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TLP k#5 K 3DW (Double Word, 32bit) k¥ //L%M%ﬁ%%ﬁi%%%ﬂ%% FER
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f)(E Eh: 00=3DW k5, JoEE; 01=4DW
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Sbr A BEAE 5 A B .

Type f1 5 fr4ft 5 Fmt ?—Eﬁ*ﬁ@ Ly ESIUN

FER: C &
TLP t://H FMT[1:0] TYPE [4:0]
Memory Read Request (MRd) 00 = 3DW, no data | 0 0000
AR g KR 01 = 4DW, no data
Memory Read Lock Request (MRdLk) | 00 =3DW, no data | 0 0001
B E A7l AR LA =K 01 = 4DW, no data
Memory Write Request (MWr) 10 =3DW, w/ data | 0 0000
s 55K 11 = 4DW, w/ data
|10 Read Request (IORd) 00 = 3DW, no data | 00010
10 BLIE R
10 Write Request (IOWr) 10=3DW, w/ data | 00010
10 5iEK
Config Type 0 Read Request (CfgRdO) | 00 = 3DW, no data | 0 0100
Type O fiC & 334K
Config Type 0 Write Request (CfgWr0) | 10 = 3DW, w/ data | 0 0100
Type 0 i & 54K
Config Type 1 Read Request (CfgRd1) | 00 =3DW, no data | 0 0101
Type 1 fic & 521 R
Config Type 1 Write Request (CfgWr1) | 10 = 3DW, w/ data | 0 0101




TypelO Bt & 51k K

Message Request (Msg) 01=4DW, nodata | 10 rrr*
MEPSST BN

Message Request W/Data (MsgD) 11 =4DW, w/ data | 1 Orrr*
it KA RV S SR

Completion (Cpl) 00 = 3DW, no data | 01010
T

Completion W/Data (CpID) 10 =3DW, w/ data | 0 1010
tr HCHE 1) 76 B

Completion-Locked (CplLk) 00 =3DW, nodata | 01011
BiE T8 K

Completion W/Data (CpIDLk) 10 =3DW, w/ data | 0 1011
ity 5 ) B E T

%< 1 TLP Header Type and Format Field Encodings
® Non-Posted & Posted
IR Sk i A H— 1 Non-Posted 153K, fE—&E8])5, #&icme ZmE —Eits
K, RN SR R B BRI RE L, A 5 .
Posted T KA LF IR 1, AN 2 In] 53 56 B 245 K i o
\f‘/\m-Posted or Posted

Transaction Type

Memory Read S I Non-Posted
L [ay
)
Memory Write /}\\\\\\;/ Posted
= -
Memory Read Lock “\x Non-Posted
N
IO Read o “\\// Non-Posted
10 Write \\\://‘ Non-Posted

Configuration Read (Type 0 and Type 1) | Non-Posted

Configuration Write (Type 0 and Type 1) | Non-Posted

Message Posted
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# jboard/EP fcoreftrn_terr_dro...

# jboard/EP fcoreftrn_tsrc_dsc
4 fboard/ER coreftm_terrfd
4 fboard/EP core/ftm_tstr

4 jboard/EPfcoreftm_tecre_gen
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Int
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FAHFEIRI U E , PCle A% il (1 Bl T LA d4 R 900 1 de T -

BAR. 0 Options BAR 1 Options

Bar0 Type 64 bit Prefetchable [[] Barl Type |N/A - &4 bit Prefetchable
Size [256 ~ | [Bytes - size |2 «|[Kilobytes =
Value (Hex) Q (Hex)

BAR 2 Options BA [}p )

Bar? Type - | [[] 64 bit [] Prefetchable Type |N/A - 64 bit Prefetchable
Size [16 v] [KI|0b}¢ES v Size - | |Kilobytes -
value (Hex) @ value [00000000 | m (Hex)

BAR 4 Options BAR 5 Options

Bar4 Type [] &4 bit @(/P’% @ [[] Bars Type |N/A - Prefetchable
Size [64 v] [Kilob}rtes Size |2 - | | Kilobytes -
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SPLLHAI TR, INTX B, POl L rpIBT4:, /m mﬁﬂé BHLI . LA I i Py
A% k. BRI, Wlndo v XP;@T?ZTT MSI ', F] T WIinNT 1 Win7 74
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Xilinx ] PCle 325 INTx 143k 256 % m WE. HAILT, ALUXE k%,
B A = vrx.nnxmﬁﬁf%’ b TR A2 4RI, e R i e
B, FARFEERR Locamnkmm;%u, N B R LS ST LA, B
PRR] 27 X B PCle Core E’Jﬁiﬂ% ﬁiﬁu V6 BT LAZ% UG517. HiblT A R EHAE 5 %55
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Xilinx 7E Virtex 5 &%, Virtex 6 &%, Spartan 6 &%), &G NWIKIKAGK 7 &%) FPGA,
Zyng-7000 ZRAI#SA PCle [HITEAZ IP Core. % Z 4L FFIF) PCle A AZ 133 & 43 A -

