Raw Ethernet, Interrupts



Motivation

A Requirement: Communications link in
embedded system

I Point-to-point communication; interconnection
with multiple other embedded/non-embedded
devices

I Robust
I Common
ia{ AYLI} S¢
A Our solution: TCP/IP over Ethernet



Lab 3: Raw Ethernet

A Goal: Develop the Microblaze hardware platform to run the
Light-Weight Internet Protocol (LWIP) TCP/IP stack.

A Demonstration:
i CAYSNI AYOSNNYzLIG Fd m & NFYGS:=
Interrupt
I Send raw Ethernet frames every 10 seconds with timing set by a
timer interrupt.

I Note when the frame has been sent using code triggered by a
frame_sent interrupt (connected to Ethernet MAC)

I Read incoming Ethernet frames triggered by the frame_received
interrupt (connected to Ethernet MAC), print the destination IP
address



Lab 3: Raw Ethernet Output

mmand Prompt - ping 192.168.0.30 -t

timed out.
timed out.
timed out.
timed out.
timed out.
timed out.
timed out.
timed out.
timed out.
timed out.
timed out.
Request timed out.

Ping statistics for 192.168.8.38:
Packets: Sent = 6767, Received = B, Lost = 6767 (188x loss>,
Control-C
H
IC:\Documents and Settings“haberjwl’ping 192.168.8.38 —t
Pinging 192_168_.8_.38 with 32 hytes of data:

Request timed out.
Request timed out.
Request timed out.

Debug - HyperTerminal

Eile Edit Wew Call Transfer Help

D& = 3

=l s

At 2 s, RECY HANDLER, now read buffer...
...and 46 bytes received.
frametype is ARP.
from IP address: 192.168.000.001.
to IP address: 192.168.000.030.

At 7 s, RECY HANDLER, now read buffer...
..and 46 bytes received.
frametype is ARP.
from IP address: 192.168.000.001.
to IP address: 192.168.000.030. |

At 18 s, TH buffer available —- send frame.
At 10 s, SENT HANDLER, check buffers available -- yes.

At 13 s, RECY HANDLER, now read buffer...
...and 46 bytes received.
frametype is ARP.
from IP address: 192.168.000.001.
to IP address: 192.168.000.030.

Connected 10:30:34

ARSI 9600 5-h-1
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Source: http://en.wikipedia.org/wiki/OSI model



http://en.wikipedia.org/wiki/Application_Layer
http://en.wikipedia.org/wiki/Presentation_Layer
http://en.wikipedia.org/wiki/Session_Layer
http://en.wikipedia.org/wiki/Transport_Layer
http://en.wikipedia.org/wiki/Network_Layer
http://en.wikipedia.org/wiki/Data_Link_Layer
http://en.wikipedia.org/wiki/Physical_Layer
http://en.wikipedia.org/wiki/OSI_model

PHY, Ethernet Frame

PHY performs the low-level signal creation and physical transmission.

cock [ [T[LIL LTI
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The 100Base-TX transmit function performs
parallel-to-serial conversion, 4B/5B coding,
scrambling, NRZ-to-NRZI conversion, and MLT3

encoding and transmission.

The 100Base-TX receiver function performs
adaptive equalization, DC restoration, MLT3-
to_NRZI conversion, data and clock recovery,
NRZI-toNRZ conversion, de-scrambling, 4B/5B
decoding, and serial-to-parallel conversion.

MAC transmits frame from higher level to PHY ¢ no formatting of frames other than CRC.

B0 00 20 VA 3F 3E 80 00 20 20 3A AE og 00
Destination MAC Address Source MAC Address EtherType
MAC Header
(14 hytes)

IF, ARP, etc. 00 20 20 3A
Payload CRC Checksum
Data

(46 - 1500 hytes)

Ethernet Twe Il Frame

(G4 t0 15

bytes)

(4 hytes)

http://en.wikipedia.org/wiki/Ethernet#Ethernet frame types and the EtherType field

http://en.wikipedia.org/wiki/MLT-3



http://en.wikipedia.org/wiki/Ethernet
http://en.wikipedia.org/wiki/MLT-3
http://en.wikipedia.org/wiki/MLT-3
http://en.wikipedia.org/wiki/MLT-3

Our System

A Physical Interface (PHY) ¢ Micrel KS8041NL:
T 10Base-T/100Base-TX transceiver with MII/RMII interfaces.

