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2.1 readWriteSPIWireData.asf

) spiClkOut

L) spiDataCut
[ spiDataln
[ clkDelay[7:0]

Module: readWriteSPIWireData

txDataln[7:0 - ck
(D chkDelayCrt[7:0]  ~f)ynDataOut(7:0] D'txData FL[m ] -t
(T bitcnt[3:0] [y xDataRdySet ‘B&D it
(1) txDatashiftReg[7:0]
txDataEmpty
{r’) rxDataShiftReg([7:0] B

rwSPISt

rst==

b1

=
| bitCnt <= 4'h0;
clkDelayCnt <= 3'h00;

txDataFullClr <= 1'b0;
rxDataRdySet <= 1'b0;

txDataEmpty <= Tb1; [y patashiftReg <= txDataln;

txDataShiftReg <= 8'h00;
rxDataShiftReg <= 8'h00;
rxDataOut <= 8'h00;
spiDataOut <= 1'b0;
spiClkOut <= 1'b0;
txDataEmpty <= 1'b0;

rxDataShiftReg <= 8'h00;
bitCnt <= 4'h0;
clkDelayCnt <= 8'h00;
txDataFullCIr <= 1'b1;
txDataEmpty <= 1'b0;

clkDelayCnt <= clkDelayCnt + 1'b1;
txDataFullClr <= 1'b0;
rxDataRdySet <= 1'b0;

spiClkOut <= 1'b1;

bitCnt <= bitCnt + 1'b1;
clkDelayCnt <= 8'h00;
rxDataShiftReg <= {rxDataShiftReg[6:0], spiDataln};

[kDelayCnt == clkDelay

spiCIkOut <= 1'h0;
spiDataOut <= txDataShiftReg[7];

txDataShiftReg <= {txDataShiftReg[6:0], 1'b0};
clkDelayCnt <= 8'h00;

txDataShiftReg <= txDataln;
bitCnt <= 3'b000;
clkDelayCnt <= 8'h00;
txDataFullClr <= 1'b1;

clkDelayCnt <= clkDelayCnt + 1'b1; \

bitCnt == 4'h8

rxDataRdySet <= 1'b1;
rxDataOut <= rxDataShiftReg;

txDataFull == 1'b1
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| Hierarchical level: J1]




2.2 initSD.asf

— diagram ACTION

(1) loopCnt[7:0]
(1) delCnt1[9:0]
(T) delCnt2[7:0]

Module: initSD —

. ) { »SDInitRdy
=1 »spiClkDelayOut|[7:0] [0 SDinitReq
=L cmdByte(7:0] =[[_pinitError{1:0]
=L »dataByte1[7:0]

D) dataByte2(7:0] =D txDataOut[7:0]
[ dataByte3[7.0] D) txDataen
=) dataByte4{7:0] D::DD:::;" t
=) checkSumByte[7:0] - Pty
—» sendCmdReq ) spiCS_n
[ sendCmdRdy

[ = respBytel7:0] [ r«DataRdy
[—respTout —[C) rxDataRdyClr

l—ck
D— rst

[ spiClkDelayIn[7:0]

initSDSt

SDInitRdy <= 1b1;
spiClkDelayOut <= spiClkDelay
cmdByte <= 8'h00;

dataByte1 <= 8'h00;

dataByte2 <= 8'h00;

dataByte3 <= 8'h00;

dataByte4 <= 8'h00;
checkSumByte <= 8'h00;

SDInitReq == 1'b1

SDInitRdy <= 1'b0;
loopCnt <= 8'h00;

spiClkDelayOut <= "SLOW_SPI_CLK;
initError <= 'INIT_NO_ERROR;

spiClkDelayOut <= spiClkDelayln;
SDInitRdy <= 1'b0;
spiCS_n<=1h1;

initError <= "INIT_NO_ERROR;
txDataOut <= 8'hQ0;

txDataWen <= 1'b0;

cmdByte <= 8'h00;

dataByte1 <= 8'h00;

dataByte2 <= 8'h00;

dataByte3 <= 8'h00;

dataByte4 <= 8'h00;
checkSumByte <= 8'h00;
sendCmdReq <= 1'b0;

loopCnt <= 8'h00;

delCnt1 <= 10'hQ00;

delCnt2 <= 8'h00;

rxDataRdyClr <= 1'b0;




