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10BASE-T1S Ethernet PHY Transceiver

Description

The LANBETOM 2 is a high-performance 10BASE-T1S
single-pair Ethermal PHY ranscener for 10 Mbit's hal-
duplex networking over a single pair of conductors
Ltilizing standard Ethermet iechnohogy in senson
acluaior neteorks reduces application costs by
elimmating gatewsys necessany with lagacy networking
technoiogies. The ability 1o connect multipie PHY's onto a
comman mixing segment further saves implemenlathon
costs by reducing cabling and swilch parts. The
LAMSST0M2 is designed for use in high-reliabidity cost
sensilive indusiral, backplane, and building auvlomation
sensonaciuaior apphcations.

Highlights

+« High-performance T10BASE-T1S5 Ethernet PHY

»  Designed according to IEEE Std 802 3eg-2019
10 Mbil's over single balanced pair
Hall-duplex paint-to-paint link Segments up 1o
at least 15m
Hall-duplex mullidrap mixng segmenls up b al
least 25m with up io at least & PHY's
«  Media Independent Inberface (M) and Reducsd
Media Independent Interiaca (RRIL)

= 2.5 MHz Ml clock mode

— S MHz RMII clock mode

= Spnal Management interface (SMI) for rapid

regebar access

- Comprehensive status interrupl suppo
Camer Sense Multiphe Access | Collision Detection
(CEMANCD) media access conbrol

&2 2021 Microchip Technology inc.
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Physical Layer Collision Avoidance (PLCA)
— Allews for high bandwsdth utilization by
avoading coliisions on the physical layer
— Burst mode for transmission of multiple
packets for high packet rate latency-sensitive
applications

+  Enhanced slectromagnetic comipatibakty /
eleciromagneatic interference (EMC/EMI)
parformance

= Law RF smigtiong

- Robust against injected currents and network
cable shoris o ground or battary

— Sirmple low ool analog ront-end
¢ Single 3.3V supply with integrated 1.8 regulator
Small foclprint VEOFN packeging with weittable
flanks
= LAMBAETO 32=pin (5x 5 mm)
— LAMBET1 24-pin (4 x4 mm)
- LAMBBT2 38-pin (B x 6 mm)
o -40°C bo +125°C extended temperatune ranga
+  Microchip Functional Safely Ready

Target Applications
»  Sensorfaciuator networks operating al high
bandwidth

«  hsorophone nebsorks IlE'I'I-'-‘“E'TI"Ig audio gireams Tor
beamforming, hands-free microphones, atc,

*  Backplane communication
Indusirial controd cabinets and machine contrad
Building automation
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LAN8670/1/2

To Our Valued Customers

It & cur intention to provide our valued customers with the best documentation possible o ensure successiul use
of your Microchip products. To this end, we will conlinue o improve our publications to better suil your needs, Cur
publicabons will be refined and enhanced as néw valumes and updaltes are introducad

If you have any guestions of comments regarding this publication, please contact the Marketing Communications
Department via E-mail at docerrors@@microchip.com or fax the Reader Response Form in the back of this data sheet
1o (4B6D) TEZ-4150, We welcame your feedback,

Most Current Data Sheet
To abtain the mos) up-te-date version of this data sheel, please fegister at ouwr Wordwide Web sie at

hitp:twranw. microchip.com

You can determine the version of a data sheet by examining iis Slerature number found on the bottom outside comer
of any page. The lasi charactar of the Merafure member is ihe version number, (e.g.. DS3I0000A is version & of
document DES30000),

Errata

An airata shest, deschbing mnor oparational diferences from the data shest and recommended workafounds, may
exist for cumant devices. As deviceldocumentation issues become known to us, we will pulblish an errela sheat. The
errata will specify the revision of silicon and revision of document to which it applies

To delarmine if an errala shesl exists for a panicular device, please check with one of the fallowing:

+  Microchip's Worldwsde Welb site; ntip:\fwaw. microchip com
+ our local Microchip sales office (sew lasi page)

When contacling a sales affice, pleass specily which device, revision of silicon and data sheel {include Eeratune
number] you are using.

Customer Notification System
Regester on gur web site at wwwomicrochip.com io recaive the most cument information on all of our products

@ 2021 Micrachip Technislogy Ine. Datasheet CS50001573C-page 2
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LAN8670/1/2

Conformity

Tabde 1 ahows the conformity relationship batween data sheat, silicon, and paoduct revisions, This data sheel apples
o silicon revision 2 (00106) as shown below.

Table 1. Conformity Takle

Product ﬂ;{-‘"m.;-'..' Silkoon F:I"«"I-":'ﬂ:‘ Caia Sheef Revishon
Al R O (0000 E]) CSE00015TIA
el R F (0011 CEs) DE600015738
Bt Ry E {0010E] DeoBOo0 157305

Hales:
1 Thi product ressson & nofed In B package fop marking
| Thes diliesn rvekion i obilsined by eadieg tha Mesofachear's Model Rovisssn frem tha PHY dastilier 1 regater

Related Links
%, Package Marking Informabon

. 1.4 PHY_ILH

Datasheoct CS5000157 3C-page 3
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1.1

LAN8670/1/2

Preface

Preface

General Terms

Table 1-1, General Terms

Term Description

10BASE.T 10 Btitis Ethainal ervsf byisied pak, IEEE Sid 502 3™ Clausas 14

IRHASE-TIL . 16 Mustis Ethomal over long-reach sngle pair of monductors. |[EEE Sad 8023 Clause 146
1CBASE.T1S | 10 Misis Bthemat aver shar-reach single pair of conducioes, IEEE Sid 552 3 Clauss 147
CEMARCO .mammmm Colisken Detaoton

CER | Conirot ared Stmtus Regids

BT B Time, 1005 for 10 Meps Ethamal

LoD .I.I:I'H'Dlmﬁ Risgradaitini

MAC [P ——

(V) ' Madiam Dopindent Inleifaos

Ly . Madia indepersdent imerdacs, [EEE Sad 80d.1 Clauss 23

PGS .Hnm-l;-:uru&mw

FLCA .Fhﬂuwmm [EEE Sid 207 3 Clsusa 145

FhA .F'h-rh*_-l.hdm At et sadiner

FMD .Prrr:mmuun Doporsent sublayor

POR Pireetsd o Aliridt

R Rscorecdiaion St

M1 .SBIIHIH-EHFEHIW.-ﬂ:ﬂhmﬂn”"*ﬁl‘qﬂmm.fEEﬁrﬂmﬁmzz
BTA | Stmton MiandgHTn iy

RAED | Raduosd Madas independent Interdace
i 2021 Micrachip Technology Ine Datashect DS50001 57 3C-page &
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LANBE70/1/2
Preface

1.2 Buffer Types

Tabde 1-2. LANSGTOLM2 Buffer Type Descriptions

JHOE

OCLK

WIS-VDOP
Vi vRne
VOH-TIDP

WoD-NDDP

Anaicy Rt

| Analag eupet

Anaicg i-drecional

Cacdlalor input

Crystal pasillator sutpul

Frreats:

45 kL Bypical] ndemal pulldown. Uinkess othenyviss noled in tha pin descripSon . intemal pell-downs. ane alvays

Bnahisd.

Irdisrnl padli-clorar e npuls froen Aoabng. Do nol redy on inlernall resmloo io diive
signals aatarrel 16 e device, Whan connachisd 1o 5 kasd thal mast bo polled ke, an nxtermal maistor el be
added.

SE kLT (Ryphcal) nlnmal puollup. Unbess offanyies nolad in the pin disenpton, nbemal poll-ugd ang abyvays enabled

Inbisnal puli-up resislon phnenl uncinnectmd nputs fom Aoatng. Do ncd iy om inlernal ecoikes B dive sgnaks
axtarnal 1o the devici. 'When connadied 108 insd Tl must Ba pulled Fegh, &5 eiemal reaimion must be added

1.3 Soremiti:mggered nput (YODP power domain]

I cdpiid (VDDP gswad' domaing

1.1 high-spssad outped (VODP povot domain

3.3% opan-drasn ouigal (VDDP o Coerian

Hote: Digial signals are nol 5 iolerant unless specified.

@ 2021 Micrachip Technology Inc Datashect DSB000 137 IC-page 1
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Preface

Register Bit Types
The following table describes the register b atnbules used throughout this document.

Table 1-3, Register Bit Types

Hegraber DIt Typs

Reqgisler A Description

Haolabssn

HASR
STKY

RESERVED

Readt & register or bl with this: atiribuie can be read.

WHIRE! & pegeier i 1l with By alliibule can ba wellan

Raad Only: A mgeie of b wilh thin alliitate s reed chly, wiilng has no ofisc

Wirise Only: If o regisier or bil b= wriie-only, reads will retum unspsecified datn,

Wrie One bo Bt Wity a ono sels the vadus, Wity @ zero Fas no effect.

¥irite One bo Chear: Wiiting a oo cisars The vake. Weiting @ 2o has no aflecl.

Wirise Aayihineg To Chear: Weiting anytling doarn e valun,

Read b0 Clanr: Contanl v clannd afer B rasd. Wiites harew no afiect
Seif Clearng: A bt with this attribute will be clewod %0 '0° after being wrtten as *1". Hardware ofien clews such bits

fodigsineg Hhay compebon of some scton iretisted by e wiln.

Mol Affected by Software Resst The slato of MASH bits oo nol changs of SSssmon of & softvie neeel

.mmamnuham iriliadivad Fee Frozeilencd by Pasl s o Funclios Lavel Fpsss

Reserved Fleld: Fessrved felds muss ba wiitien with the same defaul salees o specified. The vk of eserved
béts b5 nol guaranbesd on @ resd.

Many of these regisier bit notations can be combined. Some examples of this ane

= RAW. Can be writlen, Will return current setling on a read,
«  RANIC: WIll returm current satting on a read. Writing a 1" clears the bit

Reference Documents
1. IEEE 5id 802.3™-2018, IEEE Standard flor Ethernat.
standards.ieee orgislandandB02 32018 himl
2. IEEE 51d 802 3cg™-201%9, IEEE Standard for Ethemat, Amendmant 5: Physical Layer Spacifications and
Management Parameters Tor 10 Mb's Operation and Associabed Power Delivery over a Single Balanced Pair

of Conduciars.

standards, iees.orgistandand/802_3cg-2018.himl
3. RMII Specification Revigion 1.2

B 2021 Micrachip Technology Ine. Datasheet CE60001573C-page B
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2.1

LAN8B670/1/2
Introduction

Introduction

General Description

The Micrechip LANBET0M/2 is a compact, low power, and cost-eflactive single-porl 10BASE-T1S Ethernel physical
layer transcaiver designed according to the IEEE Sid 802, 3cg-2015 specification. The device provides 10 Mbit's
half-duplex transmit and recenve capability ower single-balanced pair medsum such as Unshielded Twisted Pair (UITP)
cable. The LAMBETON/Z is designed for use in apphcalions requiring extended temperature range (-40°C to +125°C).
The device i also compliant 1o indusinal EMC and EM| requirements. The single poeer supply and simple analog
frenl end simplifies its inegration inlo small farm facior applicatons

The LANBETOM/2 allows for the creation of bath multidrop and point-te-paint netaork lopotagies. Polnit-ta-palnt knk
segments of up o at least 15m in length are supporied. The multidrop moede supports up o at least 8 PHYs
conneciad b & common misimng segmeant of up 1o at least 25m in length. The ablity to connect multiphe PHY's to &
common miking segmant reduces weight and implementabon ¢osts by reducing cabling and switch poris

The LANBETDM/2 supports cormmunication with an Ethemeat MAC via standand MIIFRMI interfaces. An inlegraled
serial managemant interface (SMI) provides rapid register access and configuration at up fo 4 MHz.

Access to the physical medium is managed by CSMAYCD and opfionally supplemented by Physical Layer Collision
Myoidance (PLCA)

The LANBETDN 2 = designed 1o be used in funclianal salely related applcations.
The Microchip LANBST M2 family includes the loliowing devices:

LAMNESTO
= LAMBET1
»  LANBST2

Device specific featieres that do not pertain o the entire LANSETON (2 family are called out independently throughout
this documen!, Table 2-1 below provides a summary of the feature diferences betaeen family members

Table 2-1, LANSETOM2 Family Feature Matrix

Parl Humbes I Supp=eri RMIl Suppest PLCA Suppori 0¥ ko +128°C

LANBET2 WEVQFN X i X

A system-level block diagram and intermnal block diagram of the LANBETO/M/2 are shawn in the following figures.

i 2021 Micrachin Technology Ine. Datasheet CS6000157 3C-page 9
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LAN8670/1/2

Introduction
Figure 2-1. LANBETO/Z System-Level Block Diagram
Extarnal MCL
1$m THES WAL
Ethernet  [———s] LANSETONRZ | 1 ! T
MAC e
Cryatal or
CAock
Cracillaior
Figure 2-2. LANBETO/1/2 Internal Block Diagram
Vonr
2 MIRMII
i Waix |
LD 1.0
(10 ma) > IR
f o
1]
1'[:1;:: PLCA
I
X
I WO PO -It LH Y POR ]
TR
PCS PRAS :
+ 3 THYN
HESET ™ W RESET Garselar
F 9
¥
" NTVREFCLEN
Al CE5Bs Confrol ESH Rk Anilig
® XTI
NI ATW IRQ % VENDA RELAS
1134
Datashect DSEN00157T3C-page 10
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3.1

Pin Description and Configuration

The pin assagnmants and descriptions for the LANSSTOM2 ame detmiled in the following sectons. Pin bufier type
definitions aré detailed in the Buffer Types seclion,

Helated Links
1.2 Buffer Types

LANBET0 Pin Assignments

Flgure 3-1. LANS&TD 32-VOFN Pin Assignments

%K

CTH

[R11H
L1 L1
I3
TXEN

LR EIELY

LAN8670/1/2

Pin Description and Configuration

F
=
=
r o m = = 9 =
£ & = 3 = =
R ERSECEER S
R = ®R R ®B B & A
_. b ]
3
X
Microchip n
LANBSET0 =
Tl Vs 17 WTIN]
™
1
Fm—— g VST
"
=« B |E R |2 X |E !E
[ S - < T -
SpEgddgs
o =
= E E =
4 =
[ -1
v 2

RXDN / MHODED

BXNT ¢ MR

HRCy %

RXER ! FIIV AT

BXDV RSN/ FIARE
EXIN  FIYALS

vony

RXCLE

Sabr: Exponed pad i %'5%%) on beilom, of package mend be comecied io grourad

Note: Configuration siraps are identified by an undedined symbol narme. Signals that funclion as configuration
straps must be augmented with an axtemal resisbor

@ 2021 Micrachip Technislogy ne
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LAN8670/1/2
Pin Description and Configuration

Table 3-1, LANSETD 32-VOFN Pin Assignments

Pin Hum Pirs M P Mum Pin Hamae
1 DG ir RCLE
2 . oL . 4 | vooe
3 . THDD . 18 RXOVPMYADS
4 THEDZ 20 REDVICREDVPHYAD
5 . THD . 1 RMER/PHYADD
3 . THDO . 2 Ra_M
7 . TEEM . 23 RXDHMODED
# . vooP . 4 . RADLMOLE
% . DHC . 25 VDO
10 AESET N 26 RELAS
11 TEER r XTVREFCLEIN
12 TECLE 8 Xt
13 NOC 28 : VDA
14 MOI 30 TREP
15 I CREFPHYADS I k1| TREN
i1 . RxDOPHYADE 2 vES

Hote: Esposed Pad (VES) musl be connscied o grousd

T 2021 Micrachin Taernnlogy Ine Datashect DSE0001 5T30-page 12
and &5 subsidiares



LAN8670/1/2

Pin Description and Configuration

3.2 LANBET1 Pin Assignments
Figure 3.2. LANBET1 24-VOFN Pin Assignments

-
=
& -8 -3 : ﬁ
EEEgcs
E = - E = = o
= g m & R |®
LT 8 1w
[[RT W
X Microchip n
LANBGT1
XD o W 34T .
TREs 1
S ——
Y 13
n| |= |=! |® |E] |®
] L r E
£ = =2 Z
& B = 8
o

RXDO yan
BRI / FHYADY

LILILEY

[LLLH

L

HXER ! PHYADS
CHATFY ¢ FRTY AR

AN TTY

by | ipesed pad (3% on ol of packsge o be consected W p.'\-u.nd

Hote: Configuration siraps are idenlified by an undedined symbol narme. Signals that function as configuration
straps must be augmented wih an exiemal resishor.

Tabde 3-2. LANSET] 24-VOFN Pin Assignments

P Wi Pin Marrse Pira Mt in Maine
1 Vo3 13 vooe
2 ONC 14 CRODNPHYADA
4 THDN 18 REER/PHYADD
4 THED 16 Fa N
5 TEEN T DKC
fn Vooe 18 WA
T DG 19 REBdAS
L BESET N 2 REFCLK®M
g MO 21 OHC
il MDD 22 VDDA
1 . FEXDOPHYADD 23 TREP
12 . BNOPHYRADD 24 TRXN

Hote: Espoied Pad (VEE] must b connmcled 1o groueed
i 2021 Micrachip Technology Ing. Datashect DSE0I015T3C-page 13
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LAN8670/1/2

Pin Description and Configuration

3.3 LANBETZ Pin Assignments
Figure 3.3. LANBET2 36-VOFN Pin Assignments

e
|
TXCLE
[RAEL
[RWER
(R
RRE
IXESN

LRETE] S

E & =+ q =
T2 EEEEEE
- m m = @ A E =
s A A A R & R
L 1
o
-]
. ; T
Micrachip
LANBET2 -
o " - n
n
E
Thermm Heg (D D A e
"
¥ = B = = B IF B
TH A A ¥ = X2 B
Iz 28 :¢¢%
1 "= [=
¥ £ E
" R
" - |
il -

Sl Papeoseed paed {55050 c Beodiom of pracloge musi be crmecied o proond.

