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fAhl =R 1. Avalon-MM 256-Bit Hard IP for PCI
= ® Express

The Avalon® Memory Mapped (Avalon-MM) 256-bit Hard IP for PCI Express® IP
Core is preliminary in the Quartus II 13.0 Release. This IP core includes a highly
efficient Read DMA and Write DMA modules capable of burst reads and writes. The
DMA datapath is 256 bits. No address translation is necessary because the
Avalon-MM 256-Bit Hard IP for PCI Express IP Core uses 64-bit addresses.

The following figure shows the components that implement the DMA Avalon-MM
256-Bit Hard IP for PCI Express IP Core. As the figure indicates, the Descriptor
Controller is a separately instantiated Qsys component. You may choose to replace
this component with your own DMA controller.

Figure 1-1. Gen3 x8 PCI Express Block Diagram
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Chapter 1: Avalon-MM 256-Bit Hard IP for PCI Express
Performance

The figure illustrates the following modules of the Gen3 x8 design.

Performance

DMA Read-The DMA Read Data module sends memory read TLPs upstream and
writes the completion data to external Avalon-MM components using the high
throughput read master port.

DMA Write-The DMA Write Data module reads data from the external Avalon-
MM slave and sends it upstream forming memory write TLPs.

Descriptor Control-The Descriptor Control module manages DMA reads and
write operations. This module is separately instantiated, facilitating customization
of descriptor handling possible. The host software programs its internal registers
with the location and size of the descriptor table residing in the PCI Express main
memory. Based on this information, the descriptor control logic directs the DMA
Read module to copy the entire table and place it in the local memory. It then
fetches the table entries and directs the DMA to transfer the data between the
Avalon and PCle domains one descriptor at a time. It also sends DMA status
upstream via the TXS slave port.

RX Master-The RX Master module translates read and write TLPs received from
the PCle link to 32-bit Avalon-MM requests. This module allows host software to
access the control and status registers in the following components:

m  The Descriptor Controller
m  The Control and Status registers of this component
m  Other Avalon-MM slaves connected in the Qsys system

TX Slave-The TX Slave module propagates 32-bit Avalon-MM reads and writes
upstream. Avalon-MM masters can use this slave port to access PCI Express
memory space. The DMA Controller uses this path to update the DMA status
upstream, including MSI requests.

Hardware measurements show the peak performance at the PCI Express interface to
be as follows:

7.1 GBytes/sec-TX memory write only throughput (memory write with a 256-byte
payload; cycles that transmit read requests are excluded from the calculation)

6.8 GBytes/sec— TX memory write throughput (memory write with a 256-byte
payload; cycles that transmit read requests are included in calculation)

7.0 GBytes/sec—RX read completion throughput (read completion)

DMA software application measurements show the average throughput performance
for 2 MBytes is 6.4 GBytes/sec for a DMA write or read operation. This measurement
reflects typical applications which include system and DMA overhead, such as:

The time required to fetch DMA descriptors at the beginning of the operation
Periodic sub-optimal TLP address boundary allocation by the host PC
DMA status updates to the host memory

Credit control from the host
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Chapter 1: Avalon-MM 256-Bit Hard IP for PCI Express

Resource Utilization

Resource Utilization

Example Design

Figure 1-2. Avalon-MM 256-Bit Hard IP for PCI Express Qsys Example Design

m Infrequent Avalon-MM core fabric backpressure as indicated by the assertion of

the wai trequest signal

The following table shows typical expected device resource utilization for selected
configurations of the Avalon-MM 256-Bit Hard IP for PCI Express IP Core.

Table 1-1. Performance and Resource Utilization Avalon-MM Hard IP for PCI Express

Data Rate or Interface

Width

ALMs

Memory M20K

Logic Registers

Gen2 x4, x8, Gen3 x4, x8

5800

7

8800

The 13.0 Quartus II release includes a Gen3 x8 Qsys example design which illustrates
how to use the Avalon-MM 256-Bit Hard IP for PCI Express IP Core. The Gen3 x8
Qsys example design is available in the following directory:
<install_dir>/ip/altera/altera_pcie/altera_pcie_hip_256_avmm/
example_designs/ directory.

The following figure shows the Qsys example design that you can download and

simulate.
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1-4 Chapter 1: Avalon-MM 256-Bit Hard IP for PCI Express
Example Design

e This document only includes information that is specific to the Avalon-MM Gen3 x8
IP Core. Refer to the Stratix V Hard IP for PCI Express User Guide for additional
information that does not pertain to Gen3 x8 DMA operation.
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2. Getting Started with the Avalon-MM
® 256-Bit Hard IP for PCI Express

May 2013 Altera Corporation

The Gen3 x8 Qsys design example uses the Avalon-MM 256-Bit Hard IP for PCI
Express. The design example is in the Qsys Component Library. It is preliminary in
the Quartus II 13.0 release.

The design example includes the following components:

Avalon-MM 256-Bit Hard IP for PCI Express Gen3 x8 IP Core: This IP core
includes highly efficient Read DMA and Write DMA modules. The Read DMA
module is optimized for moving large blocks of data from the PCI Express address
domain to the Avalon-MM address domain using burst data transfers. The Write
DMA module is optimized for moving large blocks of data from the Avalon-MM
address domain to the PCI Express address domain using burst data transfers.
Both the Read DMA and Write DMA modules use a 256-bit Avalon-MM datapath
width.