2.2.1 CLK_SEQ

-
| Hierarchical level: CLK_SEQ]

txDataFull == 1'b0

txDataOut <= 8'hff;
txDataWen <= 1'b1;
loopCnt <= loopCnt + 1'b1;

txDataWen <= 1'b0;

1)loopCnt == "SD INIT START SEQ LEN

PTY

txDataEmpty == 1'b1




2.2.2 RESET

-
| Hierarchical level: RESET |

(respTout == 1'b1 || respByte = 8'h01) && loopCnt I= 8'hff

cmdByte <= 8'h40; /CMDO
dataByte1 <= 8'h00;
dataByte2 <= 8'h00;
dataByte3 <= 8'h0Q;
dataByte4 <= 8'h00;
checkSumByte <= 8'h95;
sendCmdReq <= 1'b1;
loopCnt <= loopCnt + 1'b1;
spiCS_n <= 1'b0;

sendCmdReq <= 1'b0; |

sendCmdRdy == 1'b1

spiCS_n <= 1'b1;

respTout == 1'b1 || respByte != 8'h01

[ initError <= "INIT_CMDO_ERROR; |

WT_INIT_REQ




2.2.3INIT

| Hierarchical level: INIT]
B S S s B emdByte <=3 hA0 G MBI [=rresmemammmmmmrns s e
i dataByte1 <= §'h00;
i dataByte2 <= 8'h00;
: dataByte3 <= §'h00;
i dataByte4 <= §'h00;
; checkSumByte <= 8'hff;
i sendCmdReq <= 1'b1;
i loopCnt <= loopCnt + 1'b1;
: spiCS_n <= 1h0;
delCnt1 <= 10'h000;
delCnt1 == "TWO MS
delCrit1 <= delCnt1 + 1b1;
| delCnt2 <= 8'h00;
! sendCmdReq <= 1'b0;
! L delCnt2 <= delCnt2 + 1'b1;
i spiCS_n <= 1'b1;
delCnt2 == §'hff
(respTout == 1'b1 || respByte != 8'h00) && loopCnt != 8'hif respTout == 1'b1 || respByte /= 8'h00
: [ initError <= "INIT_CMD1_ERROR; |
N P




2.3 sendCmd.asf

- diagram ACTION

always @(sendCmdReq1 or sendCmdReq2 ) begin
sendCmdReq <= sendCmdReq1 | sendCmdReq2;

end

always @(posedge clk) begin
cmdByte <= cmdByte_1 | cmdByte_2;
dataByte1 <= dataByte1_1 | dataByte1_2;
dataByte2 <= dataByte2_1 | dataByte2_2;
dataByte3 <= dataByte3_1 | dataByte3_2;
dataByte4 <= dataByte4_1 | dataByte4_2;
checkSumByte <= checkSumByte_1 | checkSumByte_2;

Module: sendCmd

[ )= dataByte1_1[7:0]
[ = dataByte1_2[7:0]
[ = dataByte2_1[7:0]
[ = dataByte2_2[7:0]
[ = dataByte3_1[7:0]
D—dataByte3_2[7:O]
D—dataByte4_1 [7:0]
[ —dataByte4_2[7:0]

—) sendCmdRdy
[ )—sendCmdReq1
[—sendCmdReq2

-@txDataOut[?:O]
@txDataWen

l—ck
D— rst

rxDataln[7:0]
rkDataRdy

rxDataRdyCIr

thDataFull
txDataEmpty@ dataByte1[7:0]
[ )=cmdByte_1[7:01) dataByte2{7:0]

cmdByte_2[7:0}7) dataByte3[7:0]

rxDataRdyClr <= 1'b0;
respByte <= 8'h00;
respTout <= 1'b0;
timeOutCnt <= 10'h000;

sendCmdRdy <= 1'b1;

sendCmdReqg == 161

sendCmdRdy <= 1'b0;
respTout <= 1'b0;

end E)— checkSumByte_1[7:0] () dataByte4[7:0]
[~ checkSumByte_2[7:0]
) respBytel7:0] T (fmdByte[T.O] (T checkSumByte[7:0]
|'espT0ut @ tlmeOutCnt[Q:C@ sendCmdReq
sendCmdRdy <= 1'b0;
txDataWen <= 1'b0;
sndCmdSt txDataOut <= 8'h00;




