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(Gigabit LAN—D25:F0)...uiuiiieininiiiereeeeae e eee e e eeeneraenee e aeeenees 459
12.1.14 SID—Subsystem ID Register

(Gigabit LAN—D25:F0)...uiuiuieieiniieieraeaereeneeaereeneeenesneneenerneenerees 459
12.1.15 ERBA—Expansion ROM Base Address Register

(Gigabit LAN—D25:F0)...uiuiieieiniaiaeneieeaeeerneeereeneneenerneneenerneenerees 459
12.1.16 CAPP—Capabilities List Pointer Register

(Gigabit LAN—D25:F0) . .uiuiuiieieinaiene e e eneeereeneeeneraeneenerneeerees 460
12.1.17 INTR—Interrupt Information Register

(Gigabit LAN—D25:F0) . .uuiieieiiineeeaeae e eeeeraeeeneene s aeneeneraeeerees 460
12.1.18 MLMG—Maximum Latency/Minimum Grant Register

(Gigabit LAN—D25:F0)...uiuiieieiniiieneeeaeaererneeereeneeaeneraeeeneraeeerees 460
12.1.19 CLIST 1—Capabilities List Register 1

(Gigabit LAN—D25:F0)...cuiuiuiitiiiiiiiniiiiinii e s e 460
12.1.20 PMC—PCI Power Management Capabilities Register

(Gigabit LAN—D25:F0)...cuiuiuiieiiiiiiiiisiiinis s s ne e 461
12.1.21 PMCS—PCI Power Management Control and Status

Register (Gigabit LAN—D25:F0) ....cviviiiiiiiniiiii e 462

Datasheet 11



intel)