X

BRI/ NILHFED
BRI/ MILHRCD
Lo

RXER /! PHY AT
BN ¢ P A
RXIH / FHYAIR
VNP

HXOLE

Mote: Configuration straps are identified by an undedined symbal name, Signals thai funstion as configuratiaon
siraps must be augmented with an external resistor

@ 2021 Micrachip Technislogy ne
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LAN8670/1/2
Pin Description and Configuration

Table 3-3, LANSETZ 36-VOFN Pin Assignments

Fin Hum Pin Mamee Fim Mum Pin Mama

i DHE 18 RMCLE

i . (e . 20 Vooa

3 . THCLK . 2 AXDUPMYADD
4 TADE 22 RADWPHYADT
5 . ThiDax . L RXERPHYADD
6 . Tamn . 24 RQ_M

7 . TxD0 . 25 RNDSMOCED
# . TEEHW . 28 . REDAMCOET
g9 ' vooe ' 7 DHE

10 DHE L] [

11 RESET M 20 VDDA

12 TKER a0 RELS

13 VEE 1| T

14 DN 2 xTo

15 KD 13 VDDA

16 MDIO 34 TREP

1 CRTPHYADY k1] TREN

18 BNDPHYADZ 36 VES

Mole: Exposed Pad (V55 must be conneched 1o grours]

T 2021 Micrachin Taernnlogy Ine Datashect DSE000 5T3C-page 15
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3.4

Pin Descriptions

LAN8670/1/2
Pin Description and Configuration

This secton comains descriptions of the vanous LANSET1/2 pins. The *_N° symbol n the signal name indcates
that the active, or asserted, state occurs when the signal is al a low voltage level. For example, RESET_N indicates
ihai thie reset signal is active low, When *_N" s not present after the signal name, the signal is assered when at the

high voflage level,

The terms assedtion and negation are used axclusivaly. This s done 1o avoid confusion when working with & misiure
of “active low” and “active high® signats. The term assed, of assamion, indicates that a signal is active, independant
of whather thal level |8 represented by a hagh of low vollage. The larm negate, of negation, indcates that a signal s

mactve,

Pin bufler type definitions ane dedailed in the Buffer Types section

Table 3-4, MIVRMII Signals

Symbicd

Rufter Type Descrigtion

Temnami Data 0
Tearmil Data 1

Tranemi Data 2
M foda)

Transmi Dats
(Ml Mo

Tearmmi o
{1 Mcadin)

Temreirml Enalds

Tenrami Clock
Ml M)

Repcnivn Data O
Rzaben Dats 1

Recake Dals 7
M Moy

Razarn Dt 3
(M Ry

Fstnkvir Eftoe

XD

THER

THEHN

THCLE

XD

[ating]

§

§

WIS VDD Transeil dats bus 5510 |0l modes)
WIE-WIDDP Transesil dats bus Bl 1 (al mocis)

WiE-vihe Transrrit dats bus bt 2 (M1l mode)
In RMI e, Thiss Sigeal i@ not wsed @ B ntsmally puliod-
dirasi 1o WVEE

WS- vinhe Transil dats bus bl 3 (M| mode)
In PN e, thee sigrol m nof cesd arad i indernally puled-
dreeni i WSE

WIS-VDe .Thi-mﬂrimujunﬁm-m-immm:t
wmawhare in tha packe! presantly being lransfered i the
hsnscashn

This pir s unused in B mode and should be connecled to
W4,

WIE-YDDP Inedcatis Thit wabd Wansmission dals s presanl o TXD[20L In
RMI erecechi, ondy TXD]110] prosice walid cata.

MNobe: A pull-doen resision s recommendad o pravent
Feidantal rarmmission if the MAC doas nol sctively pull-diown
o difve this pin kow al all Bmes during its resel and inBalkation

woNDDP 2.5 MHz clock use=d b latch datas froe tha MAC ko T
IransCarsur

In REAN e, Thiss gen i unused and is driven o, 1T should e
left unoonneoted.

G- WD Rincatve data bos bit 0 fall modes)
VOO Rurpaivia daln b 5E 5 (&l modes)

VOVOOP | Roceive datn bus bt 2 (M mods)

In RAAN e, T e o Ui Gt b driesen o
WoNDOR .Hiﬂir-d.tuh.ihiﬂ-l_li:llmuﬂﬂ

In R manadas, This pén is uraesad and s diiven o
WOH- VDD 'mwummmmm.mmmw

asifrwhiang i e packal geidanilly bang lanabeed bom B
T i

This ségnal s optioral i BRI mesds.

0 2021 Microchip Technology Ine.
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LAN8670/1/2
Pin Description and Configuration

Bufied Type Descrighian
Begcnive Dats Valid R e Indicaten that recoversd and decoded dats i svsisbls on e
W1 R D0 pirs.

This signal s not used in B mode

Racnban Clock RECLE wa-vDoe Iny AN macscde, s pn s the 25 MBHE recenve clock culpul

(M) kel in RbAN made, This pen s urmsed and bs driven Iow. It should be
left unoonneoisd

Cartied Sanne | Recais Data CRODY WY TIDE This signal & assamed o indicaln the retehm mesdum B nen-

ialicd (R Mo ) Ea i AN mads

Thia segnal is nol uted i Bl mode

Coplkgann Dl SOL YWONDDP Colision Delmad

FLELER Y Iy RAN prsodis, i pin b uresed ared ks desen bove
Carrim Lerse RS wo-vooe Carmar Sunen
I Mcxda)

Ity R o, thm pan m s e w didven low

Table 3-5. Ethernel Transceiver Pins

Hame & i bl Demithliomn
Erhanimal TERX Podrtrm Termdnal TR® ARD Perisinve Dermranal o7 ransimelimscons sigral
Ethasmasl TARX Megairee Terminal TRXEM Ak Hegatess termenal for rarsmbeceo skignal.

Table 3-6. Serial Management Interface (SMI) Pins

Hzme Symbed Eufier Type Oescrigiion

S Data rpedOodpal (L] WVISVDDPE Sertal Maragamant nleriacs dabs mgeabicutpul
VoVDDR

SMI Clezk Mpc VIS-VDDP Seiuad Wirnig il Iabiiticn cloak

Table 3.7, Miscellaneous Pins

Symbod Bufier Type Descripgtion
Ewlesnial 25 MMz Crysial Inpud XTI ICLKE Esinmal 28 WMz orysial inpad
Ewiinnd Chock brpiit REFCLEIN ICLKE Sanghe-srvbed piook peedlator inpul. A frequency of 25 Ky whall

b s i ol rmdes aooespd FAEEL which redquiros 30 MHz.
Nobe: Whesn ing o singe-ended clock osoliains, XTO mist
b et unconnected with =10 pF siay capacitance.

Externad 25 MHz Crysinl Cufgnd i [4] OCLK Extirnal 25 MHE crywis oulput
Note:  When iszing o ungls-snded dock osclialor on XTU
REFCLERM, this pin must be lofl uncontecied with <14 pF sbay
rapMalanee

Trbarrupd IRG_M VoL WDDE Darvio bridesrupl. Aothe sy and opsee dinasn
Mobe: YWhen used, his pin requines @ 10 k0 | ypécal) pull-up o
WiDoP

NoBe: This pin 6 e B unesnnscisd whan uesid

Sysiem Rosal RESET_N WiV SR resol. This pan B aotive ko
I urmrsad, Bhes pin vl e plled-op o WDDP,
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Hame Bufied Type Dencristion

Bins Rousicr RAIAS ARD Extnmal bins resisior cornaciion pin. This pin requiss
gonnacion of @ 124 kT ressidedt 10 grourd
Mobe: T resisior must b sfdn £ 1% Israncs sorcas tho
snviine expeciod DOErating eTperaiine ranges

Do Met Connecd i - Pin is mdernally connached, Tha pin miosd B e Roatng
natsrully
Mo Connacd HE P is nol connecied miemally. The pin should be kel foating

antemally

Table 3-8. Configuration Straps

Buffer Type Description
Oparaieg Mods Confguiminn BODEL O] W15 WDDP Thitsas oonfquiniion simps ane used o select e dovios's
Siraps 1-0 detauil mods of opsmiion See Secion 315, Configurabon
Syaps lor addiional indormation
PHY Addreis Configuenion PHYAD.O] WIE-VIDDE Thissss conlguialion Eiiips G e o Saect the dindol's
Straps 4-0 duilsfl PHY SM| sddress. Ses Secton 1.5, Configuralon
Eeapri Tor scddiional mlonmation

Table 3-8. Power Plns

Symbiod Bluffer Type Dexcngtion
LI Svlckeed WO Posiar Suppy YOOP i +2. 3 wetichesd B0 porweer supply inpul
gt
#3I Evalckead Anidog P YOO, [ +3, 3V fraibliid] drtiliny Paeibi Siigaply ipul.
Supprly gt
Ground WES B Comemica groasnd.
This exposed pad must be connecied o the grourd plares with
2 ¥ia STy

Configuration Straps

Configuration straps allow vanaus features of the device 1o b aulomatically configured to user defined valpes,
Configurabion straps are ideniified by an undermned symbol name in the pin assignment ligks and ane latched an
Power-0On Fesel (POR) and pin resel (RESET_N), Configurafion straps do not hase inlernal resisiors 1o prévent the
signal from fioating when unconnected.

Important: Extema pull-up of pull-down resssbors must be sized appropeabely (10 kO, typical) 1o ensure
that the configuration streps reach the required voltage bevel prigr (o laiching at reset

Device Mode (MODE[1:0])

The MODE[1:0] configuration straps controd various device modes. When the RESET_N pin is negated, the
associated register bit values are lnaded acoerding fo the MODE[1:0] configuration straps and the device is
comigued. Whan a soft reset occurs via the Salt Reset bit of the Bash: Contral Register, the configuratan of the

device is controlled by the register bit valees and the MODE[1:0] configuration straps have no affect.
The devica's mode may be configured using the hardware configuration straps as summarized in Tabe 3-10 below.
Hote: As the LANBGTZ only supports operation in Mil mede, the MODE[1:0] configuration straps musi be set o 01b

T 2021 Micrachin Taernnlogy Ine Datashect DSE0001 57T 30-page 18
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Table 3-10. MODE[1:0] Configuration Straps

FRarsaneed

ib PHY el e in W el wnths 25 MHE enpial
-hﬂ' m placed in B mode with 30 Mz REFCLEKIN
.H-H-urw-d

PHY Address (PHYAD[4:0])

The PHYAD{:0] configuration siraps are driven high o kow o give each PHY a unique S address. This address =
latched inta an internal register at the end of a hardware resat. In @ multi-transceiver appiication (such as & switch],
the controller i able to manage each tansoever via the unique address. Each transceiver checks each management
data frame for a malching address in tha relevant bils, When a match s recognized, the ransceiver responds (o thai
particular frame.

The LANBETONZ SMI address must be configured using the PHYAD{4:0] hardware configuration siraps io any
vahee between 0x00 and 0x1F, The LANSET1 SMI address must be configured using the PHYADLY: 0] hardaare
configuralion straps bo any value between Dn00 and 0x0F,
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Functional Descriptions

Media Independent Interface (MIl)

The inlagrated Media Ingapendent Inarace (MI) provides & comman inMerace batween physical layer and MAC
layer devices, adhering 1o IEEE Sid 802.3-2018 (EEE Standard for Effernat,

Thie Ml includes tha foliowing interface signals:

=«  Transmit Data - TXD{3:0)
Tran=mit Enable - TXEM

+  Transmit Clogk - THCLK

= Transmit Evror - TXER

» Recsive Data - RXD{3:0]

* Recaive Data Vakd - RXDV

»  Recape Clock - RECLEK

+ Recelve Emor - RXER

«  Carmer Sente - CRS
Collision Detect - COL

in kil mode, on the ransmit path, the ransceiver drives the trensmil clock, THCLEK, 1o the controlier. The controller
synchronizes the transmit daia fo the nzing edge of THCLK and drves TXEN high fo indicate valid ransmil data on
TED[30]. The transceivar will synchronously capture TXEM, TXER, and TXD{3:0f on the falling edge of TXCLK.
On the recaive path, the ranscenver drives both the receive data, ROD(3:0], and the recaive clock, RXCLK. The
confroller caplures in the receie data on the rising edge of RXCLEK when the franscaiver drves FXDV high.

The transcesver drives RXER high when a recaive eror is detecied (8.g., an uncormeciable decoding emor). The
fransceiver synchronizes RXD{3:0), REDV, and RXER bo change on the falling edge of RXGLE

The CRS and COL signals are asserbed asynchronously o the clocks

Far rng information, refer b the M Timing seclion. Refer o Clause 22 af the IEEE S4d 802.3-2018 IEEE Standard
for Ethernet specification for additonal Ml informaton.

Hote: Many modern controliens, ofien fend on switches, implement a reduced pin M assuming full-duplex pomnt-
io-peoint operation. These interfaces, known as KMil-Lite, do nol incluede the required CRS and COL signals Tor
10BASE-T1S half-guphex operation. Back-to-back connection of ta hall-dupbes ransceivers @ alsos not suppored
due io the CRE and COL reguirement

Note: The connection of 8 10 K0 pull-dewn ressior on TKEN i2 recommendad o prevent incidental ransmission if
ihe MAL does not achvely pull-down or drive this pan bow at all tmes during its resat and initialization.

Related Links
T.GE Mil Timing

Reduced Media Independent Interface (RMII)

The integrated Reduced Medsa Independent Interface (RMII) provides a common kow pin count interface between the
physical layer and MALC layer devices, adhenng to the RMII Specification Revision 1.2, RMI| reduces the pin count of
Ml whila rataining a senal managernent inberface (MOICMDC) identical 1o ML FLCA is fully supported through the
RMII.

The RMI has the following characienshcs:

« A& single 50 MHz dock refersnce is used for bath ransmil and receive
= It prevides independent 2-bi (di-bit) wide transmi and receive dala paths

Thee RVl includes the following inberface signals:
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Transmit Data - TXD{1:0]

= Transmit Enable - THEN

* Recaive Data - RXD[1:0|

* Receive Emor - RXER

+  Carnier Sense [ Data Valid - CREDV

For terang iformation, refer b the RMI Timing sechon. Refer o the RMII Specilication Revision 1.2 for additional
infcemation,

When operatng in BMI mode, the LANESTO REFCLKIN pin must be connecied to a 50 MHz reference clock
source, This clock source may be driven by the MAC of from a commaon oscllator divving both the MAC and
LAMNSETOM . When a common oscillator is utilized, it is recommaended 1o match the length of the PCEB traces from the
source bo the LANSETIV and MAC o withan 0.5 inches (13 mm). Care should be taken when laying out the basrd o
prevent the LAMSGETON clock from becoming a victm of crosstalk as any noése introduced fo the clock input of the
LANSETON could become radiated onto the nebwor,

The CRSDY pin combines both camer sense and recaive data valid. On carmier sense, the CRS0V pin is assarted
asynchronously fo the 50 MHZ reference clock, Thereafter, CREDY & only negated synchronously to the reference
clock. Camier sense |8 indicaled by the asserion of CRE0V duning which the firsl di-bit of a dala nibble is presenied
on RED[1:0]. Similary, receive data valid is indicated by the assertion of CRSDY when the second di-bii of a data
nibble is presented on RXD(1:0], Sae the RMI Specification Reavision 1.2,

A collision is signaled on RMI by the assedion of camer sense when the BMAC s asserting TXEN. A half-duplex FMI
MAC must ba able 1o properdy derive the collision indicaticn from CRSDY and TXEN

Hote: The connection of a 10 k() pull-down resisior on THXEN is recommended io prevent ncidenial ransmission i
the MAC doas not actively pull-town or drive this pan low at all mes during (8 ressl and inibalizaton.

Related Links
TB.7 RMil Teming

Serial Management Interface (SMI)

The Senal Management intedace (Sh) is used b control the device and obtain its status. This mierface supports the
siandand PHY registers requined by Clause 27 of IEEE Sid 802.3, as well 88 “vendor-specific” regisiers alicaed by
the spacificaton. Unimplemantad registers will be resd as hexadacimal *0000°. Devica ragisiers are detailad in the
Regwster Desciplions seclion.

Al the systam level, SMI pravides two signals: MDIO and MDC. The MDC signal is an aperiodic clock provided

by the station management entity (STA). MDIO iz a bi-directional data SMI inputioutput signal that receives senal
data [commands) from the STA and sends seriad data (slatus) o the STA. The minimum time between edges of the
MDC i 100 ms. There (s no maxeuem Bme bebveen adges, The minimum cycle time (i.e., the lime between tya
consecutve rising or fwo consecuties falling edges) is 250 ns, These modest timing requirements allow this mterface
o be easdy driven by the 1D port of & microconinodar

The data on the MDIO line is latched on the rising edge of the MOC. The management frame siructure and timing s
sheown in the follawing figures. The timing relabonships of the MDIO signals are further described in the SMI Timing
section of the Operational Charactenstics AC Specifications.

Figure 4-1. SMI Timing and Frame Structure - READ Cycle

I Diarta Tir Py | I_ Dita From Py -—I
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Figure 4-2. SMI Timing and Frame Structure - WRITE Cycle

Related Links

5, Register Descripions
768 SMI Timing

Clause 45 Register Access

The LANBETOMZ anly suppedts the MDIO managemant frame pratocol defined in IEEE S1d 802 .3 Clause 22,
Registers mapped info IEEE Sid B02.3 Clause 45 MDIO Managed Devices (MM are accessed indirectly through
the MMD Access Control (MMOCTRL) and MMD Access Addresa/Data (MMOAD) registars a2 descnbed i IEEE Std
802 3 Annax 220,

MMD Register Read
The following process i used io indirectly read Clause 45 registers using the Clause 22 access mechanism
1 Wite the MMD Scocess Conirol regisber with the MMD Function (FNCTH) field set to 006 and the Device
Address (DEVID) field with the MDIO Management Device (MMD) address.
2. Wiile the address of the desired regisier to be resd inlo the MMD Access AddressiDiata register,
3. Write the MMD Access Conirol register with the MMD Functon fiesd sat to 01b, 10b, o 11b,
4. Read the contents of the MMD's selected register frorn the MMD Access Address/Data register.

Subgaquen reads from the MMD Access AddressiData register will continue to reread and return the value of the
seleched MMD regisier when the MMD Function feid is set o 010 ar 116, When the MMD Funclion field is el fo

L Obr, the MM register address will be ncremented following every read causing subsegquent reads from the MAMD
Access AddresaiData registes to retumn data from the nest higher MMD ragister.

MMD Register Write
The following process ks used o indirecty write Clauss 45 regisiers using the Clause 22 access mechanism.

1 ‘Write the MMD Scoess Control regisber with the MMD Function (FNCTH) field set to 005 and the Device
Address (DEVID) field with the MDIO Management Device [MMO) address,

2. Wil the address of the dessed registar b be writlen inlo the MMD Access Address/Dala register

3. ‘Wil the MMD Scoess Control register with the BMMD Function field set bo 01k, 106,08 115
Subsaquent wiiles 1o the MMD Access AddresaDeta ragister will continue (o wiite to the selected MMO register
when the MMD Function field is set 1o 015 When the MMD Function field & sel o 108 or 11 b, the MMD regester
address will be ncremenied following every wite causing subsequent writes fo the MMD Access AddressThata
register ba write data o the next highes MMD register,
Related Links
1.5 MMDETRL
51.8 MMDAD

Interrupt Management

The LAKNBETN1/2 supports multiple inlerrupt capabilities which ane nof pari of ihe IEEE 802 3 specification. An aciiee
bow asymehnonous iMerrugt signal may be ganerated on the IRO_N pin when selected slatus events are detecled as
configured by the Intermupt Mask Regisiers,
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To assert an nierrupl for @ green evenl in the Status 1 (5T51) and Status 2 (STS2) regesiers, the cormresponding
mask b in the nfermupt Mask 1 (IMASK) and Interrupt Mask 2 (IMSKZ) regssters must be wiitten io 0 o enabls
the inlerrupl When the assocmated evenl oocurs selting the stabes bit, the 1FD_MN pin will also be asseriad. When

the event io negate the status kit i tnae, or the cormesponding bit in the Intemugt Mask Register is sat disabling the
mbermupt, the RGN pin will be deasserted

All imlermupts are disabled (masked) following a reset with the exceplion af the Reset Complele interrupt mask bit
The Resetl Complate intarrupt mask is '0' by default such that the IRG_N pin will be asseried following a reset eveni
setting the FResel Compleie status bit. This may be used to aler the station managemeant enfity that the LANSSETOMZ
has been reset and & awvailtable for configuration,

Helated Links

542 ST31

543 5T52

545 IMSK1

E4B IMSK2

Resets
Ther device provides the chip-kewe resel sources described in the following sections.

