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2 usbhostslave

2.1 usbTxWireArbiter.asf

Module: USBTxWireArbiter st
/I processTxByte/SIETransmitter mux clk
always @(USBWireRdyln)
begin
UdSBWireRdyOut <= USBWireRdyln; [ UsBWwireRdyin
en )
always @(muxS|ENOtPTXB or SIETXWEn or SIETxData or D) UsBWireRdyOut () muxSIENOtPTXB
SIETxCtrl or preTxByteWEnR or preTxByteData or preTxByteCtrl or
SIETxFSRate or prcTxByteFSRate) «@USBWireWEn
begin P
if (MUXSIENGtPTXB == 1b1) =il 7xBits[1.0]
begin Ly Txc
USBWireWEnR <= SIETXWER; TXFSRate
TxBits <= SIETxData; i [ prcTxByteFSRate
TxCtl <= SIETxCtrl;
: rcTxByteWEnN
TXFSRate <= SIETXFSRate; % irchthte o
end
else [ )—prcTxByteData[1:0]
begin prcTxByteReq
USBWireWEnN <= prcTxByteWEN; D
By b preTxByteGnt
TxBits <= prcTxByteData; SIETXFSRate @
TxCtl <= preTxByteCtrl; D
TxFSRate <= prcTxByteFSRate; D— SIETXWEn
end [ SIETxCH
end [~ SIETxData[1:0]
[ SIETxReq
—L) SIETxGnt

preTxByteGnt <= 1'b0;
SIETxGnt <= 1'b0;
MUxSIENotPTXB <= 1'b0;

txWireArb

SIETxGnt <= 1'b0;

preTxByteGnt <= 1'b0;

REQ

SIETxReq == 1'b1

preTxByteReqg == 1'b1

preTxByteGnt <= 1'b1;

‘ SIETxGnt <= 1b1;
muxSIENotPTXB <= 1'b0; ‘

MuxSIENotPTXB <= 1'b1;

SIETxReq == 1'b0

preTxByteReq == 1b0




2.2 directcontrol.asf

Module: directControl [l
HCTxPortCntI[T:O] st
// diagram ACTION
[ directControlLineState[1:0] =) HCTxPortData[7:0]
Iy HCTxPortWER [[)—HCTxPortGnt
[ directCortrolEn [ )—HCTxPortRdy L) HCTxPortReq
dretCntl

HCTxPortCntl <= 8'h00;
HCTxPortData <= 8'h00;
HCTxPortWEn <= 1'b0;
HCTxPortReq <= 1'b0;

gnfrolEn == 1'b1




2.2.1 DRCT_CNTL

P
- |[ Hierarchical level: DRCT_CNTL|

Entry

[ HCTxPortReq <= 1'b1; ]

HCTxPortRdy == 1'b1

HCTxPortWEnN <= 1'b1;
HCTxPortData <= {6'b000000, directControlLineState};
HCTxPortCntl <= TX_DIRECT_CONTROL;

HCTxPortWEn <= 1'b0; |

directControlEn == 1'b0

[ HCTxPortReq <= 1'b0;]




2.2.2 IDLE

\ Hierarchical level: IDLE\

[ HCTxPortReq <= 1b1;]

CTxPortGnt == 1'b1

HCTxPortRdy == 1'b1

HCTxPortWEnR <= 1'b1;
HCTxPortData <= 8'h00;
HCTxPortCntl <= "TX_IDLE;

HCTxPortWER <= 1'b0;
HCTxPortReq <= 1'b0;




2.3 getpacket.asf

(1) dataSequence
(I} bitStuffError
() CRCError

{ry RXTimeOut
{T) RXOverflow
() NAKRxed

() ACKRxed
(1) stallRxed

{I) RXStreamStatus|7:0]
{T) RXBytel7:0]

{r) RXByteOldest[7:0]
(T) RXByteOId[7:0]

) clk always @
Module: getPacket (CRCError or bitStuffError or
D rst RXOverflow or RXTimeOut or
= NAKRxed or stallRxed or
[ RXFifoFul - RXPacketRdy ACKRxed or dataSequence)
—[L) RXFifoWEn [ getPacketEn begin
RXFifoDatal7-0 RXPktStatus <= {
= RXFifoData[7:0] dataSequence, ACKRxed,
[ SIERxTimeOut stallRxed, NAKRxed,
. RXTimeOut, RXOverflow,
) SIERXTimeOutEn RXDataValid bitStuffError, CRCError};
D RXPktStatus[7:0] D_ RXDataln[7:0] end
=L RxPID[3:0] [ = RXStreamStatusin[7:0]

getPkt A

RXPacketRdy <= 1'h0;
RXFifoWEn <= 1b0;
RXFifoData <= 8'h00;
RXByteOld <= 8'h00;
RXByteQldest <= 8'h00;
CRCError <= 1'b0;
bitStuffError <= 1'b0;
RXOverflow <= 1'b0;
RXTimeOut <= 1'h0;
NAKRxed <= 1'b0;
stallRxed <= 1'b0;
ACKRxed <= 1'b0;
dataSequence <= 1'b0;
RxPID <= 4'h0;

RXByte <= 8'h00;
RXStreamStatus <= 8'h00;
SIERxTimeOutEn <= 1'b0;

RXPacketRdy <= 1'b0;
SIERxTimeOutEn <= 1'h0;

CRCEtrror <= 1'b0;
bitStuffError <= 1'b0;
RXOverflow <= 1'b0;
RXTimeOut <= 1'b0;
NAKRxed <= 1'b0;
stallRxed <= 1'b0;
ACKRxed <= 1'b0;
dataSequence <= 1'b0;
SIERxTimeOQutEn <= 1'b1;

getPacketfn == 1'b1

AIT_PKIT
101101

RXDataValid == 1'b1

RXByte <= RXDataln;
RXStreamStatus <= RXStreamStatusin;

CHKPKT_START

o1ty ——2)
SIERxTimeOut == 1'b1

RXStreamStatus == 'RX PACKET START

RXTimeOut <= 1'b1;

[ RxPID <= RXByte[3:0];]

[ RXPacketRdy <= 1'b1; |

RXTimeOut <= 1'b1;




2.3.1 PROC_PKT

(
| Hierarchical level: PROC_PKT]|

RXByte[1:0] == HANDSHAKE

RXDataValid == 1'b1

RXOverflow <= RXDataln[ RX_OVERFLOW_BIT];
NAKRxed <= RXDataln[ NAK_RXED_BIT];

stallRxed <= RXDataln[ STALL_RXED_BIT];
ACKRxed <= RXDataln[ ACK_RXED_BIT];




2.3.1.1 DATA

e
: \ Hierarchical level: PROC_PKT_D,

RXData Valid == 1'b1

RXByte <= RXDataln;
RXStreamStatus <= RXStreamStatusin;

o RXStreamStatus == 'RX PACKET STREAM

[ RXByteOldest <= RXByte;

RXDataValid == 1'b1

RXByte <= RXDataln;
RXStreamStatus <= RXStreamStatusin;

0 RXStreamStatus == 'RX PACKET STREAM

[ RXByteOld <= RXByte; |

RXDataValid == 1'b1

RXByte <= RXDataln;
RXStreamStatus <= RXStreamStatusin;

a RXStreamStatus == 'RX PACKET STREAM

CRCError <= RXByte[ CRC_ERROR_BIT];
bitStuffError <= RXByte[ BIT_STUFF_ERROR_BIT];
dataSequence <= RXByte] DATA_SEQUENCE_BIT];




2.3.1.1.1 LOOP

(
[ Hierarchical level: PROC_PKT_DATA_LOOP]

RXFifoFull == 1'b1

RXOverflow <= 1'b1;

RXFifoWEn <= 1'b1;
RXFifoData <= RXByteOldest;
RXByteOldest <= RXByteOld;
RXByteOld <= RXByte;

RXFifoWEn <= 1'b0;

RXDataValid == 1'b1

RXByte <= RXDataln;
RXStreamStatus <= RXStreamStatusin;

RXStreamStatusin == 'RX PACKET STREAM




2.4 hctxportarbiter.asf

Module: HCTxPortArbiter @ SEND_PACKET_MU;

[ SOFCntiDatal7:0]

(L= SOFCntCrt7:0]

D~ soFcntiwen
~[DsoFcntent

[~ SOFCntiReq

[[)= directCntiData[7:0]
[ directcnticrt7:0]
[ directCrtiwEn

directCiGnt

st
EB—ck

IX=2b00
01

sendPacketDatal7:0]
B’: sendPacketCrt7:0]
[ sendPacketWEn
D) sencPacketGnt
[ sendPacketReq

=L HCTxPortCnt7:0]

[ HCTxXPortWERable
[ directontiReq L) HCTxPortData[7:0]
SOFChiiGt <= 1b0;
sendPacketGnt <= 1b0;
HCTxAr
1/ SOFController/directContolisendPacket m

ux

always @(muxCntl or SOFCNEWEN or SOFCntiData or SOFCHICHH or
directChtIWER or directCntiData or directCntiCtl or

directCntIWER or directCntiData o directCntiCrl or

‘sendPacketWER or sendPacketData or sendPacketCntl)

begin

case (muxCrt)

