#1 1' b1,

/1 assign ack_out output to bit_controller_rxd (contains |ast
received bit)
ack_out <= #1 core_rxd;

/1 /1l generate comuand acknow edge si gnal
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/1 cmd_ack <= #1 1'bil;

core_txd <= #1 1'b1l;
end
el se
core_txd <= #1 ack_in

ST_STOP
if (core_ack)
begin
c_state <= #1 ST_IDLE
core_cnmd <= #1 " 12C_CVMD_NOP

/1 generate command acknow edge signa
cnd_ack <= #1 1'bl
end

endcase
end
endnodul e

THELELEEEr i riirnt
Bit controller section
THELELEEEr i riirrt

Transl ate sinple conmands into SCL/SDA transitions
Each command has 5 states, AAB/ G Didle

start: SCL  ~~~~~m~m———~ \
SDA  ~~~~~~~~ \

I

I

I

I

I

I

I

I

I

I

I

I

/'l repstart SCL _  [~~~~\__
/Il SDA _ /~~~\___

I
I
I
I
I
I
I
I
I
I
I
I
I
I

x| Al BT C|] D] i

x| Al B] C| D] i

/1 Timng: Nor mal node Fast node
NN NNy

/'l Fscl 100KHz 400KHz

/1 Th_scl 4. 0us 0. 6us Hi gh period of SCL

/1 Tl _scl 4. 7us 1. 3us Low period of SCL

/1l Tsu:sta 4. 7us 0. 6us setup tine for a repeated start condition
/1l Tsu:sto 4. 0us 0. 6us setup tine for a stop conditon

/1 Tbuf 4. 7us 1. 3us Bus free time between a stop and start
condition

I
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/1 synopsys transl ate_off
“include "tinescal e.v"

/1 synopsys transl ate_on
“include "i2c_master_defines.v"

nodul e i 2c_master_bit_ctrl (

clk, rst, nReset,

clk_cnt, ena, cnmd, cnd_ack,
scl _i, scl_o, scl_oen, sda_i
)

/1

/1 inputs & outputs

/1

i nput cl k;

i nput rst;

i nput nReset;

i nput ena; /'l cor
input [15:0] clk_cnt; // clo
input [3:0] cnd;

out put cmd_ack; //

reg cnd_ack

out put busy; /1l i2c
reg busy;

out put al ; Il i2c
reg al;

i nput din;

out put dout;

reg dout;

/1 12C lines

i nput scl _i; Il i2c
out put scl _o; Il i2c
out put scl _oen; Il i2c
reg scl _oen

i nput sda_i; Il i2c
out put sda_o; Il i2c
out put sda_oen; /1l i2c

reg sda_oen

/1
/1 variable declarations
I

reg sSCL, sSDA,
reg dscl _oen;
reg sda_chk;
reg clk_en;
wire slave wait;
reg [15:0] cnt

/1

cl k_cnt;

reg [15:0] cnt;
11
/1 modul e body
/1

/! whenever the slave is not

busy, al, din, dout,
, sda_o, sda_oen
e enabl e signal

ck prescal e val ue

command conpl et e acknow edge

bus busy

bus arbitration | ost

clock line input
cl ock Iine output
clock line output enable (active |ow)

data line input
data |ine output
data |line output enable (active |ow

synchroni zed SCL and SDA inputs

del ayed scl _oen

check SDA output (Multi-master arbitration)
cl ock generation signals

cl ock divider counter (simnulation)
cl ock divider counter (synthesis)

ready it can delay the cycle by pulling SCL | ow
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/1 delay scl_oen
al ways @ posedge cl k)
dscl _oen <= #1 scl _oen;

assign slave_wait = dscl_oen && !sSCL;

/1 generate clk enable signal
al ways @ posedge cl k or negedge nReset)
i f(~nReset)
begin
cnt <= #1 16' hO;
clk_en <= #1 1'bl;

end
else if (rst)
begin
cnt <= #1 16' hO;
clk_en <= #1 1'bl;
end
else if ( ~lcnt || ~ena)
if (~slave_wait)
begin
cnt <= #1 clk_cnt;
clk_en <= #1 1'bl;
end
el se
begin
cnt <= #1 cnt;
clk_en <= #1 1'bO;
end
el se
begin

cnt <= #1 cnt - 16' hil;
clk_en <= #1 1'bO0;
end

/1 generate bus status controller
reg dSCL, dSDA;

reg sta_condition;

reg sto_condition;

