DDR Memory and LWIP LIB



Double Data Rate (DDR) Memory

 Maximize throughput:

— High clock rate (133+ MHz)
* DDR, 100-200 MHz; DDR2, 200 —-533 MHz; DDR3: 400 — 800 MHz

— Transfer data on both edges
— Burst reads and writes
— Short access times

* Simple performance definition:

— Frequency rate
* 133 MHz, 166 MHz, etc.

— CAS (Column Address Strobe) Latency (CL), in clock cycles

* delay time between when a column access is requested, and the
data is available

e 2,2.5(3), etc.



DDR2 SDRAM Interface Module
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Figure 2: DDR2 SDRAM Interface Modules

Source: xapp454, DDR2 SDRAM Interface for Spartan-3 Generation FPGAs



Double Data Rate to Single Data Rate

FIFO_D ):, ) dgs £ / \_/ \_/ \_
s — N\

Delayed DQS

FIFO. we ’ Data to User celayed_rst_dos_div

- | Assertion Deassertion |

Window Window
FIFO_1
Data oy - FIFO_0_wen
FIFO_1_wen
Delayed DQS #
TREpTEE_(2_0A080

Figure 5: FIFO Write Enable Timing Diagram
Figure 2: FIFO Block Diagram



Read Timing Diagram
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Figure &: Read Data Timing Diagram



DDR Timing Difficulties

Source synchronous: data and clock from data source

Clock at 166 MHz:

— Period: 6 ns

— Half Period: 3 ns

Routing from IOB to destination delays can easily vary
from < .5 ns to > 2+ ns — a significant portion of our
half-period!

— |OB placement?

— Destination placement?

— More than 15 pages defining Input Timing alone in Spartan
3A Data Sheet



DDR Timing Solution

e Xilinx provides the “Memory Interface Generator”

— Software tool that takes as inputs...:
 Memory definition (speed, CAS, data width, banks, etc.)
* FPGA part
* Preferred input locations (sides, etc.)
— ...and produces:
 RTLPHY
* Pin locations
» UCF file to define pins and place RTL PHY in specific LUTs, etc., with
full set of constraints

e PHY auto-calibrates:

— Calibrates delay lines to keep delayed DQS correctly
aligned across temperature/voltage variations



RST_DQS_DIV

Last Register

in OB
Logic to Delay
= Generate - }‘ Normalization
rst_dgs_div / Loop
LUT Delay j . The FIFO write enable signal is generated
Circuit from a signal named rst_dgs_div. Figure4
illustrates the idea behind rst_dqgs_div. The
rst_dqs_div signal is driven to an I0OB as an
N wggrf;;t?:f . Write output and is then taken as an input through
Logic Rl the input buffer. This technique normalizes
the 10B and trace delays between
Read Data rst_dqgs_div and the DQS clock signals. The
FIFO rst_dqgs_div from the input pad of the FPGA

uses identical routing resources as the DQS
Figure 4: Circuit lllustrating rst_dgs_div Signal before it enters the LUT delay circuit. The
trace delay of the loop should be the sum of
the trace delays of the clock forwarded to
the memory and the DQS.

Source: xapp454, DDR2 SDRAM Interface for Spartan-3 Generation FPGAs



Xilinx FPGA Editor - toplevel. ned
File Edit View Tools Window Help
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For Help, press F1 %c3sd1800a-5c5484 Mo Logic Changes




UCF/Timing Report

HUtHH R R R R
## Constraint from rst_dqgs_div_in PAD to input of LUT delay element.

HUHH R R R R R
NET "*/DDR_SDRAM_MT46V16M16_5B/mpmc_core_0/gen_??_ddr_phy.mpmc_phy_if 0/dgs_div_rst" MAXDELAY = 468 ps;

Timing constraint: NET
"Inst_processor/DDR_SDRAM_MT46V16M16_5B/DDR_SDRAM_MT46V16M16_5B/mpmc_core_0/
gen_s3_ddr_phy.mpmc_phy_if 0/dgs_div_rst" MAXDELAY = 0.468 ns;

1 net analyzed, 1 failing net detected.
1 timing error detected.
Maximum net delay is 2.549ns.