12.1.22 DR—Data Register
(GIgabit LAN—D25:F0) .uiiuiitiiiiitiieiinaieeie e sessnesnessaaaeeneanennanens 463
12.1.23 CLIST 2—Capabilities List Register 2
(GIgabit LAN—D25:F0) ¢ utitiieiiiiiieii ittt e e s e s s s naneseanennanens 463
12.1.24 MCTL—Message Control Register
(GIgabit LAN-—D25:F0) ¢ uiitiitiiiiieiii it sieesaesnessassneeneanennanens 463
12.1.25 MADDL—Message Address Low Register
(GIgabit LAN—D25:F0) ¢ uiitiiiiiiiieiiiinait i siesssesnessansneeneanennanens 464
12.1.26 MADDH—Message Address High Register
(GIgabit LAN—D25:F0) ¢ iuiitiieiiiiitiitiiieie it eisneane s iessaeseesanannseanannanens 464
12.1.27 MDAT—Message Data Register
(GIgabit LAN-—D25:F0) .uiitiitiiiiitiii it it eisnsene e s saesneesasanesneanennanens 464
12.1.28 FLRCAP—Function Level Reset Capability
(GIgabit LAN—D25:F0) +viiuiitiiiiititiiinaitsiessasanesnessnnsneesassneeneanennanens 464
12.1.29 FLRCLV—Function Level Reset Capability Length and Version
(GIgabit LAN—D25:F0) ¢ uiiuiitiiiniitiitiitnsantsiesisisanesneesaesnessassneensanennanens 465
12.1.30 DEVCTRL—Device Control (Gigabit LAN—D25:F0) ....cccviiiiiiiiiiiiiiiiiieenns 465
13 LPC Interface Bridge Registers (D31:F0) .........cccoiiiiiiiiiiiiiiiiiir e eaeeas 467
13.1 PCI Configuration Registers (LPC I/F—D31:F0) ....coeiriiiiiiiiiiiiiiiiiieiie e ieeeeaens 467
13.1.1 VID—Vendor Identification Register (LPC I/F—D31:F0) .....cvvviiiiiininnnnnnns 468
13.1.2 DID—Device Identification Register (LPC I/F—D31:F0)......cccovvviviiiininnnnens 468
13.1.3 PCICMD—PCI COMMAND Register (LPC I/F—D31:F0).....ccviviviiiiiiininnnennns 469
13.1.4 PCISTS—PCI Status Register (LPC I/F—D31:F0) ..ccovviiviiiiiiiiiiiieiinennennen 470
13.1.5 RID—Revision Identification Register (LPC I/F—D31:F0) .......ccvvvvivininnnnens 471
13.1.6 PI—Programming Interface Register (LPC I/F—D31:F0) .... ...471
13.1.7 SCC—Sub Class Code Register (LPC I/F—D31:F0) ...ccovviiviiiiniiiieiiinnnennen 471
13.1.8 BCC—Base Class Code Register (LPC I/F—D31:F0)......cccviviiiiiiinninnnnnnnns 471
13.1.9 PLT—Primary Latency Timer Register (LPC I/F—D31:F0) ......cocvvvvvvnninnnnnn 471
13.1.10 HEADTYP—Header Type Register (LPC I/F—D31:F0).....cccoivviiiiiiniininnnnenns 472
13.1.11 SS—Sub System Identifiers Register (LPC I/F—D31:F0)......cocvvvvivivinnnnnns 472
13.1.12 CAPP—Capability List Pointer Register (LPC I/F—D31:F0) ......ccccvivinvininenns 472
13.1.13 PMBASE—ACPI Base Address Register (LPC I/F—D31:F0).......cocvvvinvnennns 472
13.1.14 ACPI_CNTL—ACPI Control Register (LPC I/F—D31:F0) ...cccvvviiiiiiiiniennnns 473
13.1.15 GPIOBASE—GPIO Base Address Register
(LPC T/F D31 iF0) tiutitiitiiit ittt eeetet et e e e e e e e n e e e e e e neaaeas 473
13.1.16 GC—GPIO Control Register (LPC I/F—D31:F0) ..c.icviiiiiieiiiiiiiiieeiinneneanens 474
13.1.17 PIRQ[n]_ROUT—PIRQ[A,B,C,D] Routing Control Register
(LPC I/F—=D31:F0) tiutitiititiiitieieiiastasaaeseassaeaeesasenesneensasaneaneaneananess 475
13.1.18 SIRQ_CNTL—Serial IRQ Control Register
(LPC I/F=D31iF0) 1 iutitiititieeniinieansassnssneaneassneaneeraseaeaneansananeensaennaness 476
13.1.19 PIRQ[n]_ROUT—PIRQ[E,F,G,H] Routing Control Register
(LPC I/F—=D31:F0) tiutitiitiitiianiatitseassasseseassneanesneasaaeaneansananeensanennanens 477
13.1.20 LPC_IBDF—IOXAPIC Bus:Device:Function Register
(LPC I/F—=D31:F0) tiutitiitieieitiinitiiesiasseseassneaeeeasenesneansasanneneanennanens 477
13.1.21 LPC_HnBDF—HPET n Bus:Device:Function Register
(LPC I/F—=D31:F0) tiutitiititiieetiatitieasiassaeseassaeaeesaseneaneansanannansanennanens 478
13.1.22 LPC_I/O_DEC—I/O Decode Ranges Register
(LPC I/F=D31:F0) tiutitiititieetiatatatataaseseeseaeseeraseaesneansananeeneaneananens 479
13.1.23 LPC_EN—LPC I/F Enables Register (LPC I/F—D31:F0)....cccccvvvviiniieninnnnn. 480
13.1.24 GEN1_DEC—LPC I/F Generic Decode Range 1 Register
(LPC I/F D31 iF0) tiutitiitiiiie ittt a et et e et e a e e e e e e e e neaaeas 481
13.1.25 GEN2_DEC—LPC I/F Generic Decode Range 2 Register
(LPC I/F D31 iF0) tiutitiitiiie ittt et e e e ee e e e e e e e e e e e e e e neaaeas 481
13.1.26 GEN3_DEC—LPC I/F Generic Decode Range 3 Register
[ O I S 1G5 B 10 PR 482
13.1.27 GEN4_DEC—LPC I/F Generic Decode Range 4 Register
(LPC I/F D31 iF0) tiutitiitiiiieetiitaie et e e e e e e e r e e e aennaaeas 482
13.1.28 ULKMC—USB Legacy Keyboard / Mouse Control
Register (LPC I/F—D31:F0) ...iiuiitiiiiiiii ittt ree e e e 483
13.1.29 LGMR—LPC I/F Generic Memory Range Register
[ O I St G 2 4 0 RPN 484
13.1.30 FWH_SEL1—Firmware Hub Select 1 Register
[ O A St 3G 2 0 0 RPN 485
13.1.31 FWH_SEL2—Firmware Hub Select 2 Register
[ O A et 1C 3t 0 0 RPN 486
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13.1.32 FWH_DEC_EN1—Firmware Hub Decode Enable