A Ethernet MAC ¢ ethernetlite soft core IP:
I IP interface to PHY, provides interface to software to read/write data over Ml to PHY.
I Provides clocking to PHY, interrupts back to processor.

A Ethernet MAC Driver ¢ emaclite:

I The driver for xps_ethernetlite, provides functions to read/write data, reads available
buffers for read/write.

I Interrupt handler to handle MAC interrupt, calls a send or receive handler as
appropriate
A Timer ¢ xps_timer:
I Required to drive the protocol timing of TCP/IP
A TCP/IP StaakLWIP (next lab):

I Open source implementation of IP and TCP
I Xilinx wrappers to usemacliteand xps_ethernetlite
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Micrel/Xilinx Interface

A 25 MHz:
I Xilinx provides the clock for the Micrel PHY
A Media Independent Interface (MII):

T Interface over which Ethernet data is sent between the PHY and the
MAC

A MIl Management Interface (MIIM):

I Allows an external device to configure and monitor the PHY

i Wewillnotusethisc2 dzNJ t | ., Q& RSTFIl dz Ga | NB
A Pins on board set speed to 100-BaseTX
A Specific timing requirements:

I Xps_ethernetlite has a TX and RX clock interface with the PHY

I These do not require a global clock buffer, but do require specific
timing constraints

I See Figure 13 of xps_ethernetlite.pdf for recommended constraints



Microblaze Arch. Required For LWIP

FPGA
EMAC Interrupt
CPU: IRQ
MicroBlaze or |*+——— Xps_intc
PowerPC Timer Interrupt
[ PLBv46
MPMC xps_timer xps_ethernetlite

X11003

PHY

Figure 1: System Architecture using xps_ethernetlite Core




xps_ethernetlite (IP), emaclite (driver)

:--l— Procaessor Clock Demain

| A
Ethernet Lite MAC IP L ]

PLBv46 Slave Single

Ir"'— X Clock Domain  RX Clock Domal

Agure 7: Ethernet Lite MAC Clogk Domain Diagram

) )

These additional clock domains require
setting timing constraints ¢ these are
provided in the xps_ethernetlite
documentation.

Processor Bus Interface ' PLE Interface
; o

A Configuration:
I Very little to configure in IP
I Default is full duplex
I Double-buffering available

A Interrupt:;

I Provides an interrupt for
both receive and transmit
event

I emaclite provides interrupt
handler to read registers
and determine source for
Interrupt

Source: DS580, Ethernetlite Product Specification



emaclite Driver

A From the driver API:

I "The driver handles transmission and reception of Ethernet
frames, as well as configuration of the controller.

I It does not handle protocol stack functionality such as Logical
Link Control (LLC) or the Address Resolution Protocol (ARP).

A The protocol stack that makes use of the driver handles this
functionality.

A This implies that the driver is simply a pass-through mechanism
between a protocol stack and the EMAC Lite.
I Since the driver is a simple pass-through mechanism between a
protocol stack and the EMAC Lite, no assembly or disassembly
of Ethernet frames is done at the driver-level.

A This assumes that the protocol stack passes a correctly formatted
Ethernet frame to the driver for transmission, and that the driver does
not validate the contents of an incoming frame.

Source: emaclite driver API



MAC Send Operation

A This all occurs with a simple XEmacLite_Send ( é yommand:
I Software writes data to MAC dual-port TX memory
I Software sets MAC registers to configure transfer
i {2F06I NB aSia GKS {dFdGdza oAl G2
i {SGUAY3T GKS { G (dza 0 ALile MAGtransmitQ m Q
which will perform the following functions:

A Generate the preamble and start of frame fields

A Read the length and the specified amount of data out of the dual port
memory according to the length value adding padding if required

A Detect any collision and performing any jamming, backoff, and retry if
necessary

A Calculates the CRC and appends it to the end of the data

A Clears the status bit at the completion of the transmission
i Clearing the status bit will cause a transmit complete interrupt, if enabled

A The hardware will than transmit the pong buffer if it is available, or begin
monitoring both ping and pong buffers until data is available

Source: DS580, Ethernetlite Product Specification



xps_timer (IP), tmrctr (driver)

A Configuration:

I 2 timers available within a
timer peripheral, both
clocked from PLB bus

e e i Can be configured to count
up and down
I Generate reload mode:

A Can be configured to reload
from load register on rollover

A Can be configured to simply
stop counting (one shot)

. I Other modes:
Figure 2: XPS Timer/Counter Detailed Block Diagram A Captu re, PWM
A Interrupt:

I Interrupt is created on
rollover

Source: DS573, XPS Timer/Counter Product Specification



a{ 0F YRINRE Ly

A Peripheral (or external source) drives an input to processor

A When this occurs, instead of executing next sequential instruction,
the processor jumps to a pre-defined interrupt vector

A Interrupt vector is a short section of code that jumps to an interrupt
handler

I May prepare for the interrupt by saving registers, etc. ¢ may not to
save time

I Prior to enabling interrupts, the interrupt vectors and handlers need
to be configured properly

A Interrupt handler acknowledges the interrupt (often at multiple
locations) and performs minimal processing

I Prevent multiple interrupts from the same event

I Best practice: do only what is necessary for real-time requirements,
set flags so sequential code can handle soft-real time events (such as
doing something once-per-second, etc.)



Interrupts on Microblaze

Only one interrupt port ¢ options:
I Single interrupt, no interrupt controller
I Interrupt controller, multiple interrupts
CNREY wmM86 ALYUISNNHzZLID YIF Yyl 3ISYSyld NE
I Write interrupt handler routines or Interrupt Service Routines (ISRs) for
peripherals.
I Register the ISRs in the interrupt vector table.
A [Single interrupt ¢ register the Microblaze interrupt handler]
I Enable the interrupts in the processor and interrupt controller.

I Set up the Microprocessor Hardware Specification (MHS) and Microprocessor
{[2F06FNBE {LISOAFTAOFIGAZY da{{0 FAfSa

A For detailed info, See Reference [1]: Appendix B of Embedded System

Tools Reference Manual, 10 _1.pdf

A MHS and MSS can be set correctly using the XPStoolcR2 Yy Qi Yy SSR

manually



Xps_Intc

Block diagram ofntc with o o
multiple interrupts. Setting interrupt priority in XPS

= Interrupt Connection Dialog

Patential Interupt Connections Caonnected |nterrupts Fricrity
mb_plb:Buz_Error_Det wpa_timer_1_Intermupt Lo
RS 232 Intermupt wpz_ethemetite_0_[P2INTC_[pt_D
F— . debug_module:nterrupt
E”Dr'ty 1 Peripheral 1
: interrupt .
MicroBlaze or Priority 2
PowerPC Processor interrupt
P Peripheral 2
Priority 3 @
interrupt Peripheral 3
i Interrupt
Interrupt Signal p E]
Controller
Priority 4 Peripheral 4 T
interrupt
P —
Figure B-1: Interrupt Controller and Peripherals (Example)
High
ok l ’ Cancel

Source: Embedded System Tools Reference Manual



http://www.echelonembedded.com/soc/files/Embedded System Tools Reference Manual, 10_1.pdf

MHS Code Example

Interrupt Controller and Peripherals MHS Code Example

The section of MHS code corresponding to Figure B-1 would be:

port Irg = interrupt
port Intr = Pricrityvd_interrupt & Priorityi_interrupt &
Priority2_interrupt & Priorityl_interrupt

# MicroBlaze example

BECIN microblaze

grt INTERRUPT =

IRTERRUPT = interrupt

C example
ppcd 05
port EICCA05EXTINPUTIRD = interrupt

Source: Embedded System Tools Reference Manual



http://www.echelonembedded.com/soc/files/Embedded System Tools Reference Manual, 10_1.pdf

Interrupt Levels, Acknowledgement

A Interrupt Levels:

I Peripherals may generate interrupts based on
A edge (either rising or falling)
A level (either high or low)

I Intc peripheral handles this, and xps should automatically compute all
the level settings
A Priority
I Highest versus all

A Acknowledgement

I May need to acknowledge interrupt at both the interrupt controller
and the originating peripheral

I Intc can be configured to acknowledge interrupt

A Need to be careful about levels vs. edges, etc. -- if edge, intc handler can
acknowledge intc interrupt, if level, peripheral handler must acknowledge
interrupt



Interrupt Configuration (with intc)

A Peripherals:
I Configure interrupt condition
I Enable interrupts

I Write interrupt handler for peripheral

A If peripheral has a interrupt handler that calls a user handler, register your
handler to the driver

A intc:

I Register peripheral handler with intc
A Yours or the driver, as appropriate
A Possible to connect in mss (yuck!)