/'l synchronize SCL and SDA inputs
/1 reduce netastability risc
al ways @ posedge cl k or negedge nReset)
if (~nReset)
begin
sSCL <= #1 1'bil;
sSDA <= #1 1'bil;

dSCL <= #1 1' b1,
dSDA <= #1 1'bil;
end
else if (rst)
begin
sSCL <= #1 1'bil;
sSDA <= #1 1' b1,

dSCL <= #1 1' b1,
dSDA <= #1 1' b1,
end
el se
begin

Page:

12



File: Editl 9/19/2004, 7:54:04PM

SSCL <= #1 scl _i;
sSDA <= #1 sda_i;

dSCL <= #1 sSCL;
dSDA <= #1 sSDA;
end

/1 detect start condition => detect falling edge on SDA while SCL is high
/1 detect stop condition => detect rising edge on SDA while SCL is high
al ways @ posedge cl k or negedge nReset)
if (~nReset)
begin
sta_condition <= #1 1'bO0;
sto_condition <= #1 1'bO0;

end
else if (rst)
begin
sta_condition <= #1 1'bO0;
sto_condition <= #1 1'bO0;
end
el se
begin
sta_condition <= #1 ~sSDA & dSDA & sSCL;
sto_condition <= #1 sSDA & ~dSDA & sSCL;
end

/1 generate i2c bus busy signal
al ways @ posedge cl k or negedge nReset)
i f(!nReset)
busy <= #1 1' b0;
else if (rst)
busy <= #1 1' bO0;
el se
busy <= #1 (sta_condition | busy) & ~sto_condition;

/1 generate arbitration |ost signal
/] aribitration |ost when:
/1 1) master drives SDA high, but the i2c bus is | ow
/1 2) stop detected while not requested
reg cnd_stop;
al ways @ posedge cl k or negedge nReset)
if (~nReset)
cnd_stop <= #1 1' bO;
else if (rst)
cnd_stop <= #1 1' bO;
else if (clk_en)
cnd_stop <= #1 ¢ == | 2C_CMD_STOP;

al ways @ posedge cl k or negedge nReset)
if (~nReset)
al <= #1 1'b0O;
else if (rst)
al <= #1 1'b0O;
el se
al <= #1 (sda_chk & ~sSDA & sda_oen) | (sto_condition & ~cmd_stop);

/'l generate dout signal (store SDA on rising edge of SCL)
al ways @ posedge cl k)
i f(sSCL & ~dSCL)
dout <= #1 sSDA

/1 generate statenachine

Page:

13



File: Editl 9/19/2004, 7:54:04PM

/1 nxt_state decoder

paraneter [16:0] idle
paraneter [16:0] start_a
paraneter [16:0] start_b
paraneter [16:0] start_c
paraneter [16:0] start_d
paraneter [16:0] start_e
paraneter [16:0] stop_a
paraneter [16:0] stop_b
paraneter [16:0] stop_c
paraneter [16:0] stop_d
paraneter [16:0] rd_a
paraneter [16:0] rd_b
par anet er [16: 0]
par aneter [16: 0]
par anet er [16: 0]
par anet er [16: 0]
par anet er [16: 0]
paraneter [16: 0]

reg [16:0] c_state;

* b0_0000_0000_0000_0000;
* b0_0000_0000_0000_0001;
* b0_0000_0000_0000_0010;
* b0_0000_0000_0000_0100;
* b0_0000_0000_0000_1000;
* b0_0000_0000_0001_0000;
* b0_0000_0000_0010_0000;
* b0_0000_0000_0100_0000;
* b0_0000_0000_1000_0000;
* b0_0000_0001_0000_0000;
* b0_0000_0010_0000_0000;
* b0_0000_0100_0000_0000;
* b0_0000_1000_0000_0000;
* b0_0001_0000_0000_0000;
* b0_0010_0000_0000_0000;
* b0_0100_0000_0000_0000;
* b0_1000_0000_0000_0000;
* b1_0000_0000_0000_0000;

/1 synopsis enumstate

al ways @ posedge cl k or negedge nReset)

if (!'nReset)
begin
c_state
cnd_ack
scl _oen
sda_oen
sda_chk
end
else if (rst
begin
c_state
cnd_ack
scl _oen
sda_oen
sda_chk
end
el se
begin
cnd_ack
only 1clk cycle

if (clk

case (c_state) // synopsis full _case parallel _case

/1
i dl
beg

<= #1 idle;
<= #1 1'bO;
<= #1 1'bl;
<= #1 1'bl;
<= #1 1'bO;
| al)
<= #1 idle;
<= #1 1'bO;
<= #1 1'bl;
<= #1 1'bl;
<= #1 1'bO;
<= #1 1'bO;
_en)

idle state
e
in

case (cnd) // synopsis full _case parallel _case

/1 default no command acknow edge + assert cnd_ack

*| 2C_CMD_START:
c_state <= #1 start_a;