The Descriptor Controller Qsys component manages the Read DMA and Write
DMA modules of the Avalon-MM 256-Bit Hard IP for PCI Express IP Core. Host
software programs its internal registers with the location and size of the descriptor
table. The Descriptor Controller instructs the Read DMA module to copy the entire
table to the On-Chip Qsys memory. It then pushes the table entries to the
Avalon-ST RX read and write ports of the Avalon-MM 256-Bit Hard IP for PCI
Express IP Core. The Descriptor Controller also sends DMA status upstream via
an Avalon-MM TX slave port of the Avalon-MM 256-Bit Hard IP for PCI Express IP
Core.

You may choose to replace the Descriptor Controller Qsys component with your
own implementation. For example, you may want to replace the current
implementation which uses multiple entries in a contiguous descriptor table with
one that processes descriptors contained in a linked list. For more information
about Descriptor Controller IP Core, refer to Chapter 4, Software Programming
Model.

On-Chip Memory IP Core: This component stores the DMA descriptors and DMA
data.

Transceiver Reconfiguration Controller IP Core: The Transceiver Reconfiguration
Controller performs offset cancellation to compensate for variations due to
process, voltage, and temperature (PVT).

Altera PCle Reconfig Driver IP Core: The PCle Reconfig Driver drives the
Transceiver Reconfiguration Controller. This driver is a plain text Verilog HDL file
that you can modify if necessary to meet your system requirements.
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2-2 Chapter 2: Getting Started with the Avalon-MM 256-Bit Hard IP for PCI Express

Generating the Testbench

Figure 2-1 provides a high-level block diagram of the Avalon-MM 256-Bit Hard IP for

PCI Express Design Example.

Figure 2-1. Qsys Generated Endpoint
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Generating the Testhench

L=~ The following walkthrough does not provide step-by-step instructions to recreate the
Qsys system. Refer to the “Getting Started with the Stratix V Hard IP for PCI Express”
chapter in the Stratix V Hard IP for PCI Express User Guide for step-by-step instructions
illustrating how to create designs using Qsys.

Follow these steps to generate the 256-Bit DMA testbench:

1. Copy the example design from the installation directory:
<install_dir>/ip/altera/altera_pcie/altera_pcie_hip_256_avmm/example_design/

to your working directory.

2. Start Qsys, by typing the following command:

gsys-edit +

Preliminary
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Chapter 2: Getting Started with the Avalon-MM 256-Bit Hard IP for PCI Express 2-3
Generating the Testbench
3. Open pcie_de_ep_dma_g3x8. gsys.
The following figure shows the Qsys system.
Figure 2-2. Avalon-MM 256-Bit Hard IP for PCI Express Qsys System Design
nts I Address Map r Clock Settings r Project Settings r Instance Parameters r System Inspector r HOL Example r Ceneration
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4. On the Qsys Generation tab, specify the parameters listed in the following table.

Tahle 2-1. Parameters to Specify on the Generation Tab in Qsys

Parameter

Value

Simulation

Create simulation model

None. (This option generates a simulation model you can include in your own
custom testbench and also allows you to review the HDL code.)

Create testbench Qsys system

Standard, BFMs for standard Avalon interfaces

Create testhench simulation model

Verilog

Synthesis

Create HDL design files for synthesis

Turn this option on

Create block symbol file (.bsf)

Turn this option off

May 2013 Altera Corporation
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2-4 Chapter 2: Getting Started with the Avalon-MM 256-Bit Hard IP for PCI Express
Simulating the Example Design

Table 2-1. Parameters to Specify on the Generation Tab in Qsys

Parameter Value
Output Directory
Path altera_pcie_hip_256_avmm/pcie_de_ep_dma_g3x8/
Simulation —
Testbench altera_pcie_hip_256_avmm/pcie_de_ep_dma_g3x8/testhench
Synthesis altera_pcie_hip_256_avmm/pcie_de_ep_dma_g3x8/synthesis

5. On the Generation tab, click Generate to generate the simulation and testbench
files.

6. On the File menu, click Save.

Understanding the Generated Files

The following table describes the files and directories Qsys generates.

Table 2-2. Qsys Generation Output Files

Directory Description
Includes the top-level HDL file for the Hard IP for PCI Express and the .qip file that
<testbench_dir>/<variant_name>/ lists all of the necessary assignments and information required to process the IP
synthesis/ core in the Quartus 1l compiler. Generally, a single .qip file is generated for each IP
core.

<testbench_dir>/<variant_name>/
synthesis/submodules/

<testbench_dir>/<variant_name>/ Includes testbench subdirectories for the Aldec, Cadence, Mentor, and Synopsys
testhench/ simulation tools with the required libraries and simulation scripts.

<testbench_dir>/<variant_name>/
testbench/<cad_vendor>/

Includes the HDL files necessary for Quartus Il synthesis.

Includes the HDL source files and scripts for the simulation testbench.