Product FPGA User Lane Link PCl Express
Name Architecture | Interface | Widths Speeds Base
Width Supported | Support | Specification
Compliance
8-lane Virtex-5 64 x1, x2, x4, | 2.5Gb/s | V1.1
x8
1-lane Spartan-6 32 x1 2.5Gb/s | V1.1
8-lane Virtex-6 64,128 x1, x2, x4, | 2.5 Gb/s, | V2.0
x8 5.0 Gb/s
4-lane Artix-7 64 X1, x2,x4 | 2.5 Gb/s, | V2.0
5.0 Gb/s
8-lane Kintex-7 64,128 x1, x2, x4, | 2.5 Gb/s, | V2.0
x8 5.0 Gb/s
8-lane Virtex-7 64, 128, xl,% 2.5 Gb/s, | V3.0
256 x8 /7 5.0 Gb/s,
\\ )| 8.0Gb/s
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A IEFEEE] PCle T I HLTE, UL L —A FIFO A4, JEid PCle 3 Fa i b
K, AMERSE CGE—AS) HURLSRHEREN? BiE, RS DMA FFIGHIZ i 1, Bk
WA A2 B ER L KB ? A Chipscope #IEHE, FPGA K/NT, IMIIKEAE EATR?
XL ] B AR R BRI — ANk, e A S A R

IR E A PCle FIBLTE R, RS I A1 AE T E-> 1 B> > 5, RSB 25
ZLH Chipscope fH#REHRE, P2 RN LA EAF BB, SR &S0 L,
SRIGAEDT BrP E NI AR B =, ARG F B BBkt FrbAuifl pCle HTE, i
#& too important to emphasis.

1E Xilinx 1P &, CEACENTETFEHESE 7, £ PCle A~ F M A M4 KR
MEPH . 15 5T B I E A UR B — /N %, W95 152 PCle 1 Device £, TRt
FAGHEH— Root Complex (R]LAFRf#E N PCHL): WIHR YRS 142 Root Complex (flt1,
FPGA it E4fF—/> PCle  RAID KD, IRt ZE M7 HH — Device . XHMANH—T
W R

1, Xilinx [] DSPORT

A Coregen A —1> PCle ) .2, TE simulaion/dsport #E[l;& DSPORT HH AL, %



PIAE R —MER, DA TRZ AR E. R EEDIRE. Flan, T E CH TASK
& TypeO ML & 3215 5K
/************************************************************

Task : TSK TX TYPEO CONFIGURATION READ

Inputs : Tag, PCI/PCI-Express Reg Address, First BypeEn

Outputs : Transaction Tx Interface Signaling

Description : Generates a Type 0 Configuration Read TLP

*************************************************************/

task TSK TX TYPEO CONFIGURATION READ;
input [7:0] tag ;
input [11:0] reg addr ;
input [3:0] first dw be ;
begin
if (trn lnk up n) begin

Sdisplay("[%t] : Trn interface is MIA", S$realtime);
Sfinish(1);

end

)

%

S

TSK_TX SYNCHRONIZE (O, O

R
trn_td <= #{éé%b
S
- %;:> 2'b00, // Fmt
Q§§52> 5'b00100,// Type

1'b0,

bo, // Researved Field

3'b000,

4'0000,

1'b0,

1'b0,

2'b00,

2'b00,

10'b0000000001, // 32
COMPLETER ID CFG,

tag ,
4'p0000,
first dw be // 64
}i
trn tsof n <= #(Tcq) 0;
trn teof n <= #(Tcq) 1;
trn trem n <= #(Tcq) 0;



trn tsrc rdy n <= #(Tcq) ;

TSK_TX SYNCHRONIZE(L, 0);

trn_td <= #(Tcq) {
COMPLETER ID CFG,

4

reg addr [11:2],
14
b;
trn tsof n <= #(Tcq) ;
trn teof n <= #(Tcq) ;
trn trem n <= #(Tcq) ;
trn tsrc rdy n <= #(Tcq) ;
TSK_TX SYNCHRONIZE(L, 1);
f/f
trn teof n <= #(Tcq) I}
trn trem n <= #(chk2§§zy
i(
trn tsrc rdy n <= #( ) 1;

end <¥§§ﬁ
endtask // TSK TX TYPEO CO FIO ATION READ

= )
X REE HY ORI 2%, ‘n7|\ TA%'*éﬁéR 7 — Fmt=2"b00, Type=5'b00100 £, TASK
5 EEHE Tag A B EC B2 ) fr H bk Addr.
7E pci_exp_expect_tasks.v H1E CHECELI) TASK, 9140 F I sk & S A0 MRd A1
TASK,

