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Intel® Ethernet Connection 1217

Datasheet v2.3
Product Features

= General = Security & Manageability

— 10 BASE-T IEEE 802.3 specification — Intel® vPro support with appropriate Intel
conformance chipset components

— 100 BASE-TX IEEE 802.3 specification = Performance
conformance — Jumbo Frames (up to 9 kB)

— 1000 BASE-T IEEE 802.3 specification — 802.1Q & 802.1p
EO”fOFmE""fff‘_C? ¢ Ethernet (EEE) IEEE — Receive Side Scaling (RSS)

— Energy Efficien erne _
802.3az support [Low Power Idle (LPI) Two Queues (Tx & Rx)
mode] = Power

— Reduced power consumption during normal
operation and power down modes

— Integrated Intel® Auto Connect Battery

— IEEE 802.3u auto-negotiation conformance
— Supports carrier extension (half duplex)

— Loopback modes for diagnostics Saver (ACBS)
— Advanced digital baseline wander correction — Single-pin LAN Disable for easier BIOS
— Automatic MDI/MDIX crossover at all implementation
speeds of operation — Fully integrated Switching Voltage
— Automatic polarity correction Regulator (iSVR)
— MDC/MDIO management interface — Low Power LinkUp (LPLU)
— Flexible filters in PHY to reduce integrated = MAC/PHY Interconnect
LAN controller power — PCle-based interface for active state
— Smart speed operation for automatic speed operation (SO0 state)
reduction on faulty cable plants — SMBus-based interface for host and
— PMA loopback capable (no echo cancel) management traffic (Sx low power state)
— 802.1as/1588 conformance = Package/Design
— Power Optimizer Support — 48-pin package, 6 x 6 mm with a 0.4 mm
— Intel® Stable Image Platform Program lead pitch and an Exposed Pad* for ground
(SIPP) — Three configurable LED outputs
— iSCSI Boot — Integrated MDI interface termination

resistors to reduce BOM costs

— Reduced BOM cost by sharing SPI flash with
PCH

— Network proxy/ARP Offload support
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Revision Date Description
0.25 April 2011 Initial release.
0.26 May 2011 e Changed signal name “VDD1P0” to “VDDOP9”
e Changed signal name "CTRL1P0” to “"CTRLOP9”

0.8 September 2011 Added: Features list, Introduction, Interconnects, Initialization, Power Management and
Delivery, Device Functionality, Phy Functionality, Programmers’ Visible State, Electrical
and Timing Specifications, 1588 Information, Reference Schematics information,
Schematic and Board Layout Checklist Information, and Mobile and Non-Mobile Design
Considerations and Guidelines.

0.9 December 2011 Updated: name for Power Optimizer, Figurel Block Diagram, Table 1 (Power Optimizer
information), Status Packet from PHY information, Figure 3 and notes, VDDOP9 signal
names, VDD3P3 signal names, Pinout diagram, Ball Mapping table (signal names),
Table 26 Address Map, Table 30 PHY Identifier Register 1, Table 83 LANWAKE #, Figure
12 Power Delivery Schematic, Interconnects diagram Chapter 15 and Chapter 16,
Power Delivery schematic Chapters 15 and 16.

0.93 April 2012 Added: Reference to Intel® Ethernet Controller 1218 Datasheet; Notice that only the
internal Voltage Regulator will be supported
Updated: Legal Information front matter; Table 1 SKUs and Features; Table 15-10
Crystal Manufacturers and Part Numbers; Table 15-13 Inductors and Manufacturers:
Table 16-10 Crystal Manufacturers and Part Numbers; Table 16-13 Inductors and
Manufacturers

0.94 July 2012 e Included up-to-date power table

e Added note to inform readers that an external voltage regulator is not to be used
e Removed all information and references regarding the use of an external voltage
regulator

0.95 August 2012 e Updated Power Delivery Diagram

e Updated Power and Power Control Pins table
e Updated Ball Mapping table
e Updated Pinout diagram
e Updated SMBus Interface Pins table
0.96 November 2012 e Updated e-PAD information
e Removed all references to shared SVR

2.0 April 2013 e [Initial release (Intel public).!

2.1 August 2013 e Added section 6.3.1.9.

2.2 September 2013 e Revised section 6.3.1.4.2 (EEE LPI Unsupported Features; added network proxy

offload bullet).

2.3 October 2013 e Revised section 7.5 (Network Proxy Functionality; added a note to section 7.5.1).

1. Revision number changed to 2.0 at product release. No other versions have been released between revisions 0.96 and 2.0.



] t l ® > Intel® Ethernet Controller 1217

NOTE: This page intentionally left blank.



] ®
Intel® Ethernet Controller 1217 l n tel ,

Contents

(00T 1 =1 31 PP URR v

U 131 e T [T o o PR 1
PR I O 1V =Y Vo SR 1

2 |V = Y1 o I o SR 2

LG T 5 =Y =Y = oSSR 2

1.4 Product SKUS and DeViCe IDS ...ttt e e e e e e e e e e e e eeeaaeees 3

B 131 (=Y 4 oo 0 4 1= e 5
P20 B | 1o o (U T i o T o PP URR 5

2.2 PCIE-BASEA ..ot e e e a e e e e e e nreeas 5
2.21  PCle Interface SigNalsS.........c..uuuiiiiieieeiiei i e e e e e e e e e s eeaaaee s 5

2.2.2 PCle Operation and Channel BEhaVIor .............ccoviiiiiiiiiiciiieee e 6

2 11V 1= PSR 9

P2 R I O A=Y o1 PP 9

2.3.2  SMBUS Pass TroUGh (PT).....uuuiiiiiieeei ittt s e e e e e e e e e e sennrraneeeeaaae s 13

2.3.3  Slave TranSaCONS .........ueiiie it a e e nnees 15

2.3.4  MaSter TranSACONS ........eiiieiiiiiiie ettt e et e e s e e e e e e nbee e e e e nnnees 18

2.4 Transitions between SMBus and PCle interfaces ..........ccocoeviiiiiiiii i 21
2.4.1  Switching from SMBUS t0 PCIE ......ccooiiiiee e 21

2.4.2  Switching from PCle 10 SMBUS .........ooiiiiiiieeeeeee et 21

2.5  SMBUS/PCIE INTErCONNECES ...coeoiiiiiiiee ittt e e e e 21

3 PN INEEITACE ...t e e e e et ee e reeeas 23
3.1 PINASSIGNMENT ...ttt e e e e et ee e e e e e e e e e s e neeeeeeeeeeaaa 23
3.1.1  Signal Type DEefiNitioNS ......ccoiiuiiiiieiiie e a e e 23

3.1.2  PCle INterface PiNS (8) ....ueiiiiiiiiie ettt e e nbae e e e 23

3.1.3  SMBUS INterface PiNS (2).....ccccuiiiiiiiiiiie ettt e e e e 23

3.1.4  MisCellan@ous PiNS (3) ..uveeiiiiiiiiiiee ittt e e e e et e e e e 24

R Tt I T o o 0 1 o (3 7 PR 24

3.1.6  TeStability PiNS (5) . .cuiiiiiiiieieiiie et 25

3.1.7  Power and Power Control PiNS (16) .........cccuiiiiiiiiiire e siiie e e e e e 25

R 3 T 11 | PP PR PPURRURPRP 26

R S 1o = [ [T 27
4.1 Package Type and MechaniCal .............oocuiiiiiiiiiiiiiii e 27

4.2  Package Electrical and Thermal CharacteristiCs............ccooiiiiiiiiiiiiiiiie e 28

4.3 Power and Ground ReqUINEMENTS ..........uiiiiiiiiiiee e e 28

N = 7= | Y. =T o] o 1o T P 28

5 INItIAlIZAtION ... e e e e e e e e e e e e nnenaaeaeeas 29
Lo TRt B o Y 1 o U RUPRR 29

L A S (oY1 Y A @ o T=Y = 1T IR 30

5.3 TiMING PArameEtersS ......eeciiiiiiiii ittt ettt e e e e e e e e e s e e e e e e e e e e e e n e aarreaaeaaaan 31
5.3.1  Timing REQUINEMENTS .......uuiiiiiiiiiiiee et e e e e e e e e e e e aeeeeaaaee s 31

5.3.2  TimiNG GUAANTEES ...ttt e e e re e e e e e e e s e s e aaereaaaaees 31

6 Power Management and DelIVEIY .............oooiiiiiiiiii i a e 33
6.1 POWET INFOMMALION ....eeiiie e e e e e e e e ettt e e e e e sn e e e e e nreeeeennraeas 33



10

Vi

Intel® Ethernet Controller 1217

8.2 POWET DEIIVEIY .. ..ttt ettt e e e e e e e nanreeeeas 34
6.2.1  COre VAC SUPPIY ..ottt e e e e e e e e e e s eeeeeaaaaeeeeeann 34
6.3  POWEr Management ..........ooiiiiiiiiiie i e e n 34
6.3.1  Global POWET States.......coiiiiiiiiiiiiie e e e e e 34
Device FUNCHIONANItY ............c..oe e e e e e e e e e e e e e eeeas 41
A% T "l (o 1 TSR 41
A = ¥ G [0 USSR 41
4% T (o1 A @] 1 o U 42
7.3.1  MAC Control Frames and
Reception of Flow Control Packets............ooiiiiiiiiiiii e 42
7.3.2  Transmitting PAUSE Frames .........coiiiiiiiiiiiiiiee et 44
A =1 = Lo T SRR 44
T4 HOSEWAKE UP ..ottt e st e e s eee e 45
7.5  Network Proxy FUNCHONAIILY ........coooiiiiiiiiii e 55
745 0t B 1 1o Yo [T i o T o SRR 55
7.5.2  Network Proxy ACtVAtioN ... 55
7.5.3  IPVA PIOXY—ARP ...ttt e e raaa s 56
7.5.4  IPV6 Proxy—Neighbor DISCOVETY .........cuuiiiiiiiiiiie ittt sraeee e 57
7.5.5 Multicast Listener DiSCOVEry SUPPOIT.......ccooiiiiiiiiiiiiiiie e 60
4G T Mo T o] o= o3 G RSP 62
Programmers’ Visible State ... e 65
T B =4 o 111 o] (oo Y2 65
0 |V ][ 2 o= TSR 66
S TG T Vo o [ Y=o o R 66
8.3.1 Registers Byt Ordering ........ccooiiiiiiiiiieiieiee ettt e e e e e e 67
o o [ YT 1V =T o LSRR 68
8.5  PHY ReQIStErs (Pag 0) .......uuueiiiiiieiiiiiieieee ettt e e e e e e e e e e e e e e e aaanrae s 71
8.5.1  Loopback Mode SetliNgS........cociiiiiiiiieiee e 79
8.6  Port Control Registers (Page 769) ...........uuuiiiiiiiieiie e 90
8.7  SHatisticCs REGISIEIS ... ..o 93
8.8  PCIE REGISIEIS ...t e e e e e e e e e e 95
8.9  GENEral REGISIEIS ... ...t a e e e e e e e 96
R TR B 101 (=4 (] o) £ PPRUSRPN 102
8.10 WaKe UP REQGISIEIS ... .ottt ettt e e e e e e e e e e aaaaaaeeas 102
8.10.1 Accessing Wake Up Registers Using MDIC..............cceeveiiiieeiiiiiiiieeieeeee e 102
8.10.2 Host Wake Up Control Status Register Description ..............ccooovciiiiiiieiiieeeeeciees 103
8.10.3 ME Wake Up Control Status Register Description ..............ccccoeeviiiiiiiieiiieeeeeeiees 115
8.10.4 LPI MMD PHY REGISIEIS ... .eeiiiiiiiiiiiie ittt a e s e e nnneeeeas 126
Non-Volatile Memory (NVIM) ...ttt st e e e e e s e e e s nnnneeeas 127
9.1 T 10T [T 1o o 1 USSP 127
9.2  NVM Programming Procedure OVEIVIEW ...........coccuuiiiiiiiiiiie ettt 127
9.3 LANNVM Format and Contents..........coooiiiiiiiiiiiie et e e 129
9.3.1  Hardware Accessed WOrdS ...t e e 130
9.3.2 Software AcCesSEd WOrdS ........oooieeiiiiiiii e e e 137
9.3.3 Basic Configuration Software Words.............occeeiiiiiiiiiiii e 141
Electrical & Timing Specifications ... 143
0 TS B [ oY [ T o T OSSR 143



] ®
Intel® Ethernet Controller 1217 l n tel >

10.2  Operating CoNAItIONS......ccoiiiiiiiie it e e e eb e e e s b e e e e s anreeeeaas 143
10.2.1 Absolute Maximum RatingS.........cccoiiiiiiiiiiiiia e 143
10.2.2 Recommended Operating Conditions ............cooiiiiiiiiiiiiiie e 143