Register (LPC I/F—D31:F0) tiiitiiiiiiiitiiie et iiesaenesaesesasnnsnesssnennans 487
13.1.33 BIOS_CNTL—BIOS Control Register
(LPC T/F—D31:F0) cttuuueiituneesetneesetneeertieesssiaesetneeesaneesstnaeesraaeesnnnnes 489
13.1.34 FDCAP—Feature Detection Capability ID
Register (LPC I/F—D31:F0) .. ittt sesnesneensansnneneaneanns 490
13.1.35 FDLEN—Feature Detection Capability Length
Register (LPC I/F—D31:F0)..ictiiitiieiiiiintiiiiieieeiesieeieseenesarensaseneansaneens 490
13.1.36 FDVER—Feature Detection Version
Register (LPC I/F—D31:F0) ..ttt st eiereenesarensassnesnnanenens 490
13.1.37 FDVCT—Feature Vector Register
[ O 7 St 6 3 0 0 491
13.1.38 RCBA—Root Complex Base Address Register
(O 7 et 16 B 0 ) 491
[ A @ B S =T | =] =] ol 492
13.2.1 DMABASE_CA—DMA Base and Current Address Registers ..........ccvevvvvnnnns 493
13.2.2 DMABASE_CC—DMA Base and Current Count Registers...........cooevvininnnns 494
13.2.3 DMAMEM_LP—DMA Memory Low Page Registers........cocovviviiiiiiiinnnnnnnns 494
13.2.4 DMACMD—DMA Command ReGISter .......cuiiiiiiiiiiiii i naas 495
13.2.5 DMASTA—DMA Status Register ......coooviiiiiiiiiiiiii i 495
13.2.6 DMA_WRSMSK—DMA Write Single Mask Register .........ccoooviiiiiiiiiiinnnns 496
13.2.7 DMACH_MODE—DMA Channel Mode Register......c.ccviviiiiiiiiiiiieiiiininnnenns 497
13.2.8 DMA Clear Byte Pointer Register.......ccviiiiiiiiiiiiiii e 498
13.2.9 DMA Master Clear REGISTEI ..viivii i e raeaeaas 498
13.2.10 DMA_CLMSK—DMA Clear Mask Register .........c.cciiiiiiiiiiiiiiiiiiineeae 498
13.2.11 DMA_WRMSK—DMA Write All Mask REGISLEr .......uvvivvririrniiiiieiinieriniennnnss 499
TIMEr I/0 REGISTEIS 1ovuuiiiiiiii e et e et et e et e et e e et e e st e eat e et e e et e esteeeteeaneeanses 499
13.3.1  TCW-—Timer Control Word RegiSter........cuoviiiriiiiiiiiiiiiiie i 500
13.3.2 SBYTE_FMT—Interval Timer Status Byte Format Register ................coett 502
13.3.3 Counter ACCESS POItS REGISTEI ..uuivvurivreiiereietieretiersieereeetieeereererieranenes 503
8259 Interrupt Controller (PIC) REGISLEIS .....iiviiiiiiiiii e raeaeas 503
13.4.1 Interrupt Controller I/O MAP ... e 503
13.4.2 ICW1—Initialization Command Word 1 Register.........cocoviiiiiiiiiiiiiiniiennnns 504
13.4.3 ICW2—Initialization Command Word 2 Register..........ccvvviiiiiiiiiniiniinnnne. 505
13.4.4 ICW3—Master Controller Initialization Command
[ o] e R I 2= 1 = PP 505
13.4.5 ICW3—Slave Controller Initialization Command
WOrd 3 REGISE O .ttt ittt ettt e e e e re e e e anennans 506
13.4.6 ICW4—Initialization Command Word 4 Register.........c.covviiiiiiiiiiiiennnns 506
13.4.7 OCW1—Operational Control Word 1 (Interrupt Mask)