OF_CTRL_MUX

egin

HCTxPortWEnable <= SOFCRHWEN;
HCTxPortData <= SOFCntiData;
HCTxPortCntl <= SOFCHiIChtl

end
DIRECT_CTRL_MUX :
begin
HCTxPortWEnable <= directCntiWEn;
HCTxPortData <= directCntiData;
HCTxPortCnti <= directCntiCnti;

en
SEND_PACKET_MUX :

egin

HCTxPortWEnable <= sendPacketWEn;
HCTxPortData <= sendPacketData;
HCTxPortCntl <= sendPacketCrtl;

end
defaut

HCTxPortWEnable <= 1b0;
HCTxPortData <= 8h00;
HCTxPortCntl

h

end
endcase
end

SOFCntiReq == 160,
hoo;

ST} RE ™

directCntiGnt <= 1b0;
| muxCntl <= 2b00;

A
SOFCrtiGnt SendPackelGt <= 160, \
| i
/’ SOFCntiRex sendPacketReq == 1'b1 \
I 2
2
‘ AN
N\
\ SOFCntiGnt <= 1'b1;
muxCntl <= "SOF_CTRL_MUX;

‘sendPacketGrt <= 11
muxCrtl <= "SENI

b1,
ID_PACKET_MUX; )

directCntiGnt
muxCntl <= "DI

directCntiGnt <= 1b0;
directCntiReq == 150 —
~drect

R




2.5 hostcontroller.asf

Module: hostcontroller [ clk
st
| =y sendPacketPID[3:0] [ —isoEn
i [~ sendPacketRdy —[C)transDone
| JIysendPacketWEn [=transType[1:0] [ getPacketRdy
L) sendPacketArbiterReq J)clearTXReq ) getPacketREn
. [~ sendPacketArbiterGnt [ transReq [= RxStatus[7:0]
hstCntrl transDone <= 1'b0;
A clearTXReq <= 1'b0;

getPacketREn <= 1'b0;

rst sendPacketArbiterReq <= 1'b0;
sendPacketPID <= 4'h0;
sendPacketWEnN <= 1'h0;

fransReqg == 1'b1
sendPacketArbiterReq <= 1'b1;

sendPacketArbiterGnt == 1'b1

fransType == 'SETUP TRA

Type == 'OUTDATA1 TRANS

transType == "IN TRANS

tfransType == "QUTDATAO TRANS

transDone <= 1'b1;
clearTXReq <= 1'b1;
sendPacketArbiterReq <= 1'b0;

clearTXReq <= 1'b0;
transDone <= 1'b0;
/inow wait for 'transReq' to clear

10



2.5.1 SETUP

-
| Hierarchical level: SETUP|

sendPacketWEn <= 1'b1;
sendPacketPID <= "SETUP,;

[ sendPacketWEn <= 1h0; |

sendPacketWEnN <= 1'b1;
sendPacketPID <= "DATAQ;

ENT

[ sendPacketWEn <= 1b0;] Sl

[ getPacketREn <= 1b1; ]

WA XED [ getPacketREn <= 1’0 |

getPacketRdy == 1'b1

11




2.5.2IN

sendPacketRdy == 1'b1 e

sendPacketWEn <= 1'b1;
sendPacketPID <= "IN;

cL N1 WA

sendPacketRdy == 1'b1

| sendPacketWEn <= 1'b0; |

[ getPacketREN <= 1'b1; |

getPacketRdy == 1'b1

[ getPacketREN <= 1h0;

RXStatus [HC CRC ERROR BIT] == 1'60 &&

°ROR RXStatus [HC BIT STUFF ERROR BIT] == 1'h0 &&
RXStatus [HC RX OVERFLOW BIT] == 1'b0 &&

RXStatus [HC NAK RXED BIT] == 1'b0 &&

RXStatus [HC STALL RXED BIT]==1'b0 &&

Status [HC RX TIME OUT BIT] == 1'b0

CHK

R

isoEn == 1b1

sendPacketRdy == 1'b1

sendPacketWEnN <= 1'b1;
sendPacketPID <= "ACK;

WA

sendPacketRdy == 1'b1

[ sendPacketWEn <= 1'b0; |

12




2.5.30UTO0

-
\ Hierarchical level: OUTO|

D
YsjendPacketh){ == 1'p1

sendPacketWEnN <= 1b1;
sendPacketPID <= "QUT;

WAI

sendPacketRdy == 1'b1

[ sendPacketWEn <= 1h0; |

sendPacketWEnN <= 1b1;
sendPacketPID <= 'DATAQ;

[ sendPacketWEn <= 1b0; |

sendPacketRdy =

[ getPacketREn <= 1'b1; ]

getPacketREn <= 1'h0; |

getPacketRdy == 1'b1

13



2.5.40UT1

gl
\ Hierarchical level: OUT1 |

WA DY1

sendPacketRdy == 1'b1

sendPacketWEn <= 1'b1;
sendPacketPID <= 'OUT;

WAI

sendPacketRdy == 1'b1 [ sendPacketWEn <= 1'00; |

sendPacketWEnN <= 1'b1;
sendPacketPID <= 'DATA1;

[ sendPacketWEn <= 1'b0;

sendPacketRdy == 1'b1

[ getPacketREN <= 1'b1;]

[ getPacketREn <= 1'b0; |

getPacketRdy == 1'b1

14



2.6 processRxBit.asf

(F) RXBitStMachCurrState[1:0] MedulseprocesERYBS  Eck
() resume\WaitCnt[4:0] [ RxWireActive T st

() RxBits[1:0] [ ) processRxByteRdy

(1} RXSameBitCount[3:0] [ processRxByteWEN [ processRxBitsWEn

RxCHriout[7:0 itsini:
(F) RXBitCount(3:0] - RX Drt L('D[ t[7]0] [ = RxBitsIn[1:0]
XDataOut|/: -

(1) oldRXBits[1:0] i [~ Keit[1:0]

(1) RXByte[7:0] [ = JBit[1:0]
~)resumeDetected ) processRxBitRdy

(1) bitStuffError

processRxByteWEnR <= 1'b0;
RxCtrlOut <= 8'h00;

prRxBit RxDataOut <= 8'h00;
resumeDetected <= 1'b0;
RXBitStMachCurrState <= 'IDLE_BIT_ST;
RxBits <= 2'b00;
RXSameBitCount <= 4'h0;
RXBitCount <= 4'h0;
oldRXBits <= 2'b00;

RXByte <= 8'h00;
bitStuffError <= 1'b0;
resumeWaitCnt <= 5'h0;
processRxBitRdy <= 1'b1;

processRxBitRdy <= 1'b1; |

RxBits <= RxBitsIn;
. processRxBitRdy <= 1'b0;

processRxBitsWEnN == 1'b1

RXBitStMachCurrState == IDLE BIT ST

RXBitStMachCurrState == '"RESUME END WAIT ST

15



2.6.1IDLE

\ Hierarchical level: IDLE\

(RxBits == KBit) && (RxWireActive == 1'b1)

_PRB_RDY
71100/

processRxByteRdy == 1'b1

RxDataOut <= §'h00; llredundant data
RxCtrlOut <= 'DATA_START, //start of packet
processRxByteWEnN <= 1'b1;

processRxByteWEn <= 1'b0;

RXBitStMachCurrState <= 'DATA_RECEIVE_BIT_ST;
RXSameBitCount <= 4'h0;

RXBitCount <= 4'h1;

oldRXBits <= RxBits;

l/zero is always the first RZ data bit of a new packet
RXByte <= 8'h00;

16




2.6.2 DATA_RX

/
[ Hierarchical level: DATA_RX]

Entr bitStuffError <= 1'b0;
RxBits == "SEQ WAIT ‘_" RDY
CHK SEb 0 :

processRxByteRdy == 1'b1

RxDataOut <= 8'h00; flredundant data
RxCtrlOut <= "DATA_STOP; //end of packet
9 processRxByteWEN <= 1'b1;

processRxByteWEnN <= 1'b0;
RXBitStMachCurrState <= 'IDLE_BIT_ST;

RXBitCount == 4'h8 & bitStuffError == 1'b0

17



2.6.2.1 DATA

(
[ Hierarchical level: DATA_RX_DATA]

if (RxBits == oldRXBits) /fif the current 'RxBits' are the same as the old 'RxBits’, then
begin
RXSameBitCount <= RXSameBitCount + 1'b1; //inc 'RXSameBitCount'
if (RXSameBitCount == "MAX_CONSEC_SAME_BITS) //if ' RXSameBitCount' == 6 there has been a bit stuff error

bitStuffError <= 1'b1; /fflag 'bitStuffError’
else /felse no bit stuffing error
begin

RXBitCount <= RXBitCount + 1'b1;
if (RXBitCount I= "MAX_CONSEC_SAME_BITS_PLUST) begin

processRxBitRdy <= 1'b1; /learly indication of ready
end
RXByte <={ 1'b1, RXByte[7:1]}; //IRZ bit = 1 (ie no change in 'RxBits")

end
end
else /lelse current 'RxBits' are different from old 'RxBits’
begin

if (RXSameBitCount I= " MAX_CONSEC_SANME_BITS) /iif this is not the RZ 0 bit after 6 consecutive RZ 1s, then

begin

RXBitCount <= RXBitCount + 1'b1;
if (RXBitCount |= 4'h7) begin

processRxBIitRdy <= 1'b1; Hfearly indication of ready
end
RXByte <={1'b0, RXByte[7:1]}. //IRZ bit = 0 (ie current'RxBits' is different than old 'RxBits")
end
RXSameBitCount <= 4'h0; /freset 'RXSameBitCount'
end

oldRXBits <= RxBits;