2.3.1CMD

v

Hi[ Entry bal level: CMD

txDataOut <= 8'hff;
t

RE ST txDataOut <= 8'hff;
txDataWen <= 1'b1;
timeOutCnt <= timeOQutCnt + 1'b1;

xDataWen <= 1'b1
txDataFull == 1'b0 S IN
CM ST

txDataWen <= 1'b0;

txDataFull == 1'b0

txDataOut <= cmdByte;
txDataWen <= 1'b1;

CM F[txDataWen <= 1h0;

txDataFull == 1'b0

txDataOut <= dataBytel;
txDataWen <= 1'b1;

txDataWen <= 1'b0;

txDataFull == 1'b0

txDataOut <= dataByte2;
txDataWen <= 1'b1;

D IN  txDataWen <= 1b0;

txDataFull == 1'b0

txDataOut <= dataByte3;
txDataWen <= 1'b1;

D IN txDataWen <= 1'b0;

rxDataRdyClr <= 1'b1;

txDataWen <= 1'b0;
rxDataRdyClIr <= 1'b0;

rfmeOurCnr == 10'h200

respTout <= 1'b1;

txDataFull == 1'b0

txDataOut <= dataByte4;
txDataWen <= 1'b1;

txDataWen <= 1'b0;

txDataFull == 1'b0

txDataOut <= checkSumByte;
txDataWen <= 1'b1;

txDataWen <= 1'b0;
timeQutCnt <= 10'h000;

txDataEmpty == 1'b1

/




2.4 readWriteSDBlock.asf

— diagram ACTION

[ —DblockAdd31:0]

() locRespByte[7:0]

=[1_»cmdByte[7:0]
=) dataByte1[7:0]
-DdataByte2[7:0]
=1 dataByte3[7:0]
=1 dataByte4{7:0]

= checkSumByte[7:0]
—[) sendCmdReq

[ )—sendCmdRdy

respByte[7:0]
respTout

Module: readWriteSDBlock

() timeOutCnt[11:0] i clk
[~ readwriteSDBlockReq[1:0] B
dWriteSDBlockRd @ IGRReE I .
Dre?cs MESLRIoekRey, (1) delCnt1[7:0]
yspicsn :
: txFifoR
=) readError]1:0] (@ deicntzr7:0] (FioRen ol
=T writeError[1:0] - ’
L) rFifowen
= txDataOut{7:0] rxDataln[7:0] =[_)rxFifoData[7:0]
@txDataWen rxDataRdy
[ txDataFul — L yDataRdyClr
[ txDataEmpty

rwBIkSt

rst==1'b1

spiCS_n <= 1b1;
eadWriteSDBlockRdy <= 1'b1,
cmdByte <= 8'h00; /
dataByte1 <= 8'h00;

dataByte2 <= 8'h00;

dataByte3 <= 8'h00;

dataByte4 <= 8'h00;
checkSumByte <= 8'h00;

readWriteSDBlockReg == 'WRITE SD BLIOCK

readWriteSDBlockRdy <= 1'b0;
spiCS_n <=1'b1;

readError <= 1'b0;

writeError <= 1'b0;

txDataOut <= 8'h0Q;

txDataWen <= 1'b0;

rxDataRdyClIr <= 1'h0;

cmdByte <= 8'h00;

dataByte1 <= §'h00;

dataByte2 <= §'h00;

dataByte3 <= §'h00;

dataByte4 <= 8'h00;
checkSumByte <= 8'h00;
sendCmdReq <= 1'h0;

loopCnt <= 8'h00;

delCnt1 <= 8'h00;

delCnt2 <= 3'h00;

readError <= READ_NO_ERROR;
writeError <= "WRITE_NO_ERROR;
txFifoRen <= 1'b0;

readWriteS DBl’DCKRE'Q == 'READ

rxFifoWen <= 1'b0;