I Enable each one (or enable all)

I Set configuration (have intc ack, handle all interrupts)
A Microblaze:

I register intc handler with Microblaze

I enable interrupts



Interrupt Hierarchy

my_receive_handler :
(o wirite) my_timer_handler

my_transmit_handler (you write)

(you write)

XEmaclLite InterruptHandler
(in emaclite driver)

Xintc_DevicelnterruptHandler
(in intc driver)

First level interrupt handler
(in BSP)

Microblaze




Microblaze Interrupt Functions

MicroBlaze Processor Interrupt Handling Function Descriptions

vold microblaze enable interrupts(void)

Enable interrupts on the MicrocBlaze. When the MicroBlaze starts up, interrupts are disabled.
Interrupts must be explicitly turned on using this function.

void microblaze disable interrupts (void)

Disable interrupts on the MicroBlaze. This function can be called when entering a critical
section of code where a context switch is undesirable.

void microblaze_register_ _handler (XInterruptHandler
Handler, vold *DataPtr)

Register the interrupt handler for the MicroBlaze processor. This handler is invoked in turn, by
the first level interrupt handler that is present in the BSR

The first level interrupt handler saves and restores registers, as necessary for interrupt
handling, so that the function you register with this handler can be dedicated to the cther
aspects of interrupt handling, without the overhead of saving and restoring registers.



emaclite Interrupt Handler Connection

A Write a handler function for receive (and send):
I void recv_handler (void* InstancePtr ) { é; return; }

A Register the receive handler with the emaclite driver:

I XEmacLite _SetRecvHandler (& EmacHandle , (void*)
&EmacHandle , (  XEmacLite Handler ) recv_handler );

A Register the emaclite handler with intc driver:

I Status=  Xintc_Connect (& IntcHandle
XPAR_XPS INTC 0 XPS ETHERNETLITE_O_IP2INTC IRPT_INTR,
( XInterruptHandler ) EmacLite_InterruptHandler , (void

*) & EmacHandle ),

A Connect intc
A Enable interrupts at emac, at intc, and Microblaze



Interrupt Handler

A If necessary, clear the interrupt in the interrupting
peripheral
I Required in timer interrupt
I emaclite interrupt handler should clear the interrupt

A If necessary, clear the interrupt at intc and the
peripheral
I For us, we can configure intc to ack the interrupts within

the intc controller since both ethernetlite and timer
peripherals create edge-triggered interrupts

A Execute quickly ¢ interrupt handlers should generally
be small functions that quickly perform low-latency
tasks



Useful Tools

A Ping
I At command prompt, type:
A ping 1tIP_ADDRESS
I -t means it will repeat forever
i Lt P! 55w9{{ RISaARSY QY Kit ¥ KA IKS
Implemented, but it should be within the subnet
A Wireshark
I http://www.wireshark.org/
| Free packet analyzer
I Can run on same machine running ISE, XPS, and SDK
|
|

i wdzy AY AGLINPYAAOdz2dza Y2RSE¢ oAff

- Shows time from arrival of first packet, so times should be roughly
synchronized between Wireshark display and time counter on lab
terminal output


http://www.wireshark.org/

(d

File Edit View Go Capture Analyee Statistics Telephony Tools Help

Useful Tools

Command Prompt

[Request timed out.