Power-On Reset (POR)

A Power-0On Resel occurs whenever power is initially applied to the dewice, or il power s rermoved and reapplied to
the device. A timer within the device will assert the imtemal resef for approzimately 2 ms. Configuration siraps are
lvaded by this reset and must adhare io the timing requirements specified in Power-On Configuration Strap Tieming
wihen nod using the exiemal pin reset (RESET_N).

After power-on, the POR initially negates after the rising threshold is passed. In the event that the supply drops beloe
the falling threshold, the POR asseris. The POR stays asserted untll the nsing threshold is once again crossed, The
rising and falling thresholds are listed in Table 4-1,

Table 4-1, POR Supply Thresholds

Rising Threshold! Falling Threshald'
VDDA a.5v 24N
1.8%¢ 1.8 1.3%

Hotes:
1. Rising and fallng threshold voltages are design parameters and are nedber tested nor characienzed,
2. Thainternal 1.8V supply cannol be monitored exiamally

Related Links
763 Power-On Configuration Strap Timing

External Pin Reset (RESET_N)

& hardware resel will ocour when the RESET_N pin is asseried. The RESET_M pin must be connecied extemally
1o VOOP Il unused. M used, the RESET_N pin muest be driven for s minimum penod as dafined in the RESET_N

Cenfiguration Sirap Timing section. Configuration siraps are leaded by the resel.

Related Links
764 RESET_N Configuration Strap Timing

Software Reset
The: software resed is available via the PHY Soff Reset (SW_RESET) bt in the Basic Control register.
Configuration straps are not lcaded by a software reset
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Related Links
211 BASIC_CONTROL

Power Management
.ﬁ.aunu'rmr'f of the device's availabla powar glabas s proveded m the labde Dabow.

Tabde 4-2, Power Management States

State Description

RESET «  The device is in this state when the RESET N pin is ssserted
ACTIVE |+ The device is Nully active
Initialization

VWhen the device is in & resat state, the IRE_N inteqrupt pin is high-impedance and will be pulled hagh threwgh an
exiarmal pull-up resistor, Onoe all device resed sources ane deassered, the device will begin its intemal nitialization,
The deviea will asser the Resat Complate (RESETC) bt in the Status 2 (STS52) register o indicate thet if has
compleied its intemal initalization and is ready for configuration, As the Reset Complete status is non-maskable, the
IRC_N pin will always be assered and driven kow following a device reset

Al the syslem level, the stalion managemeanl entity should respand to all assemions af the IRD_N pin with & resd of
critical status registers through the Senial Management Interface (SM1), ncluding the Status 2 register. Lipon reading
of the Satus 2 register, the pending Reset Complete status bit will ke aadomatically cleared causing the IRGQ_N pin
io be raleased and pulled high again. The station management entity may then continue be configure the devica
ragisters through the Senal Management intedace. See Figure 4-% for an ilhestration of the device reset, intlialization,
and configuration procass.

Figure 4-3. Initialization and Configuration Sequence
RESET ¥, PORF @ j—r757F--"-—mr— ===
Software Hl:ml_l'm
T % 1 |'r s

SMI |  Read MMD 31,8732 f Y Configuration Writes

Related Links
543 3TE2

4.5 Resots

Clock Manager
The Clock Manager generates the internal clocks from an external reference sounce

Crystal Pins (XTUXTO)

The XTI and XTO crystal oscillabor pans are used (o connect a 250 MHz clock source Tor MIl operabon. The crysial
cacillator should be in a fundamental. paraal resonant mode. Figure 4-4 depdcts the extarnal circwtry connected fo
thie LANBETIN2 oscillator cirguit. Since fha inlemal invers iamplifier is operated in ils linear region, external sedes
resssiors should nol be wsed as they will lowar the gain and could cawse sian-up problerms. Several faciors must be
considered when salecting & crystal incledng load capacitance, oscillator margin, cul, and operating temparaturs,
The erystal freguency miusst be 25 0 MHz

It an extemal clock oscillator B used i leu of & crystal oscillator, it musl be conneched 1o e XTI pn. The clock mus]
b stable prior bo the negaticn of reset and remain stable for proper operaticn. In adddtion, the XTO pin should fioad
and have minimal capacilance (see Figure 4-4)
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Figure 44, Crystal Oscillator Input

C1=C2=10ts 22 pF <10 pF
: XTO || ansBTOMR ‘o XTO|| aAnsETO2
c1 oR
-
XTAL
| X7 osc. | XM
[ ¥4 L —— 1 —
Eelated Links

€4 Crystal Oscillalor Selection
781 Crystal Specifications

Reference Clock (REFCLKIN)

The REFCLKIN pan s used to connect an external 50.0 MHz reference clock sourca for RMII operaticn. The clock
source must be stable prior to the negation of reset and remain s{abde for proper operation, In addition, the LANBET]
XTO pon should foat and have minimal capacitance (<10 pF).

Relerence clack requirements ane Tound in the RMI| REFCLEIN Regquirements section,

Related Links
T.B.2 RMIl REFCLEIN Requireamenis

Physical Layer Collision Avoidance (PLCA)

PLCA aperates in conpunction with a CSMA/CD MAC to actively avold colisions amang hall-duples statons (known
as PLCA nodes] allowing for greater network utilization. Each node on the network segment (.., collision domain)

s assigned a unique Local 1D, Transmil opporduniies ane then granied to each node in sequence based on their
Local 10 The node configured ae Local 1D= 0 8 known as the PLCA coondinalor. The role of the PLCA coardinator
&5 bo transmil a penodic synchronizing BEACON onio the physical media, All other nodes are referred bo as a PLCA
folower as ihay follow the synchronization of the coordinator. Once the BEACON has been receined on the segment,
all nodes begin counting transmit cpporunities begnning with zero. Nodes detect their assigned transmit opportunity
by counting the number of opportunitics thal have passed snce the fransmission of the BEACON by the PLEA
coordinabor, Each node may ransmil when the nember of iransmil opponundies couned since the BEACON mabches
the Local ID assigned to the node. Within each transmit opportunity, the node assigned the current opportunity may
either iransmid a packel or yield. Onee the nade has transmadled a packel (of yielded), sach pode increments the
trensmit opporiunity counter and the frensmit opporiunily goas to the next node. The first fransmit opportunity of
e aliows node with Local 1D = 0 fo transmit. Once a fixed number of transmit opporfunities has been provided,

the PLEA coordinator will transmdl anothar BEACON starting the cycla over again. A BEACOMN followed by a fixed
number of ansmil cpportunites s known as & PLOA bus cpcke

On mullidrop topaloges with multghe nodes connectad 1o 8 shaned meda miking segmen], PLCA anablas a faimeass
n opporiunity o tansmifl such thal one node cannot transmi mone than one frame without each of the other nodes
also being granted an opportunity 1o ransmil. An exceplion to this is thal PLCA also allows individual nodes, i
desired within the engineered netwark segmant, t» be configured o transmit @ burst of frames within a single transma
appartunity.

PLCA s enabled by seiting the PLCA Enable bit in the PLCA Contral 0 (PLCA_CTRLO) register. The node Local 1D
ks configurad within the PLCA Local 1D (I0] field of the PLCA Contred 1 (PLCA_CTRL1) register and st b

unigue within the PLCA network segment {0 seccesshully avoid collisions. Additionally, the Local 1D must be less

than the number of ranamil epportunities in each bus eyele i onder 1o be granted a transma oppanunity (see the
Mode Count field of the PLCA Congral 1 register). When the node is configured as the PLCA coordinator, then the
number af ranamil opparlinibes within esch PLCA bus eyele (pencd between succassive BEACON lransmssions) is
configured m the Nede Count (MCNT ) fiald of te PLCA Control 1 registar.

The tirme for each transmé opporunity is configuned within the PLCA Transmit Opportunity Timer (PLCA_TOTMR)
regisier, The iransmit cppariunity timer must be set equal among all nodes in the PLCA collision doman fo mainiain
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synchronization among the nodes. The defaull ransmil opporunity tmer value s appropriate lor segrments specified
n |IEEE 802,35 Clause 147 and should only be changed in special circumsiances

When PLCA has been enabled on a node, the PLCA Status bit in the PLCA Status (PLCA_STE) register will indicate
i the node s actively receiving a pariodic PLCA BEACON. This may be useful for diagnosing a misbehaving PLCA
nabaork segment.

Related Links

481 PLCA Burst Mode
5414 PLCA_CTRLO
3415 PLCA_CTRELA
5417 PLCA_TOTMR
34.16 PLCA_STS

PLCA Burst Mode

Some applications, such as sensors or audio, may require the fransmission of frequont small frames with a imiled
katency. As PLCA anabdes only ona transmit oppoduniy for each nods inoeach bus oycle, these applications may
expenence significant latency when they are connecied onto @ multidrop mixing segment with applications thal
transmit lange packets For exarnple, an audic appheation may require the transmission of eight sterea 18-bit audia
samples as G4 byte packets every 167 s with minimad latency. When ancther node on the segment transmits a 1500
byl packel @ will occupy the channel for 1.2 ms. The avdio application will therefore buffer seven audio packets
during e time that the channel is occupied. With standard PLCA, the audio appheation will only be able o ranamit
one of its audio packets durng the next PLCA bus cycle. Thae resull is that sach successive sudio packet the audio
applicaton needs bo transmit is defayed with increasing latency,

Ona saiulion o this preblem = to allow specilie nodes bo lransma mone than one packel during its transmit
opportunity. This abiity 1o transmit & burst of multiple packet allows the audio applicaton in the above example

1o ampty its bulfers and transmit all avdio packets that il has queued, presenting the latency of the audio packels o
grow beyond a tolarable limit,

The abdity io transmit packets in a burst is configurable individually for each node on the sogment. The Maximuam
Burst Count (MAXEC) fiedd in the PLCA Burst Mode (PLCA_BURSET) register configures the maximum number of
additanal packets abvsed to ransmit in each of the node’s ransmit spporunities. This s in addtion b the inital
packet that may be transmitted by the node in #s transmit opperunety. Additionally, the Burst Timer (ETMR field
configures the amount of time the node may transmit {COMMIT) to maintain & hold on its current iransmit opporiunily
after transmitting a packed io allow the MAL 1o transmit an adddional packet. Once this timer expires, the node will
then yield the transmit cpportunity to the nexdt nodae.

HRelated Links
5418 PLCA_BURST

Physical Layer Collision Aveidance (PLCA) Diagnostics
The LANBETH 12 PHY implements a number of features useful fo the delection of PLCA misconfiguration on the
network segmend. These features include emor status indications and event counters.

The PLCA error stalus indicalors arg located in the Status 1 {5T51] register, Each mdication also has an associated
mbermupt mask bit in the Interrupt Mask 1 (IMSH1} regisier to enable an assarbion on the IRG_N ntermupt pin whean the
evani is delecied

Each node of @ PLEA segment must be assigned a unique noda 1D 1o propedy aveid collisions. The device has the
ability to deiect that another node (s assigned e same Local 1D by detecting the recepbion of a packet from the
nabaork during its assignad transmit opportuniy. When this condition occurs, the Recaive in Transmit Cpportunity
(RAINTO) status bit is s&l. Addilionally. should a collion be delecied while the device & ransmilling in ks assigned
transmit opportunity, the Transmit Collision {TXCOL ) status bit will ba sat.

Multiple nodes configured and acting as PLCA Coordinators also cause problems. Bultiple Coordinators on the
mixing segment will gach transmil a BEACOMN according bo its own PLCA bus cycle and timing. The result is thal
each Coordinator will recaive BEACONS thal it did not ransmit. When configured as a PLCA Coardinator, it will sat
the Unaxnpacied BEACDON Received (UNEXPE] status bit fo indicate the presence of another Coordinator on {he
nebwork segrment
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Functional Descriptions

The PLCA Coordinalor must be configured with the camect number of nodes on the segrment bo permit the proper
numbar of ransmit opportunities per bus cycle. if the Coordinador is configured to allow for too few fransmit
epporunities betwesn BEACONS, Folower nodes may nol receive their assigned ransrnd oppertunily. When the
davice is operating as @ FLCA Follower, if it detects a BEACON before its assigned transmil opportunity ecours
then the BEACON Received Before Transmit Opportunity (BCHBFTO) status bit i set to indicate that the configured
PLCA bus cycle i oo small 1o allow the Follower 10 ransmit.

Whean configured as 8 PLCA Follower, the PLCA States (PST) bt in the PLCA Status (PLCA_STS) register will bea
s¢1 as long as BEACOMs are regularty baing received from a Coordinator, I BEACCONs are nod received by the
device it will continue incrementing (ks ransmit opportunity cownder. When the transme opporunity counter reaches
the maxemem count of 255, it will then stop incrementing and a 13 ms tmer stafed. I no BEACON is received after
1he Bmer expires, the PLCA Status bl will be cleared, When the PLCA Siatus bil = 2ero, the device will réver 1o
CESMACD operation with PLCA deactvated. Once a BEACON ks recaived the device will set the PLCA Status bd and
rgbum 1o normal PLCA operation. Refer to Clause 148 of the IEEE 802 Jcg specification for additional details

Mote: The PLCA Status (P5ST) b cannot generate an interrupd assertion on the IRG_N pin and must therefors be
polied by reading the PLCA Stanss (PLCA_STS) register.

Two svent counders ane implemented bo aid the staton contralles in monitofing PLCA on the segment. These counisms
inchude a transm apponunity courter and 8 BEACOM caunter. Each counber i anabled by settng the comaspanding
enable bit in the Counier Contral [CTRETRL) regisier. Writing a *1" to the Transmi Opporfunity Counter Enable
{TOCTRE) bil anabias the lransmil opponunity counar. The BEACOMN Counter Enable (BCMCTRE) bd enables the
BEACOM counter when set.

When enabled, the Transmit QOpportunity Count High'Low (TOCNTHTOCNTL) registers will contain the mmmber of
transmit oppartunities the local PHY could have used 1o iransmit since the [ast read, By palling the counter, the
station controller can monitor that PLCA is active and that the PHY can transmit packeis when needad.

Sirndtarly, the BEACOMN Cownt High/Low (BCMCNTHBCMCNTL) register contains the member of recaived BEACONs
gimce the last read. The station conlroller can pall this counter b manilor the healih of the PLCA Coordenabor.
Related Links

242 85T81

4.5 IMSK1

5416 PLCA_STS

4.7 CTRCTHL

5.4.8 TOCNTH

34.9 TOCNTL

5410 BCHCNTH

34,11 BOWCNTL
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Register Descriptions
This chapier describes the vanous doevice regisiers, which ame categonzed as follows:
= 28| Basic Control and Status Registers (Clause 22)
*  PMAPMD Registers (MO 1)
+ PCS Registers (MMD 3)
«  Miscellaneous Registars (MMD 31)

For details on regester bit atinbute nolation, refar bo the section Regster Bl Types.

Related Links
1.3 FRegesher Bit Types
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SMI Basic Control and Status Registers

The saclion describes the varnous S Control and Status Registers (CSRs). The SMI CSRs follow the IEEE 802 3
{Clause 22.2.4) managemant register sed. All Funclionalty and bit definibons comply with these standards.

m RESERVED addrass space must not be wiitlan under any circumstancas. Failure 1o heed this waming

may resuli in adverse operafion and unexpected results

LT

[if5ia]

il

R EREE

L0k b

LU

RAaSaC COMTROL

158 100BASE-TH

158 S _RESET
T COH._TEST

LOCPRACK | SPD_SEL[D]
SPD_SEL]Y]

EN

| 1DDBASE-TX | 1DOBASE-TX| 1DBASE-T

AT _MEG_

RE_AUTO_N DUPLEX_MOC

Py EOLATE EG DE

10BASE-T | 100RASE-TY | 100BASE-TF | Exlafeled

P p— Full Duplex | Haf Duples | Full Duples | Haf Duples. | Foll Duplex | Haf Duples | Shatus
| . PEE SU I AITORED..| cofT_FAULT | AUTONEG | LBWG_STAT | JAB_DET | EXT_CAP
AP
150 I ]
PHY_IDM D SURI0T]
1 4
R 158 I LS MOOELR: 4|
T MODELR-D| REVTZ:0]
Resansed
| 158 FNCTH{1 2§
WRDCT = —
i ] v 1)
158 ADA_DATA| 58]
i ] ADR_DATAIT T
Fpnmrvsst
— 15 MITYP{1]
= = 0 MITYi0) G TP 0] SRIALH
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Register Descriptions
5.1.1 Basic Conftraol
Mamae: BASIC_CONTROL
Address: OO
Clause 22 Basic Control Regsier
Bit 15 14 i3 12 " 10 b a
SW_RESET | LDOPBACK | SPD_SEL[D] |AUTO_MEG_E 2] ISOLATE | RE_ALITO_ME [DUPLEX_MOD
¥ B E
fucoss R 50 RN RO RO R R RO RO
Aosct ] i ] 0 i il (i a
Bt H § 8 4 3 3 ! a
[ coL_TEST [ SPD_SEL|1] | B | B [ B [ | | . |
Bceas R R T3] R T3] T3] TS R
Raosat a i o 0 i o (1] (i

Bit 15— SW_RESET PHY Soft Resat

Wiriting @ *1' fo this bit will initate a softwarne resel of the PFHY, A software resat will restore all regisiers fo their default
state, ewcept for thase fields identfied as “WASR",

Mote: This bit is self-clearing. When safting thes bit, do not sat other bits in this register.

[} _f-hrnu}q?-urilim
1 PHY software resel

Bit 14 - LOOPBACK Mear-End Loopback

When set, this bit enables a Near-End Loopback, When enabled, iransmdt data (TXD) ping from the MAC will be
looped back omo the receive data (RXD) pins to the MAC. In this made, no signal is ransmitted onio he network
media

1 Enable near-and loopback rmoda

Bit 13 - SPD_SEL[D] PHY Speed Sebact
Together with SPD_SEL[1], sels the network communicafion speed
Nole: Only 10 Mba's (8 supponed. This B s abvays ‘0

] '|uMb,r|l|'1
o1 100 Mbits
101000 Mows
11 Reserved

Bit 12 - AUTO_NEG_EN Auto-Negotiation Enabée
Mole: Aute-negoliation i not supparted. This bit is aheays ‘07,

1] DCezabbe gulo-negaotiabe process
1 | Enable aulo-neqotiate process

Bit 11 - PO Power Down
Sating thit bit will power down the PhMA fransceives leaving the remainder of the desics funclional,
Mote: This bit is tha same as the Low Power Enable b4t in the 10BASE-T15 PMA Control register.