18



2.6.2.2 BYTE

(
| Hierarchical level: DATA_RX_BYTE|

AIT_ROY
1000/

processRxByteRdy == 1'b1

RXBitCount <= 4'h0;

RxDataOut <= RXByte;
RxCtrlOut <= 'DATA_STREAM;
processRxByteWEnN <= 1'b1;

[ processRxByteWEN <= 1h0; |

19



2.6.2.3 ERROR

(
| Hierarchical level: DATA_RX_ERROCR |

processRxByteRdy == 1'b1

RxDataOut <= 8'h00;

RxCtrlOut <= "DATA_BIT_STUFF_ERROR;
processRxByteWEnN <= 1'b1;

/fredundant data

processRxByteWER <= 1'b0;

RXBitStMachCurrState <= "WAIT_RESUME_ST;
resumeWaitCnt <= 5'h0;

end

Iinext state is idle

if (RxBits == JBit) /Af current bit is a JBit, then
d o RXBitStMachCurrState <= "IDLE_BIT_ST;

else lelse

begin

/lcheck for resume

20




2.6.3 RES_RX

(
[ Hierarchical level: RES_RX|

if (RxBits I= KBit) //can only be a resume if line remains in Kbit state
RXBitStMachCurrState <= 'IDLE_BIT_ST;
else
begin
resumeWaitCnt <= resumeWaitCnt + 1'b1;
1hif we've waited long enough, then
if (resumeWaitCnt == 'RESUME_RX_WAIT_TIME)
begin
RXBitStMachCurrState <= 'RESUME_END_WAIT_ST;
resumeDetected <= 1'b1; //report resume detected
end
end

21



2.6.4 RES_END

(
[ Hierarchical level: RES_END|

if (RxBits = KBit) //line must leave KBit state for the end of resume
begin

RXBitStMachCurrState <= "IDLE_BIT_ST;

resumeDetected <= 1'b0; //clear resume detected flag
end

22



2.7 processRxByte.asf

always @ Module: processRxByte [E—ck (1) bitStuffError

ooty @roncurs e ow Drow
next_stallRxed or next_ACKRxed or =1 RxCtriout[7:0] @CRCData[T:O] © ﬁ):‘:’;are(Zut
next_dataSequence) 1) RxDataOutWER [ =CRC5Result]4:0] © iR XZ

beait . ) CRCSEN @ stalRxe
RxStatus <= [~ RxByteln[7:0] ) {r) ACKRxed
{1'b0, next_dataSequence, ) {0 CrRC5_8Bit dataSequence
next_ACKRxed, = RxCtriin[7:0] [~ CRC16Result[15:0] % g CErfor
nex:_;tangeﬁ, next_NAKRxed, [~ processRxDatalnWEn —T)CRC16EN ®
next_RxOverflow, RxStatus[7:0]
next_bitStuffError, next_CRCError }; ) processRxByteRdy | CRC5UpdateRdy

end (¥) Signal1 [~ CRC18UpdateRdy (I RxCHrI[7:0]

{I) RXDataByteCnt[9:0] (') RXByteStMachCurrState[2:0] (1) RxByte[7:0]

prRxByte

RxByte <= RxByteln;
RxCtrl <= RxCtrlln;
processRxByteRdy <= 1'b0;

processRxDatalnWEn == 1'b1

RXByteStMachCurrState == 'IDLE BYTE ST

RXByteStMachCurrState == "CHECK SYNC ST

RXByteStMachCurrState == 'CHECK PID ST

AIT _jBY’. E
. [0010/

(5 (2)

)

=

&

L

RxByte <= 8'h00;

RxCtrl <= 8'h00;
RXByteStMachCurrState <= 'IDLE_BYTE_ST,;
CRCEirror <= 1'b0;
bitStuffError <= 1'b0;
RxOverflow <= 1'b0;
RxTimeOut <= 1'b0;
NAKRxed <= 1'h0;
stallRxed <= 1'b0;
ACKRxed <= 1'b0;
dataSequence <= 1'h0;
RxDataOut <= 8'h00;
RxCtrlOut <= 8'hQ0;
RxDataOutWEn <= 1'b0;
rstCRC <= 1'h0;

CRCData <= 8'h00;
CRC5En <= 1'b0;
CRC5_8Bit <= 1'b0;
CRC16En <= 1b0;
RXDataByteCnt <= 10'h00;
processRxByteRdy <= 1'b1;

[ processRxByteRdy <= 1b1; ]

RXByteStMachCurrState == 'HS BYTE ST

RXByteStMachCurrState == "TOKEN BYTE

i

ST

RXByteStMachCurrState == 'DATA BYTE ST

23




2.7.1 CHK_PID

(
| Hierarchical level: CHK_PID|

(RxByte[7:4] " RxByte[3.0]) |= 4hf

CRCEtrror <= 1'b0;
bitStuffError <= 1'b0;
RxOverflow <= 1'b0;
NAKRxed <= 1'b0;
stallRxed <= 1'b0;
ACKRxed <= 1'b0;
dataSequence <= 1'b0;
RxTimeOut <= 1'b0;
RXDataByteCnt <= 10'h000;
RxDataOut <= RxByte;
RxCtrlOut <= 'RX_PACKET_START;
RxDataOutWEn <= 1'b1;
rstCRC <= 1'b1;

[ RXByteStMachCurrState <= IDLE_BYTE_ST ;|
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2.7.1.1 FIRST_BYTE

(
[ Hierarchical level: CHK_PID_FIRST_BYTE]|

rstCRC <= 1'b0;
RxDataOutWEn <= 1'b0;
case (RxByte[1:0] )

"SPECIAL: HSpecial PID.
RXByteStMachCurrState <= 'IDLE_BYTE_ST;

"TOKEN: /fToken PID

begin

RXByteStMachCurrState <= " TOKEN_BYTE_ST:
RXDataByteCnt <= 0;
end
"HANDSHAKE:
begin
case (RxByte[3:2] )
2'h00:
ACKRxed <= 1'b1;
2'b10:
NAKRxed <= 1'b1;
2'b11:
stallRxed <= 1'b1;
default:
begin
$display ("Invalid Handshake PID detected in ProcessRXByte\n");
end
endcase
RXByteStMachCurrState <= 'HS_BYTE_ST;
end
‘DATA:
begin
case (RxByte[3:2])
2'h00:
dataSequence <= 1'b0;
2'b10:
dataSequence <= 1'b1;
default:
$display ("Invalid DATA PID detected in ProcessRXByte\n");
endcase
RXByteStMachCurrState <= 'DATA_BYTE_ST,
RXDataByteCnt <= 0;
end
endcase

//Handshake PID

//Data PID
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2.7.2 HSHAKE

e
[ Hierarchical level: HSHAKE]

if (RxCtrl I="DATA_STOP) //If more than PID rxed, then report error
RxOverflow <= 1'b1;

RxDataOut <= RxStatus;

RxCtrlOut <= "RX_PACKET_STOP;

RxDataOutWEn <= 1'b1;

RxDataOutWEn <= 1'h0;
RXByteStMachCurrState <= 'IDLE_BYTE_ST,;
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2.7.3 TOKEN

(
| Hiel Entry bl level: TOKEN]

CRC5UpdateRdy == 1'b1

CRC5EnN <= 1'h0;
RxDataOutWEn <= 1'h0;

RXDataByteCnt <= RXDataByteCnt + 1'b1;
case (RxCtrl)
'DATA_STOP:
begin
if (CRC5Result I= 5'h6)
CRCError <= 1'b1,;
RxDataOut <= RxStatus;
RxCtrlOut <= "RX_PACKET_STOP;
RXByteStMachCurrState <="IDLE_BYTE_ST,;
end
'DATA_BIT_STUFF_ERROR:
begin
bitStuffError <= 1'b1;
RxDataOut <= RxStatus;
RxCtrlOut <= "RX_PACKET_STOP;
RXByteStMachCurrState <="IDLE_BYTE_ST,;
end
'DATA_STREAM:
begin
if (RXDataByteCnt > 10'h2)
begin
RxOverflow <= 1'b1;
RxDataOut <= RxStatus;
RxCtrlOut <= 'RX_PACKET_STOP;
RXByteStMachCurrState <="IDLE_BYTE_ST;
end
else
begin
RxDataOut <= RxByte;
RxCtrlOut <= 'RX_PACKET_STREAM;
CRCData <= RxByte:
CRC5_8Bit <= 1'b1;
CRC5EN <= 1'b1;
end
end
default:
begin
RXByteStMachCurrState <= "IDLE_BYTE_ST,;
end
endcase
RxDataOutWEn <= 1'b1;
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2.7.4 DATA