10.3  POWEE DEIIVEIY ..ottt ettt e e e bt e e e e e bt e e e e anbee e e e e aneeaeeas 144
10.3.1 Voltage Regulator Power Supply Specifications ..o 144
10.3.2 SVR Specification (INternal) .........cooo i 144
10.3.3 Power On/Off SEQUENCE........uuuiiiiiiiiie e e e e e e e e 144
10.3.4 Power Delivery Schematic Drawing ...........cceeeeeiiiiiiiii i 145

L (@ B L O =T =T =1 =Y SR 146
10.4.1 3.3 VAC /O (OPEN DraiN)....cccciiiiiieeeiciiieee ettt stee e e st e e e eenrae e e e s srraeeaeanns 146
10.4.2 3.3 VAC O it e e e e e e e a e e e e e e e e e e 146
10.4.3 3.3 Vdc I/O Pull-up & Pull-down Information ............ccccooeiiiiiiieeeee, 146
10.4.4 INPUt BUFfEr ONIY ....oeiiiiee e ee e 147
10.4.5 Input Buffer Vdc /O Pull-up & PUll-dOWN............ooiiiiiiiiieee e 147
10.4.6 PCle DC/AC SPeCifiCations .........eeiiiiiieiiiiiiiee e 147

10.5 Discrete/Integrated Magnetics Specifications ..., 150

OB |V =T o1 o =T [ SRR 150

10.7 Oscillator/Crystal SpecCifiCations ..........cooiiiiiiiii e 151

11 Driver Programming INterface ... 153

11.1  Registers Byte OrderiNg .......ciieiiiiiiiiiiieieee et e e e e e e e e e e s s e rraneeee s 153
11.1.1 Register CONVENTIONS ...t e e e e e e e e e e e aee e 154
11.1.2 PCI Configuration and Status Registers—CSR Space .........cccccevveveeiiiiiccciiiiiee, 154
11.1.3 PCIm Configuration and Status Registers—CSR Space ........cccccccveveeeiiiiicvniieene, 237

12 Time Synch
(IEEE1588 and 802.1AS) ........oooiiiiiiiiie ettt ettt e ettt e e e e st e e e e sntaee e e s snreeaaeanns 281

P2 B O A=Y o SRR 281
12.1.1 Flow and HW/SW responsibilities. ..........oooiieiiii e 281
12.1.2 HW Time SYNC ElEMENES.....coiiiiiiiiii e 283
12.1.3 PTP packet StruCtUre ... 285

13 Mobile Design
Considerations & GUIAeliNeS ............ooooiiii e 289

131 PHY OVEIVIEW ...t 290
13.1.1 PHY INterconnects..........ccccoiiiiiiiiiiiiic 290
13.1.2 PCle-Based Interface .............ccoceiiiiiiiiiiiii 291
13.1.3 SMBUS INtEITACE ......eiiiiiiiiiiie et e e s ee e e 291
13.1.4 PCle and SMBUS MOAES .......coiuiiiieiiiiiiie ettt e et e e sbeeeee e 292
13.1.5 Transitions between PCle and SMBuUs Interfaces..........ccccccvviiiieiiiiiieei i 292

13.2 Platform LAN Design GUIAEIINES .........uuuiiiiiiiieeeii et e e e e e 293
13.2.1 General Design Considerations for PHYS ... 293
13.2.2 NVM for PHY Implementations...........cccooiiiiciiiiiiccece et 295
13.2.3 LAN SWITCR ..ottt e e e s ee e 296
13.2.4  LED ... et e e e e e e e e e e eanes 296
13.2.5 Exposed Pad* (e-PAD) Design and SMT Assembly Guide........ccccceeeeeeiiiiinvnrinnnenn. 297

13.3 PCH—SMBus/PCle LOM Design GUIdelings..........ccuviiiiiiiiieei e 302

13.4 SMBus Design CoNSIAerations.............uuiiiiiiiieeeiii e e e e e e e e e e e e e s raeaee s 303

13.5 General Layout GUIAEIINES ..........cociiiiiiiiiee et e e e e e e e aeeeee s 304

13.6  Layout CONSIAEIAtiONS.....ccoiiiiiee i e e e e e e e e e e e e e e e e s s e ennnraaaeeaee s 304

13.7 Guidelines for Component PIaCemMENTt..........cocoiiiiiiiiiieeie e 304
13.7.1 PHY Placement Recommendations ...........cccueeviiiiiiiiii i 305

vii



Intel® Ethernet Controller 1217

13.8 MDI Differential-Pair

Trace Routing fOr LAN DESIgN ......coiiiiiiiiiiiiiiiee ettt e e 307
13.9  Signal TraCe GEOMELIY .......eiiiiiiiiiiiee ettt e e e s et e e e e snbeeeee e e 307
13.10 Trace Length and SYMMETry .......cueiiiiiiiiiii e 309
13.11 Impedance DiSCONtINUILIES ............ueiiiiiiiiiie e e e e e e e e 310
13.12 Reducing Circuit INAUCIANCE .........oviiiiiiiiiiie e 310
1313 SIGNAI ISOIALION ....ceiiieee e et e e e s b e e e aneeeeeanes 310
13.14 Power and Ground PIANES ..........ouiiiiiiiiiiiei ettt e e e 311
13.15 Traces for Decoupling CapacitOrs ....... ..o e 313
13.16 Ground Planes under a Magnetics ModuIe..............occuviiiiiiiiiiiiii e 313
13.17 Light EMIttiNg DIOUES ....cooiiiiiiiiiiiiiie ettt st e e s aaree e e 315
13.18 Considerations for LAYOUL ..........ocuuiiiiiiiiiii e 315
13.19 Frequency Control Device Design Considerations.............cc.eeveiiiiieiiiiiiieee e 316
13.20 Crystals and OSCIllatOrS. .........ccoiiiiiiiiei e ee e 316
G T2 B O LU= o v 7 o ) - | SRR 316
13.22 Fixed Crystal OSCIllator ..........cooiiiiiiiiei e 317
13.23 Crystal Selection Parameters...........oooi i 317
13.24 ViIDrational MOTE ..........ooiiiiiiiiii ettt e e e st e e e e anbae e e aaee 317
13.25 NOMINAI FIEQUENCY .....eeiiiiiiiiiie ettt e et e e e bt e e e e s st b e e e e snreeeeanee 317
13.26 FreqUeNCY TOIEIANCE ....ccoi ittt e et e e e s st e e e e anbeeeeenee 318
13.27 Temperature Stability and
Environmental REQUIFEMENTS ......oviiiiiiiii e e e e e e e e e e e e e e e e e e e e e e eeeaaaeees 318
13.28 Calibration MOE .........ooiiiiiiiiiie et e e sttt e e e e sttt e e e e sttt e e e e s snbaeeaeesanraeeeanes 318
13.29 L0ad CAPACIHANCE .....eeeeeiiiieeiiieiee et e e e e e e e e e e e e e e e e a e e eeaeaaaas 319
13.30 ShuNt CAPACIKANCE .....ueieiiiiee it e e e e e e e e e e e e e e e e eeaeaaaan 319
13.31 Equivalent Series ReSISTANCE. ...........uuiiiiiiiiiiiiie e 319
T3.32 DIFIVE LEVEI ...ttt e e e e e e et e et e e e e e e e e e e e nnnbeaeeeaeeeeaan 320
LR 1 I Ve 1T [ OTPOUPOPPRUPRN 320
13.34 REfErENCE CryStal.......uoiiiiiiiiiiii ettt e e e e e e st e e e s sbeeeeeesenraeeeanes 320
13.34.1 Reference Crystal SeleCtion..........cocuiiiiiiiiiiiie e 320
L T 7 o @ o 1 1 =T = o PR 321
13.34.3 Temperature ChaNQES ........ccocuuiiieiiiiie ettt e e e e e e e enbae e e e e ennees 321
13.35 OSCIllAtOr SUPPOIT.....oeeeeeiiiie et e e e e e e e e e e e e e eaeeeeaaan 321
13.36 Oscillator Placement and Layout Recommendations.............coooviiiiiiiiiiiiiie i 322
T3.37 LAN SWILCRN ..ttt e e st e st e e e s be e e s ne e e sbaesanbeeeae 322
13.38 Troubleshooting Common Physical Layout ISSUES ............cceeeiiiiiiiieeiiiiiiee e 323
13.39 POWET D IIVEIY ...t e e et e e e e e e e e e e e e e nnnbeeeeeaeeeeaan 323
13.40 POWET SEUENCING ... .viiiieiiiiiiieeeiieiee e e sttt ee e e e sttt e e e e saabeeeeesateeeeaesasteeeeeeaasbseeeesanseeeaeeaanseeeeaanes 325
14 Non-Mobile Design Considerations & Guidelines ................c.occciiiiiiiiiiii i 327
T4 PHY OVEIVIEW ...ttt ettt et e e e ettt e e e e e bt e e e e s bttt e e e e anbeeeeeesanreeeeanee 328
1411 PHY INtErCONNECES .o 328
14.1.2 PCle-Based INterface ... 329
14.1.3 SMBUS INErfacCe .....ccooiiiiiiiii e 329
14.1.4 PCle and SMBUS MOUES ..........uiiiiiiiiiiie et 330
14.1.5 Transitions Between PCle and SMBus Interfaces ...........cccooociiiiiiiiiiiiicnc e 330
14.2  Platform LAN Design GUIAEINES ......c.coiiuiiiiiiiiiiiieee e 331
14.2.1 General Design Considerations for PHYS ... 331
14.2.2 NVM for PHY Implementations ... 333
L T I ! 5 SR 333
14.2.4 Exposed Pad* (e-PAD) Design and SMT Assembly Guide............cccceveiiiiieeeennne 334

viii



] ®
Intel® Ethernet Controller 1217 l n tel >

14.3 PCH—SMBuUs/PCle LOM Design GUIAEIINES........cocoiiiiiiiiiiiiiieeiiiiee e 339
14.4 SMBuUS Design ConsSiderations...........ccooiuuiiiiiiiiiiiie e 340
14.5 General Layout GUIEIINES .......cccooiuiiiiiiiiee et 341
14.6  Layout CONSIAEIatioNS.......coiiiiiiei it e et e e e e sneeee e 341
14.7 Guidelines for Component Placement............ooo i 341
14.7.1 PHY Placement Recommendations ............ccueeiiiiiiiiiiiiiiiiiee e 342
14.8 MDI Differential-Pair
Trace Routing fOr LAN DESIGN........eiii it 343
14.9  Signal TraCe GEOMELIY ...ccoiiuiiiiieiiie it e b e e e et e e e e anreeeeeas 344
14.10 Trace Length and SYMMETIY ... 346
14.11 Impedance DiSCONINUILIES .........ooiiiiiiie e 347
14.12 Reducing Circuit INAUCTANCE ........ocuuiiiiiiiiiie e 347
1413 SIGNAl ISOIALION .....ceiieieeee e e e e e e e b e e sab e e e e e 347
14.14 Power and Ground PIANES ...........oouiiiiiiiiiii ettt 348
14.15 Traces for Decoupling CapacCitOrs ...........coiiiiiiiaiiiiiee e 350
14.16 Ground Planes Under a Magnetics Module .............ooocuiiiiiiiiiiiiiie e 350
14.17 Light EMIttiNG DIOTES ....eeeiiiiiiiiie ettt e e et e e e s anree e 352
14.18 Frequency Control Device Design Considerations............oocveeeiiiiiiiiieiiiiieee e 352
14.19 Crystals and OSCIllatOrs...........eiii i 353
14.20 QUAMZ CryStal ......oeiiiiieiie et e e e s sb e e e e e e e nra e e e e e 353
14.21 Fixed Crystal OSCIllator ..........uiiii i 353
14.22 Crystal Selection Parameters............ooii i 354
14.23 VIDrational MOGE ..........ooiiiiiiiiiie et e e e s b e e e e ane e e e e 354
14.24 NOMINAI FIEQUENCY ...ttt e e e e e e e e et e e e e s anreee e 354
14.25 FrequenCy TOIBIANCE .....coooiiiiiiie ittt e e e e s e e e s anreee e 354
14.26 Temperature Stability
and Environmental REQUIFEMENTS ........cooiiiiiii et e e e e e e e e e 354
14.27 Calibration MOGE ........ocuuiiiiiieiie ettt be e st e e e e aabeenaree e 355
14.28 L0ad CAPACILANCE .......uvviiiiiiiiei ettt e e e e e e e e et e e e e e e e e e e s eeeaanbrraeaaaens 355
14.29 ShuNnt CApPACIIANCE .......uvveiiiiiiee et e e e e e e e e e e e e e e e e e e e eaabrraeeaaeas 356
14.30 Equivalent Series ReSISTANCE.............uuvviiiiiiiiiiii e 356
T4.31 DIIVE LEVEL ..ttt e e e e e e e e ee e 356
LS VA X 1o To [P SO RPUROTPRPPI 356
14.33 REFErENCE CryStal......oeiiiiiiiiiiiiee et e e et e e e e e e e s st e e e e e sntaeeeeeanneeaeeaa 356
14.33.1 Reference Crystal SEIeCtioN ...........cooiiiiiiiiiiiiie e 357
14.33.2 CIrCUIt BOAI.......eeiiiiiie ittt e b e e 357
14.33.3 Temperature Changes.........cooiiiiiiii it ee e et e e e s snnreeeaeeanes 357
14.34 OSCIllator SUPPOIT.......uuiiiiiiiieiee ettt e e e e e e e e e e e e e e e e e e e s e e aaabaeeaaaaeas 358
14.35 Oscillator Placement and Layout Recommendations..............c.coveviiiieiiiiiiiiie e, 358
14.36 Troubleshooting Common Physical Layout ISSUES ............ccccuuiiiiiiiiiiieiiiiiiiee e 359
T14.37 POWEE DEIIVEIY ...ttt e e e e e e e sttt e e e e e e e e e e e e s nnnreeeaaaaeas 360
14.38 Intel® Ethernet Controller 1217 PoOWer SEQUENCING ........cccoveeueeireeieeteeeteeeeeteeere e ere e 361
15 CRECKIISTES ...ttt sttt e e bt e e et e e e eabe e e saeeeneee 363
PO IMOAEIS ...ttt e e e h et e e e e bt e e e e e a b e e e e e s b bt e e e e e e b e e e e nnreeeeeaan 365
17 Reference SChematiCs ............occoiiiiiiiiii e 367



] t l ® > Intel® Ethernet Controller 1217

Note: This page intentionally left blank.