Slack: -2.081ns
Inst_processor/DDR_SDRAM_MT46V16M16_5B/DDR_SDRAM_MT46V16M16_5B/mpmc_core_0/gen_s3_ddr_phy.mpmc_phy_if 0/dq
s_div_rst

Error:  2.549ns delay exceeds 0.468ns timing constraint by 2.081ns

From To Delay(ns)

ABS.I SLICE_X0Y70.G3 2.499
ABS.I SLICE_X1Y70.F3 2.448
ABS.I SLICE_X1Y70.G4 2.481

AB5.| SLICE_X1Y71.G2 2.549




Adding Memory (Roughly)

Add a MPMC

— During this process, add a memory that matches your part as closely as
possible; update to match exactly

— This adds a memory to the MB, as well as the memory controller PHY, but
without constraints

Create a new Memory PHY in the ISE project

— During this process, add a memory that matches your part as closely as
possible; update to match exactly

— Choose the banks where you would like the memory to go
— Generate
— Go back and edit to match your pins exactly; check with memory generator

Take the UCF from the Memory PHY, and map to the MPMC PHY

— Xxilperl
C:\Xilinx\10.1\EDK\hw\XilinxProcessorIPLib\pcores\mpmc_v4 03 a\data\con
vert_ucf.pl --mhs ...\processor.mhs
..\mem_phy\user_design\par\mem_phy.ucf ...\new.ucf

Incorporate into your UCF



IP, TCP

e |P
— Delivers packets to destination based on logical address
— (Ethernet delivered based on physical address)

. TCP

— Connection-oriented
* Data exchanged once a connection is made

— Reliable: Guaranteed data delivery
* Packets are ack’ed; retransmitted if necessary
* Packets can arrive out of order

— Connection protocol used for higher level protocols, like
HTTP



TCP State Diagram (We Are Server)
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Source: http://en.wikipedia.org/wiki/File:Tcp state diagram fixed.svg



http://en.wikipedia.org/wiki/File:Tcp_state_diagram_fixed.svg

LWIP

 “lwlPis a small independent implementation of the
TCP/IP protocol
suite that has been developed by Adam Dunkels at the
Computer and
Networks Architectures (CNA) lab at the Swedish

Institute of Computer
Science (SICS).”

— IP, ICMP, UDP, TCP, DHCP, ARP, ...

e Xilinxincludes as part of their libraries for MB

e Wrote their own “netif” to interface with TEMAC and
ethernet_lite

Quoted: http://savannah.nongnu.org/projects/lwip/



How To Send with LWIP
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Source: lwip_lib.doc



How To Send with LWIP

* An acknowledgement handler must be registered using tcp_sent(). In lwip_lib, this
function is Iwip_lib_sent_handler(), which determines which of the sent buffers
has been acknowledged when ACK packets are received.

* The application sends data using lwip_lib_send_data(). This function, in turn, calls
tcp_write(), which enqueues the data to be sent but does not actually send the
data to the MAC. A call to tcp_output() forces the data to be sent, rather than
waiting for more data to be enqueued.

* Aninterrupt is generated by the external timer at regular intervals (every 1 ms, in
the case of Iwip_lib). Within the interrupt handler, xemacif_input() is called (which
is part of the Virtex 2-based port of the IwlIP netif structure) to check the MAC for
incoming data. The interrupt handler also calls tcp_tmr(), which is a requirement
of IwlP to allow it to check for packets that need to be resent. Either
xemacif _input() or tcp_tmr() may force a call to tcp_output() to send or resend
data as appropriate.

* When an acknowledgement is received, xemacif_input() causes the
lwip_lib_sent_handler() to be called with a parameter indicating the amount of
data acknowledged by the other side of the TCP connection. As mentioned before,
lwip_lib_sent_handler() then determines if any of the sent buffers have been
completely acknowledged and can be marked as free for reuse.

Source: lwip_lib.doc



LWIP LIB

* |wip_lib is a relatively simple encapsulation of the IwIP
Raw API for use in single-threaded MicroBlaze
programs.