(
\ Hierarchical level: DATA\

RXDataByteCnt <= RXDataByteCnt + 1'b1;
CRC16UpdateRdy == 11 case (RxCtr)
DATA_STOP:
begin
if (CRC16Result I= 16'hb001)
CRCError <= 1'b1;
RxDataOut <= RxStatus;
RxCtrlOut <= "RX_PACKET_STOP;
RXByteStMachCurrState <= 'IDLE_BYTE_ST;
end
'DATA_BIT_STUFF_ERROR:
begin
bitStuffError <= 1'b1;
RxDataOut <= RxStatus;
RxCtrlOut <= "RX_PACKET_STOP;
RXByteStMachCurrState <= 'IDLE_BYTE_ST;
c Ry end
/ 'DATA_STREAM:
begin
RxDataOut <= RxByte;
RxCtrlOut <= "RX_PACKET_STREAM;
CRCData <= RxByte;
CRC16En <= 1b1;
end
default:
begin
RXByteStMachCurrState <= 'IDLE_BYTE_ST,;
end
endcase
RxDataQutWEn <= 1'b1;

CRC16En <= 1'b0;
RxDataOutWEn <= 1'b0;
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2.7.5IDLE

\ Hierarchical level: IDLE\

if (RxCtrl == "DATA_START)
RXByteStMachCurrState <= "CHECK_SYNC_ST;
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2.7.6 CHK_SYNC

(
[ Hierarchical level: CHK_SYNC]

DO
/0100/

if (RxByte == 'SYNC_BYTE)
RXByteStMachCurrState <=

else
RXByteStMachCurrState <=

"CHECK_PID_ST;

'IDLE_BYTE_ST,;
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2.8 processTxByte.asf

—DUSBWireFuIISpeedRate

USBWireData[1:0]
—L)usBwirsctr

USBWireGnt

—{IL yUsBWireReq
—[L)UsBWireWEn

[ ) UsBwireRdy

Module: processTxByte B ck
st
[ processTxByteWEn
—L ) processTxByteRdy
[=TxByteln[7:0]

() TXOneCount[3:0]
(1) TXLineState[1:0]
(1) TxByteCtrl[7:0]
{r) TxByte[7:0]
(r)i3:0]

(1) TxByteFullSpeedRate

[ )= TxByteCtrlIn[7:0]
[ TxByteFullSpeedRateln

[ uBitf1:0]
[=KBit[1:0]

prcTxB

L
processTxByteRdy <= 1'b1; |

processTxByteWERN == 1'b1

processTxByteRdy <= 1'b0;

TxByte <= TxByteln;

TxByteCtrl <= TxByteCtrlin;

TxByteFullSpeedRate <= TxByteFullSpeedRateln;
USBWireFullSpeedRate <= TxByteFullSpeedRateln;

@

TxByteCtriln == 'DATA START

-

TXOneCount <= 4'h0;
TXLineState <= JBit;
USBWireReq <= 1'b1;

processTxByteRdy <= 1'b0;
USBWireData <= 2'h00;
USBWireCtrl <= "TRI_STATE;
USBWireReq <= 1'b0;
USBWireWEnN <= 1'b0;

i <= 4'h0;

TxByte <= 8'h00;

TxByteCtrl <= 8'h00;
TXLineState <= 2'b0;
TXOneCount <= 4'h0;
USBWireFullSpeedRate <= 1'b0;
TxByteFullSpeedRate <= 1'b0;

PERY _WAIT AGNT
/01000/,

USBWireGnt == 1'b1

[ USBWireWEn <= 1'b0; |

Hlactively drive the first J bit
USBWireData <= JBit;
USBWireCtrl <= "DRIVE;
USBWireWEn <= 1'b1;

USBWireRdy == 1'b1

@
(0

TxByteFullSpeedRate == 1'h0
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2.8.1 SEND_BYTE

(
[ Hierarchical level: SEND_BYTE]

i<=i+1b1;
TxByte <={1'b0, TxByte[7:1] };
if (TxByte[0] == 1'b1) //1f this bit is 1, then
TXOneCount <= TXOneCount + 1'b1; Hincrement "TXOneCount'
else /felse this is a zero bit
begin
TXOneCount <= 4'h0; llreset 'TXOneCount'

if (TXLineState == JBit)
TXLineState <= KBit; /toggle the line state
else
TXLineState <= JBit;
end

USBWireRdy == 1'b1

USBWireWEnN <= 1'b1;
USBWireData <= TXLineState;
USBWireCtrl <= 'DRIVE;

USBWireWEn <= 1h0; |

1 TXOneCount == 'MAX CONSEC SAME BITS

i!=4'h8

TXOneCount <= 4'h0; Hreset 'TXOneCount'
if (TXLineState == JBit)
TXLineState <= KBit; /ftoggle the line state
else
TXLineState <= JBit;

USBWireRdy == 1'b1

USBWireWEnN <= 1'b1;
USBWireData <= TXLineState;
USBWireCtrl <= 'DRIVE;

USBWireWEn <= 1'h0; |

i==4'h8
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2.8.2 STOP

TxByteCirl == 'DATA STOP

SBWireRdy == 1'b1

USBWireWEn <= 1'b1;
USBWireData <= "SEQ;
USBWireCtrl <= 'DRIVE;

[ USBWireWER <= 1h0; |
s
SBWireRdy == 1'b1

USBWireWEn <= 1b1;
USBWireData <= "SEQ;
USBWireCtrl <= DRIVE;

[ USBWireWEn <= 1'b0; |
SBWireRdy == 1'b1

USBWireWEnN <= 1'b1;
USBWireData <= JBit;
USBWireCtrl <= 'DRIVE;

[ USBWireWER <= 1'b0; |

SBWireRdy == 1'b1

USBWireWEnN <= 1'b1;
USBWireData <= JBit;
USBWireCtrl <= "TRI_STATE;

USBWireWEnN <= 1'h0;
USBWireReq <= 1'h0; //release the wire
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2.8.3LS_START

. . ™
\ Hierarchical level: LS_S| Entry|
S
USBWireRdy == 1'b1
USBWireWER <= 1b1;
USBWireData <= JBit;
USBWireCtrl <= "TRI_STATE;
[ USBWireWER <= 1'b0; |
5
USBWireWEn <= 1b1;
USBWireData <= JBit;
USBWireCtrl <= TRI_STATE;
USBWireWER <= 1b0; |
USBWireWER <= 1b1;
USBWireData <= JBit;
: USBWireCtrl <= 'TRI_STATE;
f USBWireWER <= 1'b0;]
USBWireRdy == 1b1
/[Drive the first JBit
! _ USBWireWEn <= 1b1;
i [ USBWireWEn <= 100; | | USBWireData <= JBit;
USBWireCtrl <= 'DRIVE;
29
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2.9 sctxportarbiter.asf

Module: SCTxPortArbiter st
B ok
(©) muDCER
sendPacketData[7:0]
sendPacketCnti[7:0]
[ sendPacketWEn
D) sencPacketGnt
[ sendPacketReq
[0 directCntiDatal7:0] =) SCTxPortCni[7:0]
[ directCrticri7:0] I scTxPortRdyout
[~ directCrtwWEn |~ sCTxPortRelyin
directCntiGnt Iy SCTxPortWEnable
[ directCntiReq =) SCTxPortData[7:0]
I/ SOFController/directContol/sendPacket mux
always @(SCTxPortRdyln)
begin
SCTxPortRdyOut <= SCTxPortRdyln;
end
SCTxArb

alhways @(muxDCEN or
directCntWER o directCriData or directCntiCatl or

directCntiWER or directCntiData or directCntiCntl or
sendPacketWEn or sendPacketData or sendPacketCntl)

begin
if (MUXDCEN == 1b1)
begin
SCTxPortWEnable <= directCrilWER;
SCTxPortData <= directCntiData;
SCTxPortChti <= directCrtiCntl;
end
else
begin
SCTxPortWEnable <= sendPacketWen;
SCTxPortData <= sendPacketData;
SCTxPortCntl <= sendPacketCnt;
end
end

directCntiGnt <= 1b0;
muxDCEn <= 1b0;

RN
N\

3
‘sendPacketGnt 0. \

/

/

directCntiReq == 150
. direct R

directCntiGnt <= 1b0;
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2.10 sendpacket.asf

ahvays @(PID) Module: sendPacket ED-—rst
begin [ TxAddr[8:0] [ fulSpeedPolarity [ clk
PIDNotPID <= { (PID ~ 4'hf), PID }, D—TXEndF’[3:0]
end frameNum[10:0] ~|I> HCTxPortReq
(€ PIDNotPID[7:0] DLE(T:T;POJV?
] [y HCTxPortWER
[ sendPacketWEn [ fifoEmpty [ HCTxPortRdy
fifoData[7:0]
) sendPacketRdy D' =T HCTxPortData[7:0]
= PID[3:0] D fifoReadEn =L HCTxPortCt[7:0]
sndPkt

sendPacketRdy <= 1'b1;
fifoReadEn <= 1'b0;
HCTxPortData <= 8'h00;
HCTxPortCntl <= 8'h00;
HCTxPortWEn <= 1'b0;
HCTxPortReq <= 1'h0;
frameNum <= 11'h000;

sendPacketWEn == 1'b1

sendPacketRdy <= 1'b0;
HCTxPortReq <= 1'b1;

SPLAWAIT_GNT
/00010/,
i HCTxPortGnt == 1'b1

PID == OUT
PID == IN
PID == SETUFP

sendPacketRdy <= 1'b1;
HCTxPortReq <= 1'h0;
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2.10.1 SEND_PID

| 7
. |[ Hierarchical level: SEND_PID |

HCTxPortRdy == 1'b1

HCTxPortWEn <= 1'b1;
HCTxPortData <= PIDNotPID;
HCTxPortCntl <= TX_PACKET_START;