Intel® Ethernet Controller 1217 . t l ® >

Introduction

1.1

Note:

Note:

Figure 1-1.

Overview

The Intel® Ethernet Connection 1217 is a single-port Gigabit Ethernet Physical Layer
Transceiver (PHY). It connects to an integrated Media Access Controller (MAC) through
a dedicated interconnect. The 1217 supports operation at 1000/100/10 Mb/s data
rates. The PHY circuitry provides a standard IEEE 802.3 Ethernet interface for
1000BASE-T, 100BASE-TX, and 10BASE-T applications (802.3, 802.3u, and 802.3ab).
The 1217 also supports the Energy Efficient Ethernet (EEE) 802.az specification.

1 Gb/s half-duplex operation is not supported.

The 1217 is packaged in a small footprint QFN package. Package size is 6 x 6mm with a
0.4mm lead pitch and a height of 0.85mm, making it very attractive for small form-
factor platforms.

The 1217 interfaces with its MAC through two interfaces: PCle*-based and SMBus. The
PCIe (main) interface is used for all link speeds when the system is in an active state
(S0) while the SMBus is used only when the system is in a low power state (Sx). In
SMBus mode, the link speed is reduced to 10 Mb/s (dependent on low power options).
The PCle interface incorporates two aspects: a PCle SerDes (electrically) and a custom
logic protocol.

The 1217 PCle interface is not PCle compliant. It operates at half of the PCI Express*
(PClIe*) Specification v1.1 (2.5 GT/s) speed. In this datasheet the term PCle-based is
interchangeable with PCle. There are no design layout differences between normal PCle
and the Intel® Ethernet Controller I1217’s PCle-based interface.

SMBus PCIe
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Host ME
Crystal ——— PLL _ j E j E
Filter - =
+ Multiplexer L\ LEDs
. M
Testability < — > L —
RX LCD 0 j [
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Main Flows

The main Intel® 1217 GbE PHY interfaces are PCle and SMBus on the host side and the
MDI interface on the link side. Transmit traffic is received from the MAC device through
either PCIe or SMBus on the host interconnect and then transmitted on the MDI link.
Receive traffic arrives on the MDI link and transferred to the integrated LAN controller
through either the PCIe or SMBus interconnects.

The integrated LAN controller and system software control the Intel® Ethernet
Controller 1217’s functionality through two mechanisms:

e The I217 configuration registers are mapped into the MDIO space and can be
accessed by the integrated LAN controller through the PCIe or SMBus
interconnects.

e The MDIO traffic is embedded in specific fields in SMBus packets or carried by
special packets over the PCIe encoded interconnect as defined by the custom
protocol.

Specific flows are described in other sections of this document:
The power-up flow is described in Section 5.1 .
Reset flows are described in Section 5.2 .

Power delivery options are described in Section 6.2 . Power management is described
in Section 6.3 .

References

¢ Information Technology—Telecommunication & Information Exchange Between
Systems—LAN/MAN—Specific Requirements—Part 3: Carrier Sense Multiple Access
with Collision Detection (CSMA/CD) Access Method and Physical Layer
Specifications, IEEE Standard No.: 802.3-2008.

e Energy Efficient Ethernet (EEE) 802.az specification.

e SMBus specification revision 2.0.
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1.4 Product SKUs and Device IDs
Table 1 lists the product SKUs and Device IDs for the Intel® Ethernet Connection 1217
GbE controller. Refer to the Intel® 1217 Specification Update for device ordering
information.
Table 1. Product SKU and Feature Matrix
Performance Extendefi LT Advanced Features
Savings
slslolols|sl8]s|E 5|Elo
Method of enabling/disabling features in SKUs => zlzlzl=zlz|=2 % Tl2l2[2|z|2]|0]2]3
alalz|z|la|lals|a =l |Ll|als|a M |™
[} o o
=
— - 8.
—_ (] D] =|al~
AREAEHEE 5 z
HEEEHEHEEERNE =z
il & 5 - N oo [<=]ol%
3 ¢ | = = 1285 (c| 215 2l 2 |5 2 5 |5 £l
= [ [0/} = c
s 8 g Product/Code Name .§§wwrf?$g§g§8§ga§5
~ © 2 >mo%(\1:é'o§LLo'EEo <
£ a & a8 |clSlo]= S| 8lE2]2]|°[H]e|E|2]B]|E
HEI I EE G iz =
IR EEE 5 S
EREREEHE <
Q
»
Comorate |21 7tM 1Al XX x| x| x| x| x| x|x|x|x]|x|x|[x]x]|x
Ultrabook P (Lynx Point-H+I217LM)
Gigabit |Mobile
9 Desktop 17V
Embedded ) x| x| x|x|x|x x| x|x|x]|x X
Consumer |« ix Point-Hs1217V) 1938
... |Entry Sener 1217-LM
Gigabit Workstation Corporate (Lynx Point-H+[217LM) 153AL X X XXX XIX|[X|X]|X]|X|X|X]|X]|X

Notes for Table 1:

¢ An “X” indicates that the specified feature

user) for the associated SKU.

is to be enabled (that is, available to the

e The list of features does not include all of the features for the product; the features
listed are those enabled/disabled at the SKU level.

e For the list of supported Operating Systems, contact your Intel Field Service
Representative.
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2

Interconnects

2.1

2.2

Note:

2.2.1

Introduction

The 1217 implements two interconnects to the integrated LAN controller:

e PCIe—A high-speed SerDes interface using PCle electrical signaling at half speed
while keeping the custom logical protocol for active state operation mode.

e System Management Bus (SMBus)—A very low speed connection for low power
state mode for manageability communication only. At this low power state mode
the Ethernet link speed is reduced to 10 Mb/s.

LAN Connected Device
System

SMBus PCIe
S0 and PHY Power Down Not used Idle
S0 and Idle or Link Disc Not used Idle
S0 and Link in Low Power Not used Idle
Idle (LPI)
SO0 and active Not used Active
Sx Active Power down
Sx and DMoff Active Power down

The I217 automatically switches the in-band traffic between PCIe and SMBus based on
the system power state.

PCIe-Based

The 1217 PCle interface is not PCle compliant. It operates at half of the PCI Express*
(PCle*) Specification v1.1 (2.5 GT/s) speed. In this document the term PCle-based is
interchangeable with PCIe. There are no design layout differences between normal
PCIe and the LCD’s PCle-based interface. Standard PCle validation tools cannot be
used to validate this interface. Refer to Section 13.1.2 for PCle-based specifications.

PCIe Interface Signals
The signals used to connect between the integrated LAN Controller and the PHY in this
mode are:

e Serial differential pair running at 1.25 Gb/s for Rx

e Serial differential pair running at 1.25 Gb/s for Tx

e 100 MHz differential clock input to the PHY running at 100 MHz

e Power and clock good indication to the PHY PE_RSTn

e Clock control through CLKREQn
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2.2.2

2.2.2.1

2.2.2.1.1

PCIe Operation and Channel Behavior

The 1217 runs at 1250 Mb/s KX speed, which is 1/2 of the genl 2.5 Gb/s PCle
frequency. To operate with KX only devices, each of the PCle root ports in the PCH-
integrated MAC have the ability to run at the KX rate. There is no need to implement a
mechanism to detect that a KX only device is attached. The port configuration (if any),
attached to a KX only device, is pre-loaded from NVM. The selected port adjusts the
transmitter to run at the KX rate and does not need to be PCIe compliant.

Packets transmitted and received over the PCle interface are full Ethernet packets and
not PCle transaction/link/physical layer packets.

After the PCle power-up sequence completes, each transmitter starts transmitting idle
symbols and the receiver acquires synchronization as specified in 802.3z.

PCIe In-Band Messages

In-band messages are used to transfer control information between the Intel® Ethernet
Controller 1217 and the integrated LAN Controller. The Intel® Ethernet Controller 1217
only initiates PHY status in-bands and then waits for an acknowledge. For each in-band
message on PCle, there is an equivalent message on the SMBus. As a result, if an
interface switch took place before an acknowledgement was received, the equivalent
message is sent on the other interface.

MDIO Access Packet Transmitted by integrated LAN Controller

This in-band message is equivalent to the MtP Configuration command on the SMBus.

Byte Description
Special MDIO Symbol /K28.1/
Register Address and Controls Bit 7 Ob => MDIO register.
Bit 6 Ob => Command.
Bit 5

0b => Read access.
1b => Write access.
Bits 4:0 Register address.

1st Data Byte MSB data byte if write. Must be 0b if read.
2nd Data Byte LSB data byte if write. Must be 0b if read.
PHY Address Bits 7:5 Reserved (0b).

Bits 4:0 PHY address.

CRC-8 Byte CRC of in-band packet excluding the K28.1 special symbol.
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2.2.2.1.3
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MDIO Access Acknowledge/Response Packet Transmitted by PHY

This in-band message is equivalent to the PtM Configuration Acknowledge command on

the SMBus.

Byte

Description

Special MDIO Symbol

/K28.1/

Register Address and Controls

Bit 7 Ob => MDIO register.
Bit 6 1b => Acknowledge.
Bit 5:

0Ob => Read access.

1b => Write access.

Bits 4:0 Register address.

1st Data Byte

Data MSB.

2nd Data Byte

Data LSB.

Reserved Byte

Reserved byte (must be 0b).

CRC-8 Byte

CRC of in-band packet excluding the K28.1 special symbol.

Status Packet from PHY

This in-band message is equivalent to the PtM PHY Status command on the SMBus. The
status command is sent by the Intel® Ethernet Controller 1217 on every status change
at the PHY side or when a time out defined in the In-Band Control register has expired.
The 217 re-transmits the Status command if no acknowledge arrived after a time out
defined in the PCle Diagnostic register has expired.

Byte Description
Special MDIO Symbol /K28.1/
Register Address and & Controls Bit 7 1b => Status.
Bit 6 Ob

Bit 5:0 Reserved (must be 0x0).

1st Data Byte

Bits 7:6 Reserved (must be 0x0).

Bit 5 Inband Host WolL indication

Bit 4 Reserved.

Bit 3 Reserved (must be 0b).

Bit 2 EI entry request.

Bit 1 TX Off (MAC back pressure required).
Bit 0 K1 entry request.

2nd Data Byte

Bit 7 Reset complete.

Bit 6 Interrupt request (Not used)
Bit 5 GLCI link status:

1b => Link up.

Ob => Link down.

Bit 4 PHY cable disconnected.
Bit 3 PHY Link status:

1b => Link up.

0b => Link down.

Bit 2 Duplex mode:

1b => Full duplex.

0b => Half duplex.

Bits 1:0 Speed:
11b => Reserved.
10b => 1000 Mb/s.
01b => 100 Mb/s.
00b => 10 Mb/s.

Reserved Byte

Reserved byte (must be 0b).
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Byte

Description

CRC-8 Byte

CRC of in-band packet excluding the K28.1 special symbol.

2.2.2.1.4

Acknowledge Packet From the integrated LAN Controller

This in-band message is equivalent to the MtP PHY Status Acknowledge command on

the SMBus.

Byte

Description

Special MDIO Symbol

/K28.1/

Register Address and Controls

Bit 7 1b => Status.
Bit 6 1b => Acknowledge.
Bits 5:0 Reserved (must be 0x0).

1st Data Byte

Bits 7:6 Reserved (must be 0x0).

Bit 5 Inband Host WoL indication

Bit 4 Reserved.

1b =>RX in EEE LPI (Low Power Idle) state indication.
0b =>RX Active indication.

Bit 3 Reserved (must be 0b).

Bit 2 EI entry request.

Bit 1 TX Off (MAC back pressure required).

Bit 0 K1 entry request.

2nd Data Byte

Bit 7 Reset complete.

Bit 6 Interrupt request (Not used)
Bit 5 GLCI link status:

1b => Link up.