Simulating the Example Design

Follow these steps to simulate the Qsys system:

1. In a terminal window, change to the
altera_pcie_hip_256_avmm/pcie_de_ep_dma_g3x8/testbench/synopsys/vcs
directory.

2. Start the VCS simulator.
3. To run the simulation, type the following commands in a terminal window:

source vcs_setup.sh «
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2-5

Simulating the Example Design

The driver performs the following transactions with status of the transactions
displayed in the VCS simulation message window:

m Various configuration accesses to the Avalon-MM Stratix V Hard IP for PCI
Express in your system after the link is initialized

m  Setup of the DMA controller to read data from the Transaction Layer Direct BEM’s
shared memory

m  Setup of the DMA controller to write the same data back to the Transaction Layer
Direct BEM’s shared memory

m Data comparison and report of any mismatch

Example 2-1 shows the transcript from a successful simulation run.

Example 2-1. Transcript from ModelSim Simulation of Gen3 x8 Endpoint

# 1 NFO
# 1 NFO
# | NFO

944 ns Conmpl etedinitial configurationof Root Port.

4225 ns RPLTSSMSt at e: DETECT. ACTI VE

5313 ns RPLTSSMSt at e: POLLI NG ACTI VE

18177 ns RP LTSSMSt at e: DETECT. QUI ET

18513 ns RP LTSSMSt at e: DETECT. ACTI VE

19553 ns RPLTSSMSt at e: POLLI NG ACTI VE

29869 ns EP LTSSMSt at e: DETECT. ACTI VE

30925 ns EPLTSSMSt at e: POLLI NG ACTI VE

32417 ns RPLTSSMSt at e: DETECT. QUI ET

33677 ns EPLTSSMSt at e: POLLI NG CONFI G

35697 ns RPLTSSMSt at e: DETECT. ACTI VE

36769 ns RP LTSSMSt at e: POLLI NG ACTI VE

39073 ns RPLTSSMState: POLLI NG CONFI G
40353 ns RPLTSSMSt at e: CONFI G LI NKW DTH. START
40557 ns EPLTSSMSt at e: CONFI G, LI NKW DTH. START
40941 ns EPLTSSMSt at e: CONFI G LI NKW DTH. ACCEPT
41505 ns RPLTSSMSt at e: CONFI G LI NKW DTH. ACCEPT
41825 ns RPLTSSMSt at e: CONFI G LANENUM WAI T
42381 ns EPLTSSMSt at e: CONFI G LANENUM WAI T
42701 ns EPLTSSMSt at e: CONFI G LANENUM ACCEPT
42817 ns RPLTSSMSt at e: CONFI G. LANENUM ACCEPT
43137 ns RPLTSSMSt at e: CONFI G COWPLETE

43661 ns EPLTSSMSt at e: CONFI G COWPLETE

46465 ns RP LTSSMSt ate: CONFI G | DLE

47533 ns EPLTSSMSt ate: CONFI G | DLE

47725 ns EPLTSSMState: LO

47969 ns RPLTSSMState: LO
48232 ns Confi guri ng Bus 000, Devi ce 000, Functi on 00
48232 ns RP Read Only Confi guration Regi sters:

48232 ns Vendor | D: 1172

48232 ns Devi ce | D. EO01

48232 ns Revision I D: 01

48232 ns Cl ass Code: FF0O000

48232 ns Interrupt Pin: | NTA# used
48232 ns

48912 ns RP Base Address Registers:
48912 ns BAR Addr ess Assi gnment s:
48912 ns BAR Si ze Assi gned Address Type
48912 NS ---  ---- meeeeeaaaaaao-n
48912 ns BARO Di sabl ed
48912 ns BAR1 Di sabl ed
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2-6 Chapter 2: Getting Started with the Avalon-MM 256-Bit Hard IP for PCI Express
Simulating the Example Design

Example 2-1. Transcript from ModelSim Simulation of Gen3 x8 Endpoint (continued)