D BLOCH rxFifoData <= 8'h00;

timeOutCnt <= 12'h000;
SpiCS_n <= 1'b0; I2CRespByte <= 8100,

spiCS_n <= 1'b0;

readWriteSDBlockRdy <= 1'b0;
writeError <= "WRITE_NO_ERROR;

readWriteSDBlockRdy <= 1'h0;
readError <= 'READ_NO_ERROR;




2.4.1WR_CMD

-
[ Hierarchical level: WR_CMD|

cmdByte <= 8'h58; //CMD24 Block Write
dataByte1 <= blockAddr[31:24];
dataByte2 <= blockAddr[23:16];
dataByte3 <= blockAddr{15:8];
dataByte4 <= blockAddr[7:0];
checkSumByte <= 8'hff;

sendCmdReq <= 1'b1;

sendCmdReq <= 1'b0; |

sendCmdRdy == 1'b1

respTout == 1'b1 || respByte I= 8'h00

[ writeError <= "WRITE_CMD_ERROR; |

WT_REQ

10
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-
| Hierarchical level: WR_CMD_J1]

11



2.4.2 WR_TOKEN

-
| Hierarchical level: WR_TOKEN |

txDataOut <= 8'hff;
txDataWen <= 1'b1;

txDataFull == 1'b0

txDataWen <= 1'b0;

txDataFull == 1'b0
txDataOut <= 8'hff;
txDataWen <= 1'b1;

txDataWen <= 1'b0;

txDataFull == 1'b0

txDataOut <= &'hfe;
txDataWen <= 1'b1;

12

txData\Wen <= 1'b0;




2.4.3 WR_DATA

o
Hierarchical level: WR_DATA]
Entr

loopCnt <= $h000000000; |

) txFifoRen <= 1b1;
loopCnt <= loopCnt + 1'b1;

{l txFifoRen <

| txDataOut <= 8'hff;

txDataWen <= 1'b1,

timeOutCnt <= timeQutCnt + 1'b1;
rxDataRdyClr <= 1'b1;

txDataWen <= 1'b0;
rxDataRdyClIr <= 1'b0;

rxDataRdy == 1'b1
[ locRespByte <= rxDataln; |

locRespByte[4.0] == 5'h5 timeOwtCnt == 'WR RESP TOUT

\ writeError <= "WRITE_DATA_ERROR,;

WT_REQ
txDataFull == 1'b0
txDataOut <= txFifoData;
txDataWen <= 1'b1;
(2 txDataWen <= 1b0;
looDCnr == 9'b000000000
txDataFull == 1'b0 xDataFull == 1'b0
txDataOut <= &'hff; txDataOut <= &'hff;
txDataWen <= 1'b1; txDataWen <= 1'b1;
txDataWen <= 1'b0; txDataWen <= 1'b0;
timeQutCnt <= 12'h00Q;
txDataEmpty == 1'b1
/

13



2.4.4WR_BUSY

- ™
| Hierarchical level: WR_BUSY]

[ timeOutCnt <= 12'h000; |

txDataOut <= &'hff;
txDataWWen <= 1'b1;
rxDataRdyClr <= 1'b1;
delCnt1 <= 8'h00;

txDataWen <= 1'b0;
rxDataRdyClr <= 1'b0;
delCnt1 <= delCnt1 + 1'b1;
delCnt1 == "MAX 8 BIT delCnt2 <= 8h00,

1

[ timeOutCnt <= timeOutCnt + 1b1;]

rxDataRdy == 1'b1

[ locRespByte <= rxDataln; ] Sl EEAAT

[ delCnt2 <= delCnt2 + 1'b1:

locRespByte == 8'h00 && timeQutCnt = "TWO FIFTY M$] timeQutCnt == TWQ FIFTY MS

[ writeError <= "WRITE_BUSY_ERROR; |

14



2.45RD_CMD

-
| Hierarchical level: RD_CMD |

cmdByte <= 8'h51; /CMD17 Block Read
dataByte1 <= blockAddr[31:24];
dataByte2 <= blockAddr[23:16];
cataByte3 <= blockAddr[15:8];
dataByte4 <= blockAddr{7:0];
checkSumByte <= §'hff;

sendCmdReq <= 1'b1;

sendCmdReq <= 1'b0;