Value Descriptien
o | Mormal operation
L | PMA &5 powared down
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Bit 10 = ISOLATE Elecincal isctabion of PHY from BRI
When this bif is sef, the PHY will electrically isclate its dala paths from the MILRMIIL

0 | Normal eperation (PHY is not electncally isclated from MIVRMII)
1 Electrical igalation of PHY from MIRMII

Bit g - RE_AUTO_HEG Restar Auto-Megotation
Mole: Aute-negoliabon i nal supponied, This it is abvays ‘07,

] | Normal operateon
1 Flesian auto-negotiate process

Bit 8 = DUPLEX_MODE Duplex Mode
This it confgures the PHY for ful-duplex or half-gupled network communication,
Mate: Only half duplex operation is supported, This bl is always '0°

| Half dupéax
1 Full duplex

BT - COL_TEST Callisian Test

Vilhen the MNear-End Loopback is anabled (LOOFPBACK), saiting this bit will aliow the COL pin (o be fesied. When the
Cofision Tesi is enabled, asserting TXEN will cause the COL cuipit 1o go high within 512 bit times. Megating TXEN
will cause the SOL oulpud Bo go low within 4 bil imas. The Collsion Tes! should onby be anabled when MNear-End
Loopback is enabled

Description
i | Marmal -n-ptrihm Colligion best 18 disabied.
i Enable collision test

Bit& - 5PD_SEL[1] PHY Speed Selecl
Soe description for SPD_SEL[0] for details
Mote: Only 10 Mbat's operation is suppoded. This bit is abways 07,
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5.1.2 Bazic Status
Nama: BASIC_STATUS
Address; Dl
Clause 22 Basic Status Regisier
Bit 15 14 13 12 1 10 bl 8
T00BASE-T4 | T00BASE-TX | TDIBASE-TX | 10BASE-T Full| 1T0BASE-T Hall| TDMOBASE-T2 | 100BASE-T2 Extandbd
Full Duplex Half Duplex Duplex Dupbax Full Dupiex Hat Duplex Status
fucess RO 1w ] RO RO A RO RO RO
Rospt [} 8] i) i 1 i) i 1]
it T ] -] 4 3 2 1 a
MF_PRE_SUP [AUTO HEG G| RMT_FALLT | AUTO_NEG LENE_STAT JAR DET EXT_CAP
OMP
hocoss RO R RO RO R} RO RC RO
Rt i 1] i) i 1] 1 [i] i

Bit 15 - 100BASE-T4 100BASE-T2 Akility
Hote: 100BASE-T4 operation is not supporad. This bat is always "0,

1] | PHY not able to operate at 100BASE-T4
i PHY able to operate at 100BASE-T4

Bit 14 = 1M0BASE-TX Full Duplex 100BASE-TX Full Duplex Ability
Mote: 100BASE-TX operation s not supponed. This b s always '0°

0 | PHY not abie to perform Full-Duplex 100BASE-TX
i | PHY able to perform Full-Duplex 100BASE-TX

Bit13 = 100BASE-TX Hall Duplex 100BASE-TX Hall Duplex Ability
Mote: 100B4SE-TX operation is not supported, This bd is always ‘0",

0 | PHY not abie to perform Half-Duplex 100BASE-TX
1 PHY able o perdorm Half-Duplex 100845E-TX

Bit12 - 10BASE-T Full Duplex 10BASE-T Full Duplex Abdity
Mote: Full duplex operaticn is nod supparted. This bit is always 0

Value Description
o | PHY not able to a1 10 Mbit's & Full-Duplax
1 PHY able to at 10 MEit's in Full-Duplex

Bit 11 = 10BASE-T Half Duplex 108ASE-T Hall Dupléx Ability
Mote: Half duplex operation i supportad. This bit s abways "1,

7] .FH"r' nat nh!-e h;_r.l'l id Hh:rl.u'l.m Hllf-l:lll.lp-l_l::l.
1 PHY able fo at 10 Mbit's in Half-Duplex

Bit 10 = 1MIBASE-TZ Full Duplex 100BASE-T2 Full Duplax Ability
Hote: 100BASE-TZ operation is not suppored. This bt is always ‘0,

. | PHY nat able to operate at 100BASE-T2 in Full-Duplex
1 PHY able to operate at 100BASE-T2 in Full-Duplex
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Bt 8 = 100BASE-TZ Hall Duplex 1DMEASE-TZ Hall Duplex Abdty
Mote: 100BASE-TZ operation is nof supported. This b is atways ‘0.

1] | F'P'_I‘l" nat able I:m:pemteal iI:FIBﬁ.EE-_TE in Half-Disphex
1 PHY able o operate at T00BASE-T2 in Hal-Duplex

Bit 8 - Extended Status Extended status informaton ability
Hote: Exlended status nformation is nol avadable, This bil is always '0'

| Mo extended slatus information in register Ox0F
| Extended status information in regester Jo0F

Bit & — MF_PRE_SUP Managamant Frame Preamide Suppression Ability
Mote: Managemant [rame preamile suppression |8 ol supported. This bil = abways 0

Wailie Dascriptisn
0o | PHY will n|_:|li:r-|:-¢.r.'!|:||: mansgerment I'rlmﬁ '.l.'l'.lh p-rn-ml:rl& Suppressed
1 PHY will accept management frames with preamble suppressed

BitS - AUTO_NEG_COMP Auto-Negotiation Comphate
Hote: Auto-negotiabion s not supported. This bit is ateays '0'

1F] { ﬂulﬂ-l‘rﬂgﬂ.ﬂ“ﬂh Ffbﬂ-ﬂﬁ has nod ﬂﬂr‘nj‘.'ﬁlﬂ
1 Aufo-negotistion process has completed

Bit 4 - RMT_FAULT Remobe Faull Deteciion
Mate: Remobe faull detection is nol supporied. Thes bit is aksays 0

Value Description
o Mo remole faull conditon detectad
1 | Fermote fault condilion dabactad

Bit3 - AUTO_MNEG Auto-Megotiation Ability
Mote: Aute-negobabon s nol supporied, This bit is always ‘0,

o | PHY is not abde to parform aulo-negotiaticn
1 | PHY is able to perform auto-negotiation

Bit2 < LINK_STAT Link Stalus
Hote: Link siatus indication is not supported. This bit is always “1'.

0 Metwork link is down
1 | Metwork link is up

Bit 1 — JAB_DET Jabber Dedection Sialus
This bit is sl on detection of a jabber condifion
Walue Description
o | Mo jabbar condition detected
1 Jabber condition detected

B0 = EXT_CAP Extended Capabilities Ability
Mote: Extended capabibties ragisters are supported. This bit is abvays “1'

Value Description
o | Extended capabilities registers not supporied. Basic capabilities. regisiers only,
! Extendad capabilibes registars supponted in addition o basic capabilities registers.
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513 PHY Identifier 0 Register
Nama: PHY _IDGO
Address:  Ox02
Bit 15 14 13 12 1 10 ] 8
| OUIfZ:8] |
Actess RO CT3) RO RO RO RO RO RO
Resat 0 0 o [\ ] o o ]
Bit 7 & 5 4 3 2 1 o
| oUIT0:T] |
Access RO RO RO RO RO RO RO RO
Resat 0 o o o ] 1 1 1

Bits 15:8 — QUI[2:9] Organizaticnally Uinique Identfier
Thits fiedd contains the 3™ through the 10™ bas of the Onganizationally Unigue Identifier (OUI) as specified in IEEE Sid
802 3 Clause 22. OUI = 00800Fh

Bits 7:0 = GUI10:17) Oeganizasonally Unigue Identifer

This fiedd contains the 117 through the 147 bits of the Crganizationally Linigue [dentifier (OU} as specified in IEEE
Sd 802, 3 Clause 22 OUI = DDEMOFH
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514 PHY Identifier 1 Register
Nama: PHY_ID1
Address:  Dx03
Bit 15 14 13 12 1 10 ] 8
| GUIL16.23) | MODELIS.4] |
Actmas RO RO RO RO RO RO RO RC
Resot 1 1 0 [ 0 0 0 1
Bit 7 B8 5 4 3 - 1 0
| MODEL[3-0) | REV[3.0] |
Access RO RO RO RO RO RO RO RO
Resot 0 1 1 0 o 0 1 0

Bits 15:10 - OUI[18:23] Qrganizaticnally Unigua |dentifier
Thits field contains the 19 through the 24" bits of the Organizationally Unique ldentifier (OU) as specified in IEEE
Sud BO2.3 Clause 22 O = DOBO0Fh

Bits 9:4 -~ MODEL[5:0] Manulacturer's Model Number
Sie-bit manufacturer's modsl / product identification number

Value Description
nio11n LAMBEN12

Bits 3:0 - REV[3:0] Manufaciurer's Revision Number
Fouwf-bit manufaciuies's sikcon revision dentificaton numbear
Hote: The default value of the this field vanes dependent on the silicon rovision number.

Value Description

0oL | Silicon rovision O
ooin | Silicon revesion &
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515 MMD Access Conlrol Register
Nama: MMDCTRL
Address:  Ox0D
Bit 15 14 13 12 1 10 ] 8
[ FNCTR[10] [ _ |_ = ==
Actmas W AW RO RO RO RO RO RC
Resot 0 o 0 [ 0 0 0 g
Bit 7 & 5 4 3 2 1 0
| I I DEVAD-0] |
Access RO RO RO R R R RW RN
Resot 0 o o 0 o 0 0 0

Bits 1514 — FNCTH[1:0] MMD Function

This fieid specifies the action 1o be parlormed when reading or wriling the MMD Access AddrassData register.

Wl Description

o1 Ciata - Mo post increment

10 | Diata - Post increment on reads and wies

P | | Data - Post incramant on writes only

Bits 4:0 = DEVAD[4:0] Device Address

Address af the MDIO Manageable Device b atcass.

Yalue Description
0l PhAPND

oooio | Pog

11111 Vendor Specific 2

Other= | Reserved - do not access
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5186 MMD Access Address/iData Register
Hame: MMDAD
Address:  DxOE
Bit 15 14 13 12 1 10 ] 8
| ADR_DATA]15.8) |
Actess RW AN AW RAW AW R R FEAR
Resat 0 0 o [\ 0 o o 0
Bit 7 & 5 4 3 2 1 o
| ADR_DATA[T-0] |
Access RV RAN RAN RAW RAW R RW RN
Resat 0 o o o o o 0 o

Bits 15:0 — ADR_DATA[15:0) MMD Address | Data
Functionality depends on the MMD Function (FNCTN) bits in the MMD Access Control (MMDCTRL) register as
spacified in IEEE Sid 802.3 Annex 220

= ik = 'Writing this field sets the offsat of the register within the MMD 0 access

#  Dlk, 10b, I 16 = When written, the contents are written nto the MMD regester
= 0k, 10b, 11k = When read, the contents from the MWD regester are retumed
Related Links

51.5 MMDCTRL
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51.7  Strap Control 0 Register
Name: STRAP_GTRLO
Address: D12
it 15 14 5 12 11 10 B L
= | = == — I = | MITYP] |
Actias Rl R RO RO RO RO RO Fefw
Rasab a g o o g o T %
Bit [ & 5 4 3 2z i a
I MITYP{0] | PRGTYP[1:0} ] ShADR[4.0] |
Arceas R RAY MASR R MASR R WAER R MASE RAW MASH Rl SR AW MASH
Foasot L] L L] L] x L % L]

Bits 8:7 - MITYP[1:0] Media Interface Type

Thits fiedd indicates the media intefface type as defined by the produet package and state of the MODE configuration
siraps 8 resel.

Note: The default is determned by the MODE[1:0] configuration strap pins, This bit field defaulls fo 01b on the
LAMBET1 as the device may only be configured for use In RMI mode. Senilary, this bit field defaults te 106 on the
LANSETZ as the device may only be configured for use in Ml mode. Reder bo the secton on configuration siraps for
addibanal irnharmalion.,

a important: This feld shall not be written to any value except is default valwe on resat
Value Description

0ok Undefined

Oik | RMIl with 50 MHz REFCLKIN

10k | Ml with 25 MHz crysial

il Lindefined

Bits 8:5 - PKGTYP[1:0] Package Type
This fiedd indicales the product and package type.
Wote: The default value is specific to the product.

., important; This fSedd shall not be wriden to any value excapt is defaull valee on resal

Description

Dok Undafmead

T e NGRS
i | 24-pin LANBST |
116 36-pin LANBET2

Note: This register is not afected by soft reset (SW_RESET)

Bits 4:0 = SMIADR[4:0] Senal Management inteflace Address
Mote: The default value is determined by the state of the PHYADR PHY Address configuration strap pins al resel
Refer bo the secton on configuration straps for addtional infarmation,

Mote: This register is not aBected by soft resel (SW_RESET).
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A EA | When wriling to other fields of this regester, be sure to read this field and write it with the read valua (L&,
read-modified whte).

Related Links
3.5 Configuration Siraps
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5.2 PMA/PMD Registers
The PMAFMD registers are iocated a1 MDIO Manageable Device (MMD) address 0x01.

RESERVED address space musi not be writien under any circumsiances. Failure o heed this warning
Fray mesull in adwarse operation and unexpectad results.

Addresn

Resensed
ol
fnid | PRD_EXT_A 15:8 | i i | |
BILITY R ] T18ARL TILASL
i ] ] ] ] ] | ]
3 Resansd
fniiss |
B T1IPRAPMDCTL L. ! ! ! ]
1| . o ! 1 1 | r"|'|-‘55'|_|_:| I:II
083
]
OnDEFE _
168 RAT THD | LPE MIDE
il ] T 15 Pl T ] : ’ 5 i | + $ 4
w{HEF 1 1 5 T
158 | | LBA | L (TTeT RXFA
CDaFA TISPMASTS ! | |
R i | RXFO
TwIEFH TISTETCTL 1:'; Lol ol
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5.2.1 BASE-T1 PMA/PMD Extended Ability
Hame: PMA_FMD_EXT_ABILITY
Address:  ODx0012
Bit 15 14 1% 12 1 10 L] &
l I I | I I | | |
fccoss RO R RO RO R RO RO RO
Fesot a o} 1] L1} e} 1] L] [1}
Bit 7 [ 3 4 3 2 1 0
| I I I | Tises. | TiasL | | |
Accois R R RO RO R RO RO RO
Fosat 1] e} ] L1 1 ] L 1}
Bit 3 = TISABL 10BASE-T1S Allity
Valus Description
1] | PMAPHMD is not able fo perform 108ASE-T15 operation
! PMAPMD is able to perform 10BASE-T1S operation
Mote: This bif is ahways 1.
Bt 2 -TILABL 10BASE-TIL Ability
Walua Description
o | PMA/PKED is not able to perform 108ASE-T1Loperaton
1 PMA/PMD is able to perfoem 10BASE-TIL operation
Hote: 108ASE-TIL operation is not supporied. This b is always 0.
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522  BASE-T1 PMA/PMD Control
Hame: TIPMAPMDCTL
Address;  Dx083
Bit 15 4 13 12 1 10 g 8
1 I I 1 I I 1 | |
Accoss RO RO RO RO RO RO RO RO
Resct a o o o o o o o
Bit T B 5 4 3 F 1 0
| | | | [ TYPSEL[R| |
Acceas RO RO RO RO RO RO RO RO
Reset 0 o o o o b 1 1

Bits 3:0 - TYPSEL[3:0] Type Selection
Hote: Only 10BASE-T 15 operation is supporied. This field is ateays 001 1b,

0000k | 100BASE-T1
0001k | 10DOBASE-T1
0010k | 1DBASE-TIL
0011lb | 10BASE-TIS
0 %1 Iw
lxxuh H.ﬂnild
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Register Descriptions
523  10BASE-T1S PMA Control
Hame: T1SPMACTL
Address;  Dx08F3
Bit 15 14 13 12 11 10 ] 8
RET [ ™o [ = [ wE [ wmDE | = |
Access  FUW SC RN RO RO W AW RO RO
Resat 0 0 0 o 0 0 o 0
Bit T & 5 4 3 2 1 0
1 I I = I I 1 | LB |
Access RO RO RO RO RO CTa] RO R
Resat Q 0 0 0 0 0 o 0

Bit 15 - RST PMA Resel
Maote: This b is self-clearing. YWhen saetling thes bit, do not set other bits in (his regisier.

Value Description
] | Mormal Operaton
1 P& Resat

Bit 14 = TXD Transmit Disable

Ve Description

o Mormal coerabon
] | Transmit disable

Bit 11 = LFE Low Powear Enable
Sating this bit will power down the PMA ransceier.
Hote: This bit has the sarme effect s the Power Down bt in the Clause 22 BASIC_CONTROL ragisber.

Valua Dascription
D Normal operation
1 Place PRA info low-power miode

Bit 10 - MDE Mullidrop Enabls

Description
o . mmiﬂiﬂg ?:gl‘nl:ﬂ' |:|-|;u:r..|'l.inun l:pl:-'inldn-gch'lﬂ [ L
1 Enable FMA multsdrop (mixing sagmant) Mﬂhﬁ

Bit0- LBE PMA Loopback Enable

Wl Description

o | Disable PMA loopback mode
1 Enable FMA loopback mode
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Register Descriptions
524  10BASE-T1S PMA Status
Hame: T1SPMASTS
Address!  DxDBEFA
Bit 15 14 13 12 11 10 ] 8
. [ T [ LPa MDA | RWFA | |
Accesd RO o RO RO RO RO RO RO
Rasal a e} 1 L] 1 1 ] i}
Bit T & 5 4 3 2 1 0
1 I I = I I | RxFD | |
Access RO RO RO RO RO CTa] RO RO
Resat Q 0 0 0 0 0 o 0

Bit 13 — LBA PMA Loophack Abdity

Walue Description

1 PHY doss pol supgort PMA bopback mode
I ' PHY supports PMA loopback made

Bit 11 — LPA Low Power Ability
Value Description

FMA doas nol have low power ability

1 ' PMA has low power abiity

Bit 10 — MDA MuRidrop Ability

| PMA does nod support midng segmenl oparation (point-to-point only)
1 PMA supports multidrop (mixing segrnent) operation

Bit 9 - RXFA Receive Fault Ability

D | PHY daes not have the ability to detect PMA faults
1 PHY has the ability to detect faults in the PMA receive path

Bit 1 - RXFD Recene Fault Detection

0 Mo PMA Tault delecied
1 | PMA Taull condition defected
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Register Descriptions
525  T15 Test Mode Control
Hame: TISTSTCTL
Address,  DxDEFB
Bit 15 4 13 12 1 10 g 8
[ TSTCTLZD] == — I == P
Aceess  RW AW AW RO RO RO RO RO
Resot ! 0 0 ] 0 0 o 0
Bit 7 8 5 4 3 2 1 0
| I I | I I | | |
Acceas RO RO RO RO RO RO RO RO
Reset 0 o o o o b o o

Bits 15:13 = TETCTL[2:0] Test Mode Cantral
Mote: For a description of the test modes, refer to Clause 147.5.2 of the IEEE 832 3cg™.201% Amendment 5

Physical Layers Specificaions and Management FPavameders for 10 Wb’ Operalion and Associafed Fower Delvery
over a Single Aslanced Pal of Conductors.

Value DE'S-':-TI-F'H“FI
noo "EH'TTIB-I 1nm-|:usr}n-pamh-:rn

001 | Test mode 1
01d | Test mode 2
b1 ' Test mode 3
1oa Tesl mode 4
101 | Reserved
11x Plesarsed
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5.3 PCS Registers
The PCS registers are iocated at MDD Manageable Device (MMD) address 0x03.

ol RESERVED address space musi not be writlen under any circumsiances. Failure o heed this warning
Fray mesull in adwarse operation and unexpectad results.

Resenved
OWDEF2
GOBFY | TISPLSCTL ‘:'u” RsT | LOE | BUPLEX
[ 158
B=SF4 | TISPCESTE T T
ODEFS | TISPCSDIAGS 158 | RMTIABCNT] IS 8]
| M| RTJASCNT(T )
158 CORTRENT[15 8]
(el T 1SPCSIAGD ]
ra CORTXCNT]? 4]
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Register Descriptions
531  10BASE-T1S PCS Control
Hame: T1SPCSCTL
Address;  Dx0BF3
Bit 15 14 13 12 11 10 ] 8
RET [ LBE | = [ [ | | DuPLEx |
Access  FUW SC RN RO RO RO RO RO RC
Resat 0 0 0 o 0 0 o 1
Bit T & 5 4 3 2 1 0
| I I | I I | | |
Aecoes RO RO RO RO RO RO RO RO
Reset a 8 o o o b o o

Bit15 = RST PCE Razal
Hote: This bit is self-clearing. When setling this bit, do not set other bits in this register.