# | NFO 48912 ns ExpROM Di sabl ed
# 1 NFO 48912 ns |/ OBaseandLimt Register: Disable
# | NFO 48912 ns Prefetchabl e Base and Linmit Register: D sable
# | NFO 48984 ns PCl MSI Capability Register:
# | NFO 48984 ns 64-Bit Address Capabl e: Supported
# | NFO 48984 ns Messages Requested: 4
#1 NFO 49128 ns RPPCl Express Sl ot Capability Regi ster (00040000):
# | NFO 49128 ns Attention Button: Not Present
# | NFO 49128 ns Power Control | er: Not Present
# | NFO 49128 ns MRL Sensor: Not Present
# 1 NFO 49128 ns Attention|ndicator: Not Present
# | NFO 49128 ns Power | ndi cator: Not Present
# | NFO 49128 ns Hot - Pl ug Sur pri se: Not Supported
# | NFO 49128 ns Hot - Pl ug Capabl e: Not Supported
# | NFO 49128 ns Sl ot Power Linmit Value: O
# | NFO 49128 ns Sl ot Power Limt Scale: O
# | NFO 49128 ns Physi cal Sl ot Nunber: O
# 1 NFO 49272 ns RPPCl Express Link Status Regi ster (1081):
# | NFO 49272 ns Negoti at ed Li nk Wdt h: x8
#1 NFO 49272 ns Sl ot C ock Config: SystemReference d ock Used
# 1 NFO 49825 ns RPLTSSMSt at e: RECOVERY. RCVRLOCK
# 1 NFO 50605 ns EP LTSSMSt at e: RECOVERY. RCVRLOCK
# 1 NFO 51405 ns EP LTSSMSt at e: RECOVERY. RCVRCFG
# | NFO 52353 ns RP LTSSM St ate: RECOVERY. RCVRCFG
# 1 NFO 54593 ns RP LTSSMSt at e: RECOVERY. SPEED
# 1 NFO 54797 ns EP LTSSMSt at e: RECOVERY. SPEED
# 1 NFO 57245 ns RPLTSSMSt at e: RECOVERY. RCVRLOCK
# 1 NFO 57253 ns EP LTSSMSt at e: RECOVERY. RCVRLOCK
# 1 NFO 57273 ns RPLTSSMSt at e: REC_EQULZ. PHASEOQ
# 1 NFO 57301 ns RPLTSSMSt at e: REC_EQULZ. PHASEL
# 1 NFO 57629 ns EP LTSSMSt at e: REC_EQULZ. PHASEOQ
# 1 NFO 58161 ns EP LTSSMSt at e: REC_EQULZ. PHASEL
# 1 NFO 58421 ns RPLTSSMSt ate: REC_ EQULZ. DONE
# | NFO 58441 ns RP LTSSM St ate: RECOVERY. RCVRLOCK
# 1 NFO 58713 ns EPLTSSMSt at e: REC_EQULZ. DONE
# 1 NFO 58733 ns EP LTSSMSt at e: RECOVERY. RCVRLOCK
# 1 NFO 58929 ns EP LTSSMSt at e: RECOVERY. RCVRCFG
# 1 NFO 59093 ns RP LTSSMSt at e: RECOVERY. RCVRCFG
# 1 NFO 59433 ns RP LTSSMSt at e: RECOVERY. | DLE
# 1 NFO 59593 ns EP LTSSMSt at e: RECOVERY. | DLE
# | NFO 59673 ns EP LTSSMState: LO
# | NFO 59837 ns RP LTSSM State: LO New Link Speed: 8.0GI/s
# 1 NFO 61400 ns RPPCl Express Li nk Control Register (0040):
# | NFO 61400 ns Common C ock Config: System Reference O ock Used
# 1 NFO 62520 ns RPPClI Express Capabilities Register (0042):
# | NFO 62520 ns Capability Version: 2
#1 NFO 62520 ns RPPCl Express Devi ce Capabilities Register (10008001):
# 1 NFO 62520 ns  Max Payl oad Supported: 256 Bytes
# | NFO 62520 ns Ext ended Tag: Not Supported
# 1 NFO 62520 ns Accept abl e LOs Lat ency: Less Than 64 ns
# 1 NFO 62520 ns Acceptable L1 Latency: Less Than 1 us
# | NFO 62520 ns Attention Button: Not Present
# 1 NFO 62520 ns Attention I ndicator: Not Present
# | NFO 62520 ns Power | ndi cator: Not Present
# | NFO 62520 ns Port Type: Root Port
# 1 NFO 62520 ns RPPCl Express Li nk Capabilities Register (01606483):
# | NFO 62520 ns Maxi mumLi nk Wdth: x8
#1 NFO 62520 ns  Support ed Li nk Speed: 8. 0GI/s or 5. 0GI/s or 2. 5GI/s
# | NFO 62520 ns LOs Entry: Supported
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Simulating the Example Design

Example 2-1. Transcript from ModelSim Simulation of Gen3 x8 Endpoint (continued)

# | NFO 62520 ns L1 Entry: Not Supported

# | NFO 62520 ns LOs Exit Latency: 2usto 4 us

# | NFO 62520 ns L1 Exit Latency: Less Than 1 us

# | NFO 62520 ns Port Number: 01

# | NFO 62520 ns Surprise Dwmn Err Report: Not Supporte

# | NFO 62520 ns DLL Link Active Report: Not Supported

#1 NFO 62520 ns RPPCl Express Devi ce Capabilities2Register (0010001F):

# 1 NFO 62520 ns Conpl eti on Ti neout Rnge: ABCD(50us t o0 64s)

# | NFO 62648 ns

#1 NFO 62648 ns RP PCl Express Devi ce Control Regi ster (5010):

# | NFO 62648 ns Error Reporting Enables: 0

# | NFO 62648 ns Rel axed Orderi ng: Enabl ed

# | NFO 62648 ns Max Payl oad: 128 Byt es

# | NFO 62648 ns Ext ended Tag: Disabl ed

# | NFO 62648 ns Max Read Request: 4KByt es

# | NFO 62648 ns

# | NFO 62648 ns RP PCI Express Device Status Register (0000):

# 1 NFO 62720 ns RPPCl Express Virtual Channel Capability:

# | NFO 62720 ns Vi rtual Channel: 1

# | NFO 62720 ns LowPriority VC. 0

# | NFO 62720 ns

# 1 NFO 66624 ns Conpl et ed confi gurati on of Endpoi nt BARs.

# | NFO 67704 ns Initializing 10Kof RP Menory. ...

# | NFO 67704 ns RP Menory | nitialization Done!

I NFO. 67704 ns Starting DVA Read. . ..