* The library simulates a separate lwIP “thread”:
— timer interrupt handles asynchronous data transfer

* Exposes only a few straightforward functions to the
user application to handle IwlIP initialization and
sending and receiving data

* Always the server

* Written by EP student Andy Lehman!

Source: lwip_lib.doc



How to Send with LWIP_LIB

Before generating data to be sent,
lwip_lib_configure_buffers() (or, equivalently,
lwip_lib_full_startup()) must be called to setup
the send buffers. The return value will be the
first buffer that can be used to store

application data to be sent.

lwip_lib IwIP

When the buffer is full (or whenever the
application wants to send data),
lwip_lib_send_data() is called to send the
current buffer and receive the next free buffer.

(sends data)

\ 4

lwip lib send data()
*

~

(receives new buffer)




IH

“Canonical” Names

* |wip lib will interact with the hardware using
the canonical definitions in xparameters.h:

— XPAR
— XPAR
— XPAR

NTC_0 DEVICE_ID
NTC_0 EMACLITE_0 VEC_ID
NTC_0 TMRCTR 0 VEC_ID

— XPAR_TMRCTR 0 DEVICE_ID
— XPAR_EMACLITE_O DEVICE_ID

e Canonical: “In simplest, or standard form”



Add lwip and lwip _lib to your project

* Lwip
— Enable library
e Adjust settings if interested
— Update linker

* Move code to external memory
* Create a heap

e Lwip_lib
— Copy c files into project



Enable LWIP for your Project

= CIC++ - wip_lib.h - Xilinx Platform Studio SDK - C:fxilinx_projects/ddr_and_ethernet/processor/processor.xmp

File Edit Refactor Mavigate Search Project Device Configuration  Run  Window  Help
i b | B | & |28 | E [ view xM0 Console AR R R - o o
g Launch Application Wizard...
== »
=0 Synchronize with Hardware b.c ) sys_arch_raw.c e main.c [ wip_lib.c [ Wip_lib.h 52 = 0| 5= outline 52 | ™1 =0
Bl & || iba Generate Libraries and B5Ps s %R s e ¥
= b§ http_lite: { microblaze_0_sw_platForm + # LWIP_LIBE H_
" [
+-p Binaries = shring.h
(= Debug T Generate Linker Scrint... y :j *parameters.h
[l lib.h needed for mewcpy trrckr.h
: % W‘D’Ih B Launch EDK shell... 0 ;r::fhr
T p y
+c ol Generate and view Design Report . et xemaditeif.h
+- 125 hwip_test { microblaze_0_sw_platfarm - 0T CORE_CLOCE_FREQ_HZ = jwipgtep.h
+I-JfE microblaze_0_sw_platfForm ofinclude "xparsmeters.ht & wipjmemp.h
+11=% TestApp_Memory { microblaze_0_sw_platF 10 o nekiffetharp.h
+ 1% TestApp_Peripheral { microblaze _0_sw_pla | 141/, 11 1wk —- using upper level timer :-l Iwipjstats.h
1z//// Meed this for timer interrupt stuff & xstatush
13//#include "xtmrecr_1.h" —
14finclude "xtmwrotr.h” B uins
15 T uintle
164/ 'jwh added interrupt controller # LWIP._TIMER_CYCLES
. . + Iwip_lib_Full_startup
17#include "xinco.h' H i, .
18 H Iwip_lib_configure_buffers
12/*% 1wIP Includes */ £t lwip_lib_start
ZO0@include "netif/xemacliteif.h” ++  Iwip_lib_is_connected
Zil#include "lwip/tep.h” ++  Iwip_lib_close_connection
zzfinclude "lwip/memp.h” ++ Iwip_lib_receive_data
Zi#include "netif/etharp.h™ ++  Iwip_lib_send_data
z4
54411 13wh -- want to look at Stats
Zeokinelude "lwip/stats.h"
z7
Z8finclude "wstatus.h"
29 v
Problems | & consale 22 Propetties | ¥MD Consale |L E = - ff - =0
C-Build [http_lite]
foygdrive/o/x11inx_projects/ddr_and ethernet/processor/ SUK_projects/Attp_lite/Uebug/ . ./main.c:bb: undefined reference to Llwip l1b_send data’ 2
feygdrive/o/xilinxk_projects/ddr_and ethernet/processor/3DE projects/http_lite/Debug/../wain.c:73: undefined reference to 'lwip_lih_is connected’
deygdrive/o/xilinxe_projects/ddr_and sthernet/processor/SDE projects/http_lite/Debug/. . /wain.c:77: undefined reference to "lwip_lik_receive_data'
Jeygdrivefe/xilink_projects/ddr_and sthernet/processor/SDE_projects/http_lite/Debug/ . ./wain.c:92: undefined reference to ~lwip_lib_send data’
feygdrivefe/xiling projects/ddr and ethernet/processor/SDE projects/http lite/Debug/. ./ /wain.c:111: undefined reference to
“lwip_ lib close connection'
collestZ: 1d returned 1 exit status
make: #*% [hrtp_lite.elf] Error 1
Euild complete for project http_ lite
< ¥ ~
Jhttp_litefmain.c