Ob => Link down.

Bit 4 PHY cable disconnected.
Bit 3 PHY Link status:

1b => Link up.

0b => Link down.

Bit 2 Duplex mode:

1b => Full duplex.

0b => Half duplex.

Bits 1:0 Speed:

11b => Reserved.

10b => 1000 Mb/s.

01b => 100 Mb/s.

00b => 10 Mb/s.

Reserved Byte

Reserved Byte (must be 0x0).

CRC-8 Byte

CRC of in-band packet excluding the K28.1 special symbol.
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2.2.2.1.5 Status Packet From the Integrated LAN Controller
This in-band message is equivalent to the MtP Control command on the SMBus.
Byte Description
Special MDIO Symbol /K28.1/
Register Address & Controls Bit 7 1b Status.
Bit 6 Ob
Bits 5:0 Reserved (must be 0x0).
1st Data Byte Bits 7:6 Reserved (must be 0x0).
Bit 5 Reserved.
Bit 4 Reserved.
Bit 3 XON request.
Bit 2 EI entry request.
Bit 1 XOFF request.
Bit 0 K1 entry request.
2nd Data Byte Bit 7 Port Reset.
Bit 6 Power down.
Bits 5:4 Power saving D-states.
Bits 3:0 MAC LED Status (not used).
Reserved Byte Reserved Byte (must be 0b).
CRC-8 Byte CRC of in-band packet excluding the K28.1 special symbol.
2.2.2.1.6 Acknowledge Packet From the PHY
Byte Description
Special MDIO Symbol /K28.1/
Register Address and Controls Bit 7 1b => Status.
Bit 6 1b => Acknowledge.
Bits 5:0 Reserved (must be 0x0).
1st Data Byte Bits 7:3 Reserved (must be 0x0).
Bit 2:0 Reserved (must be 0x0)
2nd Data Byte Bits 7:0 Reserved (must be 0x0).
Reserved Byte Reserved byte (must be 0b).
CRC-8 Byte CRC of in-band packet excluding the K28.1 special symbol.
2.3 SMBus
2.3.1 Overview

intel.

SMBus is a low speed (100 kHz/400 kHz/1000 kHz) serial bus used to connect various
components in a system. SMBus is used as an interface to pass traffic between the
Intel® Ethernet Controller 1217 and the integrated LAN Controller when the system is in
a low power Sx state. The interface is also used to enable the integrated LAN Controller
to configure the Intel® Ethernet Controller 1217 as well as passing in-band information
between them.

The SMBus uses two primary signals: SMBCLK and SMBDAT, to communicate. Both of
these signals are open drain with board-level pull-ups.
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The SMBus protocol includes various types of message protocols composed of
individual bytes. The message protocols supported by the Intel® Ethernet Controller
1217 are described in the relevant sections.

For further details on SMBus behavior, see the SMBus specification.

SMBus Channel Behavior

The SMBus specification defines the maximum frequency of the SMBus as 100 kHz or
1000 kHz. When operating at 1000 kHz the SMBus specification parameters are defined
by the I12C specification. To change the Intel® Ethernet Controller 1217's SMBus
frequency to 1000 kHz, bit 12,8 in the SMBus Address register (register 26, address
01, page 0) should be set to 10b.

SMBus Addressing

The 217’s address is assigned using SMBus ARP protocol. The default SMBus address is
0xC8.

Bus Time Outs

The 217 can detect (as a master or a slave) an SMBCLK time out on the main SMBus. If
the SMBus clock line is held low for less than 25 ms, the Intel® Ethernet Controller 1217
does not abort the transaction. If the SMBus clock line is held low for 25 ms or longer,
the Intel® Ethernet Controller 1217 aborts the transaction.

As a slave, the 1217 detects the time out and goes into an idle state. In idle, the slave
releases the SMB_CLK and SMB_DATA lines. Any data that was received before the
time out might have been processed depending on the transaction.

As a master, the 1217 detects a time out and issues a STOP on the SMBus at the next
convenient opportunity and then brings the SMBus back to idle (releases SMB_CLK and
SMB_DATA). Any master transaction on which the 1217 detects a time out is aborted.

Bus Hangs

Although uncommon, SMBus bus hangs can happen in a system. The catalyst for the
hang is typically an unexpected, asynchronous reset or noise coupled onto the SMBus.
Slaves can contribute to SMBus hangs by not implementing the SMBus time outs as
specified in SMBus 2.0 specification. Masters or host masters can contribute to SMBus
hangs by not detecting the failures and by not attempting to correct the bus hangs.

Because of the potential bus hang scenario, the 1217 has the capability of detecting a
hung bus. If SMB_CLK or SMB_DATA are stuck low for more than 35 ms, the 1217
forces the bus to idle (both SMB_CLK and SMB_DATA set), if it is the cause of the bus
hang.

Packet Error Code (PEC) Support

PEC is defined in the SMBus 2.0 specification. It is an extra byte at the end of the
SMBus transaction, which is a CRC-8 calculated on all of the preceding bytes (not
including ACKs, NACKs, STARTs, or STOPs) in the SMBus transaction. The polynomial
for this CRC-8 is:

X8 + x2 +x+1
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2.3.1.6

2.3.1.6.1

Note:

The PEC calculation is reset when any of the following occurs:
e A STOP condition is detected on the host SMBus
e An SMBus hang is detected on the host SMBus
e The SMBCLK is detected high for ~50 ps

SMBus ARP Functionality

The 1217 supports the SMBus ARP protocol as defined in the SMBus 2.0 specification.
The 1217 is a persistent slave address device, meaning its SMBus address is valid after
power up (constant 0xC8). The 1217 supports all SMBus ARP commands defined in the
SMBus specification, both general and directed.

SMBus ARP Flow

SMBus ARP flow is based on the status of two flags:
e AV-Address Valid—This flag is set when the 1217 has a valid SMBus address.

e AR-Address Resolved—This flag is set when the 1217 SMBus address is resolved
(SMBus address was assigned by the SMBus ARP process).

These flags are internal Intel® Ethernet Controller 1217 flags and are not shown to
external SMBus devices.

Since the 1217 is a Persistent SMBus Address (PSA) device, the AV flag is always set,
while the AR flag is cleared after power up until the SMBus ARP process completes.
Since AV is always set, it means that the 1217 always has a valid SMBus address.

When the SMBus master wants to start a SMBus ARP process, it resets (in terms of ARP
functionality) all the devices on the SMBus by issuing either Prepare to ARP or Reset
Device commands. When the 1217 accepts one of these commands, it clears its AR flag
(if set from previous SMBus ARP process), but not its AV flag; the current SMBus
address remains valid until the end of the SMBus ARP process.

With the AR flag cleared, the 1217 answers the following SMBus ARP transactions that
are issued by the master. The SMBus master then issues a Get UDID command
(General or Directed) to identify the devices on the SMBus. The 1217responds to the
Directed command every time and to the General command only if its AR flag is not
set. After a Get UDID command, the master assigns the 1217 an SMBus address by
issuing an Assign Address command. The 1217 checks whether the UDID matches its
own UDID and if matched, switches its SMBus address to the address assigned by the
command (byte 17). After accepting the Assign Address command, the AR flag is set,
and from this point on (as long as the AR flag is set) the 1217 does not respond to the
Get UDID General command, while all other commands should be processed even if the
AR flag is set. Figure 2-1 shows the SMBus ARP behavior of the 1217.

11
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Figure 2-1. SMBus ARP Flow

2.3.1.6.2 SMBus ARP UDID Content

The Unique Device Identifier (UDID) provides a mechanism to isolate each device for
the purpose of address assignment. Each device has a unique identifier. The 128-bit
number is comprised of the following fields:

1 Byte 1 Byte 2 Bytes 2 Bytes 2 Bytes 2 Bytes 2 Bytes 4 Bytes
Device Version / . Subsystem | Subsystem Vendor
Capabilities | Revision Vendor ID | Device ID Interface | Vendor ID | Device ID | Specific ID
See below See below 0x8086 0x10D4 0x0004 0x0000 0x0000 See below
MSB LSB
Where:

e Vendor ID—The device manufacturer's ID as assigned by the SBS Implementers’
Forum or the PCI SIG. Constant value: 0x8086.

e Device ID—The device ID as assigned by the device manufacturer (identified by the
Vendor ID field). The value for the LAN Connected device is constant: 0x10D4.

e Interface the protocol layer interfaces supported over the SMBus connection by the
device. In this case, SMBus Version 2.0. Constant value: 0x0004.

12
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Note:

2.3.2
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e Subsystem Fields—These fields are not supported and return zeros.

¢ Device Capabilities: Dynamic and persistent address, PEC support bit:

7 6 5 4 3 2 1 0
Address Type Reserved Reserved Reserved Reserved Reserved PEC
Supported
0b 1b 0b 0b 0b 0b 0b 1b
MSB LSB
e Version/Revision: UDID Version 1, Silicon Revision:
7 6 5 4 3 2 1 (1]
Reserved Reserved UDID Version Silicon Revision ID
0b 0b 001b See below
MSB LSB
e Silicon Revision ID:
Silicon Version Revision ID
AO 000b

Vendor Specific ID: Four bytes—constant 0x44332211:

1 Byte 1 Byte 1 Byte 1 Byte
44 33 22 1x
MSB LSB

Notes:

1. Bit 0 value is defined by the value sampled at reset on GPIO[0].

SMBus ARP Transactions

All SMBus ARP transactions include a PEC byte. For the layout of these transactions
refer to the SMBus 2.0 specification.

Supported SMBus ARP transactions:

e Prepare to ARP

Assign Address
Get UDID (General and Directed)

Reset Device (General and Directed)

SMBus Pass Trough (PT)

This section describes the SMBus transactions supported as PT between the integrated
LAN Controller and the 1217. All traffic between the 1217 and the integrated LAN

Controller is in network order (the MSB is sent first).

13
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2.3.2.1

2.3.2.2

2.3.2.2.1

Table 1.

14

Receive Flow

The maximum SMBus fragment length is configurable and can either be 32 bytes or 64
bytes. The default value is 32 bytes. The incoming packets are divided into fragments,
where the 1217 uses the maximum fragment size allowed in each fragment. The data of
the packet is transferred using the Receive TCO packet transaction as described in
Figure 2.3.4.1.1

Any time out on the SMBus results in discarding the entire packet. Any NACK by the
integrated LAN Controller on one of the 1217 receive bytes causes the packet to be re-
transmitted up to four times. If after four times the packet fails to be transmitted, it is
silently discarded.

The maximum size of the received packet is limited by the 1217 hardware to 1522
bytes. Packets larger then 1522 bytes are silently discarded.

Transmit Flow

The 1217 is used as a channel for transmitting packets from the integrated LAN
Controller to the network link. The network packet is transferred from the integrated
LAN Controller over the SMBus (starting with a preamble), and then, when fully
received by the 1217, it is transmitted over the network link.

The 1217 supports packets up to an Ethernet packet length of 1522 bytes. SMBus
transactions are configurable up to a 64-byte length, which means that packets can be
transferred over the SMBus in more than one fragment. Fragments within a packet are
marked with the F and L flags. The 1217 does not change any field in the transmitted
packet. A packet bigger than 1522 bytes is silently discarded by the integrated LAN
Controller and not sent to the 1217.

If the network link is down when the 1217 is receiving SMBus fragments of the packet,
it silently discards the packet.

The transmit SMBus transaction is described in Section 2.3.1.6.1 .

Transmit Errors in Sequence Handling

Once a packet is transferred over the SMBus from the integrated LAN Controller to the
1217 the F and L flag should follow specific rules. The F flag defines that this is the first
fragment of the packet, and the L flag defines that the transaction contains the last
fragment of the packet.

Flag options in transmit packet transactions:

Previous Current Action/Notes
Last First Accept both.
Last Not First Error for current transaction. All fragments, until one with the F flag set, are

discarded, unless the current fragment is a Single.

Not Last First Error for the previous transaction. Previous packet is sent with a bad CRC. No
abort status is asserted, unless the previous fragment is a Single.

Not Last Not First Process the current transaction.

In case of Single after Middle error for the previous transaction and process the
current transaction.




Intel® Ethernet Controller 1217 n t l @,>

2.3.2.3

2.3.3

2.3.3.1

Table 2.

2.3.3.1.1

Note that since every other Block Write command in the messaging protocol has both
first and last flags off, they cause flushing any pending transmit fragments that were
previously received. In other words, when running the transmit flow, no other Block
Write transactions are allowed in between the fragments.

Concurrent SMBus Transactions

Concurrent SMBus transactions (receive, transmit and configuration read/write) on
opposite directions are allowed and there is no limitation for it. Transmit fragments can
be sent between receive fragments and configuration Read/Write commands.
Acknowledges can also be issued between receive and transmit fragments in the
opposite direction.

Slave Transactions

SMBus Transactions
(Integrated LAN Controller to the I1217)

The following table lists the slave SMBus transactions supported by the 1217.