I NFO 73192 ns DVA Read: Got EPLAST for Desc 'O’

I NFO 76664 ns DMA Read: Got EPLAST for Desc '1'

I NFO. 76664 ns Starting DMA Wite....

I NFG 79200 ns DVA W ite: Got EPLAST for Desc 'O’

I NFO 79894 ns DMA Wi te: Got EPLAST for Desc '1'

I NFO. 79894 ns Passed: 1024 sane byt es i n BFMnmemaddr 0x00001400 and 0x00004000

I NFO 79894 ns Passed: 1024 sane byt es i n BFMmemaddr 0x00001800 and 0x00004400

I NFO. 79894 ns Passed: 1024 sane byt es i n BFMmemaddr 0x00001C00 and 0x00004800

I NFO. 79894 ns Passed: 1024 sane byt es i n BFMnmemaddr 0x00002000 and 0x00004C00

I NFO 79894 ns Passed: 1024 sane byt es i n BFMmemaddr 0x00002400 and 0x00005000

I NFO. 79894 ns Passed: 1024 sane byt es i n BFMmemaddr 0x00002800 and 0x00005400

I NFO. 79894 ns Passed: 1024 sane byt es i n BFMnmemaddr 0x00002C00 and 0x00005800

I NFO 79894 ns Passed: 1024 sane bytes in BFM mem addr 0x00003000 and 0x00005C00
Preliminary
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3. Top-Level Interfaces and Ports

The following figure illustrates the signals in the Avalon-MM 256-Bit Hard IP for PCI

Express IP Core.

Figure 3-1. Signals in the Avalon-MM 256-Bit Hard IP for PCI Express IP Core
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3-2 Chapter 3: Top-Level Interfaces and Ports

Read DMA 256-Bit Avalon-MM Master Port

The Read DMA module sends memory read TLPs upstream and writes the
completion data to external Avalon-MM via the high throughput Read Master port.
This port operates on descriptors received from the Descriptor Controller.

Table 3-1. Read DMA 256-Bit Avalon-MM Master Interface

Signal Name Direction Description

When asserted, indicates that the Read DMA module is ready to write
RdDmaWite o Output read completion data to a memory component in the Avalon-MM
domain.

Specifies the write address in the Avalon-MM domain for the read

RdDmaAddr ess_o[ 63: 0] Output completion data,

RdDmaW i t eDat a_o[ 255: 0] Output The read completion data to be written to the Avalon-MM domain.
RdDmaBur st Count _o[ 4: 0] Output Specifies the burst count in 256-bit words.

RdDmeByt eEnabl e_o[ 31: 0] Output Specifies which bytes of a 256-bit word are valid.

RdDma\\i t Request _i Input When asserted, indicates that the memory is not ready to receive data.

Write DMA 256-Bit Avalon-MM Master Port

The Write DMA module reads data from an external Avalon-MM slave and sends it
upstream forming memory write TLPs.

Table 3-2. DMA Read 256-Bit Avalon-MM Master Interface

Signal Name Direction Description

When asserted, indicates that the Write DMA module reading data from
W DnaRead_o Output a memory component in the Avalon-MM domain to write to a Root
Complex Memory.

Specifies the address for the data to be read from a memory component

W DraAddr ess_of 63: 0] Output in the Avalon-MM domain.
. ) Specifies the completion data that will be written to the PCle address
W DnaReadbat a_i [ 255: 0] NPUL 14 5main by the Write DMA module.
W DmaBur st Count _o[ 4: 0] Output Specifies the burst count in 256-hbit words
W Dna\\i t Request _i Input When asserted, indicates that the memory is not ready to be read.
W DnaReadDat aVal i d_i Input When asserted, indicates that W DnaReadDat a_i is valid.
Preliminary
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Avalon-ST Descriptor Control and Status Interfaces

The Descriptor Control interface receives descriptors from the separately instantiated
Descriptor Controller component. To facilitate concurrent, sustained throughput for
read and write DMA operations, the Descriptor Control interface includes separate
buffers to store multiple read and write descriptors. The descriptors provide
information necessary for the Read DMA and Write DMA modules to move data
between the PCle Root Complex memory and the Avalon-MM memory domain. The
following tables describe the interfaces that accomplish these tasks.

Table 3-3. Read DMA RX Avalon-ST Port

Signal Name Direction Description

Specifies the descriptors for the Read DMA module. Refer to Table 3—7 for

RdDmaRxDat a_i [ 159: 0] Input | e s

RdDmaRxVal i d_i Input When asserted, indicates that RdDnmaRxDat a_i [ 159: 0] is valid.

When asserted, indicates that the Read DMA read module is ready to

RdDmaRxReady_o Output receive a new descriptor.

Table 3-4. Read DMA TX Avalon-ST Port

Signal Name Direction Description

Drives status information to the Descriptor Controller component. Refer

RdDmaTxDat a_of 31: 0] Output to Table 3-8 for more information

RdDmaTxVal i d_o Output When asserted, indicates that RdDnmaTxDat a_o[ 31: 0] is valid.

Table 3-5. Write DMA RX Avalon-ST Port

Signal Name Direction Description

W DmaRxDat a_i [ 159: 0] Input Specifies the descriptors for the Write DMA write. Refer to Table 3—7 for

bit definitions.
W DnaRxVal i d_i Input When asserted, indicates that W DnmaRxDat a_i [ 159: 0] is valid.
W DraRxReady_o Output When asserted, indicates that the Write DMA module engine is ready to

receive a new descriptor.