\ sendCmdRdy == 1'b1

respTout == 1'b1 || respByte = 8'h00

[ readError <= 'READ_CMD_ERROR; |

WT_REQ

15




2451732

-
| Hierarchical level: RD_CMD_J2|

16



2.4.6 RD_TOKEN

-
| Hierarchical level: RD_TOKEN |

[ timeOutCnt <= 12'h000; |

txDataOut <= 8'hff;
txDataWen <= 1'b1;
rxDataRdyClr <= 1'b1;

delCnt1 == 'MAX/8 BIT

txDataWen <= 1'b0;
rkDataRdyClr <= 1'b0;

delCnt1 <= delCnt1 + 1'b1;
delCnt2 <= 8'h00;

rxDataRdy == 1'b1

timeOutCnt <= timeOutCnt + 1b1;| | locRespByte <= xDataln;]
delCntd <= 8h00;

limeQutCnt == "ONE HUNDRED MS

WT_REQ

IL/@ readError <= 'READ_TOKEN_ERROR; \

[ delCnt2 <= delCnt2 + 1'b1;]

locRespByte I= 8'hfe && timeQutCnt '= "'ONE HUNDRED MS

17




2.4.7 RD_DATA

rxDataRdyClr <= 1'b0;
loopCnt <= 9'h000000000;

3 txDataWen <= 1'b1;
txDataOut <= &'hff;
loopCnt <= loopCnt + 1'b1;

txDataWen <= 1'b0;

rxDataRdy == 1'b1
rxFifoWen <= 1'b1;
rxDataRdyClIr <= 1'b1;
rxFifoData <= rxDataln;

rxDataRdyClIr <= 1'b0;
rxFifoWen <= 1'b0;

loopCnt == 9'b000000000

txDataFull == 1'b0 xDataFull == 1'b0
txDataOut <= 8'hff; txDataOut <= &'hff;
txDataWen <= 1'b1; txDataWen <= 1'b1;
txDataWen <= 1'b0; txDataWen <= 1'b0;

txDataEmpty == 1'b1

18



24.7.1J1

-
| Hierarchical level: RD_DATA_J1]

19



2.5 spiCitrl.asf

Madls: spis
diagramACTION spiTransType[1:0] [r—clk
spiTransCtrl Lo-rst
spiTransSts
L) spics_n
L) txDatawen
[ —nDataRdy [ sDinitRdy =T readWriteSDBlockReq[1:0]
- rxDataRdyClIr Ly SDiitReq [ readwriteSDBlockRdy
readWriteSDBlockReq <= 'NO_BLOCK_REQ;
txDataWen <= 1'b0;
SDInitReq <= 1'b0;
rxDataRdyClIr <= 1'b0;
a4 S b spiTransSts <= "TRANS_NOT_BUSY;
spictist/p [LELEL 5 SPICS_n <= 1b1;

rxDataRdyClIr <= 1'h0;
spiTransSts <= 'TRANS_NOT_BUSY;

WT_g

spiTransClrl == TRANS START
[ spiTransSts <= TRANS_BUSY; |

rxDataRdyClr <= 1'b1;

spiCS_n <= 1h1;

rxDataRdy == 1'b1

txDataWen <= 1'b0;

spiTransType == 'DIRECT ACCESS
txDataWen <= 1'b1;
spiCS_n <= 1'h0;

SDInitReq <= 1'b0;

SDinitRdy Z= 1'b1

spiTransType == INIT SD

SDInitReq <= 1'b1;

‘ readWriteSDBlockReq <= "NO_BLOCK_REQ; |reade' eSDBlockRdy == 1'b1

spiTransType == 'RW WRITE SD BLOCK
\ readWriteSDBlockReq <= "WRITE_SD_BLOCK;

spiTransType == 'RW READ SD B K

[ readWriteSDBlockReq <= 'READ_SD_BLOCK; |

20
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| Hierarchical level: J1]
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