/************************************************************

Task : TSK EXPECT MEMRD
Inputs : traffic class, td, ep, attr, length, last dw be,
first dw be, address
Outputs : status 0O-Failed 1-Successful
Description : Expecting a memory read (32-bit address) TLP
from Rx side with matching header fields

*************************************************************/

task TSK EXPECT MEMRD;

input [2:0] traffic class;
input td;
input ep;

input [1:0] attr;
input [9:0] length;



input 15:0] requester id;

input tag;

]
0] last dw be;
]

input 3:

[

[
input [3:

[ first dw be;

[

input 29:0] address;

output expect status;

reg [2:0] traffic class ;

reg td_;

reg ep_;

reg [1:0] attr ;

reg [9:0] length ;

reg [15:0] requester id ;
reg [7:0] tag_;

reg [3:0] 1last dw be ;
reg [ ] first dw be ;
reg [ address_;

reg wait for next; —
%&//
begin ﬁssb

wait for next = 1'bl; //ha;égiiffound any matching tag yet
while(wait for next) - f>
begin ﬂ%D %%:>
@ rcvd memrd; //wait\ggijg rcvd memrd event
traffic class = frame store rx[1] >> 4;
td = frame store rx[2Z] >> 7/;
ep = frame store rx[Z] >> 6;
attr = frame store rx[Z] >> 4;
length = frame store rx[2];
length = (length << 8) | (frame store rx[3]);
requester id = {frame store rx[4], frame store rx[5]};
tag = frame store rx[6];
last dw be = frame store rx[7] >> 4;
first dw be = frame store rx[7];
address [29:6] = {frame store rx[8], frame store rx[9],

frame store rx[101};

address [5:0] = frame store rx[11] >> 2;
sdisplay("[%t] : Received MEMRD --- Tag 0x%h", Srealtime, tag );
if(tag == tag ) //find matching tag

begin



wait for next = 1'b0;

if((traffic class == traffic class ) &&
(td === td ) && (ep == ep ) && (attr == attr ) &&
(length == length ) && (requester id == requester id ) &&

(last dw be == last dw be ) && (first dw be == first dw be ) &&
(address == address ))
begin
// header matches
expect status = 1'bl;
end
else // header mismatches, error out
begin
$fdisplay(error file ptr, "[%t] : Found header mismatch in
received MEMRD - Tag Ox%h: \n", $time, tag ):;
$fdisplay(error file ptr, "Expected:");
$fdisplay(error file ptr, "\t Traffic Class: 0x%h",
traffic class);
$fdisplay(error file ptr, "\t TD: %h", td);
$fdisplay(error file ptr, "\t %h", ep);
S$fdisplay(error file ptr, "\t<§§§§§%utes: 0x%h", attr);
Sfdisplay(error file ptr, " th: O0x%h"™, length);
Sfdisplay(error file ptr, 2\ quester ID: 0Ox%h",
requester id);
S$fdisplay(error file p t Tag: 0x%h", tag);
Sfdisplay(error file @iib "\t Last DW byte-enable: 0x%h",
last dw be);
$fdisplay(error fi r, "\t First DW byte-enable: 0x%h",
first dw be);

S$fdisplay(error file ptr, "\t Address: 0Ox%h", address);

$fdisplay(error file ptr, "Received:");

$fdisplay(error file ptr, "\t Traffic Class: 0x%h",
traffic class );

$fdisplay(error file ptr, "\t TD: %h", td );

$fdisplay(error file ptr, "\t EP: %h", ep );

S$fdisplay(error file ptr, "\t Attributes: 0x%h", attr );

S$fdisplay(error file ptr, "\t Length: 0x%h", length );

S$fdisplay(error file ptr, "\t Requester ID: Ox%h",
requester id );

S$fdisplay(error file ptr, "\t Tag: 0Ox%h", tag );

$fdisplay(error file ptr, "\t Last DW byte-enable: 0x3%h",
last dw be );

$fdisplay(error file ptr, "\t First DW byte-enable: 0x%h",
first dw be );

S$fdisplay(error file ptr, "\t Address: 0Ox%h", address );



$fdisplay(error file ptr, "");
expect status =
end
end
end
end
endtask
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COMPLETION TLPs
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Control/Status Registers