REGISEEr i 507
13.4.8 OCW2—Operational Control Word 2 Register........c.ccovvviiiiiiiiiiiiiinineinnnnns 507
13.4.9 OCW3—Operational Control Word 3 Register...........cocvviiiiiiiiiiiniieiennns 508
13.4.10 ELCR1—Master Controller Edge/Level Triggered Register.............cccvvuenee. 509
13.4.11 ELCR2—Slave Controller Edge/Level Triggered Register............ccvveivvnnnnn. 510
Advanced Programmable Interrupt Controller (APIC) ......cciiiiiiiiiiiiii e 511
13.5.1 DN (O =T 1y o= ol 1 = o S 511
13.5.2 IND—INdeX REGISTOI ..uiuiitiiiiie i e e e ar e e aeaas 511
13.5.3 DAT—Data REGISTEI . ..viiiiii i e e 512
13.5.4  EOIR—EOIL REGISTEI .. uiuiiiiiiiii ittt s e e 512
13.5.5 ID—Identification Register........cooiiiiiiiiii e 513
13.5.6 VER—Version RegiSter ....civuiiiiiiiiiii i e s ae 513
13.5.7 REDIR_TBL—Redirection Table .......c.ccoiiiiii e 514
Real Time ClOCK REGISTEIS. ..iiui ittt e e nanes 516
13.6.1 I/O Register AdAdresSs Map ....occieeiiiiiiiiieiiri e e ae e raeaeas 516
13.6.2  INdexed ReGISTEIS .iviriuiiiiitiiiie et e et e e e reananes 517
13.6.2.1 RTC_REGA—REGISLEr A ..o e e e e 518
13.6.2.2 RTC_REGB—Register B (General Configuration).............ccvunee. 519
13.6.2.3 RTC_REGC—Register C (Flag Register) ........coeviiiiiiiiiiinninnnne. 520
13.6.2.4 RTC_REGD—Register D (Flag Register) .......ccoevveiiiiiiiniieinnnnnn. 520
Processor Interface ReGISTErS . ..uiiui it e e 521
13.7.1 NMI_SC—NMI Status and Control Register.........c.cooviiiiiiiiiiiiiiiiee e 521
13.7.2 NMI_EN—NMI Enable (and Real Time Clock Index)
RIS O 1ttt e 522
13.7.3  PORT92—Fast A20 and Init Register .......c.covviiiiiiiiiiii 522
13.7.4 COPROC_ERR—Coprocessor Error Register .......cocviiiiiiiiiiiiiniiinans 522
13.7.5 RST_CNT—Reset Control REgISter....uvviiiiiiiiiiiii i e aeeas 523
13
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13.8 Power Management Registers (PM—D31:F0) ....ccciiiiriiiiiiiiiiiiiii e eeeees 524
13.8.1 Power Management PCI Configuration Registers
At 26 B R 0 ) T 524
13.8.1.1 GEN_PMCON_1—General PM Configuration 1 Register
(4Nt 26 3 ) T PP 524
13.8.1.2 GEN_PMCON_2—General PM Configuration 2 Register
(4Nt 26 3 ) TP 525
13.8.1.3 GEN_PMCON_3—General PM Configuration 3 Register
(4Nt 26 2 ) TP 527
13.8.1.4 GEN_PMCON_LOCK—General Power Management Configuration
ool S A= 1= o= ol PP 529
13.8.1.5 Chipset Initialization Register 4 (PM—D31:F0)......cocvviviivininnnnn. 530
13.8.1.6 BM_BREAK_EN Register (PM—D31:F0) ...covviiiiieiiiiiieiieeens 530
13.8.1.7 PMIR—Power Management Initialization Register (PM—D31:F0).531
13.8.1.8 GPIO_ROUT—GPIO Routing Control Register
(PM—=D31:F0) sttt s e e 531