Value Description
1 | Mormal Crperation
1 PCE resa

Bit 14 — LBE PCS Loopback Enable

Value Description

o | Disable PCS loopback mode
1 Enabde PCS loopback mode

Bit8 - DUPFLEX Duplex Mooe
Hote: Only hatf-duplex operation is supporied

WValise Descriptian
o Full-duplex aperation
i Half-duplex operation
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Bit 7 = FAULT PCS Fault Indication

Naluwe Description

o Mo PCS fault detecied

| | PCS faull condition detected

Register Descriptions
10BASE-T15 PCS Status
Hame: TISPCSSTS
Address;  Dx08F4
Bit 15 4 13 12 1 10 g 8
1 I I 1 | |
Access RO RO RO RO RO RO RO RO
Resct a o o o o o o o
Bit T [ 5 4 3 3 1 a
TR I I I |
Acceas RO RO RO RO RO RO RO RO
Reset 0 o o o o b o o
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Register Descriptions
533  10BASE-T1S PCS Diagnostic 1
Hame: T1SPCSDIAGY
Address;  Dx0BF3
Bit 15 4 13 12 11 10 ] 8
| RMTJABCNT[15:8] |
Access RC RC RC RC RC RC RC AC
Resat 0 0 0 o 0 0 o 0
Bit 7 & 5 4 3 2 1 0
[ RMTIABCHNTIT 0} |
Access RC ARG LT RC ARG RC AC ARG
Resat Q 0 0 o 0 0 o 0

Bits 15:0 - RMTJABCNT[15:0] Remote Jabber Cound
Field counting the nurmber of remole j[abber emors (ESDJAB) received sinca the las! read of the registes. This field wil

salurats ai OxFFFF.
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Register Descriptions
534  10BASE-T1S PCS Diagnostic 2
Name: T1SPCSDIAG2
Address:  Ox0BFS
it 15 14 5 12 11 10 B L
| CORTACHT]15.8) |
Actias RC RC RC RC RC RC RC RC
Rasab a g o o g o & g
Bit [} & 5 4 3 2 i a
| CORTXCNT[T 0] |
Arceas RC RS RC RC RS RC RC REC
Roarkat Q 0 b o 0 b 0 Q

Bits 15:0 - CORTXCHNT[15:0] Cormupied Transmit Count
Fietd cantaining the aurmber of Bimes a locally mitialed ransmisson resulied in & cormupied signal at the MOI
Conuption during transmission would typically ba dus o colisions. This field is self-clsaring when read. This fiald will

saturate at QuFFFF,
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54 Miscellaneous Registers
The miscellaneous regisiers ane located at MDIO Manageatbs Device (MMD) address Ox1F.

RESERVED address space musi not be writien under any circumsiances. Failure o heed this warning
Fray mesull in adwarse operation and unexpectad results.

fddrewm
D0
Resensed
el
i . CTHLY 158
' 3 o] | I DIGLEE
_— J ] ]
3 Resansd
¥
A STE1 e ! | l ] L Teisg |
= T | EMPCYC | RNNTD | UNENPR | BCHBFTO | | PLCASYM | ESDERR | DECSS
T
Dis ETE2 b ! ! ! | RESETC
0
15:8
DuiA BTS2
] ERRTOINET O]
it | s 158 | | THCOLM THIARM
o 0 | EMPCYCM | RONTOM | UNEXPEM | BCNBFTOM | | PLCASYMM | EEDERRM | DECSEM
1 sk T6-
BrtD — L | | | | RESETCM |
| 0
QIF | Ressved
16:8
T2 CTRCTRL : 1 ! :
| TOCTRE | BCMCTRE
L1l e
= RiesEnaed
1 ] ]
158 TOCMT 24)
T2l TOCHTH |
o TOGMTE2A: 18]
16:8 TOCHNT[158])
2S5 TOECHTL
| TOCHT[T )
[ 158 BCNCHTE24)
e BEMONTH
3 0 BCNCHT] 1)
| 58| BCRTS A
T T |
(1, ¥ BCHCNTL = W[ 1)
L0y
3 RigEnseid
m - - - i -
15 1 a1 21 1
OB PAGCTRLY l.: PORvY.0f ! POREVY1-0f | e | PL 0|
(11 1]
Ry
COFF
- 158 DT -0
P T ] MIDVER !
HE ] | ) 'n.'|',l-|_|_|' ]
158 M R&T
GaD1 | PLCA_CTRLD 1 ;
[ 158 . g ” NCNT[7 O)
O0xCADZ | PLOCA_CTRLA
. 70 D70
MCADS | PLCA_STS 1_:’; Pet | | .
[ 158
. A TOITHER -
aCand | PLCA_TO 0 ToTWeYT O]
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Register Descriptions
wrnnn s EOHNERETLE
Addiess
. FFPE 150 MAXBLT 0]
i A PLCA_BAURST s BTMR[T 0]
Datasheet DSE0001 5730 -page 52
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Register Descriptions
5.4.1 Control 1 Register
Hama: CTRL1
Address;  Dx0010
Bit 15 4 13 12 1 10 g 8
1 I I 1 I I 1 | |
Accoss RO RO RO RO RO RO RO RO
Resct a o o o o o o o
Bit 7 B 5 4 3 2 ! 0
I I I I I | | meciee | |
Acceas RO RO RO RO RO RO AW RO
Reset 0 o o o o b o o

Bit1 - DIGLBE Diglal Loopback Enable
Enables a digitad loopback from the diferential Manchester encodar to the decoder.

Value Description
0 Mormal eperalion
1 Dugital W enabled
@ 2021 Micrschin Technslogy Ine Datasheet
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Register Descriptions
542  Status 1 Register
Hama: 5T51
Address;  Dx0018
Bit 15 4 13 12 1 10 g 8
= I = = == I e | Txcor | wmB | 00 |
Actids RO RO RO RO RO RC RC RO
Resot a 0 0 ] 0 0 o 0
Bit 7 8 5 4 3 2 1 0
[EMPCYC | INTO | UNEXPB | BCNBFTO | [ PLCASYM | ESDERR | DECS8 |
Acceas RG RG R RC RO ARG RC R
Resot a o o o o o o a

Bit 10 — TEXCOL Transmit Collision Status
Physical colision on the network was detecled. This does not include logical collisions dwe bo normal operaton of

PLCA.
Value Description
o | Mo collision dﬂl:m:lﬁ:l during 'h'll'l:lrlﬂ
1 Collision detected during transmit

Bit9 - TXJAB Transmit Jabber Status
This kit indicates the occurrence of a transmil jabber condition. A jabber condibion occurs when the PHY detects thal
ihe PCS has remained in the ransmit state longes than 2 ms,

o | M transmif jabber delected
1 Transmit jabber detected

Bit 7 = EMPCYLC FLCA Emply Cycle Status

Thiis bit indicates the detecton of an ampty PLCA bus cycle. An emply bus cycle ocours whan the node detects no
fransmissions in any of the possibhe lransmil oppenunilies batween tvo suctessnve BEACONS
Walwe Descripticn

0 An emgty PLCA cycle has not been detected
1 fn ampty PLCA cycle has been delecisd

Bit 6 - REINTO Receve in Transmit Opportunity
This bitl indicales the detection of ancther node Iransmilling in this node's local assigned fransmit opporunity, This
could indscale mulliphe nodas B riad the game Local 1D

0 | Anciher node has not been detected transmitting in this node's TO
1 Ancther node has been detecled ransmilting in this node’s TO

Blt 5 - UNEXPE Unexpected BEACON Recened
When configured as the PLCA coordinator in charge of iransmibling the periodic coordinabing BEACOMs, this bi
ndicates the defection of an unexpacied BEACON on the segment, This condition may be due o the configurabon of
muftiple PLCA coordinators on the segmend,

Yalue Description

0 ' Ancther noda on the segment has not baen datected transmitiing 8 BEACON

1 Anciher node on the segment has been detected ransmitling a BEACOMN

Bli 4 - BCNEFTO BEACON Received Before Transmil Opportunity

This bit indicates the detecton of @ BEACON before the node's assigned transmit apporunity. This conddtion could
indicate the configuration of multiple PLCA coordinators on the segmend, Other conditions that may cause this to
oocur inchude a PLCA coordinator with an incormectly configured maximum mnode cound resulling in a PLCA eycle that
ks bon short. or 8 PLCA Local 1D that is configured beyond the FLCA cycle.
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Wil e Description
0 | ABEACON has not been detected bafore local lransmil epporiunity
1 A BEACOM was delecied before local ransmit opporiunity

Blt 2 - PLCASYM PLCA Symbols Detected
Thits bit indicates the detection of PLCA BEACON symbols when PLCA i not enabled, This condition may indicate
the local node |8 npemllm with FLCA disabled on a segement with FLCA enabled nodes,
PLf:A BEACON symibols have not baen delecied from the nabawod wilth PLCA disablied
] | PLCA BEACON symbols have bean deteclted from the network with PLCA with disabled

Bit1 = ESDERR End-of-Stream Delimiter Emoe
This bit indicales the reception of an End-al-Strearn Delimiter Error (ESDERR) or End-of-Siream Jabber (ESDJAR)
e Desrpten R
1] . ESD error has nod been detecied
1 ESD afror has bean dalechad

Bit0 - DECSB 58 Decoda Eror

Thes Bit indicales & SBE decader ancauntaréd an unknowh of resarved 5B codewsnd thal eéould nol bs decodad .
0 _Eﬂﬂﬂﬂﬂﬂﬂfﬂffﬂhﬂ:ﬂﬂmﬂ
1 58 decode error has occurred
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Register Descriptions
543  Status 2 Register
Hama: 5TS52
Address,  Dx001H
Bit 15 4 13 12 1 10 g 8
= I = = == | RESETC | = i
Actids RO RO RO RO RC RO RO RO
Resot a 0 0 ] 1 0 o 0
Bit 7 8 5 4 3 2 1 0
| I I | I I | | |
Acceas RO RO RO RO RO RO RO RO
Reset 0 o o o o b o o

Bit 11 = REBETC Reszel Compleis Status
This bit is asserted upon complation of & reset due to power-on, assertion of the RESET_N pin, or setting of the

SW RESET bil
{3 Reset has nol cocurmed
1 | Reset has occurred
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Register Descriptions
544  Status 3 Register
Nama: 5TS82
Address:  Dx0014
Bit 15 14 13 12 1 10 ] 8
l I I | I I | | |
Access RO CTS) RO RO RO RO RO RO
Fiesct a o o [/ o o o [
Bit ? B 5 4 3 2 1 0
| ERRTOID[7 0] |
Accoss RO CTe) RO RO RO RO RO RO
Reset 0 o o (] o o (] 0

Bits 7:0 - ERRTOID[7:0] PLCA Effor Transmit Opportunity 1D
This field captures the local PLCA current fransmit opporfunity counter when any unmasked intermgt status bit i the
Stafus 1 regester is Sad.

Mote: This fisld s only accurabe if one enmssked nteeupt status b ks salin the Status 1 register. If multipss
mbemmupl status bits ane sel, then this field represents the tansmit eppartunity for anly the most recent inlermupl status
bit
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Register Descriptions
54.5 Interrupt Mask 1 Register
Hama: IASH1
Address,  Dx00IC
Bit 15 4 13 12 1 10 g 8
| 1 [ [ [ wcom | mamew | ]
Actids RW RAW RN RW RAW AW AW W
Resot 1 1 1 1 1 1 1 1
Bit 7 8 5 4 3 2 i 0
[[EMPCYCM | RXINTOM | UNEXPBM | BUNGFTOM | | PLCASYMM | ESDERRM | DECSBM |
Acceas AW RN AW W AW AW AW R
Resot 1 1 1 1 1 1 1 1

Bit 10 — TEXCOLM Transmit Collision Interrupt Mask
When clear, this bit will anable asserbon of the IRE M pin when the Transmil Collisian {TXC0L) staius b is sal

2 | Transmit collision interrupt enablad
1 | Tramsmit colfision intenupt disabled

B9 =TXJABM Transmi Jabber Interrupt Mask
When clear, this bit will enable assertion of the IRQ_N pin when the Transmit Jabber (TX.JA8 ) status bif i5 sat

3 | Transmid j:l:_th il:'ﬂurnq:rl !__nl!:led-
1 Transmi jabber inlerrupd disabled

Bit 7 — EMPCYCM PLCA Empty Cycle Interrupt Mask
Whean clear, this bit will enable assertion of the IRQ_MN pin whan the PLCA Empty Cycle (EMPCYC) status bit is sed

] | PLCA empty cycle intarrup! enatied
1 FPLCA empty cycle interrupd disabled

Bit 6 - RXINTOM Receive in Transmit Cipporbunity Intermept Mask
Vhen clear, this bit will enable asserton of the RGN pin when the Receie in Transmd Opporiunity (RXINTO)
status bit is set

1] Fecense in fransmil oppartunity interrupt enablad
1  Receive in transmit apportunity interrupt disabled

Bit 5 = UNEXPBM Unaxpacied BEACON Recaived nlemupt Mask
When clear, this bil will enable assertion of the IRG_MN pin when the Unaxpecied BEACON Received (UNEXPEB)
status bil is st

Value Description

o Unaxpacied BEACON recaived intermuept enabled

] | Unexpacied BEACON received inlarrupt disabled

Bit 4 = BCNEFTOM BEACOHN Recaived Bafore Transmil Opportunity indemupl Mask
Wihen clear, this bil will enable assarton of the RO _N pin whean the BEACON Recahved Balors Transmil Opporiuinity
(BCNBFTO) status bit is se

1] BEACON recaned bedone transmit oppariunity intamupt enatled
1  BEACON received before transmit opportunity interrupt disabled
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Bit 2 = PLCASYMM FLCA Symbols Delecied Intermupt Mask
'l."u'hun clear, this bit will enabde assartion of the RO _MN pin when the PLCA Symbols Deiected (PLCASYN) status bif

"|".!I1.|:1. Description

PLCA BEACON symbois detecied intermupt enabled
1 FL-EA BEACON symboks detecied ln'tumptﬂumiud

Bit 1 - ESDERRM End-of-Siream Delrmiler Error Intermupt Mask
Whan clear, this bit will enabie assartion of the IRO_M pin when the End-od-Siream Delimdter Error (ESDERR) status
b-rl: is sel
ESD efrar mhmupt enabiad
] | ESD error interrupt disabiled

Bild=DECSBM 58 Decode Error Intefrupt Mask
Whan clear, this bit will enabile assartion of the IRQ_M pin whan the S8 Decoder Emor (DECSE) status s sel

5B decade arror interrupl enabled
1 | 5B decade arror interrupt disabled
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Register Descriptions
546 Interrupt Mask 2 Register
Hama: IMSHE2
Address.  Dx001D
Bit 15 4 13 12 11 10 g 8
1 = | == | RESETCM | = == |
Actids RW RAW AW RW RAW RW AW W
Resot 1 1 1 1 0 0 o 1
Bit 7 8 5 4 3 2 1 0
| I I | I I | | |
Acceas RW RN R RW AW R AW R
Reoset 1 1 1 1 1 i 1 1

Bit 11 = REBETCM Resal Complels Interrupt Mask
W'han clear, this bit will enable assertion of the IRG_M pin when the device reset has been completed

Value Description
0 Fesel complels interrupl enabled
1 Reset complete interrupt disabled
2021 Micrachip Technology inc Datashect DSE0001573C-page 50
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Register Descriptions
54.7  Counter Control Register
Hame: CTRCTRL
Address;  Dx0020
Bit 15 4 13 12 1 10 g 8
1 I I 1 I I 1 | |
Accoss RO RO RO RO RO RO RO RO
Resct a o o o o o o o
Bit 7 B 5 4 3 2 ! 0
I I I I I | | TOGTRE | BCNGTRE |
Access RO RO RO RO RO RW AW R
Reset 0 o o o o b o o

Bit 1 - TOCTRE Transrmi Opperunily Couner Enable

Enables and disatdes the PLCA transmit opportunity countar in the Transmi Opporiundy Gount {High) and Transmit

Opportunity Count (Low) registers

Wl e Description

1] PLCA transmit opportunity counter is disablad
1 | PLCA transmit opportunity countir is enabled

Bit 0 = BCHCTRE FPLCA BEACON Counler Enable

Enables and disablas the PLCA BEACOM cauntar i BEACON Count (High) and BEACON Count (Low) registers,

Value Description
0 | PLCA BEACON counter is disabled
| PLCA BEACON counter is enabied
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Bits 15:0 — TOCNT[I1:AE] Transmit Cpporhunidy Cound

This fiedd maintains the upper 16 bils of the 32-bit count of the number of PLCA fransmif oppoflunities the ranscaiver
may have wtilized since the previcus resd.

Mote: When this register 15 read, the contents of the 32-bit ransmal epporiunity counter will be latched into the high
and kow counber register pair. The high counter regestar will be updated prior to be driven onta MO pin,

Mote: The 32-bit counter will ba resel when the contents are lalchad inte the high and kow countear register pair

Register Descriptions
Transmit Opportunity Count (High)
Hame: TOCNTH
Address:  Dx0024
Bit 15 4 13 12 1 10 ] a
| TOCNT[3124] |
AgrEas RC RC RZ REC RC RC RC R
Resat 0 0 ] ] ] o o o
Bit 7 & 5 4 3 2 1 0
[ TOCHT[23.16] |
Actess RG RC RC RC RC RC RC RC
Riesat 0 o o o o o 0 L]
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Register Descriptions
549  Transmit Opportunity Count [Low)
Hame: TOCNTL
Address:  Dx00Z5
Bit 15 14 13 12 1 10 ] 8
| TOCHT[158] |
Actess RC RC RC RC RC RC AC RC
Resat 0 0 ] [\ 0 o o 0
Bit 7 & 5 4 3 2 1 o
[ TOCNT[7 0] |
Access RC RC RC RC RC RC RC RC
Resat 0 o o o o o 0 o

Bits 15:0 — TOCNT[15:0] Transmif Cpportunity Cound

Thits fiesd maintains he lower 16 bits of the 32-bit count of ihe number af FLECA transmil epporiunites the iransceiver

may have wtilized since the previcus resd.

Mote: The contents of this register will be lalched upen reading of the Transmit Cpporunity Count (High) regisier
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Register Descriptions
5.4.10 BEACON Count (High)
Name: BCHNCNTH
Address:  Ox0026
it 15 14 5 12 11 10 B L
| BCNCNT[3124) |
Actias RC RC RC RC RC RC RC RC
Rasab a g o o g o & g
Bit [} & 5 4 3 2 i a
| BCNCNT[23:16] |
Arceas RC RS RC RC RS RC RC REC
Roarkat Q 0 b o 0 b 0 Q

Bits 15:0 - BCHNCNT|31:18] Beacon Count

This fiedd maintains the upper 16 bils af the 32-bil counder al FLCA beatons received or ranamitfied sinca the
previous read.