Table 3-6. Write DMA TX Avalon-ST Port

Signal Name Direction Description
) Drives status information to the Descriptor Controller component. Refer
W DnaTxDat a_of 31: 0] Output to Table 3-8 for more information about this bus.
VWDrmaTxVal i d_o Output When asserted, indicates that W DnmaTxDat a_o[ 31: 0] is valid.
Preliminary
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Chapter 3: Top-Level Interfaces and Ports

The following table shows the format of the descriptors.

Table 3—-7. DMA Descriptor Control Interface

Bits Name Description

Low-order 32 bits of the DMA source address. The address boundary
must align to the 32 bits so that the 2 least significant bits are 2'b00. For

[31:0] Source Low Address the Read DMA module the source address is the PCle domain address.
For the Write DMA module the source address is the Avalon-MM domain
address.

[63:32] Source Hi gh Address High-order 32 bits of the source address.
Low-order 32 bits of the DMA destination address. The address boundary
must align to the 32 bits so that the 2 least significant bits are 2'b00. For

[95:64] Destination Low Address the Read DMA module, the destination address is the Avalon-MM domain
address. For the Write DMA module the destination address is the PCle
domain address.

[127:96] Destination H gh Address | High-order 32 hits of the destination address.

[145:128] | DVA Length Specifies DMA length in DWords. The maximum length is 1 MByte.

[153:146] | DVA Descriptor ID Specifies up to 256 descriptors.

[159:154] | Reserved —

DMA Descriptor Status Bus

Read DMA and Write DMA modules report status to the Descriptor Controller on the
RdDmaTxDat a_o[ 31: 0] or W DmaTxDat a_o[ 31: 0] bus when one of the following trigger

events occurs:

m A descriptor is activated

m A descriptor completes successfully

The following table show the mappings of the triggering events to the DMA

descriptor status bus:

Table 3-8. DMA Status Bus

Bits Name Description
[31:10] Reserved. —
9 Busy When asserted, a DMA is in progress.
8 Conpl et ed When asserted, a single DMA descriptor has completed successfully.
[7:0] Descriptor 1D | Specifies DMA Descriptor |D of the descriptor currently being transferred.

Avalon-MM 256-Bit Hard IP for PCI Express
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Control and Status Register Interface

Software can access link information using the Control Register Access Avalon-MM
slave port. The following table describes the signals in the control and status interface.
This is an Avalon-MM slave interface.

Table 3-9. CRA Slave Interface

Signal Name /0 Description
CraRead Input When asserted, indicates an Avalon-MM read request
CraWite Input When asserted, indicates an Avalon-MM write request
. ) Specifies a byte address. Because all addresses are byte addresses, this

CraAddress_i[13:2] Input address logically goes down to bit 2. Bits 1 and 0 are 0.

CraWiteData_i[31:0] Input Specifies the data for a write operation.

Or aReadDat a_o[ 31: 0] Output Specifies the RX completion data to be returned to the requesting Avalon-MM
Master.

Cr aByt eEnabl e_i [ 3: 0] Input Specifies the valid bytes of data to be written.

Or aVii t Request_o Output Wher_1 asserted indicates that the control register access Avalon-MM slave
port is not ready to respond.

CraChi pSel ect _i Input Chip select signal to this slave to signal this Avalon-MM slave port.

Cralrg_o Output | Interrupt request. A port request for an Avalon-MM interrupt.

Control and Status Registers

The following table describes the control and status registers.

Table 3-10. Control and Status Register

Address Register Access Description
0x0000 Pa QD R Specifies the PC'I'Cor‘nmand as defined in Section 6.2.2. the PCI
- Local Bus Specification, Revision 3.0.

MSI Control and Data as defined in Sections 6.8.1.3 and 6.8.1.6 of
the PCI Local Bus Specification, Rev 3.0

0x0004 MBI CSR/ DATA R = [15:0]: MSI Data
m [31:16]: MSI Control

0x0008 MBI _ADDR LOW R Lower 32-bit of MSI Address

0x000C VBl _ADDR HI GH R Higher 32-bit of MSI Address

0x0010 VEl - X CONTROL R MSI-X Capability Structure as defined in Section 6.8.2 of the PC/

Local Bus Specification, Revision 3.0.

May 2013 Altera Corporation
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Tabhle 3—-10. Control and Status Register

Address Register Access Description
0x0014 LINK STATUS R Link Statug Beg}ster as q§f|ned in Section 7.8.8 of the PCI Express
Base Specification, Revision 3.0.
RX Master Module

The RX Master module translates read and write TLPs received from the PCle link to
32-bit Avalon-MM requests for Qsys components connected to the interconnect. This
module allows other PCle components, including host software, to access the control
and status registers in the following components:

m The Descriptor Controller
m The Control and Status registers of this component
m Other Avalon-MM slaves connected in the Qsys system

The RX Master module only supports one outstanding 32-bit read or write request.
All other requests received from the PCle link are considered a violation of this
device’s programming model, and therefore handled via the PCle Completer Abort
status.

The following table describes the signals in the RX Master Control Avalon-MM master
port. There is one RX Master Control interface for each BAR. The table gives signal
names for BAR 0.