T . ; 5 P Request timed out.
B oo e e HUZE AesndTL|IEE QLB WEBR
Ping statistics for 192.168.0.30:
Filter: *  Expression... Clear Apply ackets: Sent = 4, Received = @, Lost = 4 ¢1B@x loss>.
C:\Documents and Settings\haberjwidping 192.168.8.30
Mo - Tirne: Source Destination Protocol Info
§o&f.L3Loas UE I 3d.fL. it ol UdLLds L HRF CARICERD inqing 192.168.0.38 with 32 hytes of datat®
3 29.991359 07:08:09:0a:0b:0¢ 3com_04:05:06 0ox0doe  Ethernet
9 39.002653 07:08:08:0a:0h:0c Jcom_04:05:06 (YL Reque st timed out.
10 49. 993388 07:08:09:0a:0h:0¢ 3com_04:05:06 ox0doe  EThernet g i
11 54.776681 pell_3a:7l:7c Broadcast ARP who has e By
12 59.805177 07:08:00:0a:0b:0c 3com_04:05:06 0x0d0e  Ethernet :
13 60.133167 Dell_3a:71:7c Broadcast ARP aEEERFP ing statistics For 192.168.0.38:
14 65.633184 Dell_3a:71:7c Broadcast ARP who has Packets: Sent = 4, Received = @, Lost = 4 (188x loss>,
15 69.305530 07:08:09:0a:0b:0c 3com_04:05:06 0x0d0e  Ethernet
16 71.132275 pell_Za:71:7¢c Broadcast ARP NSl EClC - ~Documents and Settingsshaberjwil>ping 192.168.8.38
17 79. 907648 07:08:09:0a:0b:0c 3com_04:05:06 0x0cl0e  Ethernet e . o -
18 89,908936 07:08:09:02:0050¢ 3com_04:05:06 O P inging 192.168.0.30 vith 32 hytes of data:
19 100.001303 07:08:09:0a:0h:0< 3com_04:05:06 LR S TR e ue st timed out.
20 107.471541 pell_3a:71l:7¢ Broadcast ARP NialiMs-EM Re quest timed out.
21 110.0025%1 07:08:09:0a:0kb:0c 3com_04:05:06 %
22 112.633722 pell_3a:7l:7¢ groadcast T
23 118.133727 Dell_3a:7l:7¢ groadcast
24 120.003885 07:058:09:0a:0kb:0c 3com_0d4:05:06 -
25 123.633833 pell_3a:7l:7c Broadcast b= 3
26 130.005172 07:08:00:0a:0b:0c 3com_0d4:05:06 =
27 133.937163 Dell_3a:71:7c Broadcast
28 139.133965 pell_za:71:7c Broadcast to IP address: 192.168.000.830.
25 140. 0064865 07:08:09:0a:0b:0c Scom_p4:05:06 §
® Frame 1 (60 bytes on wire, 60 bytes captured) 3
= Ethernet II, Src: 07:08:09:0a:0h:0C (07:08:08:0a:00:0c), Dst: 3cam_04 At 130 s, TH buffer available —- send frame.
= Destination: 3com_04:05:06 {00:01:03:04:05:06) .
Address: 3com_04:05:06 (00:01:03:04:05:06) At 130 s, SENT HANDLER, check buffers available —— ves.
L0 iee wene waae = IG bit: Individual address (unica
veen a0 ve wevs ween = LG bt Globally unique address ( At 133 s, RECY HANDLER, now read buffer...
= Source: OF:08:09:0a:0b:0c (07:08:09:0a:0b:0c) ...and &6 bytes received.
Address: 07:08:09:0a:0b:0c (07:08:09:0a:0b:0<) frametype is ARP.
e el e TS i oroup address (nuTticast from IP address: 192.168.000.001.
coee e i s cees wees = LG AT Locally administered adde to IP address: 192.168.000.630.
Type: unknown (Ox0cd0e)
pata (46 bytesd) e
@ paraf(aeibyLes) At 139 s, RECY HANDLER, now read buffer. ..
...and &6 bytes received.
frametype is ARP.
from IP address: 192.163.000.001.
to IP address: 192.165.000.030.
0o00 00 01 03 04 05 06 07 08 08 0a Ob 0c 0d Oe OF OO0
Qolo Q0 00 00 Q0 00 00 00 00 Q0 00 QO 00 Q0 00 00 00
0020 00 00 00 00 00 00 00 00 OO0 00 OO0 00 00 00 OO0 00 R
0030 00 00 00 Q0 00 0D 0D 00 00 00 Q0 00 At 140 s, TH buffer available —— send frame.
At 140 s, SENT HANDLER, check buffers available —— ves.
hd

O Broadcom MetXkreme Gigabit Ethernet Driver (... | Packets: 29 Displayed: 29 Marked: O

Connected 0:08:14 ANSTW 9A00 5-M-1




Debugging Suggestions

A Test that timer is counting and reloading before
connecting interrupt

A Once intc is working with timer interrupt, add Ethernet

A Connectlng 25 MHz to PHY from FPGA, and configuring
ff LIAYya aKz2dzZz R lfft2g¢g UK
ninging

A Test that an Ethernet frame can be sent and received
pefore connecting interrupt