Mote: When this register is read, fthe contents of the 32-bit beacon counter will be latched into the high and low
counier regster pair, The high counter register will be updated paor 1o be driven onto MDIO pin,

Mote: The 32-bd baacon counter will ba resel when the confenis ane lpiched inks the rh'ﬂl'l and kv cauntar raglular
jpsair.
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Register Descriptions
5411 BEACON Count (Low)
Hama: BCNCHTL
Address;  Dx00Z7
Bit 15 4 13 12 11 10 ] 8
| BCNGNT]158] |
Access RC RC RC RC RC RC RC AC
Resat 0 0 0 o 0 0 o 0
Bit 7 & 5 4 3 2 1 0
| BCNCNTT 4] |
Access RC ARG LT RC ARG RC AC ARG
Resat Q 0 0 o 0 0 o 0

Bits 15:0 - BCHCNT[15:0] Beacon Count

Thits fiesd maintains he lower 16 bits of the 32-bit counter of PLCA beacons received of ransmitled since fhe

PrEVIOUE read.

Mote: The contents of this register will be lalched upen reading of the BEACOM Count (High) regester,
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Register Descriptions
5412 Pad Control 3 Register
Hama: PADCTRLA
Address,  Dx0OCE
Bit 15 14 13 12 1 10 g 8
| PORVA{1:0] | PORVI{1-0] | PORV2(1:0) | PORV1[1.0] |
Aceids W AW AW RW RAW AW AW W
gl 1 1 1 1 1 1 1 1
Bit 7 8 5 4 3 2 1 0
| I I | I I | | |
Ascoss RO G RW RW AW R AW R
Reset 0 o o o 1 1 1 1

Bits 15:14 - PDRVA[1:0] Digital Oulput Pad Drive Strength
This fiebd configures the cultput pad drive strength for pin group 4

(LIS L eurmant drive

01  Medium-low current drive
L0 | Medium-high current drive
i1 High current drive (default)

Bits 13:12 - PDRY3[1:0] Dwgital Oudput Pad Dirive Strength
This fiedd configures the output pad drive strength for pin group 3

Value Description

I

(E]E] Low cunmant driva

0l | Medium-low current drive
10 Medium-high current diree
11 | High current drive (default)

Bits 11:10 — PDRVZ[1:0] Digital Output Pad Drive Strength
This fisdd configures the oulpul pad drive strengih for pan group 2.

oo Leaw cunment drive

i1 | Medium-low cument drive
10 Medium-high currenl drree
11 | High current drive {default)

Bits 98 = PORVA[1:0] Digdal Oulpul Pad Drive Strength
This fiebd configures the output pad drive stre for pin pi.

oo Lo cummant driva
o1 | Medium-low curment drive
10 Madium-high currant dimee
¥ High current drive (default)
T 2021 Micrachin Taernelogy e Datashect DSE0001 57T 30-page 66
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Register Descriptions
54,13 OPEN Alliance Map 1D and Version Register
Nama: MIDVER
Address:  DxCAL0
Bit 15 14 13 12 1 10 ] 8
| DMT 0] |
Actmas RO RO RO RO RO RO RO RC
Resot 0 o 0 [ 1 0 1 g
Bit 7 & 5 4 3 2 1 0
| VER{T.0] |
Access RO RO RO RO RO RO RO RO
Resot 0 o o 1 o 0 0 0

Bits 15:8 — IDM[T:0] Register Mag 1D
This fiedd uniquely identilies the OPEN Alliance address space for register mappang.

Wl Description

DA DPEN Alliance register map

Bits 7:0 - VER[T:0] Register Map Version
This fiekd specifies the register mag version. The version number is represented n binary-coded-decimal

Hx1l OFEN Alliance register map wersion 1.0

T 2021 Micrachin Taernelogy e Datashect DSE0001 5T 30-page 67
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Register Descriptions
54,14 PLCA Control 0 Register
Hame: PLCA_CTRLD
Address!  DxCAD1
Bit 15 4 13 12 1 10 g 8
L__EM RST | == — I = i
Aceess  RW RW SC RO RO RO RO RO RO
Resot ! 0 0 ] 0 0 o 0
Bit 7 8 5 4 3 2 1 0
| I I | I I | | |
Acceas RO RO RO RO RO RO RO RO
Reset 0 o o o o b o o

Bt 15 = EN PLCA Enable
Value

Description

The PLCA reconciliation sublayer is disabled and the PHY operates in normal CSMACD mode without
the performance anhancements of PLCA

| The Physical Layer Callision Avoidance (PLCA) reconciliation sublayer functionaiity is enabled.
Bit 14 - RST PLCA Reset

Mote: This bit is self-clearing, When salling this bit, do nat sat other bits in this register
WValue Description

1

Mormal operation
1

| PLCA reconcikation sublayer is resst

@ 2021 Micrschin Technslogy Ine Datasheet
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Register Descriptions
54,15 PLCA Control 1 Register
Name: PLCA_CTRL1
Address:  [xCAD2
Bit 15 14 13 12 11 10 l 8
| NCNTTT0] |
ActEss BAN RAY AV BAN RAN R R R
gl a Q o o 1 o 0 0
Bit 7 & 5 4 3 2 1 o
[ 10710 |
Access  RW RN AW RW RAW AW AW R
Rousot 1 1 1 1 1 1 1 1

Bits 15:8 — NCNT[T:0] MNode Count

Thiis fiedd configures the maxsnum numbear of nodes supported on the mulidrep network. Proper aparation nequires
that this field be sat to at Bast the number of nodes that may exisi on the netsork. The member of ransmit
epporfunities in a given PLCA cycle,

Valkd range: Ox01-0xFF

Mote: This field must be configurad comectly on the node with 1I0=0.

Bits 7:0 —1D{7:0] PLCA Local ID

Thits field configures the node's PLCA Local 1D and the transmit opportunity within the PLCA, cycle which it will
fransmit. A value of zero configures the node as the PLCA coordinator respansible Tor the penodis transmission of
the PLCA BEACON and the number of transmét opporunities availabbe per PLCA bus cycle. When set (o OxFF, the
PLCA eperation will be disabled and the node will revert o CEMACD,

Hote: This parameter shall be configured unique across the multidrop nebwoerk to ensure proger collision-free

operation.
Wl i Description
D | PLCA Coordinator node Local [0
1-0xFE | PLCA Foliower node Local ID
0xFF PLCA Disabled
@ 2021 Micrachip Technology Inc Datashect DSE0001573C-page 63
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Register Descriptions
54,16 PLCA Status Register
Name: PLCA_STS
Address!  DxCAD3
Bit 15 4 13 12 1 10 g 8
L__PsT | = = == I e I = =
Aceids RO RO RO RO RO RO RO RO
Resot a 0 0 ] 0 0 o 0
Bit 7 8 5 4 3 2 1 0
| I I | I I | | |
Acceas RO RO RO RO RO RO RO RO
Reset 0 o o o o b o o

Bit15 = PET PLCA Sialus
Thits field indicates that the PLCA reconciliation sublayer is active and a BEACON is baing regulary transmitied or
racanaed,

o Tha PLCA reconciliation sublayer is not regularly receiving or transmitting the BEACON

1 | The PLCA recanciliation sublayer i regularty receiving of transmitting the BEACON

2021 Micrachip Technology inc Datashect DSE0001573C-page 10
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Register Descriptions
5417 PLCA Transmit Opportunity Timer Register
Nama: PLCA_TOTMR
Address:  DxCaAQL
Bit 15 14 13 12 1 10 ] 8
l I I | I I | | |
Access RO CTS) RO RO RO RO RO RO
Fiesct a o o [/ o o o [
Bit ? B 5 4 3 2 1 0
| TOTMRA[T:0] |
Accoss RW R RAW R RAW R RW RN
Reset 0 o 1 (] o o (] 0

Bits 7:0 - TOTMR[T:0] PLCA Transmil Opportunity Times
Configures the PLCA Transmit Opportumity time allowed for sach node to begn transmittiing fo capbure the nebwork,
Thee tirme is represented n increments of 100 ns (Le, 1BT).

B Imiportant: This fisld must be configwed denteally across all nodes on the mulidrop network.

Impraper confguralion of Transmit Opportunily limear may resull in reduced nabyork performancs of
colisions, It is recommended bo leave this field af its default value unless a full evaluation of netwark
delays has been performed.
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Register Descriptions
5418 PLCA Burst Mode Register
Name: PLCA_BURST
Address:  OxCAOS
it 15 14 5 12 11 10 B L
| MAXBCTT 0] |
AgrEas
Reset a o o o g o o g
Bit T 8 3 & 3 s 1 0
L B ___ BTMRITO] - - |
Acciras RN R Ry R RS R R Ry
Resct 1 a b i} o b L] a

Bits 15:8 - MAXBC[7:0] Maximum Burst Cound

This fledd conlfigures the maxenem number of adddional frames that the node may ransmit in a single transmit
opportunity. When sef to 0, the PLCA burst mode is disabled and only one frame will be transmitted per ransmit
eppartunity.

Value Description

o | Burst mode disabled. Only one frame will be transmitied per Transmil Opportundty.

1-0FF | Number of additional frames thal may be transmitled in @ burst.

Bits 7:0 = BTMR[7:0] Bursi Timer
VWhan burst mode is enabled, this field configures the amount of time allowad following the transmission of a frame
which tha node will continue io fransmit and hold the multidrop network waiting for the MAC io fransmit an additional
frwmia. Should the trmer expire before the MAC ransmits an additonal frame, or i the maximoem number of framas
allowed fo be fransmitted in a single burst has been exceeded, the node will stop fransmitting and yield the network
1o the nexl ransmil opportunity,

The e is represented = increments of 160 ns {ie., 1B8T).

Mote: The minimum value should be equal to the MAC inter-frame gap (IFG) phes margin for the latency between
thie MAC and FHY.
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Application Information
6. Applicatinn Information
6.1 MIl Operation
Figure 6-1 Bustrates device connectivity in MIl mode
Flgure 6-1. MIl Connectivity
MAaC LANBETOVZ
Ml 3 Ml
MDY : = K
I s AL
PR M [ (10
RS | RS
Col | COL ::-:: " |n,:::“
-l ]
ENER | EXNER Pk
RXTW RXINY
FECTR 2ea| AN LTRE ]
HXCLL = EXiLE X
TROLKE = IXCLK A
L1 LT g TXIDA:0]
TXER = TXEER XTin
TREN . = TREN

6.2 RMII Operation with Reference Clock
The figure below ilustrates device connectivity m RMIl mede with a S50 MHz reference clock
Flgure 6-2. RMIl Connectivity with Reterence Clock

e LAMBETON
13 RMII
i
£
= = AWADIG
= NI
iy ™
Bus
r THY |-
TXD|14| shi 4 interface
- == TREN Network
N 10
- RYER REFCLAIN [
- CHSOY
i
50 MHz Oeoliabor
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LANB670/1/2
Application Information

Power Connectivity
Figure §-3 ustrates a typical power configuration for the LANSET/2 with the power supply architecture and
recommended decoupling. The LANSETIN 2 requires al minimum only a single 3.3V power supply

The amalog pins (TREP, TREMN, XTIFREFCLEN, and XTO) pins mausi never be driven bo more than the YWDDA supply.
Furthennane, all olher digital pins. must never ba drivan 1o mone than the VODP supply. Thess requirements ans
applicable to powar-up and power-down as well &5 normal operating conditions,

A farribe baad may optionally be added to the VDDA and YIDP supplies for increased noise immunity in EMI-
sengilive appications, Depending on the properties of the farriie bead, ils combinabon with the decoupling capasibors
may Ccawse resonance peaking at lower frequencies leading o an undesired amplification of low-frequency noise in
the system resuliing in increased alectromagnetic radiation. Since the ferrife bead salection is highly depandent on
thie noise in the system, which vanes from design to design, the lange bulk capacitor, typically 10 uF, is recommended
io be placed on the device side of the fermie bead, During the prototype phase, it is recommended o include the
option for the ferrite beads should the nead arise to populate it to improve nolse mmunity.

Figure 6-3. Power Connectivity

A Wew LANBETONM/2
i
- L 8 " e 3 W \INJA
r Bami TOFE 01 F | B oF]
Splcal’
o1 .J" o .J" VDDA
mﬁu W] | -Jn.F_'n-:-nF'_' bt
inphon; |
- ® YEOP
01 uF | 0 F|
GNIY (0PAD)
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LANB670/1/2
Application Information

Crystal Oscillator Selection

Oscillator mangin is & measure of the siabdty of an osclilator creuit, and is defined in Equation &-1 as the ratio of the
oscillator's negative resistance {Rygg) to the crystal's ESR (Rigsa)

Equation 6-1. Crystal Oscillater Margin bMeasuramant

|Ruecl _ |Pyvarl + Rise

=R E5k
The negalive resistancse can be measured by placing a vanable resmsbor (Ryg) 0 senes with the erysial and finding
the largest resistor value whare the crystal still starts up propedy. This point would be just below whers the oscillabor
does not start-up o where the starl-up time 8 excessively long. deally, osciltabor margin should be greater than 10,
and should be at beast 5. Smaller oscilator margin can affect the ablity of the cocillator 1o start up.

The inad capacitance, specified when ordering the crysial, is the series combination of the capacitance on each
leg of the erystal This capacitance inclutes not only the added capacilors, but atse PCB frace (shunt) capacilance
and chip pin capacitance. Larger capacitors also have a negative effect on oscillator margin. It is recommended
that & crystal utikzing matching parallal load cagacion be used for the erystal inputioutput signals (XTIXTO)L The
transconductance gain (gwm) of the mtemal invering amplifier s nominally 18.2 m&

The crystal cut and tolerance value listed in the Crystal Specifications section are typical values and may be changed
1o st differing system requirements. Higher ESR values {than those ksted in Crystal Specifications ) un the sk of
having start-up problems and should be thoroughly fested before being used. Contact the crystal manufacturer for
mohe information,

Related Links

T.81 Crystal Specifications

Margin =
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Application Information

6.5 Electromagnetic Compatibility (EMC) Considerations

6.51  Output Drive Strength Control

The LANBETON/Z digital outputs are configurable 1o ane af four drive strengths. By changing the dgital outpul
mpedance in combination with the oulput load, the nise and fall time of driven output signals may be adusied o
e timing reguiremants while reducng the sharp transilions and finging thal can be a saurce of unwanied radiated
gmessions. The pin cutput drive strength is configurable in groups based on their application as defined in the table
below, The output drve level for each pin group is configured within the Pad Condrol 3 (PADCTRLI) register. The
oulpud drive cumants ane specified in the DG Specificalions section

Tabde 6-1. Digital Output Drive Pin Groups

Pin Hurster

fin Mamsr | LANBETO | LANSGTY | LANSBETZ

Pin Group § - Application
TECLK 12
IRG N 22 18 24

Pin Group 1 - Serial Managensen Interface

MO 14 10 16
Pin Group 3 - Mil

oL 2 [ 2
cRs | 18 | . |
RXCLE i7 - . 1]
mxp2 | 02 | - | 35
RED3 . 24 . i . 20
TECLE = s . 3

Pin Group 4 - MIFRMI
RxDE 16 n 1
RXD1 13 12 21

RECAICRSDY ¥

CR50Y 4
RO - . 2
RAER F 14 i
Related Links

5412 PADCTRL3
7.5 DC Specificalions (other than 10BASE-T15 PMA)

6.6 Reference Schematics

The schemalics on the following pages contain example refereance mplementabons of the LANBETIN1/2. Engineers
may wish 1o include senes tarminaton resestors mear digital ouwlpul pins bo aid in matching the driver and PCE race
mpedance. At a minimum, a senes 100nF coupling capacitor (not shown) is needed on sach of the TRXP and TRXN
pins. Additional bus nleface network (BIM) details are contained in a separate Application Mole

T 2021 Micrachin Taernnlogy Ine Datashect DSE0001 5T 30-page TE
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7.1

Operational Characteristics

Absolute Maximum Ratings

LAN8670/1/2

Operational Characteristics

Stresses axceading those llsbed in this saction could cause pefmanend damags bo the devics. This = & sireds raling
only. Exposure to absolute maximum rating conditions for extended periods may affect device refiability. Functional
oparation of the dewce at any condifion exceeding those ndicated in Operating Conditions, DC Specficabons, or any
alher applicable secton of this speciication i nat implied.

n Attentlon: Exposure at or above thess Bmils may damage the device,

Table 7-1, Abszolute Maximum Ratings

Parsmnieler Symbsnl

Power Supply Viotage:
Cegital 150 (VDOP)
Analog (VDOA)
Wolnge mppdied bo pins:
TRNP, TRXN WTRNPM
TRNPITHRXN [diflerental) YOIFF
KTUREFCLKIN, RBIAS
Al olhod pirs
Junchion Tempeeshurs Linder Bins . T4
Storage Temperature . ':H;g
Lot Tarispanratusin Fang '
ESD Humsn Body Modsl
TRXP, TREM [ls WES)
Al othr pins
ESD Maching Moded
ESD Chigan Dirstce Mol

LollLY

T80

3.8
19

a2
28

VDDA + 05

VOOP + 05
IH.
180

Rafed b JEDEC Epas J-ETD-020

+B
+2
+a00

+T50

KV
KV
¥
W

Hate T

Hota 2

Hate 3

JEEDE2-A115

| AEC-OTD0-011

1 Whan powssirg Lhis dindos from laborahony OF spnlers powel supplses, § i mmporant thal The absoluly masrsuem rdifgs nol Bs exdieded
o dervica Taduie con esull. Sofme powar supeles axhel vwallage spled on ther culputs whan AC power B sefched & of o, In
aditicon, voltsge Erarikents on thay AL povwlr ling may sppear on the DE cufpul. I he possihify avisls, § b suggesisd thal a clamg

s b wred
| ‘Violtage apphesd i piew musl emain balow 300

3 Tosl specifcaton klavwing SESDEE-ATHAEC-000-00 (1.5R0, 100 F)
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7.2

7.3

LANB670/1/2
Operational Characteristics

Operating Conditions
Proper operation of the device is guaranteed only within the renges specified in this section.

Table 7-2, Operating Conditions

Bescriphicn =y
Possar Supply Vioktagas:
Digkal 4O (VDDP) 3.135 3,685 v
Anaiog (VDOA) 3.135 3.485 v
kxcmmum bnget Wollage . .
XTUREFCLKIN, RBIAS 0.3 VDDA + 0.3 v
AF Dihi pins 0.3 VWOOP + 0.3 v
P Supgey Feirsp Ratn 304 iy
Ambient Cigsrating Tempuemtun (St A Ta ' 40 ' +125 | e
Power Consumption

This sechon details the device powear measurements laken over vanous operating conditions. Unless cihersise
nobed, all measurements were laken with power supples at nominal values. All values are ypical

Table 7-3. Current Consumption and Power Dissipation

VDDA, Cumend WODP Cument
Wode SN [ma) BV (k] Total Dewice Power [mi)
RESET RESET_M pin o Fil] 5 1]
ACTIVE - Rty Fa -] .1
ACTIVE Trandssal o | I -] 120
Datashect DSEDI0157T3C-page 82
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Operational Characteristics

7.4 Package Thermal Specifications
Mote: Thermal parametars are measured or estimated for devices in a muli-layer 252F PCB per JESDS1.