Table 3-11. RX Master Control Interface Ports

Signal Name /0 Description

RxmRead_0_o Output | When asserted, indicates an Avalon-MM read request.

RxmiWite 0 o Output | When asserted, indicates an Avalon-MM write request.
Specifies the Avalon-MM byte address. Because all addresses are byte

RxmAddr ess_0_o[ <w>- 1: 0] Output | addresses, this address logically goes down to bit 2. Bits 1 and 0 are 0.
<w> can be 32 or 64.

RxnByt eEnabl e_0_o[ 3: 0] Output | Specifies the valid bytes of data to be written.

RxnDat aWite_0_o[ 31: 0] Output | Specifies the Avalon-MM write data.

RxnReadDat a_0_i [ 31: 0] Input Specifies the Avalon-MM read data.

{Fb;zﬁg?dDat avalid_ 0] Input When asserted, indicates that RxmReadDat a_i [ 31: 0] i s val i d.

Rxmiidi t Request 0. | Input When asserted indicates that the control register access Avalon-MM slave
port is not ready to respond.

Preliminary
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TX Slave Module

The TX Slave module translates Avalon-MM master read and write requests to PCI
Express TLPs for the Root Port. The TX Slave Control module supports a single
outstanding non-bursting request.

Table 3-12. TX Slave Control

Signal Name /0 Description
TxsChi pSel ect _i Input When asserted, indicates that this slave interface is selected.
. When asserted, specifies an TX Avalon-MM slave read request from the
TxsRead_i Input
Root Complex or Root Port.
. . When asserted, specifies an TX Avalon-MM slave write request from the
TxsWite_i Input
Root Complex or Root Port.
TxsWiteData_i[31:0] Input Specifies the Avalon-MM data for a write command.
TxsAddress_i [ <w>-1: Q] Input Specifies the Avalon-MM byte address for the read or write command.
TxsByt eEnabl e_i [ 3: 0] Input Specifies the valid bytes for a write command.
TxsReadDat a_o[ 31: 0] Output | Specifies the read completion data.
TxsReadDat aVal i d_o Output | When asserted, indicates that TxsReadDat a_o[ 31: 0] i s val i d.
Txs\Vii t Request o Output When asserted, indicates that the Avalon-MM slave port is not ready to

respond to a read or write request.
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=N 4. Software Programming Model

By combining the Avalon-MM 256-Bit Hard IP for PCI Express and Descriptor
Controller IP cores, you can implement complex DMA transactions.

The Descriptor Controller IP Core manages the Read DMA and Write DMA modules
of the Avalon-MM 256-Bit Hard IP for PCI Express IP Core. Host software programs
its internal registers with the location and size of the descriptor table. The Descriptor
Controller instructs the Read DMA module to copy the entire table to an Avalon-MM
component. It then pushes table entries, to the Avalon-ST RX read and write ports of
the Avalon-MM 256-Bit Hard IP for PCI Express IP Core. The Descriptor Controller
also sends DMA status upstream via an Avalon-MM slave port of the Avalon-MM
256-Bit Hard IP for PCI Express IP Core.

Descriptor Table Format

The following table shows the format of the descriptors stored in the Descriptor
Controller IP Core descriptor table. Descriptor addresses are aligned on a size of eight
dwords. The actual size of each descriptor entry is five dwords. The Avalon-ST RX
port of the Avalon-MM 256-Bit Hard IP for PCI Express requires the format shown in
this table.

Tahle 4-1. Descriptor Table Format

Address Offset Type Description
EPLAST - the Descriptor Controller writes the DVA
0x00 Header Descriptor ID of the last descriptor in the Descriptor
Table to indicate completion of the DMA operation.
0x20 Source address lower dword
0x24 Source address upper dword
0x28 Descriptor 0 | Destination address lower dword
0x2C Destination address upper dword
0x30 Control specifying DMA length in dwords
0x40 Source address lower dword
0x44 Source address upper dword
0x48 Descriptor 1 | Destination address lower dword
0x4C Destination address upper dword
0x50 Control field specifying DMA length
(<n+1>) x 0x20 Source address lower dword
(<n+1>) x 0x20+4 Source address upper dword
(<n+1>) x 0x20+8 Descriptor <n> | Destination address lower dword
(<n+1>) x 0x20+C Destination address upper dword
(<n+1>) x 0x20+F Control field specifying DMA length
Preliminary
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Descriptor Controller DMA Write and Read Registers

Descriptor Controller DMA Write and Read Registers

The following table shows the DMA write registers. Host software writes these
registers to set up a DMA transfer.

Table 4-2. DMA Write Registers

Address Register Access Description
Records the write control and status information
0x0000 Wite DMA Control R/W and specifies the number of descriptors. Refer to
Table 4-4 for details.
0x0004 Wite DVA Status R Write DMA Status. Refer to Table 4-5 for details.
Specifies the low-order 32-bits of the base address
0x0008 RC Wite Descriptor Base (Low) R/W of the write descriptor table in the Root Complex
memory.
Specifies the high-order 32-bits of the base address
0x000C RC Wite Descriptor Base (Hi gh) R/W of the write descriptor table in the Root Complex
memory.
0x0010 Last Wite Descriptor Index RAW Specifies the last DVA Descri ptor |1 Dto be
processed.
. Specifies the lower 32 bits of the base address of
0x0014 EP Descriptor Table Base (Low) RW the write descriptor table in Endpoint memory.
. ) Specifies the upper 32 bits of the base address of
0x0018 EP Descriptor Table Base (H gh) RW the write descriptor table in Endpoint memory.

