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Spi2dac.v design overview

¢ The components spi2dac
inside spi2dac are: data[9:0]

shift_reg[15]

SDI

1. ClOCk diVider 1MHz; 16-bit data shift register
2. Load detector to >oMrz 5o MKz g LS

\ 4

\ 4

detect load pulse r

dac_cs

\ 4

3. FSM to control the oad | )

> load detector

spi interface dac_start | spi

controller

4. Parallel to serial FSM
shift register to shift IMHz

OUT the command

and data to the
DAC ¢ Note that the Verilog code is designed to match

5. Various gates e.g. the block diagram shown here

inverters and AND ¢ It consists of TWO state machines, a counter
gates and a shift register

Y
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The 1MHz clock generator

parameter BUF=1 "bl; // 0:no buffer, 1:vref buffered
parameter  GA_N=1'bl; // 0:gain = 2x, 1l:gain = 1x
parameter SHDN_N=1 "b1l; // O:power down, l:dac active
wire [3:0] emd = {1 'b0,BUF,GA_N,SHDN_N}; // wire to VDD or GND
50MHz 1MHz
> —> =50 —>
dac cs,
«
// --- internal 1MHz symmetical clock generator --- load
reg cl1k_1MHzZ; // 1IMhz clock derived from load detector
reg [4:0] ctr; // internal counter d tart
dC Sla
parameter TC = 5'd24; // Terminal count - change VNI
initial begin
clk_1MHz = 0; " don't need to reset - don't care 1
dctr = 5'b0; ﬂf ... Initialise when FPGA is conf1
en

always @ (posedge sysclk)
if (ctr==0) begin

ctr <= TC;

§1k_1MHz <= ~clk_1MHz; // toggle the output clock for sdg
en
else

ctr <= ctr - 1°bl; _
'/ ---- end internal 1MHz symmetical clock generator
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The load pulse detector

50MHz 1MHz
> » 50 [—

// ---- FSM to detect rising edge of load and falling eq
'/ sr_state set on ﬁosedge of load ‘ Stégm£§L
// .[ ir_state reset when dac_cs goes high at the end <
reg [1:0 sr_state;
parameter IDLE = 2 b00,WAIT_CSB_FALL = 2'b01, WAIT_CS load > load detector
reg dac_start; // set if a DAC write is det
initial begin mrvtv

sr_state = IDLE;

dac_start = 1'b0; // set while sending data to DAC
end _ dac _cs
., . oad
always @ (posedge sysclk) // state transition
case (sr_state)
IDLE: if (load==1"'bl) sr_state <= WAIT_CSB_FALL;
WAIT_CSB_FALL: if (dac_cs==1"b0) sr_state <= WAIT_CSB_HIGH; IDLE WAIT CSB FAL
WAIT_CSB_HIGH: if (dac_cs==1"bl) sr_state <= IDLE; dac start=1
default: sr_state <= IDLE; dac_S -
endcase

always @ (*)
case (sr_state)
IDLE: dac_start = 1'b0; d
WAIT_CSB_FALL: dac_start
WAIT_CSB_HIGH: dac_start
default: dac_start = 1'b0;
endcase

WAIT_CSB_HIGH
1"b1; dac_start=1
1'b0;

Y L — End circuit to detect start and end of conversion state machine (jaCL_CS
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The SPI Controller FSM

[/------- spi controller FSM

// .... with 17 states (idle, and S1-S16

// .... for the 16 cycles each sending 1-bit to dac)
reg [4:0] state;

initial begin
state = 5'b0; dac cs
end

1'bl1;

always @(posedge clk 1MHz)
case (state)
5'do: if (dac start == 1'bl)
state <= state + 1'bl;
else
state <= 5'b0;
5'dl7: state <= 5'd0;
default: state <= state + 1'bl;
endcase

always @ (*) begin
dac cs = 1'bo;
case (state)

// FSM output

5'dO: dac ¢s = 1'bl;
5'dl7: dac_cs = 1'bl;
default: dac cs = 1'bo;
endcase
end //always
/] --------- END of spi controller FSM

// FSM state transition

// waiting to start

// go back to idle state
// default go to next state

dac cs

dac start

1MHz
—

1 .2 3 4 5 6 7 8 9 10 11 12 13 14 15

config bits 12 data bits

SDI

XBLTFXG/Q(SHDNX D9 | D8 D7) D6} D5Y D4} D3) D2) D1} DOY X X X
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The data

shift register

parameter BUF=1"bl; // 0:no buffer, 1:vref buffered
parameter GA_N=1"b1l; // 0:gain = 2x, 1l:gain = 1x
parameter SHDN_N=1 "b1l; // O:power down, l:dac active

wire [3:0] cmd = {1'b0,BUF,GA_N,SHDN_N}; // wire to VDD or GND

// shift register for output data
reg [15:0] shift_reg;
initial begin

shift_reg = 16'b0;

end

data[9:0]

—>
!/

= —

L0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

config bits > 12 data bits -

sol Yo XBU?K@XWFF&X ps D7) p6) D5} D4} D3} D2) D1) DOY X Y X
e \/
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