Table T-4, LANSETD Package Thermal Parameters (32-VOFHN)

Juntion bo- Aemites 2s, 43 AN ‘5Hl aér
Junction-ia-Top-of-Packga wiT as AW Sl
dunchion-io-Case Qs TR "W

Tabde 7-5. LANBET1 Package Thermal Parameters (24-VQFN)

Symnibod

Junciion-lo-Amibeen] LT 2] W Sl r
JunCion 0= Top-od-Faciaga T g W S
Juineioe- - Case L=1 23 W

Table 7-B, LANSETZ Package Thermal Parameters (38-VOFN)

Junchen bo- Aemikenn BUa L} oW Sl @
Junetion-fo-Top-of Package WT a4 AN Sl i
Junciion-io-Cass @ 50 =

Datashect DSE0001573C-page &3
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LAN8670/1/2

Operational Characteristics

7.5 DC Specifications (other than 10BASE-T15 PMA)
Table 7-7. DC Elecirical Characteristics (other than 10BASE-T1S PMA)

IOH-ML
Ik
Iowim
VOD-NDDP Type Qulpsl Buflens
Lo Lespd Chupust vaL
oL
oL
oL MH
aL-H
VOHDDOP Type Gulpa Bullers

L el il il WAL

pagh.Lvel Outpid VDM
IgH-L

loH-NL

Iows-H

0B

ra.}
w4
VOoP-0.4
= L3
1.2
0

9

28
AT
el )

40

A3
27
40
53
VDOoP.0.4
1.0
20
28
15

[iF]
VDDP03
220
10

o4

[LE ]

o4

m'Y

L

1idiR|R|< R i|F]2]=

FE|E|=

5
=

A SE S

3 (3|3

H

Vil = VEE o VDOR

hote 1

Livw dehva
Bheebutm-ber cirivs
Wesbum-high drive
High drive

Koo 2

Larw drive
Bbechunm b v
Khesium-tigh drive

High div

Mok 1

Lgrie icten

WaSum -lony dirivs

Wedbum. high drive
High drive

Fdaibin 1

v drren

Rgsiem - boww dirmes

Baciuen-high drive

Higghy dlriwe

Hole 2

Lo et

Kacdum-low diees

Wi pm-highs drive
High diive

@ 2021 Micrachip Technology ne
and s subsidiares

Datashect

DSE0001573C-page 54



LAN8670/1/2

Operational Characteristics
Symibad Linis
ICLK Type Input Buffer Nate 3
Losw-Lewsnl Input Volaga Wil 03 045 W
High-Livel g Veltage Wil VDOA O3S | | vDDAsDZ V
inpul Leakage D 10 ' ' 10 | WA | Vi VSSorvDDA
i ] | | : 1=
Holes:

1 kol o onfiganubls 1o b vels of snk cument
2 IgH Is conRgurable |0 lowr evels of soarne cueTent.
3 REFCLEIN, and cptonally XTI, i ba detran bom @ single-anded cleck escillaled to whach s spetificatons apply
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7.6

T.6.1

T.6.2

LAN8670/1/2
Operational Characteristics

AC Specifications
This sechon detaits e various AC timing specilications of the device,

Mote: The Ethemet TRXPTRXN pin iming adberes to IEEE Std 802 3cg. Refer to the |IEEE Std 802 Jeg
specification for detmled Ethermet timing information,

Equivalent Test Load
Cutput ming specifications assume a 20 pF eguivalent test lead, unless othersise noled, as illustrated bebow.

Figure 7-1. Output Equivalent Test Load
ouTeruT O——

T 20

General Signals and Clocks
Table 7-8. AC Electrical Characteristics (other than Ethernet PMA)

FPararmees er Il Linibs Modex

VOVDOP Type Dutpen BuMers

Outpust R Tirne " ' 10% ko 90%, €1 = 205F
} ! ! = ! ! = G
L] . . ns Medium:low dmss
- i Masfurmi-high diive
3 ns .Hlju:lm
Ouipart Fall Tima 1y . . . .‘H]"'l‘h'll]'!k.ﬁl._ll‘ﬂl:F
) fil Léni defeii
| ns .H‘D?'l.liﬂ-lcﬁ'm
-] ns .hlld'l.lfnmj‘m
3 ik High ditva
VOD-¥DDP Type Cutpat Buffers
Cutpest Fsll Tima Y DIRG 10 108, Cy = 20pF
> ' s Lo deon

Wi ko direye

2

5 ne | Medum-high drive
3 ny .H-th:lmu
VOH-DDF Type Oulpal Bufien
Dulpt Fiss Tima i 10 o S0, Oy = 20pF
| s | s Loww deben
-] . . ns .hh.'.l-l.m kovw dirivee
“ | o .m.nmm
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7.6.3

T.6.4

T.6.5

LAN8670/1/2

Operational Characteristics

Symibad Linis Meten

3 he High drive
Dulprt Fall Tma . 1j . . .‘Hﬂi'l'.'l1ﬂ'.i..ﬂu|-ll1'ﬂ|:F

10 . . fill Lérw évein

- . . ns . Medum-low drive

| 4 . . s keadiem- high drive
| | o | Higlt driva

Fower-0On Configuration Strap Timing

The tirmang diagram below illuslrates the configuralion sirap tmeng requirements, in rekation Lo power-on, for
applications where RESET_M is not used af power-on, The operational leved (Vo) for the exdemal poser supply
= defined as the minimum operalional supply vollage as detailed in the Oparating Conditions section,

Flgure 7-2. Power-On Configuration Strap Timing
All Exiermal LT -

Power Supplics J

4 toan *

Configoration Straps m

Table 7-9. Power-On Configuration Strap Timing

Unils

Dncripbaan

Corfiguaton sirap Bold afer exlemal power supsly af opemtional eah 4
Bty

RESET_N Configuration Strap Timing
The fellowing diagram idlustrates the RESET_M timang requirements and its relation bo the configuration straps.
Asseriion of RESET_N is not a requirement, However, if used, it musi be assered for the minimum period specified

Flgure 7-3. RESET_N Configuraticn Strap Timing
] . ¥

RESET N\ f

Confizuration Siraps
Table 7-10. RESET_N Configuration Strap Timing

Diescription

RESET_N inpuil assasriicn, jimss tratia
Corfigurabon seap satup before BESET_M ragaton LEFe 00 L3
Corfiguraion sirap Bold afer BRESET N negation Feah

Power Sequence Timing
Power suppies must adhare to the folowing rubes:
+  Theme is no power-up seguencing requirement, however all power supplies must reach operational levels within

the bme peneds specihied in Table 7-11
+  WDODA must nod be powered for an exbendad period of ime without VDOP atso at operational levels.
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LANB670/1/2
Operational Characteristics

Follewing initial powear-on, of il & powed supply brownoul occurs (Le., either of the VDDA or VDDP supplies
drops bedow operational limits), an infermal power-on resel will be performed once all power supplies reach
operabional levals, Refer io the sechon Power-0On Configurabon Sirap Timing fof powar-on resel mequiremeanls,

* Do not drive input signals without power supplied to the device

n Attention: Violalion of thase specifications may darmage (he dévice.

Flgure 7-4. Power Sequence Timing

VDDA Supply Pin J
VIDDP Supply Pin J

Table 7-11. Power Sequence Timing

Dueg.ri phion N Urniits

YOOP supphy luimi-on bensd elatha o VDDA Ipan [i] 5 e

Redated Links
TE.3 Power-On Configuration Slrap Timing

Ml Timing
This section specifies the M ransmil and receive tirmng
Figure T-5. MIl Transmit Timing

L] mip ¥
A bow w bown b

™ U
Tow Hrcia T | s Tz

WMIW e 555

A " )

IXEN ST ” T,

Table T-12. MIl Transmit Timing

—
THCLE pariod lehip 400 £
THCLE high tims ' eiich telip " 04 ' tehip " 05 i
THCLK koo imes | s | taeros | | apos | m
TXOEH0, TXEN satup Sme to falkng edge of TXCLK | b | 20 | ' I m
THEI0H, TREM hokd ima aher falling odge of THCLK ' ik o s

Hote: Timing was designed for system oad betwesn 5 pF and 20 pF.
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LAN8670/1/2

Operational Characteristics

Figure T-6. Mil Receive Timing

RXDV, RXER
Table F-13. Ml Receive Timing

Drpiriphsn

RACLK pesiod helicp 400
FHCLE high time . el gl " 04 .
FCLH o tierss ' Lol ik " 04 '
RND{30], RADNY, RXER oulput valid from faling edge of RXCLE . byml . .
RMD{:0), ROV, RXER oulpet imvakd from lalling odge of RXCLE . [ Y
Hote:

Tirriing was designad for syslem load between 5 pF and 20 pF.

RMII Timing
This secton specifies the RMI interface transmit and receive Bming

Uinits
L1
| Lehp " 08 s
|t 08 e
. 8.4 . m
i

In this modae, & 50 MHz clock must be input on the REFCLEKIN pin. Refar 1o the Rl REFCLKIN Reguiramants

sechon for cdock addilional details,

Note: The CRSDV pin parforms both camer sense and data valid funclions. CRSDV s assarbed asynchronously on
detection of carrier due to the criteria relevant io the operating mode. if the PHY has additional bits o be presented
on RED[1:0] follewing the initial negaton of CREDY, then the device will assed CREDY on oydles of REFCLKIN
wihech prasant the second di-bil of @ach nibble and negale CRE0OY on cyces ol REFCLKIN wheth presant the firsl

di-bit of a nibble. For additonal information, refer 1o the RMIl specification
Flgure T-7. RMIl Timing

i tessp ]
0 Lein b Lemi

RPN S\ [\ [\ [\ [
R tov - -—

¥ ¥

RXDj1:0], RXER

CREDY

5

o

TXD{1:0] m - ?ﬂ;;

i B 7 L
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Table 7-14. RMN Timing

REFCLEIN parisd ehp 20 [
REFCLIIN high tina ' lolich Ltk " 0,35 ' totp " 065 ok
REFCLEIN low Bme . Ll | Lol * 0.5 . . Telip * 085 . m
RD{ -0, RUOER. CASDV cutpul valid from nising sdge of REFCLKMN . Eavand | . . ] | L]
RND{1:0]. REER, CRSDY cutpul irwalid kom ssing sdge of REFCLEIN | [ 30 | ' Fii
TRO{10L THEN setup Sma to rising sdge of REFCLEIN . tagy . 4 L
TAD{ 104 TEXEM hold tma afier rising edge of REFOLKIN . A . 1.5 ]

Mote: Teming was designed for sysiem load bebyeen S pF and 20 pF.

T.6.B SMI Timing
This section specifies the seral management interface timing of the device.

Flgure 7-8. SMI Timing

i bt ¥
LR S
-1 g, S AT, W o, T R, VO
m=. * L
oo R RR =
4 H F

!
MEIO -

Table T-15. SMI Timing

De-Rcriplian Syt ; Lififts
BADC pariod felup 250 m
MDA high Sma [ feap " 04 . s
M b lima I Ll g " 04 . o
REDED [rea Trom PHY) ceatpul vali® e rising etes of MDC . [ | . . 130 | m
DN [l Trisim PHY ) citpisl ienlid Bom riaeg sdge of MDC ' [ A ' o ' i
DG [wriln to PHY) sefup e B rising ecige of MDC . L] . L[] 1
MDD {wrile o BEY) gt hodd Bime after risng edge of MDGC . LA . '] L3
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Operational Characteristics

10BASE-T15 PMA
Table 7-16. 10BASE-T1S PMA Electrical Characteristics

Parameter Symhbad
Deflmranial Capaiilnng Cd
Teransmet Driver Dwiput
Cifaraniial ditvar siipa Vo
Chinge in Sfeesriel siiady sls | BVeq
ontpul Tor complarnlary $alis
Receiver Inpul
Rpcnenr differeniin eommiinaty ¥ih

£

Differantial mput ressrdaros

Hobe:
1. Desigs paramaisr rof esbed]

&a 1.0 12

032 - . oz

pF 1MHz
Mota 1
kY Figara 70

k' Figura T-0

ki Hote 1

Figure 7-9, Differential Qutput Test Fixture

-
L0 nF 350 T
Wt
L0 nF a0 l
— [l
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7.8

7.81

T.82

LANB670/1/2
Operational Characteristics

Clock Circuit

The device can accepd aither a 25 MHz crystal (prefarred) or a 25 MHz single-anded clock oscillator (£ 100 ppm)
nput. H the single-ended clock oscillator method is implemented, XTO should be left unconnecied and XTI
(REFCLEIM) should be driven wilth a normanal 0-3.3% elock ssgnal.

Mote: In RMI made, a 50 MHz single-ended clock oscillabor mput mus! be dnven onto REFCLKIN which adheres o
the reguirerments detailad in the RMII REFCLKIN Reguirements section.

Crystal Specifications
Ses the following lable Tor recommended crystal specificatons,

Table 7-17. Crystal Oscillator Specifications

Parameber

Caysinl Cut AT {hypecad)
Cryalnl Oacliaton Moda Furdamiaiilad
Cayimd Calibration Mads . Paralisl Rirsonant Madks
Froqusncy 5,000 [T
TPkt S eC 2100 PR Hoe 1, 2
Resaimmidid Manrum Shod Capadlanta . . ] pF
Recommendsd Matchid Load Capacitance 10-23 pF Mot 3
Dty Ll 50 (L
Rescommended Maximm Equvalont Senes 1 ]
Ressianog [ESR)
MTVETO Pin Capactances ) pF Hote 4
Holes:

1 Thes fofad deswiafon for the rarsmiter clock frequency s spoofed by IEEE 800 Jog as 2100 ppm

i Thés parameter musl incude increased vanation oyver the expectod operatonal Wetime of the apgdicalion [aging).

1. Leod capackance par crysial leominal

4 This e inchudes the o, the bored wine ond S lasd fremss. Printed cincul! board trace capacitancs is nol mcluded n this valus

Thas XTUXTO pin and PCHE toce capsciancs wolses aop requned o soowmlely calculate the value of the teo axtemal oad capacion
Thess o axtamal ad capacilon datenming $ pocuracy of the 25 000 M frequency.

RMIl REFCLKIN Requirements
Tha following table defaits the Rl REFCLEKIN timing requinemants.

Table T-18. RMI REFCLKIM Timing Requirernants

Farameter i ! LIt Holes

REFCLEKIN Inpquancy 50 AHE
REFCLEIN Fregeency Sakdity $ 100 ppm Inchuding agng
REFCALEIN Duty Cyols a5 B5 e
REFCLEIN Stlar B4 pa e L Pk (e P
@ 2021 Micrachip Technology Inc Datashect DSR0GT1IC-page X
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LANB670/1/2
Packaging Information

8. Packaging Information

8.1 32-VOQFN (LANBETO Only)
32-Lead Very Thin Plastic Quad Flat, No Lead Package (LMX) - 5x5x1.0 mm Body [VQFN]
With 3.4 mm Exposed Pad and Stepped Wettable Flanks

Mote:  For the most cusrent package drawings. phease ses he Micrachp Packaging Specificaton lecated at
hitg: wwew micrachin comipackaging

Units MILLIMETERS

Dimensies Limits]  MiN | mos | miax
Mumbar of Terminals i a2
'_Pntuh o 50 B
Crourall Height # 0&l 0.50 100
Skt A1 0 0.0 Qo5
Tarminal Thickness A3 0.203 REF
Overall Langth ] 500 BSC
Expesod Pad Lergth [5F] 330 | 340 | as0
Oronrail Wickh E 500 BEC
Exposad Pad Vadhn EZ | 330 3.40 380
| Tarminal Width b 0.20 0.25 030
Torrnnal Lergh L 0.30 040 050
Tormna-o-Gapesded Fad K Q32a = £
Expesad Pad Comar Chamfer | CH 0,35 REF
Eton Height A 014 . .13
Step Langth D3 | 0035 0.080 | 0.

T i

1. P 1 wisasal e feature maay vary, but miast be localed within tha hatched ansa.
2. Packogs s s sngulnied
3. Dir s &0 lolpmansing ped ASME Y14 50
BSC: Basic Dimension. Thecrotically excact vakue shown without inlerances.
REF; Rigdurency Dirsrmion, usually withou! iobiancn, for informaon puipodn only

Microchip Technology Oraing CO4-500 Rev B Shool 1 of 2
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LANB670/1/2
Packaging Information

32-Lead Very Thin Plastic Quad Flat, No Lead Package (LMX) - 5x5x1.0 mm Body [VQFHN]
With 3.4 mm Exposed Pad and Stepped Weltable Flanks

Mofte:  For the most current package drawings, please see the Microchep Packaging Specificaton kocabed at
hitp s _micrechip com/packaging

32X
EEDE
o DR
H::arE-u—\.‘\ . . E |
NS /”/’
;. x"////
9—/ ———t @
(DATUM B) = |
(DATUR A} = |
[=]o.10]c] !
X TOP VIEW A1
o telo PBEIE0E e
02 A
S aLANE [

[#[otot0[c|als] SIDE VIEW

i

Ad

T -
03 =—

SECTION A-A

ECIEAR
BOTTOM VIEW 0.0500]c|

Mioroohip Technology Drawing C0d-500 Rev B Sheet 1 of 2
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LANB670/1/2
Packaging Information

32-Lead Very Thin Plastic Quad Flat, No Lead Package (LMX) - 5x5x1.0 mm Body [VQFN]
With 3.4 mm Exposed Pad and Stepped Wettable Flanks

Mote; For the most current peckags drawings, please see the Microchip Packaging Specification lncated at
htip s microchip comipackagng

i
X2

T 5

--11)0000000

o) T
= ::u—f
|0 O DE r“‘

00000000

[ | [
—] f— W]

SILK SCREEN |E|—| |-—

RECOMMEMNDED LAND PATTERN

Lirits MILLIMETERS
Dimension Limits ik MG KA

Contact Fich E 0.50 B2C

[Cptional Carlar Pad Wiah X2 350

Cenlur Pard Leng® 3 3.50

Contact Pad Spacing [+ ] 4 80

Contact Pad Spacing (7] 4,50

Contact Pad Wadth [23) X1 0,30

Cantact Pad Langth (32) 1 _ [

Contact Pad to Center Pad (32) | G1 | 020

Contact Pad to Contect Pad (X28) | G2 | 020

Thermal Via Diameter W 0.33

Tharmal Via Pitch EV 1.20

Mirtig:
1. Dimensioning and iclerancing par ASME 14 50
BEC: Bagic Dimaengion. Thaoretically exact value shown withoul iolorencis
2. For bast soldering resus_thermal vias, ¥ used. should be filled of tenbed to avaid sclder loss during
fefiow procias

Microchip Technology Orawing CO4-2500 Aev B
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Packaging Information

24-VOFN [{LANBET1 Only)
24-Lead Very Thin Plastic Quad Flat, No Lead Package (U3B) - 4x4 mm Body [VQFN]
With 2.6mm Exposed Pad and Stepped Wettable Flanks; Atmel Legacy ZCY

Mote: For the most cumenl package dravwings, please sae the Microchip Packaging Specificalion localed al
hiip hwwe. microchip comipackaging

245
=rEE
|
noret~ [, E r—IE [ZToa0]c !
.'Ir' I
‘ ?%jgi {
VAT
Boollledd o o 1 & i
mATuum—-//#-L/‘!— [
(CRATLIM &) — ! i
2% \‘-l L
Iﬂ|ﬂ1ﬂ|r:| ! I
2%
TOP VIEW — 1
[—]o.10]c e
401080 clA]B] —_ A
b2 SEATING
PLANE
SIDE VIEW
DETAIL A =i [@]o. oM [c]ale]
1l
Ej E2 Ny
e
T 1 e I
A A y
; = __I ‘: I STEPPED
' b = N WETTABLE
TR e [T - SECTIOM A-A FLAME
—"IL Tt I | —I |—:4xu
—"iE”— & oo |clals)
BOTTOM VIEW 0.0504) C|