The following table shows the DMA read registers. Host software copies these
registers to the Descriptor Controller.

Table 4-3. DMA Read Registers

Address Register Access Description
Records the write control and status information
0x0100 Read DVA Control R/W and specifies the number of descriptors. Refer to
Table 44 for details.
0x0104 Read DMVA Status R Read DMA Status. Refer to Table 4-5 for details.
Specifies the lower 32-bits of the base address of
0x0108 RC Read Descriptor Base (Low) R/W the read descriptor table in the Root Complex
memory.
Specifies the upper 32-bits of the base address of
0x010C RC Read Descriptor Base (High) R/W the read descriptor table in the Root Complex
memory.
0x0110 Last Read Descriptor |ndex RIW Specifies the last DVA Descri ptor | Dto be
processed.
Preliminary
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Software Program for Simultaneous Read and Write DMA

Table 4-3. DMA Read Registers

Address Register Access Description

Specifies the lower 32 bits of the base address of

0x0114 EP Descriptor Table Base (Low RW the read descriptor table in Endpoint memory.

EP Descriptor Table Base RW Specifies the upper 32 bits of the base address of

0x0118 (Hi gh) the read descriptor table in Endpoint memory.

The following table defines the bits of the Cont r ol registers in both the Write DMA
and Read DMA modules.

Table 4-4. Write and Read Global Control Register Bit Mapping

Bit Field Description

[7:0] Nunbe_r of The number of descriptor in the table stored in the Root Complex memory.
Descriptors

8 START Setting this bit to 1 starts the DMA. Internal logic clears this bit.

9 Enables MSI messages for the DMA. When set to 1, an MSI message is sent
VSl _ENA .

after all descriptors complete.
[15:10] Reserved Must be set to 0.

The following table shows the bits of the St at us register in both the Write DMA and
Read DMA modules.

Table 4-5. DMA Status Register Bit Mappings

Bits Name Description
[31:10] Reserved. —
9 Busy When asserted, a DMA is in progress.
8 Conpl et ed When asserted, a single DMA descriptor has completed successfully.
[7:0] Descriptor 1D | Specifies DMA Descriptor |D of the descriptor currently being transferred.

Software Program for Simultaneous Read and Write DMA

Program the following steps to implement a simultaneous DMA transfer:

1. Allocate Root Port memory for the Read and Write DMA descriptor tables.

2. Allocate Root Port memory and initialize it with data for the Read DMA to read.
3. Allocate Root Port memory for the Write DMA to write to.
4

. Set up the Read DMA descriptor header in the Root Port memory by clearing the
EPLAST field. Upon successful completion of the read DMA, this field is updated
with the DVA Descri ptor | D of the last descriptor completed.

Preliminary
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Software Program for Simultaneous Read and Write DMA

10.

11.

Create all the descriptors for the read DMA descriptor table. Each descriptor is
aligned on a size of eight dwords as seen in Table 4-1. Assign the DMA Descri pt or
| Ds sequentially, starting with 0. For the read DMA, the source address is the
memory space allocated in Step 2. The destination address is the Avalon-MM
address that the Read DMA module writes. Specify the DMA length in dwords.
Each descriptor transfers contiguous memory.

Follow the procedure outlined in Steps 4 and 5 to set up the write DMA descriptor
header and table. For the write DMA, the source address is the Avalon-MM
address that the Write DMA module should read. The destination address is the
Root Port memory space allocated in Step 3. Specify the DMA length in dwords.

To specify the address of the read descriptor table, write the Root Port address of
the read DMA descriptor header to the Descriptor Controller RC Read Descri pt or
Base (Low) and (H gh) registers. Next, specify the length of the descriptor table
by writing the last read descriptor index to the Last Read Descriptor |ndex
register. This number must be one less than the number of descriptors value that is
written to the Control register in Step 10.

To improve throughput, the Read DMA module copies the descriptor table to an
Endpoint memory before beginning its operation. Specify the location in Endpoint
memory by writing to the EP Descriptor Table Base (Low) and (Hi gh) registers.

Repeat Steps 7 and 8 for the Write DMA module. The Descriptor Controller has a
separate register set for the Write DMA module. For simultaneous operation, the
EP Descriptor Table Base (Low) and (H gh) for the Write DMA module should
not overlap with the EP Descriptor Tabl e Base (Low) and (Hi gh) for the Read
DMA module.

Start the Read and Write DMA modules by writing to the Descriptor Controller

DMA to the Start bit of the Control register. Refer to Table 4—4 for the bits of the
Control register. The Start bit and the Nunber of Descri ptors field must be set
correctly. For simultaneous operation, write to both registers sequentially.

Wait for the DMA modules to complete the transfers. After successful completion,
the EPLAST field is updated with the DVA Descri ptor | Dof the last descriptor
completed. Poll the EPLAST field to determine if a DMA module has completed
operation.

Preliminary
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