HCTxPortWEn <= 1'b0; |
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2.10.2 OUT_IN_SETUP

o : ~
. |[Hierarchical level: OUT_IN_SETUP |
1
HCTxPortRdy == 1'b1
HCTxPortWEn <= 1b1;
HCTxPortData <= {TxEndP[0], TxAddr{6:0]};
HCTxPortCntl <= "TX_PACKET_STREAM;
2
HCTxPortRdy == 1b1
[ HCTxPortWER <= 1'h0; |
HCTxPortWEn <= 1b1;
HCTxPortData <= {5b00000, TxEndP[3:1]};
HCTxPortCntl <= TX_PACKET_STREAM;
HCTxPortWEn <= 1'h0; |
S J
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2.10.3 SEND_SOF

P
- |[ Hierarchical level: SEND_SOF]

HCTxPortRdy == 1'b1

HCTxPortWEn <= 1'b1;
HCTxPortData <= frameNum[7:0];
HCTxPortCntl <= " TX_PACKET_STREAM;

HCTxPortRdy == 1'b1

[ HCTxPortWER <= 1'h0; |

HCTxPortWEn <= 1'b1;
HCTxPortData <= {5'h00000, frameNum[10:8]};
HCTxPortCntl <= "TX_PACKET_STREAM;

HCTxPortWEnR <= 1'b0;
frameNum <= frameNum + 1'b1;
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2.10.4 DATAO_DATA1

i ™
| Hierarchical level: DATAO_DATA1]

2

(1) fifoEmpty == 1'b0

WAIT FIFO

HCTxPortRdy == 1'b1

fifoReadEn <= 1'b1;

fifoReadEn <= 1'h0;

q } HCTxPortWERn <= 1'b1;
HCTxPortData <= fifoData;
HCTxPortCntl <= "TX_PACKET_STREAM;

HCTxPortRdy == 1'b1

[ HCTxPortWER <= 1'b0; |

/[Last byte is not valid data,

//but the 'TX_PACKET_STOP' flag is required

/by the SIE state machine to detect end of data packet
HCTxPortWEn <= 1'b1;

HCTxPortData <= 8'h00;

HCTxPortCntl <= "TX_PACKET_STOP;

HCTxPortWEn <= 1'b0; |
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2.10.5LS_EOP

-
| Hierarchical level: LS_EOP]

HCTxPortRdy == 1'b1

HCTxPortWERN <= 1'b1;
HCTxPortData <= 8'h00;
HCTxPortCntl <= "TX_LS_KEEP_ALIVE;

HCTxPortWEn <= 1'0; |
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2.11 sendpacketarbiter.asf

Module: sendPacketArbiter st
/' hostController/SOF Transmit mux @ clk
always @(muxSOFNotHC or SOF_SP_WEn or HC_SP_WEn or HC_PID)
begin
if (MuxSOFNotHC == 1'b1)
begin
sendPacketWEnable <= SOF_SP_WEn; {r)y muxSOFNotHC
sendPacketPID <= "SOF;
end
else
begin
sendPacketWEnable <= HC_SP_WEn;
sendPacketPID <= HC_PID;
end
end

[[)—HC_SP_WEn

[[)=HC_PID[3:0] [ —SOF_SP_WEn
~LyHCTxGnt I SOFTxGnt —L) sendPacketWEnable
D HCTxReq D SOFTxReq -@ sendPacketPID[3:0]
sendPktArb

SOFTxGnt <= 1'b0;

SOFTxReq == 1'b1

SOFTxGnt <= 1'b1;
MuxSOFNotHC <= 1'b1;

SOFTxReg == 1'b0

SOFTxGnt <= 1'b0;
HCTxGnt <= 1'b0;
muxSOFNotHC <= 1'b0;

HCTxGnt <= 1'b0;

HCTxGnt <= 1'b1;
muxSOFNotHC <= 1'h0;

HCTxReg == 1'b0
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2.12 sendpacketcheckpreamble.asf

i [ ckk
D—sendPacketCPPID[S:O] Module: sendPacketCheckPreamble [ rst
i [ sendPacketCPWER
—[L) sendPacketCPReady
[ )—preAmbleEnable D sendPackEtRdy
[y sendPacketWEn
=1 sendPacketPID[3:0]
sendPktCP
sendPacketWEnN <= 1'b0;
e i i "-._ sendPacketPID <= 4'b0;
| sendPacketCPReady <= 1'b1;

Pé WAITAEN

sendPacketCPWEnR == 1'b1

[ sendPacketCPReady <= 1'b0; |

preAmbleEnable == 1'b1 7 9

sendPacketCPReady <= 1b1;]
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2.12.1 PREAM_PKT

-
| Hierarchical level: PREAM_PKT |

sendPacketRdy == 1'b1

sendPacketWEnN <= 1'b1;
sendPacketPID <= 'PREAMBLE;

sendPacketWEn <= 1'h0; ]

sendPacketRdy == 1'b1

sendPacketWEn <= 1'b1,
sendPacketPID <= sendPacketCPPID;

sendPacketWEn <= 1'b0; |

sendPacketRdy == 1'b1
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2.12.2 REG_PKT

gl
. |[ Hierarchical level: REG_PKT]

sendPacketRdy == 1'b1

sencdPacketWEnN <= 1'b1;
sendPacketPID <= sendPacketCPPID;

sendPacketWEn <= 1'b0; |
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2.13 siereceiver.asf

Module: SIEReceiver [y clk
(I} RXStMachCurrState[3:0] -
{r) RXWaitCount[7:0] =L connectsState[1:0]
() Ru@its[1:0] [~ RxWireDataln[1:0]

[ RxwireDataWEn
revr RXStMachCurrState <= 'DISCONNECT_ST;
RXWaitCount <= 8'h00;
/T 3 X connectState <= 'DISCONNECT;
rst RxBits <= 2'b00;

RxWireDataWEn == 1'b1

[ RxBits <= RxWireDataln; |

IT_FS_pis

XStMachCurrState == "'WAIT FULL SP DISCONNECT ST

T LS IS

BXStMachCurrState == "WAIT LOW SP DISCONNECT ST
=

RXStMachCurrState == "CONNECT FULL SPEED ST

RXStMachCurrState == "CONNECT LOW SPEED ST

WAIT_LS_CbN
RXStMachCurrState == "WAIT LOW SPEED CONN ST
_FS_QIDNN
RXStMachCurrState == "WAIT FULL SPEED CONN ST
ISCN

RXStMachCurrState == 'DISCONNECT ST
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2.13.1 DISCNCT

(
| Hierarchical level: DISCNCT]

RxBits == ZERO ONE

RXStMachCurrState <= "WAIT_LOW_SPEED_CONN_ST;
RXWaitCount <= 8'h00;

RXStMachCurrState <= WAIT_FULL_SPEED_CONN_ST;
RXWaitCount <= 8'h00;
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2.13.2 WAIT_FS_CONN

(
[ Hierarchical level: WAIT_FS_CONN |

if (RxBits == "ONE_ZERO)
begin
RXWaitCount <= RXWaitCount + 1'b1;
if (RXWaitCount == "CONNECT_WAIT_TIME)
begin
connectState <= 'FULL_SPEED_CONNECT;
RXStMachCurrState <= ' CONNECT_FULL_SPEED_ST;
end
end
else
begin
RXStMachCurrState <= 'DISCONNECT_ST,;
end
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2.13.3 WAIT_LS_CONN

(
[ Hierarchical level: WAIT_LS_CONN]

if (RxBits == "ZERO_ONE)
begin
RXWaitCount <= RXWaitCount + 1'b1;
if (RXWaitCount == "CONNECT_WAIT_TIME)
begin
connectState <= 'LOW_SPEED_CONNECT;
RXStMachCurrState <= 'CONNECT_LOW_SPEED_ST,;
end
end
else
begin
RXStMachCurrState <= 'DISCONNECT_ST;
end
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2.13.4 LS_CONN

(
[ Hierarchical level: LS_CONN]

CHK_RX_BITS
70010/

if (RxBits == "SEQ)

begin
RXStMachCurrState <= "WAIT_LOW_SP_DISCONNECT_ST;
RXWaitCount <= 0;

end
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2.13.5 FS_CONN

(
[ Hierarchical level: FS_CONN |

CHK_RX_BITS1
/0110/

if (RxBits == "SEOQ)

begin
RXStMachCurrState <= "WAIT_FULL_SP_DISCONNECT_ST;
RXWaitCount <= 0;

end

5 Exit
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2.13.6 WAIT_LS_DIS

(
[ Hierarchical level: WAIT_LS DIS|

_RX_B(TS
10117/

if (RxBits == "SEOQ)
begin
RXWaitCount <= RXWaitCount + 1'b1;
if (RXWaitCount == 'DISCONNECT_WAIT_TIME)
begin
RXStMachCurrState <= 'DISCONNECT_ST;
connectState <= 'DISCONNECT;
end
end
else
begin
RXStMachCurrState <= "CONNECT_LOW_SPEED_ST;
end
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2.13.7 WAIT_FS_DIS

(
| Hierarchical level: WAIT_FS_DIS]

CH

_RX_BITs2
71000/

if (RxBits == "SEQ)
begin
RXWaitCount <= RXWaitCount + 1'b1;
if (RXWaitCount == 'DISCONNECT_WAIT_TIME)
begin
RXStMachCurrState <= "DISCONNECT_ST;
connectState <= "DISCONNECT;
end
end
else
begin
RXStMachCurrState <= ' CONNECT_FULL_SPEED_ST;
end
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2.14 SIETransmitter.asf