SMBus Slave Transactions

Command Transaction Command Fragmentation Section
Transmit Packet Block Write First 0x84 Multiple 2.3.3.1.1

Middle 0x04 Multiple

Last 0x44 Multiple

Single 0xC4 Single

MtP Control Block Write Single 0xC3 Single 2.3.3.1.2
MtP Status Acknowledge Block Write Single 0xC3 Single 2.3.3.1.3
MtP configuration Block Write Single 0xC3 Single 2.3.3.1.4

Transmit Packet Command

The transmit packet fragments have the following format:

Function Command Byte Count Data 1 Data N
Transmit first fragment 0x84 N Packet data Packet data
MSB LSB
Transmit middle fragment 0x04
Transmit last fragment 0x44
Transmit single fragment 0xC4

If the overall packet length is bigger than 1522 bytes, the packet is silently discarded
by the integrated LAN Controller.

15
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2.3.3.1.2 MtP Control Command
The MtP Control command is a single fragment command enabling the integrated LAN
Controller to send messages to the 1217 informing status changes or sending directed
control commands (not through registers).
MtP Control command format:
Function Command Byte Count Data 1 Data 2 Data 3 Data 4
Control 0xC3 4 Address and | Command 1st Command Reserved
Control Byte 2nd Byte
Table 3. Address and control
Field Bit(s) Description
CFG_CTL 7 Configuration/control indication—This bit should be set to 1b indicating control/
status.
CMD_ACK 6 Command/acknowledge indication—This bit should be set to Ob indicating command.
Reserved 5:0 Reserved, must be set to 0x0.
Table 4. Command 1st Byte
Field Bit(s) Description
Reserved. 7:6 Reserved.
Reserved. 5 Reserved.
Reserved. 4 Reserved.
Reserved 3:0 Reserved.
Table 5. Command 2nd Byte
Field Bit(s) Description
RST 7 Port reset.
PWDN 6 Power down.
Reserved 5:1 Reserved.
PINSTOP 0 Clear the LANWAKE# pin indication
2.3.3.1.3 MtP PHY Status Acknowledge Command
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The MtP PHY Status Acknowledge command is a single fragment command sent by the
integrated LAN Controller as an acknowledge to the 1217’s PtM Status Command.

MtP Status command format:

Function Command Byte Count Data 1 Data 2 Data 3 Data 4
Status 0xC3 4 Address and Control | PHY Status | PHY Status Reserved
1st Byte 2nd Byte
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Table 6. Address and control
Field Bit(s) Description
CFG_CTL 7 Configuration or control/status indication.
This bit should be set to 1b indicating control/status.
CMD_ACK 6 Command/acknowledge indication.
This bit should be set to 1b indicating acknowledge.
Reserved 5:0 Reserved, must be set to 0x0.
Table 7. PHY Status 1st Byte
Field Bit(s) Description
Reserved 7:6 Reserved.
Host WolL Inband Host Wol indication
Reserved. 4 Reserved.
Reserved 3:0 Reserved.
Table 8. PHY Status 2nd Byte
Field Bit(s) Description
RSTC 7 Reset complete.
Reserved (INT) 6 Interrupt request (not used).
Reserved (KLINK) | 5 PCIe link status (not used).
CDIS 4 Ethernet cable disconnected.
ELINK 3 Ethernet Link Status
1b = Link up.
Ob = Link down.
DPX 2 Duplex Mode
1b = Full duplex.
0b = Half duplex.
SPD 1:0 Ethernet Link Speed
11b = Reserved.
10b = 1000 Mb/s.
01b = 100 Mb/s.
00b = 10 Mb/s.
2.3.3.1.4 MtP Configuration Command

The Configuration command is a single fragment command enabling the integrated LAN
Controller access to all the 1217-registers over the SMBus link.

Configuration command format:

Function Command | Byte Count Data 1 Data 2 Data 3 Data 4
Configuration 0xC3 4 Address and MSB Data | LSB Data | Reserved' | PHY Address
Control

1. Bits 7:5
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Table 9. Address and control
Field Bit(s) Description
CFG_CTL 7 Configuration/control indication.
This bit should be set to Ob indicating configuration.
CMD_ACK 6 Command/acknowledge indication.
This bit should be set to Ob indicating Command.
RW 5 Read/write indication.
1b = Indicates write access.
0b = Indicates read access.
Add 4:0 Register address.
2.3.4 Master Transactions

2.3.4.1 SMBus Transactions (I217 to the integrated LAN Controller)

In order to avoid starvation on the SMBus in the opposite direction, the 1217-adds a
byte-time idle between any two fragments it sends.

The following table lists the master SMBus transactions supported by the Intel®
Ethernet Controller 1217.

Table 10. SMbus Master Transactions

Command Transaction Command Fragmentation Section
Receive Packet Block Write First 0x90 Multiple 2.3.4.1.1
Middle 0x10 Multiple
Last 0x50 Multiple
Single 0xDO0 Single
PtM Status Block Write Single 0xD3 Single 2.3.4.1.2
PtM Configuration Block Write Single 0xD3 Single 2.3.4.1.3
Acknowledge
PtM WU Block Write Single 0xD5 Single 2.3.4.1.4

2.3.4.1.1 Receive Packet Transaction

When the Intel® Ethernet Controller 1217-has a packet to deliver to the integrated LAN
Controller, it should begin issuing Receive packet transaction commands using the
Block Write protocol. The packet can be delivered in more than one SMBus fragment,
and the integrated LAN Controller should follow the fragments order.
The opcode can have these values:

e 0x90—First fragment

e 0x10—Middle fragment

e 0x50—Last fragment of the packet

¢ 0xD0—Single fragment packet

18




Intel® Ethernet Controller 1217

2.3.4.1.2

Table 11.

Table 12.

Table 13.

intel.

Function Byte Count| Data 1 (Op-Code) Data 2 Data N
Receive TCO First Fragment N 90 Packet Data Packet Data
- - Byte Byte
Receive TCO Middle Fragment 10
Receive TCO Last Fragment 50
Receive TCO Single Fragment DO

PtM Status Command

The PtM Status command is a single fragment command sent by the Intel® Ethernet
Controller 1217 on every status change at the PHY side or when a time out defined in
the In-Band Control register has expired. The 1217 re-transmits the Status command if
no acknowledge arrived after a time out defined in the PCIe Diagnostic register has
expired. If after 32 retries no acknowledge arrived, the Intel® Ethernet Controller 1217
aborts this command and continues with the next operation.

MtP Status command format:

Function Command Byte Count Data 1 Data 2 Data 3 Data 4
Status 0xD3 4 Address and Control | PHY Status | PHY Status Reserved
1st Byte 2nd Byte

Address and control

Field Bit(s) Description
CFG_CTL 7 Configuration or control/status indication.
This bit should be set to 1b indicating control/status.
CMD_ACK 6 Command/acknowledge indication.
This bit should be set to 0b indicating command.
Reserved 5:0 Reserved, must be set to 0x0.

PHY Status 1st Byte

Field Bit(s) Description
Reserved 7:6 Reserved (must be 0x0).
Host WoL Host Wol indication
Reserved. 4 Reserved.
Reserved 3:2 Reserved (must be 0x0).
Reserved. 1 Reserved
Reserved 0 Reserved, must be set to 0b.

PHY Status 2nd Byte

Field Bit(s)

Description

RSTC

Reset complete.

Reserved (INT)

Interrupt request (not used).

Reserved (KLINK)

PCIe Link Status (not used).

AU O N

CDIS

Ethernet cable disconnected.
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Field Bit(s) Description

ELINK 3 Ethernet Link Status
1b = Link up.
Ob = Link down.

DPX 2 Duplex Mode
1b = Full duplex.
Ob = Half duplex.

SPD 1:0 Ethernet Link Speed
11b = Reserved.
10b = 1000 Mb/s.
01b = 100 Mb/s.
00b = 10 Mb/s.

2.3.4.1.3 PtM Configuration Acknowledge Command

The Configuration Acknowledge command is a single fragment command enabling the
Intel® Ethernet Controller 1217 to acknowledge the integrated LAN Controller access to
its registers over the SMBus link.

Configuration command format:

Function Command | Byte Count Data 1 Data 2 Data 3 Data 4
Configuration 0xD3 4 Address and MSB Data | LSB Data | Reserved' | PHY Address
Control
Notes:
1. Bits 7:5.

Table 14. Address and control

Field Bit(s) Description

CFG_CTL 7 Configuration/control indication.
This bit should be set to 0b indicating configuration.

CMD_ACK 6 Command/acknowledge indication.
This bit should be set to 1b indicating Acknowledge.

RW 5 Read/Write indication
1b = Indicates write acknowledge.
0b = Indicates read acknowledge.

Add 4:0 Register address.

2.3.4.1.4 PtM Wake Up Message
The host and Manageability Engine (ME) wake up message is a single fragment
message indicating to the integrated LAN Controller that the PHY received a wake up
packet/event that should cause both the host and ME to wake up.

Host and ME Wake Up message format:

Function Command Byte Count Data 1

Wake Up 0xD5 1 Wake Up Control

20
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Table 15.

2.4

2.4.1

2.4.2

2.5

Wake up control

Field Bit(s) Description
Host Wake Up | O Host wakeup indication.
ME Wake Up 1 ME wakeup indication.
Reserved 7:2 Reserved.

Transitions between SMBus and PCIe interfaces

Switching from SMBus to PCle

Communication between the integrated LAN Controller and the Intel® Ethernet Controller
1217 is done through the SMBus each time the system is in a low power state (Sx);
PE_RST_N signal is low. The integrated LAN Controller/PHY interface is needed while the
ME is still active or to enable host wake up from the Intel® Ethernet Controller 1217.

Possible states for activity over the SMBus:

1. After power on (G3 to S5).

2. On system standby (Sx).
While in this state, the SMBus is used to transfer traffic, configuration, control and
status between the ME through the integrated LAN Controller and the Intel® Ethernet
Controller 1217.
The switching from the SMBus to PCle is done when the PE_RSTn signal is high.

e Any transmit/receive packet that is not completed when PE_RSTn is asserted is
discarded.

¢ Any in-band message that was sent over the SMBus and was not acknowledged is
re-transmitted over PCle.

Switching from PCIe to SMBus

The communication between the integrated LAN Controller and the Intel® Ethernet
Controller 1217 is done through PCIe each time the system is in active power state
(S0); PE_RSTn signal is high. Switching the communication to SMBus is only needed
for ME activity or to enable host wake up in low power states and is controlled by the
ME/PMC.

The switching from PCle to SMBus is done when the PE_RSTn signal is low.

e Any transmit/receive packet that is not completed when PE_RSTn goes to Ob
is discarded.

¢ Any in-band message that was sent over PCle and was not acknowledged is
re-transmitted over SMBus.

SMBus/PClIe Interconnects

The 1217 can be connected to any x1 PCle port in the chipset. The PCle port that
connects to the 1217 LCD is selected by PCHSTRP9, bits [11:8] in the SPI Flash

descriptor region. For more information on this setting, please refer to the chipset
External Datasheet Specification. The chipset-to-1217 PCle port connection in the
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Figure 2-2.

22

Intel® Ethernet Controller 1217

reference schematic must match the previously mentioned chipset SPI strap setting.
Choosing another port can result in unexpected system behavior. The SMBus/PCle
interface can be configured in as shown Figure 2-2.

PCle
PCH T T T T T T~ PRY
- . =~
- “PETHs:] PERp NG
- PETH8:1] > PERN ~
d PERH8:1] L« PETp \
/ PERN8:1] PETh
\ PLTRST# PE_RST_N s
CLKOUT_PCIE([7:0]P »| PE_CLKP /
CLKOUT_PCIE[7:0]N PE_CLKN
™\ _PCIECLKRQ[7.0}# CLK_REQ N P
~ o
'\.._§________._-’/
LAN_PHY_PWR_CTRL/ »{ LAN N
L _DISABLE_
GPIO27 |« LANWAKE_N
—— - B Bt ~ -
~ SMLODATA SMBDATA ™
(_ ‘smioCLK SMBCLK P,
~ —
== . — J— w—— -
- T SMBus

PCIe/SMBus Interface

Notes:

1.  For latest PHY schematic connection recommendations, refer to the Intel® 1217 GbE PHY Reference
Schematic, and the Intel® 1217 GbE PHY Schematic and Layout Checklist. For access to documentation,
contact your Intel Field Service Representative.

whnN

CLK_REQ_N on the PHY respectively.
4. Any CLKOUT_SRC[7:0] and SRC[7:0]CLKRQ# can be used to connect to PE_CLK and CLK_REQ_N on the

PHY.

Any free PCle lanes [8:1] on the PCH can be used to connect the PCIe interface on the PHY.
Any free CLKOUT_PCIE[7:0] and PCIECLKRQ[7:0]# from PCH can be used to connect to PE_CLK[P:N] and

5. PETp/n, PERp/n, PE_CLKp/n should be routed as differential pair as per PCle specification.
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3 Pin Interface

3.1 Pin Assignment

The 1217 is packaged in a 48-pin package, 6 x 6mm with a 0.4mm lead pitch. There
are 48 pins on the periphery and a die pad (Exposed Pad*) for ground.