Enable LWIP for your Project

Software Platform Settings - microblaze 0

A & Platform .
05 and Libraries Processor Settings
Drivers

CPU Driver:  |cpu - CPLU Driver Yersion: |1.11.b j

Processor Parameters:

Marngz | Current Yalue Default Walue | Tvpe | Description -
- microblaze_0
compiler mb-gre mb-gec skring Compiler used bo compile both B3P
archiver mb-ar rmb-ar skring Archiver used to archive libraries fe
extra_compiler_flags -z -g skring Extra compiler flags used in B3P an
wmdstub_peripheral  none narne peripheral_instance Debug peripheral ko be used with «
L
< »

05 and Libraries Selection

5 |skandalone - Wersion: |Z2.00.a - Default software platform, Provides basic processor related ..

Use | Library | Wersion | Description

«imfs  1.00.a d iline Mermary File System

wilisF 1.00.a j siline In-system and Serial Flash Library

xiflash 1.01.a j wilinz Flash library For IntelfaMD CFI compliant parallel flash

wilfatfs 1.00.a _= | Provides readjwrite routines bo access Files stored on a FAT16/32 file system. Requires Systemm,
Iwip 3.00.a d IwIP TCPYIP Stack library w3.00.a

hwip... 1.00.a d IwIP TZPYIP Stack library: WwIP w1,3.0, wilinx adapter +1.00.a

~ ROO0O0O0O

Dawwnload Parkner Library Definition Files ‘

Ok Cancel




LWIP Options

Software Platform Settings - microblaze 0

Soft Plakf
m Configuration For 03 standalone v2.00.a

Drivers

ame | Currenk Value | Default value | Type Description ~
-] standalone
stdin REZ32 none peripheral_instance stdin peripheral 1
stdout R5232 none peripheral_instance  stdout peripheral
+ enable_sw_intrusive_profiling fate Falze boal Enable 5w Intrusive Profiling o
+ microblaze_exceptions falre False biool Enable MicroBlaze Exceptions
v
4 | >

Configuration For Libraries:

ame Current Value | Default Walue | Twpe | Description ~
+ arp_options true true boal ARP Options
+ |wip_ip_options true true boal IP Options
+ icp_options true true bool ICMP Options
+ udp_options true true bool Is UDP required 7
+ tcp_options Lrue true biool Is TCP required 7
= dhcp_options true true bool Is DHCF required?
Iwip_dhecp falze false bool Is DHCP required?
dhcp_does_arp_check fatre false boal ARP check on offered addresses?

+ stats_options krue true biool Turn on IwIP skatistics?

- = tions boal Turn on hIFP Debug?
Iwip_debug Falea falsa baal Turm on bwIP Debug?
ip_debug Eue false bool Debug IF laver
tep_debug Falze false biool Debug TCP layer W
netif _debug G false bool Debug network interface layer
. e dshiin furna Falca henl  Miehin e arch e R A~
|

oK Cancel




Add library to the linker configuration

Properties for bwip,_test

type Filer text -

Infao

Builders

ZJ/C++ Build
CJC++ Indexer
Project References

C/C+ + Build

Active Configuration

Project Type: |

=l
Configuration: |Debug ﬂ Manage...