1 xz( 2 BERIHEE
Target logic [ T-Hii#i¢ PC Eﬁﬁ@%ﬂi@m r A MRd. 05/ MWr TLP,  FIBHR I 55 N 1 ik A0
W 28 K X B 2 AZ Control/Status }egﬂézm A2 W E MR TLP, % EBLiE 4 L
Control/Status Registers 1N %%, #RJEHR4E MRd ¥ bk [=] 52AH B2 (1) Cpld TLP.
Control and status registers 0515 #1] DMA 15 #2527 1708, X L2517 25 MWL 7E BAR 25 [H]
H1, PCIEIT BAR 2 [AIHIEES, 724 MWr fl MRd £, Z&id [T Target Logic #1M [)5 A\ Ek
BHLAF AR, A% DMA 3R
Initiator Logic FT-/4= Mwr Fl MRd LA & 734t PC AHRZ[F) Cpld £, JE 58 DMA 1525 [ 32 22
ey
BRARAEAR A s KR PC, FFEH PC B RLHAR P RE AL R — A SE IR AR A -
1, A7 Initiator
case IOCTL INITIATOR RESET:

// Perform a reset of the Initiator device by setting the low bit
of the Device

// Control Register (DCR) high.

KdPrint (("s3 1000.sys: IOCTL INITIATOR RESET\n"));

address = (ULONG) deviceExtension->MemoryStart[FPGA] +
DCR _OFFSET;

length = 1;

WRITE REGISTER ULONG ((PULONG) address, 0x1);



// A reset happens prior to setting up any DMA transfer, so this
is a good time

// to also initialize the transfer length values in our device
extension.

deviceExtension->ReadLength = 0;

deviceExtension->WriteLength = 0;

// Reset the interrupt monitor variables.

deviceExtension->ReadDone = FALSE;
deviceExtension->WriteDone = FALSE;
break;

Hrp, address & 42 BAR F A H L, deviceExtension->MemoryStart[FPGA]{S 3]

et~ BAR TR ih il (BAR A E T NAUA ), DCR OFFSET MIMH N 0x0 (I,

ioctrl.h FEX) .

WRITE REGISTER ULONG ((PULONG) address, 0x1);iX{T#i4/E7E address 5 A\ —

A~ 32 fi (ULONG) HI#i#lE. T2, fER-RumiaEE—A Mwr &, T 512 BAR &

|, Xilinx 21 bar_hit[ezolié/%'é)\B‘J%ﬁ%@’zrﬂ s [EIS Mwr AL A AT DUSE
)

TGN HE, 72Xt & DCR_OFFSETs
"BMD 64 RX MEM WR32 QW1 :
=2

if (('trn reof n) &&{§§§§§9

('trn rsrc rdy n)<&&

(!trnrdst€%¥réifiyegin
\
addr o Q§2§§lrnrd[ﬂﬂ:54];

wr data o <= trn rd[31:00];
Wr_en o <= 1'bl;
trn rdst rdy n <= 1'bl;

bmd 64 rx state <= 'BMD 64 RX MEM WR32 WT;

end else
bmd 64 rx state <= 'BMD 64 RX MEM WR32 QWl;

end

case (a i[6:0])

// 00-03H : Reg # O

// ByteO[0]: Initiator Reset (RW) 0= no reset l=reset.
// Byte2[19:16]: Data Path Width

// Byte3[31:24]: FPGA Family



: begin

if (wr _en 1)

init rst o <= wr d i[0];

rd d o <= {fpga family, { }, interface type,

version number, { }, init rst o};

if (init rst o) begin

mwr start o <= ;
mrd start o <= ;
end
end
Fii— B ER, HiRE] Mwr AR, TLP AR AR BEC R TR, A wr_en
WER R T B, KR we_en Ja, FBrInRMIEE s R NS

init_rst o BB 1, MIAE T 5L Initiator HIL5E.
LS\ A7 SO S Initator MVERBHAL, S (B MRS A0 32 04
R, FHEFER BAR %105 A KR H /i L i —H 7

WG AR S init rst o . ﬁ{trqsgmg% SN 0, BEA 1, B

2, 5B Initiator L ’K(f\
case IOCTLCLEARINITIATOR%&é%?&
// Clears a reset o%/;?éif%@ iator device by setting the low bit
(7 —/
\\

of the Device
// Control RegisterQ¥D§ﬁ§ low, then setting it low again.
KdPrint (("s3 1000.sys: IOCTL CLEAR INITIATOR RESET\n"));
address = (ULONG) deviceExtension->MemoryStart[FPGA] +
DCR _OFFSET;

length = 1;
WRITE REGISTER ULONG ((PULONG) address, )
break;