3.1.1 Signal Type Definitions

Signal Type Definition
In Input is a standard input-only signal.
I A standard input-only signal.
Out (O) Totem pole output is a standard active driver.
T/s Tri-state is a bi-directional, tri-state input/output pin.
S/t/s Sustained tri-state is an active low tri-state signal owned and driven by one and only one

agent at a time. The agent that drives an s/t/s pin low must drive it high for at least one
clock before letting it float. A new agent cannot start driving an s/t/s signal any sooner than
one clock after the previous owner tri-states it.

o/d Open drain enables multiple devices to share as a wire-OR.
Analog Analog input/output signal.

A-in Analog input signal.

A-out Analog output signal.

B Input bias

3.1.2 PCIe Interface Pins (8)

Pin Name |Pin # | Type |Op Mode [ Name and Function
PE_RST_N 36 I Input PCle reset.

PETp 38 A-out Output | PCIe Tx.

PETn 39

PERp 41 A-in Input PClIe Rx.

PERN 42

PE_CLKP 44 A-in Input PClIe clock.

PE_CLKN 45

CLK_REQ_N 48 o/d Clock request.

3.1.3 SMBus Interface Pins (2)

Pin Name | Pin # | Type |Op Mode | Name and Function

SMB_CLK 28 0o/d BI-dir SMBus clock. Pull this signal up to 3.3 V dc (auxiliary
supply) through a 499 Q resistor (while in Sx mode).

SMB_DATA 31 o/d BI-dir SMBus data. Pull this signal up to 3.3 V dc (auxiliary
supply) through a 499 Q resistor (while in Sx mode).
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3.1.4 Miscellaneous Pins (3)
Pin Name Pin # Type Op Mode | Name and Function
RSVD1_VCC3P3 1 T/s
LANWAKE_N 2 o/d Wake signal.
LAN_DISABLE_N 3 I When this pin is set to 0b, the Intel® Ethernet
Controller 1217 is disabled.

3.1.5 PHY Pins (14)
3.1.5.1 LEDs (3)

Pin Name Pin # Type Op Mode | Name and Function

LEDO 26 (0] Output | This signal is used for the programmable LED.
LED1 27 o Output | This signal is used for the programmable LED.
LED2 25 (0] Output | This signal is used for the programmable LED.

3.1.5.2 Analog Pins (11)

Pin Name Pin# | Type |Op Mode | Name and Function

MDI_PLUSO 13 | Analog Bi-dir Media Dependent Interface[0]

MDI_MINUSO 14 1000BASE-T: In MDI configuration, MDI[0]+/- corresponds to
BI_DA+/- and in MDI-X configuration MDI[0]+/- corresponds to
BI_DB+/-.

100BASE-TX: In MDI configuration, MDI[0]+/- is used for the
transmit pair and in MDI-X configuration MDI[0]+/- is used for the
receive pair.

10BASE-T: In MDI configuration, MDI[0]+/- is used for the
transmit pair and in MDI-X configuration MDI[0]+/- is used for the

receive pair.

MDI_PLUS1 17 | Analog Bi-dir Media Dependent Interface[1]

MDI_MINUS1 18 1000BASE-T: In MDI configuration, MDI[1]+/- corresponds to
BI_DB+/- and in MDI-X configuration MDI[1]+/- corresponds to
BI_DA+/-.

100BASE-TX: In MDI configuration, MDI[1]+/- is used for the
receive pair and in MDI-X configuration MDI[1]+/- is used for the
transmit pair.

10BASE-T: In MDI configuration, MDI[1]+/- is used for the
receive pair and in MDI-X configuration MDI[1]+/- is used for the
transmit pair.

MDI_PLUS2 20 | Analog Bi-dir Media Dependent Interface[3:2]

MDI_MINUS2 21 1000BASE-T: In MDI configuration, MDI[3:2]+/- corresponds to

MDI PLUS3 23 BI_DA+/- and in MDI-X configuration MDI[3:2]+/- corresponds to
- BI_DB+/-.

MDI_MINUS3 24
100BASE-TX: Unused.

10BASE-T: Unused.

XTAL_OUT 9 (0] Output crystal.
XTAL_IN 10 I Input crystal.
RBIAS 12 | Analog Connect to ground through a 3.01 KQ +/-1%.
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3.1.6 Testability Pins (5)

Pin Name Pin # Type | Op Mode | Name and Function
JTAG_TCK 35 In Input JTAG clock input.
JTAG_TDI 32 In Input JTAG TDI input.
PU
JTAG_TDO 34 T/s Output |JTAG TDO output.
JTAG_TMS 33 In Input |JTAG TMS input.
PU

TEST_EN 30 In Input Should be connected to ground through a
1 kQ resistor, when connected to logic 1b and test mode is
enabled.

Note: The 1217 uses the JTAG interface to support XOR files for manufacturing test. BSDL is
not supported.
3.1.7 Power and Power Control Pins (16)
Pin Name Pin # Type Name and Function

VDDOP9_8 8 Power Core Vdc supply

VDDOP9_11 11

VDDOP9_16 16

VDDOP9_22 22

VDDOP9_37 37

VDDOP9_40 40

VDDOP9_43 43

VDDOP9_46 46

VDDOP9_47 47

VDD3P3_4 4 Power 3.3 Vdc supply

VDD3P3_5 5

VDD3P3_15 15

VDD3P3_19 19

VDD3P3_29 29

CTRLOP9 7 Analog Internal SVR control pin. Connect to a 4.7 pH inductor and to
the core rail.

SVR_EN_N 6 Input SVR Enable pin: Connect to GND for internal SVR use. Connect
to VDD3 when using external power.
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3.2 Pinout
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4

Package

4.1

Figure 4-1.

Package Type and Mechanical

The 1217 package is a 6mm x 6mm, 48-pin QFN Halogen Free and Pb Free package
with e-PAD size of 3mm x 3mm.
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11 ALL AROUND
(1)
L
J0)
DIMENSION LIST : (FOOT PRINT: 0.80)
S/N|SYM[  DIMENSIONS REMARKS
N 0.850£0.050 CVERALL HEIGHT
2 [ & 0.000~0.050 STANDOFF
3| A2 0.65040.050 CAVITY THICKNESS
110 6.000£0.100 PKG. LENGTH
5[ D1 5.750+0.100 CAVITY LENGTH
6| E 6.000:£0.100 PXG._WIDTH
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UNLESS OTHERWISE SPECIFIED.
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Package Electrical and Thermal Characteristics

The thermal resistance from junction to case, qJC, is 15.1 xC/Watt. The thermal
resistance from junction to ambient, qJA, is as follows, 4-layer PCB, 85 °Cambient.

Air Flow (m/s)

Maximum T;

qJA (xC/Watt)

0 119 34
1 118 33
2 116 31

No heat sink is required.

Power and Ground Requirements

All the grounds for the package is down-bonded to an Exposed Pad* e-PAD*. Core
power supply provided by internal SVR controlled through pin 7 using external inductor

and capacitor.

Ball Mapping

Pin Name Side Pin Number Pin Name Side Pin Number
RSVD1_VCC3P3 | Left 1 MDI_PLUSO Bottom 13
LANWAKE_N Left 2 MDI_MINUSO Bottom 14
LAN_DISABLE_N | Left 3 VDD3P3_15 Bottom 15
VDD3P3_4 Left 4 VDDOP9_16 Bottom 16
VDD3P3_5 Left 5 MDI_PLUS1 Bottom 17
SVR_EN_N Left 6 MDI_MINUS1 Bottom 18
CTRL_OP9 Left 7 VDD3P3_19 Bottom 19
VDDOP9_8 Left 8 MDI_PLUS2 Bottom 20
XTAL_OUT Left 9 MDI_MINUS2 Bottom 21
XTAL_IN Left 10 VDDOP9_22 Bottom 22
VDDOP9_11 Left 11 MDI_PLUS3 Bottom 23
RBIAS Left 12 MDI_MINUS3 Bottom 24
LED2 Right 25 VDDOP9_37 Top 37
LEDO Right 26 PETp Top 38
LED1 Right 27 PETn Top 39
SMB_CLK Right 28 VDDOP9_40 Top 40
VDD3P3_29 Right 29 PERp Top 41
TEST_EN Right 30 PERN Top 42
SMB_DATA Right 31 VDDOP9_43 Top 43
JTAG_TDI Right 32 PE_CLKP Top 44
JTAG_TMS Right 33 PE_CLKN Top 45
JTAG_TDO Right 34 VDDOP9_46 Top 46
JTAG_TCK Right 35 VDDOP9_47 Top 47
PE_RST_N Right 36 CLK_REQ_N Top 48
GND_EPAD Epad (Center) |49
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5 Initialization

5.1 Power Up

Initialization begins with power up.

Power up

Internal power on circuit has
detected valid power on input » Internal Xosc stabilizes
pins (3.3/0.9 vdc)

k.

Internal Power On Reset is
de-asserted

Strapping are sampled -+

If PE reset de-asserted start PCIe
training

Run SMBus ARP if intiated

k.

Wait for Nahum SMBus
address valid

Send Link Status message -+

MDIO registers are
initialized by the MAC

PHY starts link auto-negotiation

PHY establishes link

Figure 5-1. Power-Up Sequence
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Note: Internal Power On Reset is an active low signal.
Note
1 Platform power ramps up (3.3 V dc/Core V dc)
2 XTAL is stable after TxTaL sec.
3 Internal Power On Reset triggers Tpor after XTAL is stable. Strapping options are latched.
4 PClIe training if PE reset is de-asserted.
5 SMBus ARP if initiated.
6 Wait for the integrated LAN Controller SMBus address valid.
7 Send Link Status message.
8 MAC configures the Intel® Ethernet Controller 1217.
9 PHY goes through auto-negotiation to acquire link.

Power requirements during the power-up sequence are described in Section 6.3.1.1 .

5.2 Reset Operation

The reset sources for the Intel® Ethernet Controller I217 are as follows:

¢ Internal Power On Reset (POR)—The 1217 has an internal mechanism for
sensing the power pins. Until power is up and stable, it generates an internal active
low reset. This reset acts as a master reset for Intel® Ethernet Controller 1217.
While the internal reset is Ob, all registers in Intel® Ethernet Controller 1217 are
reset to their default values. Strapping values are latched after Internal POR is de-
asserted.

¢ PHY Soft Reset—A PHY reset caused by writing to bit 15 in MDIO register 0.
Setting the bit resets the PHY, but does not reset non-PHY parts. The PHY registers
are reset, but other Intel® Ethernet Controller 1217 registers are not.

Note: The integrated LAN controller configures the LCD registers. Other 1217 GbE LCD
registers do not need to be configured.

e PCIe Reset from pin—After asserting a PCle reset, Intel® Ethernet Controller 1217
stops the SerDes and if in the middle of transmitting a packet it should be dropped.
De-asserting PCle reset resets the internal FIFO unless wake-up is activated and
causes a switch from SMBus to PCle.

¢ In-Band Reset—An in-band message causing complete reset of Intel® Ethernet
Controller 1217 except the wake up filters content.

Note: LAN_DISABLE_N is the only external signal that can reset the PHY. Refer to
Section 6.3.1.3 for more details.

Some of the bonding option registers are writable and can be loaded from the NVM or
written by the integrated LAN Controller (SKU register). The effect of the various reset
options on these and other registers is listed in the following table.
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5.3
5.3.1

5.3.2

Note:

intel.

PCIe- Non-PHY |PHY Reset i Move Out
el |me|meoer |mepiners | compee | S5RPD (e | RSP
Internal POR? X X X X
PHY Soft Reset’
PCle Reset X
In-Band Reset X X X X X

Notes:

1. Once the PHY completes its internal reset a reset complete indication is sent to the integrated LAN controller
over the interconnect. The integrated LAN controller then configures the PHY.

2. Asserting a 3.3 Vdc power on reset should move the PHY out of power down mode.

3. PHY registers (page 0 in MDIO space and any aliases to page 0) are reset during a PHY soft reset. The rest of

Intel® Ethernet Controller 1217’s MDIO space is not reset.

Timing Parameters

Timing Requirements

The 1217 requires the following start-up and power-state transitions.

Parameter

Description

Min.

Max.

Notes

Tr2init

Completing a PHY
configuration following a
reset complete indication.

0.5s

Timing Guarantees

The 1217 guarantees the following start-up and power state transition related timing

parameters.

For platform power sequencing requirements for the integrated LAN controller, refer to
the chipset EDS.

Parameter Description Min. Max. Notes

TPHY_Reset Reset de-assertion to PHY 10 ms PHY configuration should be delayed
reset complete until PHY completes it’s reset.

Tc2an Cable connect at start of 1.2s 1.3s Per 802.3 specification.
auto-negotiation

TxTAL XTAL frequency stable after 45 ms
platform power ramp up

Tpror Internal POR trigger after 40 ms
XTAL stable
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NOTE: This page intentionally left blank.
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6

Power Management
and Delivery

6.1

This section describes power management in Intel® Ethernet Controller 1217.