A May want to connect and interrupt directly to the
Microblaze before using the intc



Memory Rendering (1)

i 5] Bt | Bee@m | B | B [3-0-%- & LRI
T ¥0ebug FECiCH+
%5 Debug 32 il 3 3R i% 7 T 0| (= varisbles 2 | Braakpoints Modules Registers L4 E| %0

= §7 Testapp_Peripheral [linx C/CH+ ELF]
"NMID target debug agent' (2/22/10 9:37 AM) (Suspended)

= o Thread [0] (Suspended: Breakpoint hit.)
2 EMACLiteSelFTestExample() at

] Debugger Process (2(22/10 9:37 AM)

\TestApp_PeriphsralisrciTestApp_Peripheral.c:179 0x000005b4
= 1 main) at ..\..\..\TestApp_Peripheral|src\TestApp_Peripheral.c:366 Dx000005aE

¢ IntController <mi_cmd_var_create: unable to create variable object:>
{9 Emaclite <mi_cmd_var_create: unable to create variable object>
64! Deviceld =0

()= Status =0

i=1

)= Inkrld =00

o] Ciizilinz_projectsitimer_intclprocessoriSDK_projects\TestApp_Peripheral\DebugiTestApp_Peripheral e (222/10 9:37 | .- ConfigPtr = 0x000052b4
- (= mac
()= currentCnt = 0

<

[ Testapp_Peripheral.c 2 | [£] xgpio_tapp_example.c

170

171// currencCnt = XTmrCtr GetValue (sTimerHandle, 0);
172// xil_printf("sdirin”, currentcnt):

173
174// XTwrCtr_start [¢TimerHandle, 0):
175
176 i
177 * Initialize the EmacLite device.
178 *
P17 ConfigPtr = XEmacLite_LookupConfig(DeviceId):
180 if (ConfigPer HULL) ¢
181 return XST_FAILURE:
182 ¥
183 status = XEmaclite Cfglnitialize(&EmacHandle,
184 ConfigPrr,
185 ConfigPtr->Baselddress)
186 if (Status != XST_SUCCESS) {
187 return XST FAILURE;

<
Console| Tasks | 4D Conscle [ x

Memory Monitors

G 3 i Memory Renderings

@ 0x00005594

00005594 <0x5894 >

Memory Monitar

00005594 ; 0x5534

Memory Rendering(s)

= B outine 52 AR e =0
Azén = Monitor Memory 2 hasic_typss.h -
sSigned Integer H xapioh

Enter address or expression ko monitar:

oo B
Cancel

Unsigned Integer W gpin_header.h
& stmectr b
U trorckr_header.h
S trectr_inkr_header b
o uartlite_header.h
= xemaliee.h
@ ° giantFrame
— @ ° TimerHandle
@ ° IntcHandie
I ©° Enaiande
@ ° testFrame
@ tmercnt
@ sendBuffer
@ timer_int_handler
L]
L
L
L

send_handler
recy_handler
EMACLiteSelf TestExample
main

[£3

Mernory Monibor: 0z00005594 <0x5894 >

Select rendering(s) to create:

Unsigned Integer

fidd Rendering(s)




Memory Rendering (2)

emnary Monitors g % & Memory Renderings

& 0x00005894 § 0xB3c00000 : Ox83C00000 <Hex > ]

0xB3C00000
& B iddress |0 - 3 |2 -7 B - B c-F

sacooooo [EEEEEEEEN 02FAFOS0  02FAFOS0 00000000
§3C00010 00000000 00000000 00000000 00000000
§3C000z0 00000000 00000000 00000000 00000000
§3C00030 00000000 00000000 00000000 00000000
§3C00040 00000000 00000000 00000000 00000000
§3C00050 00000000 00000000 00000000 00000000
§3C00060 00000000 00000000 00000000 00000000




Other Notes

A Default PHY device address is fine

At Aya 2y 02l NR R2y®0BagtXS R
IS appropriate for this lab

A MIIM interface can be tri-stated

Aa!/ | RRNk&aa R2SayQiu YI Gad:
(like the ARP packets ping sends), but if you are trying

to send other packets, the MAC would need to match
what you assign to the PHY

A52y QiU | RR 9 0 KSNgn&issueskadiRgY
peripheral registers
A You should send a ping to an address on your subnet