3, JHGHK DMA 5 &
Blhn, TP K/, DMA RIEHH K (PATTERN), DMA (¥ H Fkcifithtlt, DMA fE4I%
A LS, AT R SRS RTL AR #R AT A5 1 B HIEE 2 8 . XA — SR ZE R
&, 75 PC LR E G — R ML EE SR K 2 v X, DR g A 12 FAO B Mt R 336 48 £
4, J5 %] DMA
FEVEIF— LA Z (7485, 55 DMA, AR5 S5k nss
case IOCTL DMA START:

// Initiate any DMA transfers that have been set up in the Read/Write
registers.

status = STATUS PENDING;

LogMsg (DeviceObject, L"Control: PCIle BMDMA Transfer Starting");



address = (ULONG) deviceExtension->MemoryStart[FPGA] +
DCSR_OFFSET;

length = 0; // Nothing
returned
regValue =READ REGISTER ULONG ( (PULONG) address) ; // Read the

entire register to preserve bits
regValue |= *pBuffer; // Set the new
register bits passed in
KdPrint (("s3 1000.sys: IOCTL DMA START"));
KdPrint ((" dma start: pBuffer = 0x%x, New DCSR = 0x%x\n",
* (pBuffer), regValue));
WRITE REGISTER ULONG ((PULONG) address, regValue); // Write
the new register wvalue
break;
5, AbFE DMA FERK
WERTTJE T DMA SERJE RE b, 2] DAAE IR 55 A L Bl v I 38 1 12 v Y o Ak
# (DPC); WMREATFE, ManlEd s &) DMA a /7377 A DMA 2/ 24
TE.
FEALGER) INTx B, BT e T i P I
Pl A IR, SRR R G 2R R L v
FE PR R A AR, IR 5 HIWTR 5 ] A A=A T
address = (ULONG) pDevExt->Mem 3
regValue = READiREGISTERiULON@/

register O

o

// The following shoulékﬁeigombined

if (~pDevExt->ReadDone && (regValue & 0x1000000)) // Read Complete
{

FTREFS AT, HeRinid, AR

Q

ULONG) address); // Read the

pDevExt->busy = FALSE; // prevents race with CheckTimer

pDevExt->timer = -1;

IoRequestDpc (pDevObj, pDevExt->ReadIrp, (PVOID)pDevExt) ;

pDevExt->ReadDone = TRUE; // One read operation
only per run

myInt = TRUE;

}

kT regvalue = READ REGISTER ULONG ((PULONG) address); // Read the
register MIFE BAR FIAHiE 32 f7 (ULONG) ZHAEeslI#-1E, address N BAR ZE[A] AT
Geh N b ox4, XS HDL ARG A :

7'b0000001: begin

if (wr en i) begin
mwr start o <= wr d i[0];

mwr relaxed order o <= wr d i[5];



mwr nosnoop o <= wr d i[6];

mwr int dis o <= wr d i[7];

mrd start o <= wr d i[l6];

mrd relaxed order o <= wr d i[Z1];
mrd nosnoop o <= wr d i[22];

mrd int dis o <= wr d i[23];

end

rd d o <= {cpld data err i, , mrd done o,

mrd int dis o, , mrd nosnoop o,

mrd relaxed order o, mrd start o,
, mwr done i,

mwr int dis o, , MWr nosnoop o,
mwr relaxed order o, mwr_ start o};
Ltk x4 GXELRARIKIPIALER T) I, rd_d_o WA T —28 DMA IR, )5 FPGA 41
417 —A~ Cpld fL[5 i, READ REGISTER ULONG T &R rd d o ffH.
AT ISR AT S A () R I R AR, R B SR A S A R T
A DMA MR BB B3l HDL ARRSIEEE I FC & 4 RE 2 B o

ﬁiisb
/7\?&

&
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BEALEE. XFLE Block DMA, JUE KR IBAL BRI R — Wk, JUE R AAESE IR 1, M
LE P NIITE TN

Minimum Latency DMA
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Bl A BIRR - 328 S5 7 B 55 S TR 4% Y REA S FE PP Ab 2
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K SG DMA SR AL, ALK A A T 345

X FIX AL, TLAMEYS SG DMA, 1E PC WA —IMIREER, BERNAIEELL SG DMA
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W EEEIR . 28R, AT PAIE £ /ML DMA %, & DMA # st Hdh — AN a2 Aok s,
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Xilinx H BT HIS %A HE SG THAEA Multi-DMA IhfE, 10— A i ML DMA #4 &iX
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