Power Information

The following table lists the targets for device power for the 1217. Note that power is
reduced according to link speed and link activity.

Power Consumption Target

. Core Rail .
System State Link State 3'(3n¥AF;,a'I (mA)* Dev;c:]vl:lc;wer
-external-
S0 (Max) Thermal Design Power (TDP) 132 110 535
SO (Typ) 1000 Mbps Active 132 110 535
1000 Mbps Idle 120 58 448
1000 Mbps LPI 11 10 45
(EEE link partner only)
100 Mbps Active 62 61 260
100 Mbps Idle 49 21 180
100 Mbps LPI 10 11 43
(EEE link partner only)
10 Mbps Active 77 56 304
10 Mbps Idle 18 15 73
No Link (No circuitry) 3 8 17
LAN disabled using driver 2.5 2 10
Sx Wol 100 Mbps WOL enabled 48 19 176
Enabled
10 Mbps WOL enabled 17 13 68
Cable Disconnect 3 8 17
WolL WOL disabled using driver 2.5 2 10
Disabled
WOL disabled using BIOS® 0 0 0

1. Power was supplied by an external power supply.
2. Device Power was calculated using this formula: 3.3*I3,3+(0.9*I¢.9)
3. Use SLP_LAN# to gate PHY power and the ME must be off in Sx state.

Note: Measured power could be higher or lower based on lab setup.

33



n ®
( l n t e l > Intel® Ethernet Controller 1217

6.2

6.2.1

6.3
6.3.1

6.3.1.1

34

The following sections describe requirements in specific power states.

Power Delivery

The 1217 operates from a 3.3 Vdc external power rail.

Core Vdc Supply

The Core Vdc rail is supplied by the integrated SVR, which requires an external inductor
and capacitor.

Power Management

Global Power States

The 1217 transitions between power states based on a status packet received over the
interconnect and based on the Ethernet link state. The following power states are
defined:

¢ Power Up—Defined as the period from the time power is applied to Intel® Ethernet
Controller 1217 and until the 1217 powers up its PHY. The 1217 needs to consume
less than 40 mA during this period.

e Active 10/100/1000 Mb/s—Ethernet link is established with a link partner at
any of 10/100/1000 Mb/s speed. The 1217 is either transmitting/receiving data or
is capable of doing so without delay (for example, no clock gating that requires
lengthy wake).

e Idle 10/100/1000 Mb/s—Ethernet link is established with a link partner at any
of 10/100/1000 Mb/s speed. The 1217 is not actively transmitting or receiving data
and might enter a lower power state (for example, an interface can be in electrical
idle).

o IEEE Power Down—The standard IEEE power-down initiated by the Host setting
the POWER_DOWN bit (bit 11) of the PHY Control Register to 1b (see section 9.4).

e LPI—IEEE8B02.3az [Energy Efficient Ethernet (EEE)] defines an optional Low Power
Idle (LPI) mode for 1000BASE-T, 100BASE-TX and other interfaces. LPI enables
power saving by switching off part of the 1217 functionality when no data needs to
be transmitted or/and received. When LPI support is enabled the 1217 will shut off
RX circuitry and send an inband RX LPI Indication on detection that link the
partner’s TX moved into LPI state. The 1217 will move TX into LPI state and power-
down transmit circuitry when receiving an Inband TX LPI request from the
integrated LAN controller.

Power Up

Defined as the period from the time power is applied to the 1217 and until the 1217
powers up its PHY. The 1217 should consume less than ~40 mA during this period.
Following the 1217 LCD entering reset, the power-up sequence is considered done and
the requirement is removed. See Section 5.1 for a description of the power-up
sequence.
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6.3.1.2 Cable Disconnect State

The 1217 enters a cable disconnect state if it detects a cable disconnect condition on
the Ethernet link. Power is reduced during cable disconnect mode by several means:

e The PHY enters energy detect mode.

e The PClIe link enters power down.
An exit from cable disconnect happens when the 1217 detects energy on the MDI link,
and starts the following exit sequence:

e The 1217 signals the integrated LAN controller that link energy was detected by
clearing the Cable Disconnect bit in the PCIe or SMBus interface.

e The PHY waits until the auto-negotiation break link timer expires (Tc2an time) and
then starts to advertise data on the line.

Note: When a network cable is removed from an active system, the link LED remains lit
approximately two to five seconds. This is expected behavior for a link-down.

6.3.1.3 Power Down State

The 1217 enters a power-down state when the LAN_POWER_GOODn pin is set to zero.
Exiting this mode requires setting the LAN_DISABLE_N pin to a logic one.

Note: Following a power up or reset, the power-down bit must not be set until the
configuration cycle completes.

The Device Power Down Mode field in the MDIO register space defines the response to
a power-down command. The 1217 takes one of two possible actions:

¢ Device stays active—No change in functionality and no power reduction.

e Device power down—The PHY enters power down, clocks are gated, PCle enters
Electrical Idle (EI).

Figure 6 shows the power-down sequence in the two later cases.

LAN_DISABLE @
PCle/SMBus D%V“:v‘: ® Active
@ ® \. 5 ®
PHY Active Power Down Devicq Start
Figure 6-1. Power-Down Sequence
Note: In cases where the LAN_DISABLE_N pin cannot be used, use a power-down inband.

When used, the power savings are lower since not all logic is turned off in this mode.

Note Description

2 Once the 1217detects the LAN_DISABLE_N transitions to a logic zero, the PHY enters a power-
down state.

3 The PCle link (if enabled) enters electrical idle state.

4 PCle/SMBus exits a reset state and performs link initialization.
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Figure 6-2.
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5 The integrated LAN controller configures the 1217 through the MDIO interface.

6 PHY goes through auto-negotiation to acquire link.

EEE LPI State

EEE (Energy Efficient Ethernet) Low Power Idle (LPI) mode defined in IEEE802.3az
optionally allows power saving by switching off part of the integrated LAN controller
and the 1217 functionality when no data needs to be transmitted or/and received.
Decision on whether the 1217 transmit path should enter Low Power Idle mode or exit
Low Power Idle mode is done on the integrated LAN controller level and communicated
to the 1217 in order to allow power saving in the transmit circuitry. Information on
whether Link Partner has entered Low Power Idle mode is detected by the 1217 and
communicated to the integrated LAN controller to allow for power saving in the receive
circuitry.

The following table and figure illustrate general principles of an EEE LPI operation on
the Ethernet Link.

LPI Parameters

Parameter Description
Sleep Time (Ts) Duration PHY sends Sleep symbols before going Quiet.
Quiet Duration (Tq) Duration PHY remains Quiet before it must wake for Refresh period.
Refresh Duration (Tr) Duration PHY sends Refresh symbols for timing recovery and coefficient

synchronization.

PHY Wake Time (Tw_PHY) [Minimum duration PHY takes to resume to Active state after decision to Wake.

Receive System Wake Time [Wait period where no data is expected to be received to give the local receiving
(Tw_System_rx) system time to wake up.

Transmit System Wake Wait period where no data is transmitted to give the remote receiving system time
Time (Tw_System_tx) to wake up.
Active Low-Power Active
Al A
2 2
< <
@ @
w w
Quiet = Quiet = Quiet
Tq Tr Tw_PHY H

Tw_System

EEE LPI Compliant Operation

In the transmit direction entrance to Low Power Idle mode of operation is triggered by
the reception of LPI TX Request from the integrated LAN controller. Following reception
of the LPI TX in band Request, PHY transmits special Sleep symbols to communicate to
the link partner that the local system is entering Low Power Idle mode. In 100BASE-TX
LPI mode PHY enters low power operation in an asymmetric manner. After Sleep
symbols transmission, the transmit function of the local PHY immediately enters a low
power quiet mode. In 1000BASE-T LPI mode, PHY entry into low power mode is
symmetric. Only after the local PHY transmits and receives sleep symbols from the
remote PHY does the transmit function of the local PHY enter the quiet mode.
Periodically the local PHY transmits Refresh symbols that are used by the link partner to
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6.3.1.4.1

6.3.1.4.2

Note:

6.3.1.5

6.3.1.6

update adaptive filters and timing circuits in order to maintain link integrity. This quiet-
refresh cycle continues until the local integrated LAN controller sends an in band
message with a clear (0) LPI TX Request, which signals to the 1217 that Low Power Idle
mode should end. The I217 communicates this to the link partner by sending special
Wake symbols for a pre-defined period of time. Then the PHY enters Active state and
resumes normal operation. Data can be transmitted after a Tw_System_tx duration.

EEE Capabilities Auto-Negotiation

EEE support is advertised during Auto-Negotiation stage. Auto-Negotiation provides the
capability to detect the abilities supported by the device at the other end of the link,
determine common abilities, and configure for joint operation. Auto-Negotiation is
performed at power up, on command from integrated LAN controller, upon detection of
a PHY error, or following Ethernet cable re-connection.

During the link establishment process, both link partners indicate their EEE capabilities.
If EEE is supported by both link partners for the negotiated PHY type then the EEE
function may be used independently in either direction. The Auto-Negotiation process
uses next page messages as defined in IEEE802.3az clauses 28C.12 and 28C.13.

EEE LPI Unsupported Features

EEE LPI does not support:
e Half-duplex operation
e 10 Mb/s speed

e When network proxy offload is enabled.
These features should not be enabled while EEE is enabled.

Intel® Auto Connect Battery Saver (ACBS)

Intel® Auto Connect Battery Saver for the Intel® Ethernet Connection 1217 is a
hardware-only feature that automatically reduces the LCD to a lower power state when
the power cable is disconnected. When the power cable is reconnected, it renegotiates
the line speed following IEEE specifications for auto negotiation. By default, auto
negotiation starts at 1 Gb/s, then 100 Mb/s full duplex/half duplex, then 10 Mb/s full
duplex/half duplex.

e ACBS is only supported during auto negotiation. If link is forced, the 1217 does not
enter ACBS mode.
The 1217 ACBS works in both SO and Sx states. Since the 1217 ACBS has no driver
control, the feature is always enabled, allowing power savings by default.

e The crystal clock drivers are intermittently disabled when the network cable is
unplugged and the 1217 is in ACBS mode.

Automatic Link Downshift

Automatic link downshift is a collection of power saving features that enable a link
downshift from 1000 Mb/s to a lower speed to save power under different conditions
like the AC cable plugged in, monitor idle, or entering Sx states.
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Link Speed Battery Saver

Link speed battery saver is a power saving feature that negotiates to the lowest speed
possible when the 1217 operates in battery mode to save power. When in AC mode,
where performance is more important than power, it negotiates to the highest speed
possible. The Windows NDIS drivers (Windows XP and later) monitor the AC-to-battery
transition on the system to make the LCD negotiate to the lowest connection speed
supported by the link partner (usually 10 Mb/s) when the power cable is unplugged
(switches from AC to battery power). When the AC cable is plugged in, the speed
negotiates back to the fastest LAN speed. This feature can be enabled/disabled directly
from DMiX or through the advanced settings of the Window's driver.

When transferring packets at 1000/100 Mb/s speed, if there is an AC-to-battery mode
transition, the speed renegotiates to the lower speed. Any packet that was in process is
re-transmitted by the protocol layer. If the link partner is hard-set to only advertise a

certain speed, then the driver negotiates to the advertised speed. Note that since the

feature is driver based, it is available in SO state only.

Link speed battery saver handles duplex mismatches/errors on link seamlessly by re-
initiating auto negotiation while changing speed. Link speed battery saver also supports
spanning tree protocol.

Packets are re-transmitted for any protocol other than TCP as well.

System Idle Power Saver (SIPS)

SIPS is a software-based power saving feature that is enabled only with Microsoft*
Windows* Vista* or Windows* 7. This feature is only supported in the SO state and can
be enabled/disabled using the advanced tab of the Windows driver or through DMiX.
The power savings from this feature is dependent on the link speed.
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Low Power Link Up (LPLU)

LPLU is a firmware/hardware-based feature that enables the designer to make the PHY
negotiate to the lowest connection speed first and then to the next higher speed and so
on. This power saving setting can be used when power is more important than
performance.

When speed negotiation starts, the PHY tries to negotiate for a 10 Mb/s link,
independent of speed advertisement. If link establishment fails, the PHY tries to
negotiate with different speeds. It enables all speeds up to the lowest speed supported
by the partner. For example, if the 1217 advertises 10 Mb/s only and the link partner
supports 1000/100 Mb/s only, a 100 Mb/s link is established.

LPLU is controlled through the LPLU bit in the PHY Power Management register. The
integrated LAN controller sets and clears the bit according to hardware/software
settings. The 1217 auto negotiates with the updated LPLU setting on the following auto-
negotiation operation. The 1217 does not automatically auto-negotiate after a change
in the LPLU value. LPLU is not dependent on whether the system is in Vac or Vdc mode.
In SO state, link speed battery saver overrides the LPLU functionality.

LPLU is enabled for non-D0a states by GbE NVM image word 0x17 (bit 10):
e Ob = LPLU is disabled.
e 1b = LPLU is enabled in all non-D0a states.