Microchip Technotogy Drarwing C04-21483 Rew & Sheel 101 2
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LANB670/1/2
Packaging Information

24-Lead Very Thin Plastic Quad Flat, No Lead Package (U3B) - 4x4 mm Body [VQFN]
With 2.6mm Exposed Pad and Stepped Wettable Flanks; Atmel Legacy ZCY

Mote: For the most current package drawngs, please see the Microchip Packaging Specification located af
hiip:\vewee, rasrechip. comipackaging

DETAIL 1

ALTERMATE TERMIMNAL
CONFIGURATIONS

Units MILLIMETERS

Dimension Limits MIN BN A
[Humbar of Terminals N Y]
Pitch L 050 BEG
Duarall Height A 0.a0 KL R
Standofl a1 0.40 0038 038
Tarmingd Thickneds Ad 0.203 REF
Civerall Length D 4.00 BEC
Exposed Pad Length [=F] 280 | 280 | 2T
Crvarall Width E 0 B
Exposed Pad Width B2 2 50 260 iy}
Terminal Widih b 0320 0325 .30
| Tafminal Length L 035 D40 .45
Terminal-io-E xposed-Pad K 020 - -
Wetlable Flank Step Length [EE . = 0.08%
Wietiabls Flank Step Height Ad 010 - 018

Pl b

1. Pin 1 visual index featurs may vary, bul nmust B2 located within the halched arca
2. Package is saw singulated
3. Dimensioning and Dlerancing per ASME Y14 5M
B3C: Basic Dimanaion. Theonstically sosc] value shoam wilhaul inlerances.
REF: Rofirence Dimensian, usually withaud iolerancs, Tor mformalian puipases cnly

Microchip Technology Drawing CO04-214831 Rev & Sheet 2 aof 2
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LANB670/1/2
Packaging Information

24-Lead Very Thin Plastic Quad Flat, No Lead Package (U3B) - 4x4 mm Body [VQFN]
With 2.6mm Exposed Pad and Stepped Wettable Flanks; Atmel Legacy ZCY

Mote: For the most current package drawings, please see the Microchip Packaging Specification located al
hip i fwew microchip. comdpackaging

i

r—a-)00000 -
E{:} b dyﬂ::l G2
c2 2 -—j‘;}—-(} ® 8 GJ
ey &= = L:TT
2 3. . g
'1"1}

L=

SILK SCREEN / —-IIEII—-— -

RECOMMENDED LAND PATTERN

Linits MILLIMETERS

_ Dimgngion Limits | MM | NOM |  MAX
Caontact Piich E 0.50 BSC
Oiptioral Genter Pad Width x2 2.70
Oplional Cantar Pad Length v2 2.70
Cantact Pad Spacing i 4.00
Contact Pad Epacing .2 4 00
Contact Pad Width (X34} X1 0,30
Caontact Pad Langth (X24) ¥1 0.85
Contact Pad fo Center Pad (X24) | G 0.23
Contact Pad fo Contact Pad (20) &3 0,20
Thermal Via Diamhr v 0.3
Thermal Via Pich EV 1,00

Mol

1. Dimersicring and tolsnancing or ASME Y1450
BSC: Basic Dimension, Theoretically exact value shown without iolerances,

2. For best soldering resuls, thermal vias, i used, should be iled or lented to avold scider loss during
reflovw process

Mecrochip Technology Drawing CO4-Z3483 Rev & Shest 10l 2
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LANB670/1/2
Packaging Information

8.3 36-VOFN (LANBETZ Only)
36-Lead Very Thin Plastic Quad Flat, No Lead Package (LNX) - 6x6x1.0 mm Body [VQFN]
With 4.4 mm Exposed Pad and Stepped Wettable Flanks

Mote: For lhe most current package drawings, please seea the Microchip Packaging Specilication localed al
hiip:thwww.microchip. compackaging

@ r@ 5 VRN E |
HGIE1—\\‘ i ! |
)
A
|22 i
| ol N g
(DATUM B) = | []
(DATUM A} = |
[=]e10]c] ;
—Te TOP VIEW A1
&0 100]C]A]B] (A3)
oz A,

|
UUUYUUU [Glow@[c[Al8] SIDE VIEW

NOTE 1 ey £2
A Acl A
NS
NATATEY.
X = & mT 10000 SECTION A-A
|_ —n—l | —— r 1 __._I I J_Ex b
& u.1%c AlB|
BOTTOM VIEW ALl ule
Micnachip Tochmology Drarading OD4-501 Rew B Sheat 1 of 2
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LANB670/1/2
Packaging Information

36-Lead Very Thin Plastic Quad Flat, No Lead Package (LNX) - Bx6x1.0 mm Body [VQFN]
With 4.4 mm Exposed Pad and Stepped Wettable Flanks

Mote: For lhe most current package drawings, pleass see the Mecrachip Packaging Specification localed al
hilp.ifwss microchip. comipackaging

Lirits MILLIMETERS

Oimenmon Limes|  MIN | MO ALY,
[Humbser of Tarminais N 36
Pitch e 0.50 BEC
Crverall Heigh a i,eQ .50 1,00
Siandoi Al i0.00 .02 005
Terminal Thickngss A3 0.203 REF
Crearall Longth o] 6.00 B5C
Exposed Pad Length D2 | 430 | 440 | 450
Creprall Width E 5,00 BEC
Exposed Pad Width E2 4.0 .40 4 50
Terminal Width b .20 0.5 .30
Termninal L L 1,30 1,40 .50
Teirninal-to-Exposed-Pad K 0.0 - -
Expeaed Pad Comer Chamier o .%5 REF
| Step Height Ad i,10 “ FRE]
Shep Lengih 03 0.0%5 QL0ED 0085

Mates

1. Pin 1 visual index feature may vary, bul must be locaied within the hatched anca,
2. Package is saw singuiabed
3 Dimensioning and Iclerancng per ASME Y1458
BEC: Basst Dimenaian. Thaoritically oxact valus shown withoul ielerandss.
REF: Releronce Dimansion, usually without tolerance, for infrmation purposes only

Microchip Technofogy Drawing  ©04-501 Rev B Sheet 2 of 2
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LANB670/1/2
Packaging Information

36-Lead Very Thin Plastic Quad Flat, No Lead Package (LNX) - 6x6x1.0 mm Body [VQFN]
With 4.4 mm Exposed Pad and Stepped Wettable Flanks

e e  ————

Note: For lhe most culrent package drawmngs., please see the Microchip Packaging Speciication located at
hatp: fwease, microchap comipackaging |

— G

r'G1

=
wh
p—

| IDDDD[]UDQD—-_—F-—-
2

7_4]@00
e | |-

RECOMMENDED LAND PATTERN

Linits MILLIMETERS

Dimension Limits ] MIN__ | NOM | MAX
Coninct Pitch E I 50 B5C
Cenfer Pad 'Width ¥ 4.50
Center Pad Length Y 4,50
Contacl Pad Spacng £ 590
Contacl Pad Spacing [¥¥] 5.90
Condact Pad Width [Xnnj X1 0,30
Caontact Pad Langth [(Xnn] 1 B85
Confact Pad to Center Pad (Xnn) 51 020
| Conanct Pad b Contact Pad (Xnn) | G2 o an
Tm:rrn-ul Via Diameter W 033
Thqn'n.ll ia Pitch EV 1.20

Moles
1. Dimensioning and lolerancing per ASME v 14.581
BEC: Basic Dimension. Thecralically exact value shoan without olerances.
2 For besl soddening resulls, fvermal vias, f used, should B Tilked or lenied o svoid soider koes duning
raficw procEss

Microchip Technobogy Drawing CO4-2501 Rev B
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Package Marking Information

9. Package Marking Information
Figure 8-1. LANBETD Top Mark
Lagusnd:
LAMBGTT Devion idendifier
U] Pricaciont Risvmion Code
¥y il b et of AaEinidy Y
Far Azspmbly Work Wesk
21l Temcing Mumibser
[ Loty o Uegpn AdSievialaon (oiirall)
o Fh-hree JEDEC: despnancd ior Maiie Tin{En
LANBG?G . This package is Ph-des. The Pbfres JEDEC desigralor (55D
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Package Marking Information

Figure 8-3. LANEET2 Top Mark
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Data Sheet Revision History

10. Data Sheet Revision History

Tabde 10-1. [kata Sheet Revision History

Ravisdon Level & Dxle SaclishFigreEniry Coimection
DSB00015TIA (Aug-2018) An inal Respane
CeSB000157IA (Feb-2021) ..i.n .Ll'pd-ulud Rplonse for RevBla
DSE0001573C (Jun-2021) 3  Sopacatng unusad pins Pt e inernaly conrecied (DN from thows
which ang internally unconnacted (MC]
A1 Updaled VIS-VDOP i Irpsdermiis; WO-VDOF, WOH-VDOP outpaut
gy bl e Eusriits; ICLE input vokage ki
TEZ Wpdaled typcal reoftal Bmes
TEE Upckatisd MB THENTHEMN salup lima
TET Updaind FEME RXDMRXERCREDN outpul villd Smis
Tr Upstaind 108AEE-T15 PRA Elecirical Characisrisiios
71 Updaind ES0 Machine Modsd rating
4y Added nBiakration and configuration segumnce
497 Addicd PLCA dingnanlicn
o8] Addchind fidkifincn Seliffulics
Aall Varous sditonial changes
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The Microchip Website

Microchip provides onling support via our websils a1 www mscrechip eomd. This wabsite s used b make files and
mformation easily available to customers. Some of the content available includes:

+ Product Support - Diata shests and errata, appkcation notes and sample programs, design resources, user's
guides and hardware support docurments, lales) software releases and archived sofbwane

+ Ganeral Technical Support — Frequenily Asked Questions (FAGS), technical support reguests, online
discussion greups, Microchip design pariner program rember listing
Business of Mlicrochip — Product selecior and ordenng guides, latest Microchip press releases, listing of
seEminars and events, listings of Microchep sales offices, distribuiors and faclory representatives

Product Change Notification Service

Microchip's product change nolificalion serdice halps keep cuslomers curren] on Microchip products, Subserbers will
receive email notification whenever there are changes, updates, revisions or errata related fo a specified product
Tamily or development lool of inflenesl

To register, go o www. mecrochip.com/pen and foliow e regisirabion msilruchons.

Customer Support

Users of Microchip produsls can recsive assistance through several channels:

Distributor or Represantative
* Locad Sales Office
»  Embedded Solutiors Enginser (ESE)

+  Technical Suppor

Custorners should contact their distributor, represeniative or ESE for support. Local sales offices are also avallable fo
help custormens. A listing of sales ofices and lcations is included in thes docurnent,

Technical support is avaiable through the wabsile ab waw microche com/suppan
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Product Identification System

To order o obitain information, &.g., on prcing or delivery, refer to the factony o the ksted sales affica.

PARTNO. XX MY - ox XX

Davice Product Tape and Temperature Pachage
Revision Reoel Option Grade Type

Davica: LANBSTO 108ASE-T15 Etharmel PHY Transceiver, MIVRMII
LANBET1 10BASE-T1S Ethernel PHY Transcaner, RMI
LAMBETZ 10BASE-T15 Ethernel PHY Transceber, Mil

Product Revision: . KX T'#I.:I characier code specifying product
revision
Tape and Reel Option: Blank Standard packaging (tray)
T Tape and Reall'!
Temperaiure Grads: E S0°C to +125°C Extanded range
Packige Typs: LM ' 32-pin VQFN (LANBETD only)
LI3B 24-pin VOFM (LANBET1 anly)
LN 36-pin VOFN (LANBET2 only)

«  LAMBETOB1-ELMX - 108ASE-T15 Ethernet PHY Transceiver, MIVRMII, Revision B1, Standard tray packaging,
I2VOAFM package, -40°C o +125%C

= LANBET1B1-E/U3B - 108ASE-T15 Ethernet PHY Transceiver, RMI, Revision B1, Standard tray packaging,
24-N0FH package, <70 o +125°C

= LANBST2B1-E/LNX - 10BASE-T1S Etharmet PHY Trenscaiver, MIl, Revision B1, Standard tray peckaging,
J-NOFM package, <070 fo +125°C
LANBETOE1T-E/LMX - 10BASE-T1S5 Ethemel PHY Transcaivar, MIVRMII, Revision B, Tape and Resl
packaging, 32-VOFN package, -<40°C to +125°C

Hote:
1. Tape and Resl identifier only appears in the catalog part number description. This identifier s usad for ordenng
jpurposas and is nod prinled on the device package. Check with your Micrechip Sales Qffice for package
availability wilh the Tape and Reel option
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Microchip Devices Code Protection Feature

Hote the following details of the code protection feature on Micrechip devices:

+  Microchip products mest the specifications confained in their particulas Microchip Data Sheet.

Microchip believes that its family of products is secure wiven used in the inended manmer and under norrnal
conditions.

«  There are dishonest and possibly ilegal methods being used in atternpts 1o breach the cade pratection features
of the Microchep devices. We believe that these methods require using the Microchip products in & manner
ouiside the operating specifications contained in Microchip’s Data Sheets, Attempls to breach these code
profecton feaiures, mos! likely, cannol be accomplished withoul vislating Microcha's intellectual property righls.

=  Microchip s wilfing fo worlk with any customer who is concemed abouwt the integrity of its code,

= Meither Mesrochip nor any olher samiconducior manufaciurer can guaranies the secunty of its coda_ Code
profecton does not mean that we are guaraniesing the product is "unbreakable ® Code protecton i constantly
evalving. We at Microchip are commitied to contnuously improving the code probection features of sur products.
Atternpis 1o break Microchip's code profection faature may be a violation of the Digital Millennivm Copynght Act,
If such aets allow unautharized aceass ba your saftwans of other copyrighbed wark, you may have a Aght 1o see
for relief wnder that Act

Legal Notice

Informalion conained in his publcation is provided for the sole purpose of designing with and using Microchip
products. Information regarding device applications and the like = provided only for your corvenience and may be
superseded by updates. 1 s your responsability fo ensure thal your application meels with your specifications,

THIS INFORMATION 15 PROVIDED BY MICROCHIP “AS 15°. MICROCHIP MAKES MO REPRESENTATIONS
OF WARRANTIES OF ANY KIND WHETHER EXPREES OR IMPLIED, WRITTEN OR ORAL, STATUTORY

O OTHERWISE, RELATED TO THE INFORMATION IMCLUDIMNG BUT MOT LIMITED TO AMNY IMPLIED
WARRANTIES OF NOMN-INFRINGEMENT, MERCHANTABILITY, AND FITHESS FOR A PARTICULAR PURPOSE
OR WARRAMTIES RELATED TO ITS COMDMTION, QUALITY, OR PERFORMANCE.

IN MO EVENT WILL MICROCHIP BE LIAELE FOR ANY INDIRECT, SPECIAL, PUNITIVE. INCIDENTAL GR
CONSEQUENTIAL LOSS, DAMAGE, COST OR EXPENSE OF ANY KIND WHATSDEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEMN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLCWNED BY LAW,
MICROCHIFS TOTAL LIABILITY OM ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL MOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOL HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION, Use of Microchip devices in life suppor andlor safety applicabions is entirely al the buyer's risk,
and the buyer agrees o defend, indermnity and hald harmiess Macrochip from any and all damages, elasms, suits, or
expenses nesulting from such use. Mo licenses are conveyed, implicitly or otherwise, under any Microchip inbellecieal
propery rights uniess atherwse stated.

Trademarks

The Microchip name and logo, the Microchip logo, Adapiec, AnyRate, AVR, AR logo, AVR Freaks, BesTime,
BitClowd, chiphIT, chipKIT loga, CryploMemary, CryplefF, dsPIC, FlashFlex, flexPWR, HELDO, IGLOO, JukeBlex,
Healog, Kleer, LANCheck, LinkMD, maXStylus, maXTouch, Medial 8, megaAvR, Microsemi, Microsemi logo,
MOST, MOST logo, MPLAB, OploLyzer, PackeTime, PIC, picoPewer, PICSTART, PIC32 logo, PolarFire, Prochip
Designer, GTouch, SAM-BA, SenGenully, SpyNIC, 55T, 55T Loge, Superflash, Symmetricom, SyncServer,
Tachyon, TimeSource, timyAVR. UNID, Vectron, and XMEGA, are registered trademarks of Microchip Technology
Incaorporated in the LS A, and other couniries.

AgileSwitch, APT, ClackWarks, The Embedded Conirol Solutions Company, EtherSynch, FlashTec, Hyper Speed
Centrol, HyperLight Load, IntelliMOS, Libero, motorBench, mTouch, Powermite 3, Precision Edge, ProASIC,
ProASIC Flus, ProASIC Plus logo, Ousst-Wine, SmartFusion, SyncWarld, Temux, TimeCesium, TimaHub, TimaFiclra,
TimeProvider, WinFath, and ZL are registered trademarks of Microchip Technology Incorposated in the U.S.A

Adjacant Key Suppression, AKS Anadog-for-the-Dhigital Age, Any Capaciter, Anyln, AnyOut, Augmented Switching,
BiveSky, BodyCom, CodeGuard, CryploAuthentication, Crypledutomeotive, CryploCompanicn, CryptoController,
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dEFICODEM, dsFICDEM. net, Dynarmis Average Maltching, DAM, ECAN, Espresan T135, EtherGREEM, ldealBridge,
In=Ciircuit Serial Programming, 1CSE, INICnet, infelligent Paradeling, Inter-Chip Comnneclivity, JitterBlocker, maxCrypio,
maView, memBrain, Mindi, MW, MPASM, MPF, MPLAE Certilied logo, MPLIE, MPLINE, MultiTRAK, MeiDetach,
Omniscient Code Generation, PICDEM, PICDEM.net. PICkit, PICaIl, PowerSmand, PureSilicon, GMatrix. REAL ICE,
Rippie Biocker, RTAX, RTG4, SAMCICE, Serial Quad VO, simpleMAP, SimpliPHY, SmartBuffer, SMART-1.5., storClad.
S0, SuperSwilcher, SuperSwilcher |, Swilchiee, SynchraPHY, Tolal Endwance, TEHARC, USBCheck, VanSensa,
WectorBlox VerPHY, ViewSpan, WiperLock, XpressConnect, and ZENA are trademarks of Microchip Technology
Incarporaied in the LS A, and other couniries.

SQTP s a service mark of Microchip Technology Incarporated in the US A

The Adapiec logo, Freguency on Demand, Silieon Storage Technology, and Symmeom are registared trademarks of
Microchip Technology Inc, in other countries

GesllC is a registensd tradéemark of Microchip Technolagy Germany Il GmbH & Co, KG, a subsidiary of Microchap
Tﬂl‘ll‘ﬂ!ﬂ}ﬂ'p' InG., in obiar Sounries.

All pther trademarks mentoned herein are proparty of their respective companiss.
22021, Microchip Technology Incorporaled, Printed in the LS A AR Rights Resarved.
ISBN: 978-1-5224-8404-2

Quality Management System

For inlarmation regarding Microchip's Quality Managemenl Sysiems, please visil wwa microchip comigualily,
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