[)— SIEPortWER Module: SIETransmitter Rk
) SIEPortTxRdy L) processTxByteWEN ~fyrstcRe st
[= SIEPortDataln[7:0] [ —processTxByteRdy =) CRCData[7:0]
[ = SIEPortCHIIN[7:0] =1 TxByteOut[7:0] [ = CRC5Result[4:0]
D) USBWireFulSpeedRate L TXBYteOUCHIT:0] —Ji cRC5EN
USBWireData[1:0] —{C) TxByteOutFullSpeedRate Ly CRC5_8Bit
—L)USBWirsCtrl [0~ CRC16Result[15:0]
[ UsBwireGnt {7’y resumeCnt{15:0] —[L»CRC16EN
—{IL yUsBWireReq (F) SIEPorDatal7-0] [—fullspeedRateln [ CRC5UpdateRdy
[y USBWireWEn o . [ CRC16UpdateRdy
[~ USBWireRdy ) :SIEPAREINER] D~ Jeit1:0]
(Di[2:0] [~ KBit[1:0]

processTxByteWER <= 1'b0;
TxByteOut <= §'h00;
TxByteOutCtrl <= 8'h00;

[ SIEPortTxRdy <= 1b1;]

USBWireData <= 2'b00;

SlIEPortData <= SIEPortDataln;
SIEPortCtrl <= SIEPortCtrlin;
SIEPortTxRdy <= 1b0;

TxByteOutFullSpeedRate <= fullSpeedRateln;
USBWireFullSpeedRate <= fullSpeedRateln;

SIEPortWERN == 1'b1

SIEPortCtrl == TX IDLE

SIEPortCtri == 'TX DIRECT CONTROL

SIEPortCtrl == "TX RESUME START

SIEPortCtri == 'TX PACKET START

—

SIEPortCtri== 'TX LS KEEP ALIVE

W=

@

USBWireCtrl <= "TRI_STATE;
USBWireReq <= 1'b0;
USBWireWEnN <= 1'b0;

rstCRC <= 1'b0;

CRCData <= 8'h00;

CRC5ER <= 1'b0;

CRC5_8Bit <= 1'b0;

CRC16En <= 1b0;
SIEPortTxRdy <= 1b0;
SIEPortData <= 8'h00;
SIEPortCtrl <= 8'h00;

i <= 3'ho;

resumeCnt <= 16'h0000;
TxByteOutFullSpeedRate <= 1'b0;
USBWireFullSpeedRate <= 1'h0;

i
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2.141 RES_ST

(
[ Hierarchical level: RES_ST|

Entry

USBWireReq <= 1'b1;
resumeCnt <= 16'h0000;
USBWireFullSpeedRate <= 1'b0; /fresume always uses low speed timing

USBWireGnt == 1'b1

USBWireRdy b1

USBWireData <= KBit;
USBWireCtrl <= 'DRIVE;
USBWireWEn <= 1'b1;
resumeCnt <= resumeCnt + 1'b1;

USBWireWER <= 1b0;]

resumeCnt == HOST TX RESUME TIME

[ USBWireWER <= 1'b0; |

USBWireData <= "SEQ;
USBWireCtrl <= "DRIVE;

USBWireRdy == 1'b1
USBWireWEn <= 1'b1;

USBWireData <= "SEQ:;
USBWireCtrl <= 'DRIVE;
[ USBWireWEn <= 1'b0; | USBWireWEn <= 1'b1;

[ USBWireWEn <= 1'h0; |

USBWireData <= JBit;
USBWireCtrl <= 'DRIVE;
USBWireWEn <= 1'b1;

USBWireData <= JBit;
USBWireCtrl <= "TRI_STATE;
USBWireWEn <= 1'b1;

USBWireRdy == 1'b1
\ USBWireFullSpeedRate <= fullSpeedRateln;

USBWireWEn <= 1'h0;
USBWireReq <= 1'b0;
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2.14.2 DIR_CTL

(
| Hierarchical level: DIR_CTL |

Entry

[ USBWireReq <= 1b1; |

USBWireGnt == 1'b1

USBWireRdy == 1'b1

USBWireData <= SIEPortData[1:0];
USBWireCtrl <= 'DRIVE;
USBWireWER <= 1'b1;

USBWireWEn <= 1h0;
i<=i+1b1;

[ USBWireReq <= 1'b0; |
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2.14.3 PKT_ST

(
[ Hierarchical level: PKT_ST|

SIEPortDatal3.0] == "SOF || SIEPortData[3.0] == 'PREAMBLE

\ TxByteOutFullSpeedRate <= 1'b1; //SOF and PRE always at full speed \

processTxByteRdy == 1'b1

processTxByteWEnN <= 1'b1;
TxByteOut <= 'SYNC_BYTE;
TxByteOutCtrl <= DATA_START,;

processTxByteWEn <= 1b0; ]

SIEPortDatal1:0] == "SPECIAL

SiIEPortDataf1.0] == "TOKEN

SIEPortDatal1:0] == 'HANDSHAKE

SIEPortData[1.0] == ‘DATA
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2.14.3.1 SPCL

(
| Hierarchical level: PKT_ST_SPCL|

processTxByteRdy == 1'b1

processTxByteWEnN <= 1'b1;
TxByteOut <= SIEPortData;
TxByteOutCtrl <= 'DATA_STOP;

processTxByteWER <= 1'b0; ]
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2.14.3.2 DATA

(
| Hierarchical level: PKT_ST_DATA]
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2.14.3.2.1 PID

(
| Hierarchical level: PKT_ST_DATA_PID]

processTxByteRdy == 1'b1

processTxByteWEnN <= 1'b1;
TxByteOut <= SIEPortData;
TxByteOutCtrl <= DATA_STREAM;
rstCRC <= 1'b1;

processTxByteWEnN <= 1'b0;
rstCRC <= 1'h0;
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2.14.3.2.2 CRC

e
- |[ Hierarchical level: PKT_ST_DATA_CRC|

processTxByteRdy == 1'b1

processTxByteWEnN <= 1'b1;
TxByteOut <= ~CRC16Result[7.0];
TxByteOutCtrl <= 'DATA_STREAM;

processTxByteWEn <= 1h0; ]

processTxByteRdy == 1'b1

processTxByteWEnN <= 1'b1;
TxByteOut <= ~CRC16Result[15:8];
TxByteOutCtrl <= 'DATA_STOP;

processTxByteWEN <= 1'b0; |
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2.14.3.2.3 DATA

(
[ Hierarchical level: PKT ST DATA_DATA]

SIEPortTxRdy <= 1'b1; |

SIEPortWEN == 1'b1

SIEPortData <= SIEPortDataln;
SIEPortCtrl <= SIEPortCtrlin;
SIEPortTxRdy <= 1b0;

SIEPortCtri == "TX PACKET STOP

CRC16UpdateRdy == 1'b1

CRCData <= SIEPortData;
CRC16En <= 1b1;

CRC16En <= 1b0;

processTxByteRdy == 1'b1

processTxByteWENR <= 1'b1;
TxByteOut <= SIEPortData;
TxByteOutCtrl <= 'DATA_STREAM,

processTxByteWEN <= 1'b0; |
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2.14.3.3HS

(
[ Hierarchical level: PKT_ST_HS|

processTxByteRdy == 1'b1

processTxByteWEN <= 1'b1;
TxByteOut <= SIEPortData;
TxByteOutCtrl <= 'DATA_STOP;

g 4" processTxByteWEn <= 1'b0; |
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2.14.3.4 TKN

(
| Hierarchical level: PKT_ST_TKN]
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2.14.3.4.1 PID

(
[ Hierarchical level: PKT_ST_TKN_PID|

processTxByteRdy == 1'b1

processTxByteWEnN <= 1'b1;
TxByteOut <= SIEPortData;
TxByteOutCtrl <= DATA_STREAM;
rstCRC <= 1'b1;

processTxByteWEnN <= 1'b0;
rstCRC <= 1'h0;
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2.14.3.4.2 BYTE1

(
[ Hierarchical level: PKT_ST TKN_BYTE1 |

SIEPortWEnR == 1b1

SIEPortData <= SIEPortDataln;
SIEPortCtrl <= SIEPortCtrlin;
SIEPortTxRdy <= 1'b0;

WAI DY

CRC5UpdateRdy == 1'b1

SIEPortTxRdy <= 1'b1; |

CRCData <= SIEPortData;
CRC5_8Bit <= 1'b1;
CRC5En <= 1b1;

CRC5EN <= 1'b0;

processTxByteRdy == 1'b1

processTxByteWENR <= 1'b1;
TxByteOut <= SIEPortData;
TxByteOutCtrl <= 'DATA_STREAM,

processTxByteWEN <= 1'b0; |
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2.14.3.43 CRC

(
[ Hierarchical level: PKT_ST_TKN_CRC]|

WA

g SIEPortTxRdy <= 1'b1;]

SIEPortWEnR == 1'b1

SIEPortData <= SIEPortDataln;
SIEPortCtrl <= SIEPortCtrlin;
SIEPortTxRdy <= 1'b0;

CRCData <= SIEPortData;
CRC5_8Bit <= 1'h0;