Configuration Settings

Tool Settings ]Build Settings ] Build Steps ] Error Parsers ] Binary Parser ] Environment ] Macros ]

- £8% MicroBlaze  Compiler | Libraries (- £ w &
@ MicroBlaze-Specific Optior
(2 Include Paths
(22 Debug and Optimization
(22 Miscellaneous
-1~ E53 MicroBlaze C Linker

(22 Linker Script
@ Miscellaneous

Library Path {-L) @

Restore Defaults | Apply |

oK | Cancel |




Generate a Linker File

inker Script Generator

Application project name; | lwip_kest

ELF file used to populate section info:

| Jip_test/Debug/lwip_test, eIf

Code Sections

Assign all Code Sections to: | j

Section | Size (bytes) | Memary

ek Ox0001EGCY AR SORAN Mol ionia 58 O MPMC_BASEADDR

Add Section | Delete Section |

[rata Sections

Assign all Data Sections to: | j

Section | Size (bytes) | Memary

rodata Ox000014C8  dmd cobl dimd ool
shss?  0x00000000  #md cnél dimd cnd
.data Ox00000598  dmd_cnéle cimd ol
shss Ox00000000  dmd_cnéie cind cnéd
bss 0x00071180  OOR_SORAM MI4EVIEMTE 55 & MPMG_BASEADDR

Heap and Skack:

Section | Size (bytes) | Memary |

Heap feiyalelelel dmb_cnfl dind cnél
Skack, feigdlelsl dmb_onfl dind cnél

Reference Wiews {read-onk
Mermoties:

Mermary Address | Size |

iimb_crtlr_dimb_cnklr 000000000 &4k
DDR_SDRAM_MT46V16MI6_SE_C_MPMC_BASEADDR 0x36000000 32763k

Book and Weckor Sections:

Section Address | Mermnory |

~ectors, reset O 00000000
Nweckors, sw_exception  0x00000005
~weckors.inkerrupk 0=00000010
weckors, hw_gxception  Ox00000020

iimb_cntlr_dimb _cnkle
ilmb_cntlr_dimb_crilr
ilmb_cntlr_dimb_crilr
ilmb_cntlr_dimb_crilr

Qukput Linker Script:

|C:,I'xilin)u:rDjects,l'ddr_and_ethernet,l'prncessnr,l'SDKJ:nrc-jectsll'lwip_testll'lwip_test.Id

i Generate

]

Cancel




Echo Server Example

“& Debug - HyperTerminal = _. ka3 “& Ethernet - HyperTerminal

Eile Edit Wew Call Transfer Help Eile Edit Wew Call Transfer Help
(= A& DB (= A& DB
~ ~

Connection closed

Lost Connection! Quitting
Connection closed

Done transmitting Helcome to the echo server!
Accepting new connection Tihis is just a test
Connection established

New connection started (29 made total)
Received data: 1 bytes Welcome to the echo server!
Received data: 48 Hit! Echo

Received data: 1 bytes

Received data: 69
Received data: 1 bytes
Received data: 21
Received data: 1 bytes
Received data: 20
Received data: 1 bytes
Received data: 45
Received data: 1 bytes
Received data: 63
Received data: 1 bytes
Received data: 68
Received data: 1 bytes
Received data: 6F

Connected 0:01:04 Auto detect: 9600 5-h-1 (Connected 0:00:37 ARSI TCP{IP




HTTP

 HTTP is a application layer request/response protocol:

e Consider: http://192.168.0.30/index.html
— Create TCP connection on port 80 to host 192.168.0.30

— Request:
* GET /index.html http/1.1

— Response:

* HTTP/1.1 200 OK

* Content-Type: text/html
Content-length: 162
Connection: close
[...HTML file...]

* Browser does this —the “Connection: close” informs the browser to close

* xappl026.zip has functions to handle this
— will need to strip lwip, replace with lwip_lib



Testing with Telnet

e Connect on port 80 (Telnet is usually 23)
* Send a file with “GET /index.html”
* See what the response is!