LPLU power consumption depends on what speed it negotiates at. Section 6.1 includes
all of the power numbers for the 1217 in the various speeds.
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7

Device Functionality

7.1

7.2

Tx Flow

When packets are ready for transmission in the integrated LAN controller it transfers
them to the 1217 through the PCle or the SMBus (depends on system state). 1217
starts transmitting the arrived packet over the wire after it gathers 8 bytes of data if
the PCle interface is active or after all packet data is received if it was transferred over
the SMBus; this behavior has no dependency on the link speed. 1217 design is based
on the assumption that the integrated LAN controller has the full packet ready for
transmission.

In several cases the 1217 has to stop transmission over the wire while still accepting
data from the upper connection (PCle or SMBus). For those cases, the 1217 maintains a
3 KB FIFO. The cases where the 1217 needs to stop Tx are:

e PAUSE packet was received on the Rx side while flow control is enabled. For full
support of flow control, the Receive Flow Control Enable (RFCE) bit (bit 7) in the
LCD Receive Control register should be set in addition to the configuration in the
integrated LAN controller.

¢ In half-duplex mode while the 1217 is in the middle of a receive (DEFER).

¢ In half-duplex mode while a collision was detected on the wire.

In addition to stop transmission, the 1217 sends an in-band message to the integrated
LAN controller with the Tx OFF bit set. This in-band message must be sent at the first
gap between received packets if (at the same time) the event caused the stop transmit
is not valid and transmission over the wire is activated, the 1217 might avoid sending

the in-band message. An in-band message with the Tx OFF bit cleared is sent when the
collided packet was successfully transmitted or dropped after 16 retries (see

Section 7.3.1).

In-band messages from the integrated LAN controller to the 1217 always come in
between packets during the IPG. 1217 does not accept in-band messages in the middle
of a packet.

Rx Flow

1217 maintains a 3 KB FIFO on the receive side in order not to lose packets when PCle is
active but at K1 power save mode. In this case the Intel® Ethernet Controller 1217
initiates recovery of the PCIe when a reception has started. If the link is at 1 Gb/s, the
transmission of the packet over the PCle bus starts immediately after recovery. if the link
speed is lower, the 1217 starts the transmission after the entire packet is received. 1217
assumes maximum recovery time (from the K1 state) of 10 us on both sides of the PCle
side. Higher recovery time causes a packet drop on the receive side.

1217 identifies PAUSE packets, stop transmission, and a send in-band message as
described in the previous section.

In-band messages from the 1217 to the integrated LAN controller always come in
between packets during the IPG.
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When the PCle is not active, packet drop is not avoidable due to the big difference in
line rate between the MDI and the SMBus.

Flow Control

Flow control as defined in 802.3x, as well as the specific operation of asymmetrical flow
control defined by 802.3z, is supported in the integrated LAN controller during PCle
mode and in the LAN Connected Device during SMBus mode. Some of the flow control
functionality has moved to the 1217. The following registers are duplicated to the 1217
for the implementation of flow control:

e Flow Control Address is: 0x01, 0x80, 0xC2, 0x00, 0x00, 0x01; where 01 is the first
byte on the wire, 0x80 is the second, etc.

e Flow Control Type (FCT): a 16-bit field to indicate flow control type

e Flow Control Transmit Timer Value (FCTTV): a 16-bit timer value to include in
transmitted PAUSE frame

e Flow Control Refresh Threshold Value (FCRTV): a 16 bit PAUSE refresh threshold
value

Flow control is implemented as a mean of reducing the possibility of receive buffer
overflows, which result in the dropping of received packets, and allows for local
controlling of network congestion levels. This can be accomplished by sending an
indication to a transmitting station of a nearly full receive buffer condition at a receiving
station. The implementation of asymmetric flow control allows for one link partner to
send flow control packets while being allowed to ignore their reception. For example,
not required to respond to PAUSE frames.

MAC Control Frames and
Reception of Flow Control Packets

Three comparisons are used to determine the validity of a flow control frame:

1. A match on the six-byte multicast address for MAC control frames or to the station
address of the device (Receive Address Register 0).

2. A match on the type field
3. A comparison of the MAC Control Opcode field.

The 802.3x standard defines the MAC control frame multicast address as 01-80-C2-00-
00-01. The Flow Control Packet’s Type field is checked to determine if it is a valid flow
control packet: XON or XOFF. 802.3x reserves this as 0x8808. The final check for a
valid PAUSE frame is the MAC Control Opcode field. At this time only the PAUSE control
frame opcode is defined. It has a value of 0x0001. Frame based flow control
differentiates XOFF from XON based on the value of the PAUSE Timer field. Non-zero
values constitute XOFF frames while a value of zero constitutes an XON frame. Values
in the Timer field are in units of slot time. A slot time is hard-wired to 64 byte times.

An XON frame signals cancelling the pause from being initiated by an XOFF frame
(Pause for zero slot times).



Intel® Ethernet Controller 1217

Figure 7-1.

Note:

1 Byie 5
UpmodByes | Preamble..
1 Bye SFD

5 Byies
Sonmce
i Byt Addes
2 Bytes Typelength
—_— DdAC Comtrol
s Opcode
BT ComiTol
Paranmsters
{redn_Feamstie: - 1609
B
T =
4 Bies FCS
1Bye T

I

802.3x MAC Control Frame Format

Where S is the start-of-packet delimiter and T is the first part of the end-of-packet
delimiter for 802.3z encapsulation. The receiver is enabled to receive flow control
frames if flow control is enabled via the RFCE bit in the Device Control (CTRL) register.

Flow control capability must be negotiated between link partners via the auto-
negotiation process. The auto-negotiation process might modify the value of these bits
based on the resolved capability between the local device and the link partner.

Once the 1217 has validated the reception of an XOFF, or PAUSE frame, it performs the

following:

o Initializes the pause timer based on the packet’'s PAUSE Timer field

¢ Disables packet transmission or schedules the disabling of transmission after the

current packet completes.

e Sends an in-band status command with the TX OFF bit set.
e Forward the XOFF or PAUSE frame to integrated LAN controller.



n ®
l n te l > Intel®Ethernet Controller 1217

7.3.2

Note:

Note:

7.4

44

Resuming transmission might occur under the following conditions:
¢ Expiration of the PAUSE timer.

e Reception of an XON frame (a frame with its PAUSE timer set to zero).'

Once the 1217 has validated the reception of an XON frame, it performs the following:
e Enables packet transmission.
e Sends an in-band status command with the Tx OFF bit cleared.
¢ Forwards the XON frame to the integrated LAN controller.

Transmitting PAUSE Frames

During PCIe mode transmitting PAUSE frames is done as a result of an In-Band Control
command from the integrated LAN controller. The integrated LAN controller initiates an
in-band message if it is enabled by software by writing a 1b to the TFCE bit in the
Device Control register.

Similar to receiving flow control packets previously mentioned, XOFF packets can be
transmitted only if this configuration has been negotiated between the link partners via
the auto-negotiation process. In other words, the setting of this bit indicates the
desired configuration.

When the in-band message from the integrated LAN controller is received, the 1217
sends a PAUSE frame with its PAUSE Timer field equal to FCTTV. Once the receive buffer
fullness reaches the low water mark, the integrated LAN controller sends an in-band
message indicating to send an XON message (a PAUSE frame with a timer value of
zero).

During SMBus mode transmitting PAUSE frames is done as a result of the 1217 receive
and transmit FIFO status. If the sum of data in both FIFOs is greater than the
configured FCTH.HTHRSH the 1217 sends a PAUSE frame with its PAUSE Timer field
equal to FCTTV. Once the sum of data in the receive and transmit FIFOs is lower than
FCTH.LTHRSH the 1217 sends a PAUSE frame with a timer value of zero (XON). The
1217 will send an XOFF refresh message with the PAUSE Timer set to FCTTV if after
FCRTV time from the previous XOFF message the transmit and receive buffer fullness is
still above the low threshold value.

Transmitting flow control frames should only be enabled in full-duplex mode per the
IEEE 802.3 standard. Software should make sure that the transmission of flow control
packets is disabled when the 1217 is operating in half-duplex mode.

Wake Up

The 1217 supports host wake up.

The host can enable host wake up from the 1217 by setting the Host_WU_Active bit.
When this bit is set

Setting the 1217’s wake up:

1. The XON frame is also forwarded to integrated LAN controller.
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1. Verify Host_WU_Active bit (bit 4) in the Port General Configuration register (page
769, register 17) is clear, this is needed to allow the configuration of the filters to
wake up mode.

2. Set bit 2 (MACPD_enable) of the Port Control register (page 769, register 17) to
enable the 1217 wake up capability and software accesses to page 800.

3. Set the Slave Access Enable bit (bit 2) in the Receive Control register (page 800,
register 0) to enable access to the Flex Filter register, if setting those bits is needed
in the next stage. The registers affected are:

a. Flexible Filter Value Table LSB—FFVT_L (filters 01)
b. Flexible Filter Value Table MSBs—FFVT_H (filters 23)
c. Flexible Filter Value Table—FFVT_45 (filters 45)
d. Flexible Filter Value Table—FFVT_67 (filters 67)
e. Flexible TCO Filter Value/Mask Table LSBs—FTFT_L
f. Flexible TCO Filter Value/Mask Table MSBs—FTFT_H
g. Extended Flexible Filter Value Table—EFFVT (Filters 8-15)
4. Configure the 1217's wake up registers per ACPI/APM wake up needs.

5. Clear the Slave Access Enable bit (bit 2) in the Receive Control register (page 800,
register 0) to enable the flex filters.

6. Set the Host_WU_Active bit (bit 4) in the Port General Configuration register (page
769, register 17) to activate the 1217's wake up functionality.

On a detection of a Host wake up event the 1217will:
1. Assert the LANWAKE# pin indicating wake to PMC.
2. If in DeepSx, PMC will power up the SUS well.
3. PMC will send a PINSTOP message to the 1217 through SMBus

4. On a reception of a PINSTOP message, the 1217 will stop asserting the LANWAKE#
pin and send a WU message over SMBus indicating the WU source.

a. 1217 will send a WU message on every PINSTOP message reception

5. 1217 will not assert the LANWAKE# pin again until a WU message was sent and
acknowledged power-up PMC. In case of host wake up the integrated LAN
controller wakes the host.

6. Host should issue a LCD reset to the 1217 before clearing the Host_ WU_Active bit.
7. Host reads the Wake Up Status register (WUS); wake up status from the 1217.

When a wake up packet is identified, the wake up in-band message is sent and the host
should clear the Host_WU_Active bit (bit 4) in the Port General Configuration register
(page 769, register 17). up to the LAN Controller, and clears the PME_Status bit in the
WUC register

While in wake up active mode new wake up packets received will not overwrite the
packet in the FIFO. 1217 re-transmits the wake up in-band message after 50 ms if no
change in the Host_WU_Active bits occurred.

Host Wake Up

1217 supports two types of wake up mechanisms:

e Advanced Power Management (APM) wake up
e ACPI Power Management wake up
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Advanced Power Management Wake Up

Advanced Power Management Wakeup or APM Wakeup was previously known as Wake
on LAN (Wol). The basic premise is to receive a broadcast or unicast packet with an
explicit data pattern, and then to assert a signal to wake up the system or issue an in-
band PM_PME message (if configured to).

At power up, if the 1217's wake up functionality is enabled, the APM Enable bits from
the NVM are written to the 1217 by the integrated LAN controller to the APM Enable
(APME) bits of the Wakeup Control (WUC) register. These bits control the enabling of
APM wake up.

When APM wake up is enabled, the 1217 checks all incoming packets for Magic Packets.
See Section 7.4.1.3.1.4 for a definition of Magic Packets.

To enable APM wake up, programmers should write a 1b to bit 10 in register 26 on page
0 PHY address 01, and then the station address to registers 27, 28, 29 at page 0 PHY
address 01. The order is mandatory since registers RALO[31:0] and RAHO[15:0] are
updated with a corresponding value from registers 27, 28, 29, if the APM WoL Enable
bit is set in register 26. The Address Valid bit (bit 31 in RAHO) is automatically set with
a write to register 29, if the APM WoL Enable bit is set in register 26. The APM Enable
bit (bit 0 in the WUC) is automatically set with a write to register 29, if the APM WoL
Enable bit is set in register 26.
Once the 1217 receives a matching magic packet, it:

e Sets the Magic Packet Received bit in the WUS register.

¢ Initiates the integrated LAN controller wake up event through an in-band message.
APM wake up is supported in all power states and only disabled if a subsequent NVM

read results in the APM Wake Up bit being cleared or software explicitly writes a Ob to
the APM Wake Up (APM) bit of the WUC register.

Link Status Change

When the LSCWO bit (bit 5 in the WUC register) is set, wake up is generated if all of the
following conditions are met:

e APM wake up is enabled (APME bit is set in the WUC register)
e The LSCWE bit (bit 4) is set in the WUC register
e Link status change is detected

When the 