CRC5UpdateRdy == 1'b1 CRC5En <= 1b1:

CRC5ERN <= 1h0;

processTxByteRdy == 1'b1

processTxByteWEnN <= 1'b1;
TxByteOut <= {~CRC5Result, SIEPortData[2:0] };
TxByteOutCtrl <= 'DATA_STOP;

processTxByteWEN <= 1'b0; |
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2.144TX_LS_EOP

-
| Hierarchical level: TX_LS_EOP|

USBWireReq <= 1'b1;

S 2

USBWireGnt == 1b1

USBWireRdy == 1'b1

USBWireData <= "SEQ;
USBWireCtrl <= "DRIVE;
USBWireWEnN <= 1'b1;

USBWireData <= "SEQ;
USBWireCtrl <= 'DRIVE;
USBWireWEn <= 1'b1;

[ USBWireWER <= 1'0; |

[ USBWireWEn <= 1'b0; |

USBWireWEnN <= 1'h0;
USBWireReq <= 1'b0;

USBWireData <= JBit;
USBWireCtrl <= 'DRIVE;
USBWireWEnN <= 1'b1;

WireRdy == 1'b1
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2.15 slavecontroller.asf

Module: slavecontroller

—L)endPointReady ToGetPkt

D—SCGIobaIEn DRxDataWEn @ clk
[ )= USBTgtAddress[6:0] | —RxStatus[7:0] =) USBEndPNakTransTypeReg[1:0] D
D) sendPacketPIDI30] [ RuBytel7:0] =L USBEndPTransTypeReg[1:0]

[~ sendPacketRdy NAKSent [= USBEndPControlReg[4:0]
@sendpacketWEn ) stalisent —@endPMuxErrorsWEn D—S:;cé"l’;mow
L) SOFRxed —JliptransDone ~ip USEENdPI30) %bitStuf:Ec:rror
=1 frameNum[10:0] % addrEndPTemp[?l:O] [ RxTimeOut

@cIrEPRdy endpCRCTemp[7:0]
(r) PIDByte[7:0] [ getPacketRdy
() USBEndPControlRegCopy[4:0KT ) USBAddress[6:0] () tempUSBENdPTransTypeReg[1:0] —[CgetPacketREN
sivCnitrl

stallSent <= 1'b0;

J NAKSent <= 1'h0;
AIT_Ra SOFRxed <= 1'b0;
/0000

PIDByte <= RxByte; RxDataWEn == 1b1 &&

PID_ERROR

00111/
: GHET_TOKEN
4
PIDByte[3:0] == "SETUP HK_PII
1 0101  PiDBytef3.0] == IN
[ tempUSBENdPTransTypeReg <= 'SC_SETUP_TRANS; | 2 ' 3

[ tempUSBENdPTransTypeReg <= "SC_IN_TRANS; |

PIDByte[3:0] ==/ QUT

| tempUSBENdPTransTypeReg <= "SC_OUTDATA_TRANS; \

s

HK_RD

USBEndPControlRegCopy [ ENDPOINT READY BIT] == 1'b1 7 /010007 3
transDone <= 1'b1; 5
clrEPRdy <= 1'b1;

USBENdPTransTypeReg <= tempUSBEndPTransTypeReg; NAKSent= 1'b1
FIN_SG endPMuxErrorsWEnR <= 1'b1;

/00001

USBENndPNakTransTypeReg <= tempUSBEndPTransTypeReg;

transDone <= 1'b0; endPMuxErrorsWEnN <= 1'b1;
clIrEPRdy <= 1'b0;

endPMuxErrorsWEn <= 1'b0;
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2.15.1 GET_TOKEN

= i I
\ Hierarchical level: GET_TOKEN|
RxDataWEn == 1b1 &&
RxStatus I= 'RX PACKET STREAM
RxDataWEn == 1b1 &&
RxStatus == 'RX PACKET STREAM
[[addrEndPTemp <= RxByte: |
RxDataWEn == 1'b1 &&
RxStatus = "RX PACKET STREAM
RxDataWEn == 1'b1 &&
RxSrarus == RX PACKET STREAM
[ endpCRCTemp <= RxByte; |
W P
RxDataWEn == 1'b1
RxByte[ CRC ERROR BIT] == 1'b0 &&
RxByte[ BIT STUFF ERROR BIT] == 1'b0 &&
RxByte [RX OVERFLOW BIT] == 1'b0
PIDByte[3:0] == "SOF
frameNum <= {endpCRCTemp[2:0],addrEndPTemp};
SOFRxed <= 1'b1; USBAddress <= addrEndP Temp[6:0];
USBENdP <= { endpCRCTemp[2:0], addrEndPTemp[7]} ;
c B
9 Ihsert delay to allow USBEndP etc to update |
USBEndP < 'NUM OF END &&
USBAddress == USBTgtAddress &&
SCGlobalEn == 1'b1 &&
USBEndPControlReg [ENDPOINT ENABLE BiT]==1'b
A USBEndPControlRegCopy <= USBEndPControlReg;
IT_RX1 endPointReadyToGetPkt <= USBEndPControlReg [ ENDPOINT_READY_BIT][ Exit
P /
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2.15.2 SETUP_OUT

e ™

i ical level: SETUP_OUT\
Entr

[ getPacketREn <= 1'b1;

[ gstPacketRER <= 1'b0; |

getPacketRdy == 1'b1

USBEndPControlRegCopy [ENDPOINT ISO ENA BIT] == 1'b1

CRCEtrror == 1'bp &&
bitStuffError == 1'b0 &&
RxOverflow == 1h0 &&
RxTimeQut == 1'h0

USBEndPControiReqCopy [ [ENDPOINT SEND STALL BIT]==1'b1

USBEndPControlRegCopy [ENDPOWT READY BIT] == 1'b0)

sendPacketWER <= 1'b1;
sendPacketWEnN <= 1'b1; sendPacketPID <= "STALL; sendPacketWER <= 1b1;
sendPacketPID <="ACK; stallSent <= 1'b1; sendPacketPID <= "NAK;
NAKSent <= 1'b1;

| sendPacketWEn <= 1'b0; |

sendPacketRdy == 1'b1
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2.15.3IN

\ Hierarchical level: IN\

USBEndPControlReqCeby [ENDPOINT READY BIT] == 1'b1

USBEndPControlRegCopy[ ENDPOINT ISO ENABLE BIT] == 1'b0

eqCopy [[ENDPOINT READY BIT]==1'b0

USBEndPControlRegCopy [[ENDPOINT SEND STALL BIT] == 1'b1 | SendPacketWEn <= 1'b1;
sendPacketPID <= "NAK;

NAKSent <= 1'b1;

sendPacketWEn <= 1'b1;
sendPacketPID <= "STALL;
stallSent <= 1'b1;

SBEndPControlReqCopy [ENDPOINT OUTDATA SEQUENCE BIT]==1'b0

sendPacketWEn <= 1'b1; | g |
=" : sendRacketWER <= 1'h0;
sendPacketWEN <= 1'b1; sendPackotPID == DATAT:

sendPacketPID <= 'DATAQO;

sendPacketRdy == 1'b1
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2.15.3.1 RESP

-
| Hierarchical level: IN_RESP ]

[ sendPacketWEn <= 1h0; |

sendPacketRdy == 161

USBEndPControlReqCopy [ ENDPOINT YSO ENABLE BIT] == 1b1

[ getPacketREn <= 1'b1;

[ getPacketRER <= 1'h0; |

getPacketRdy == 1'b1
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2.15.4 START

-~
[ Hierarchical level: START]|

Entr

S1

3

_ /01110/

transDone <= 1'b0;

clearEPRdy <= 1'b0;

getPacketREn <= 1'b0;
sendPacketPID <= 4'h0;
sendPacketWEn <= 1'b0;

cIrEPRdy <= 1'b0
USBEndPTransTypeReg <= 2'b00;
USBENndPNakTransTypeReg <= 2'b00;
tempUSBENdPTransTypeReg <= 2'b00;
NAKSent <= 1'b0;

stallSent <= 1'b0;

endPMuxErrorsWEn <= 1'b0;
addrEndPTemp <= 8'h00;
endpCRCTemp <= 8'h00;
USBAddress <= 7'b0000000;
USBENdP <= 4'h0;

frameNum <= 11'b00000000000;
SOFRxed <= 1'b0;

PIDByte <= 8'h00;
USBEndPControlRegCopy <= 5'b00000;
endPointReadyToGetPkt <= 1'b0;

Exit
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2.16 slaveDirectcontrol.asf

Module: slaveDirectControl [l
SCTxPortCntI[T:O] st
// diagram ACTION
=) SCTxPortData[7:0]
[ )= directControlLineState[1:0]
- SCTxPortwEn [ SCTxPortGnt
DdirectControIEn [ SCTxPortRdy L) SCTxPortReq
sivDretCntl

SCTxPortCntl <= 8'h00;
SCTxPortData <= 8'h00;
SCTxPortWER <= 1'b0;
SCTxPortReq <= 1'b0;

gntrolEn == 1'b1
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2.16.1 DRCT_CNTL

P
- |[ Hierarchical level: DRCT_CNTL|

Entry

[ SCTxPortReq <= 1b1;]

SCTxPortRdy == 1'b1

SCTxPortWEn <= 1'b1;
SCTxPortData <= {6'b000000, directControlLineState};
SCTxPortCntl <= ' TX_DIRECT_CONTROL;