* 1 2C_CMVD_STOP:
c_state <= #1 stop_a

1 2C_CMD_VWRI TE:
c_state <= #1 wr_a;

*1 2C_CVD_READ:
c_state <= #1 rd_a
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defaul t:
c_state <= #1 idle;
endcase
scl _oen <= #1 scl _oen; // keep SCL in sane state
sda_oen <= #1 sda_oen; // keep SDA in sane state
sda_chk <= #1 1' bO; /1 don't check SDA out put
end
/] start
start_a:
begin
c_state <= #1 start_b
scl _oen <= #1 scl _oen; // keep SCL in sane state
sda_oen <= #1 1'bil; /1 set SDA high
sda_chk <= #1 1' bO; /1 don't check SDA out put
end
start_b:
begin
c_state <= #1 start_c
scl _oen <= #1 1'bl; // set SCL high
sda_oen <= #1 1'bl; // keep SDA high
sda_chk <= #1 1'b0; // don't check SDA out put
end
start_c:
begin
c_state <= #1 start_d
scl _oen <= #1 1'bl; // keep SCL high
sda_oen <= #1 1'b0; // set SDA | ow
sda_chk <= #1 1'b0; // don't check SDA out put
end
start_d:
begin
c_state <= #1 start_e
scl _oen <= #1 1'bl; // keep SCL high
sda_oen <= #1 1'b0; // keep SDA | ow
sda_chk <= #1 1'b0; // don't check SDA out put
end
start_e:
begin
c_state <= #1 idle;
cnd_ack <= #1 1'b1l;
scl _oen <= #1 1'b0; // set SCL |ow
sda_oen <= #1 1'b0; // keep SDA | ow
sda_chk <= #1 1'b0; // don't check SDA out put
end
/1 stop
stop_a:
begin
c_state <= #1 stop_b;
scl _oen <= #1 1'b0; // keep SCL | ow
sda_oen <= #1 1'b0; // set SDA | ow
sda_chk <= #1 1'b0; // don't check SDA out put
end
stop_b:
begin
c_state <= #1 stop_c;
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scl _oen
sda_oen
sda_chk

end

stop_c:

begin
c_state
scl _oen
sda_oen
sda_chk

end

stop_d:

begin
c_state
cnd_ack
scl _oen
sda_oen
sda_chk

end

[l read

rd_a:

begin
c_state
scl _oen
sda_oen
sda_chk

end

rd_b:

begin
c_state
scl _oen
sda_oen
sda_chk

end

rd_c:

begin
c_state
scl _oen
sda_oen
sda_chk

end

rd_d:

begin
c_state
cnd_ack
scl _oen
sda_oen
sda_chk

end

Il wite

w_a:

begin
c_state
scl _oen
sda_oen
sda_chk

<=
<=
<=

<=
<=
<=
<=

<=
<=
<=
<=
<=

<=
<=
<=
<=

<=
<=
<=
<=

<=
<=
<=
<=

<=
<=
<=
<=
<=

<=
<=
<=
<=

stop_d;

1'b1; 7/
1'b0; 1/
1'b0; 1/

RPRRRT
TCoOTO
oRrRRe
~
~

[
oo
RoD
~ ~
~ ~

rd_d;
1'b1; //
1'b1; //
1' bO;

RPRRRT
cooTo—
eRrere
~
~

1'b0: //
din /1
1'b0; 1/

set SCL high
keep SDA | ow
don't check SDA out put

keep SCL high
keep SDA | ow
don't check SDA out put

keep SCL high
set SDA high
don't check SDA out put

keep SCL | ow
tri-state SDA
don't check SDA out put

set SCL high
keep SDA tri-stated
don't check SDA out put

keep SCL high
keep SDA tri-stated
don't check SDA out put

set SCL | ow
keep SDA tri-stated
don't check SDA out put

keep SCL | ow
set SDA

don't check SDA output (SCL | ow
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en
end

/1 assign sc
assign scl_o
assign sda_o

endnodul e

end

wr_b:

begin
c_state
scl _oen
sda_oen
sda_chk

end

W _C:
begin
c_state
scl _oen
sda_oen
sda_chk
end

w_d:

begin
c_state
cnd_ack
scl _oen
sda_oen
sda_chk

end

dcase

<=
<=
<=
<=

<=
<=
<=
<=

<=
<=
<=
<=
<=

w_c;
1' bl;

din;

1' b1,

1' bl

din;

1' b1,

idle;
1' b1,
1' bO;

din;

1' bO;

11
11

11
11

set SCL high
keep SDA
check SDA out put

keep SCL high

check SDA out put

set SCL | ow

don't check SDA output (SCL | ow

| and sda out put (al ways gnd)

1' b0
1' b0
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