SCTxPortWEn <= 1'0; |

directControlEn == 1'b0

[ SCTxPortReq <= 1'b0: |
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2.16.2 IDLE

\ Hierarchical level: IDLE\

[ SCTxPortReq <= 1'b1; |

CTxPortGnt == 1b1

SCTxPortRdy == 1'b1

SCTxPortWER <= 1'b1;
SCTxPortData <= 8'h00;
SCTxPortCntl <= "TX_IDLE;

SCTxPortWEn <= 1'b0;
SCTxPortReq <= 1'b0;
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2.17 slaveGetpacket.asf

«@dgtaSequence (T} RXByteOldest[7:0] Bisicls: dispeleiBadist clk
L) bitstuftError {r) RXByteOId[7:0] rst
«@CRCError )
L) RXTimeOut [l RXFifoFul ) RXPacketRdy
) RxOverflow ) RXFifoWEn [ getPacketEn
) ACKRxed =1 RXFifoData[7:0] [ endPointReady
[ SIERxTimeOut
- SIERxTimeOWtEn Iy RXDataVaiid
() RXStreamStatus([7:0] [~ RXDataln[7:0]
() RXByte[7:0] = RxPID[3:0] [ = RXStreamStatusIn[7:0]
slvGetPkt ﬁ
rst
RXPacketRdy <= 1'h0;
RXFifoWEn <= 1'b0: 3 RXPacketRdy <= 1'b0;
k) SIERxTimeOutEn <= 1'h0;

RXFifoData <= 8'h00;
RXByteOld <= 8'h00;
RXByteQldest <= 8'h00;
CRCError <= 1'b0;
bitStuffError <= 1'b0;
RXOverflow <= 1'b0;
RXTimeOut <= 1'h0;
ACKRxed <= 1'b0;
dataSequence <= 1'b0;
RxPID <= 4'h0;

RXByte <= 8'h00;
RXStreamStatus <= 8'h00;
SIERXTimeOutEn <= 1'b0;

CRCError <= 1'b0;
bitStuffError <= 1'b0;
RXOverflow <= 1'b0;
RXTimeOut <= 1'b0;
ACKRxed <= 1'b0;
dataSequence <= 1'b0;
SIERXTimeOutEn <= 1'b1;

b1

AIT_PKIT
101101

RXDataValid == 1'b1

RXByte <= RXDataln;
RXStreamStatus <= RXStreamStatusin;

CHK{PKT_START
101110/

RXTimeOut <= 1'b1; 9

RXStreamStatus == 'RX PACKET START

[ RxPID <= RXByte[3:0]; ]

[ RXPacketRdy <= 1'b1; |

RXTimeOut <= 1'b1;
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2.17.1 PROC_PKT

(
| Hierarchical level: PROC_PKT]|

RXByte[1:0] == HANDSHAKE

RXDataValid == 1'b1

RXOverflow <= RXDataln[ RX_OVERFLOW_BIT];
ACKRxed <= RXDataln[ ACK_RXED_BIT];
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2.17.1.1 DATA

e
: \ Hierarchical level: PROC_PKT_D,

RXData Valid == 1'b1

RXByte <= RXDataln;
RXStreamStatus <= RXStreamStatusin;

o RXStreamStatus == 'RX PACKET STREAM

[ RXByteOldest <= RXByte;

RXDataValid == 1'b1

RXByte <= RXDataln;
RXStreamStatus <= RXStreamStatusin;

0 RXStreamStatus == 'RX PACKET STREAM

[ RXByteOld <= RXByte; |

RXDataValid == 1'b1

RXByte <= RXDataln;
RXStreamStatus <= RXStreamStatusin;

a RXStreamStatus == 'RX PACKET STREAM

CRCError <= RXByte[ CRC_ERROR_BIT];
bitStuffError <= RXByte[ BIT_STUFF_ERROR_BIT];
dataSequence <= RXByte] DATA_SEQUENCE_BIT];
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2.17.1.1.1LOCP

e
- |[ Hierarchical level: PROC_PKT_DATA_LOOP|

endPointReady == 1'b0 [ Discard data |

RXFifoFull == 1'b1

RXOverflow <= 1'b1;

RXFifoWEn <= 1'b1;
RXFifoData <= RXByteOldest;
RXByteOldest <= RXByteOld;
RXByteOld <= RXByte;

RXFifoWEn <= 1'b0;

RXDataValid == 1'b1

RXByte <= RXDataln;

RXStreamStatusin == 'RX PACKET STREAM
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2.18 slaveSendpacket.asf

: rst
ahviays @FID) Module: slaveSendPacket -
begin [ chk

PIDNOtPID <= { (PID * 4'hf), PID &
end «DSCTxPonReq
(€ PIDNotPID[7:0] il SCTxEodE
[ fifoEmpty ) SCTxPortWEN
D— sendPacketWEn SCTxPortRd!
dPacketRd [~ fifoData[7.0] - Y .
@sen acketRdy _ SCTxPortData[T.O]
= PID[3:0] D fifoReadEn =L SCTXPortCri[7:0]

sivSndPkt

sendPacketRdy <= 1'b1;
fifoReadEn <= 1'h0;
SCTxPortData <= 8'h00;
SCTxPortCntl <= 8'h00;
SCTxPortWER <= 1'h0;
SCTxPortReq <= 1'b0;

sendPacketWEn == 1'b1

sendPacketRdy <= 1'b0;
SCTxPortReq <= 1'b1;

PID == 'DATAQ || PID == 'DATA1

sendPacketRdy <= 1'b1;
SCTxPortReq <= 1'b0;
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2.18.1 SP_SEND_PID

~
[ Hierarchical level: SP_SEND_PID]|

SCTxPortRdy == 1'b1

SCTxPortWERN <= 1'b1;
SCTxPortData <= PIDNotPID;
SCTxPortCntl <= TX_PACKET_START;

SCTxPortWER <= 1'b0; |
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2.18.2 SP_DO_D1

| Hierarchical level: SP_DO_D1]

fifoEmpty == 1'b0

SCTxPortRdy == 1'b1
fifoReadEn <= 1'b1;
fifoReadEn <= 1'b0;

SCTxPortWEnN <= 1'b1;
SCTxPortData <= fifoData,;
SCTxPortCntl <= 'TX_PACKET_STREAM;

SCTxPortRdy == 11 [ SCTxPortWER <= 150:]

/[Last byte is not valid data,

//but the 'TX_PACKET_STOP' flag is required

/by the SIE state machine to detect end of data packet
SCTxPortWEn <= 1'b1;

SCTxPortData <= 8'h00;

SCTxPortCntl <= "TX_PACKET_STOP;

SCTxPortWEn <= 1'b0; |
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2.19 sofcontroller.asf

Module: SOFController @clk
[ HCTxPortCnt[7:0] st
[~ SOFTimerCir =T HCTxPortData7:0]
[ SOFEnable L) HCTxPortWER [~ HCTxPortGnt
=T SOFTimer[15:0] [ HCTxPortRdy Ly HCTxPortReq
sofCntl

EN

SOFTimer <= 16'h0000;
HCTxPortCntl <= 8'h00;
HCTxPortData <= 8'h00;
HCTxPortWEn <= 1'h0;
HCTxPortReq <= 1'b0;

SOFEnable == 1'b1

[ HCTxPortReq <= 1b1;]

HCTxPortGnt == 1'b1

HCTxPortRdy == 1'b1

HCTxPortWEn <= 1'b1;
HCTxPortData <= 8'h00;
HCTxPortCntl <= "TX_RESUME_START,;

[ SOFTimer <= 16'0000; |

SOFEnable == 10

[ HCTxPortWER <= 1'b0; |

HCTxPortReq <= 1'b0;

if (SOFTimerClr == 1'b1)
SOFTimer <= 16'h0000;

else
SOFTimer <= SOFTimer + 1'b1;
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2.20 softransmit.asf

{Di7:0]

[ sendPacketArbiterGnt

) sendPacketArbiterReq
i [[—sendPacketRdy
) sendPacketWEn

Module: SOFTransmit [ clk
Qrst
[ SOFEnable
\ After host software asserts SOFEnable, must wait TBD time before asserting SOFSyncEn \
SOFSyncEn

—B) SOFSent | single cycle pulss

L SOFTimerClr | Single cycle pulse
D— SOFTimer[15:0]

DLYf

SOFSent <= 1'b0;
SOFTimerClr <= 1'b0;
sencPacketArbiterReq <= 1'b0;
sendPacketWEn <= 1'b0;

i <= 8'h00;

SOFTimer >= "SOF TX TIME - 'SOF TX MARGIN ||
(SOFSyncEn == 1'b1 &&
SQOFEnable == 1'b1

i <= 8'h00;

sendPacketArbiterRec <= 1'b0;

DLY

sendPacketRdy == 1'b1 SOFTimerClr <= 1'b0;

sendPacketArbiterGnt == 1'b1 && sendPacketRdy == 1'b1

SOFTimer >= "SOF TX TIME

SOFEnable == 1'b0 9

; —maa- sendPacketWEnN <= 1'b1;
=OF Timertir <= 101, SOFTimerClr <= 1b1;
SOFSent <= 1'b1;

sendPacketWEn <= 1'b0;

SOFSent <= 1'h0;
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