13.8.2 e o\ I 74 @ T 7Tl Yo = 531
13.8.2.1 APM_CNT—Advanced Power Management Control Port Register . 532
13.8.2.2 APM_STS—Advanced Power Management Status Port Register... 532
13.8.3 Power Management I/O ReGiSters ...ccvviiriiiiiiiiiiii i 532
13.8.3.1 PM1_STS—Power Management 1 Status Register..................... 533
13.8.3.2 PM1_EN—Power Management 1 Enable Register ...............cevuns 536
13.8.3.3 PM1_CNT—Power Management 1 Control Register.................... 537
13.8.3.4 PM1_TMR—Power Management 1 Timer Register ..................... 538
13.8.3.5 PM1_TMR—Power Management 1 Timer Register ..................... 538
13.8.3.6 GPEO_STS—General Purpose Event 0 Status Register............... 539
13.8.3.7 GPEO_EN—General Purpose Event 0 Enables Register............... 541
13.8.3.8 SMI_EN—SMI Control and Enable Register...........ccovvvvieiiinnnen. 543
13.8.3.9 SMI_STS—SMI Status Register.........ccoveeiiiiiiiiiiiieeee 545
13.8.3.10 ALT_GP_SMI_EN—Alternate GPI SMI Enable Register ............... 547
13.8.3.11 ALT_GP_SMI_STS—Alternate GPI SMI Status Register.............. 548
13.8.3.12 UPRWC—USB Per-Port Registers Write Control.............cccvvennns 548
13.8.3.13 GPE_CNTL—General Purpose Control Register ...........c.coevvennnns 549
13.8.3.14 DEVACT_STS—Device Activity Status Register............coecevvveenn. 550
13.8.3.15 PM2_CNT—Power Management 2 Control Register.................... 550
13.9 System Management TCO REGISTEIS ..uuiuvuiiireeereietiiienieirtiertnierieseeraeretiereniersnernns 551
13.9.1 TCO_RLD—TCO Timer Reload and Current Value Register ..............c.cennene 551
13.9.2  TCO_DAT_IN—TCO Data In REGIStEr ...ccuvuieiriiieeiiiieeeiiieeeiiieeeerieeeenannns 552
13.9.3 TCO_DAT_OUT—TCO Data Out Register.......ccvvriiiiiiiiniiiiiie i nnnnnnennes 552
13.9.4 TCO1_STS—TCO1 Status Register.......cuiiviiiiiiiiiiiiiiii e 552
13.9.5 TCO2_STS—TCO2 Status Register........coiuiiiiiiiiiiii e 554
13.9.6 TCO1_CNT—TCO1 Control REGISter ...viviiiiiiiiiiieie e eaes 555
13.9.7 TCO2_CNT—TCO2 Control Register .......c.ccviiiiiiiiiiiii e 556
13.9.8 TCO_MESSAGE1 and TCO_MESSAGE2 Registers ........cccveviiiiiniiniininennnn, 556
13.9.9 TCO_WDCNT—TCO Watchdog Control Register .........ccoovviiiiiiiiiiiinienns 557
13.9.10 SW_IRQ_GEN—Software IRQ Generation Register..........cccviviiiiniiiinnnnnns 557
13.9.11 TCO_TMR—TCO Timer Initial Value Register..........ccoeviiiiiiiiiiiiiiieens 557
13.10 General PUrPOSE I/O REGISTEIS ...uuiuiitiieiiiiitiitiieieae it sa st asaeene s areaeaneaeananens 558
13.10.1 GPIO_USE_SEL—GPIO Use Select Register......ccvviviiiiiiiiiiiiiiiieennennen 559
13.10.2 GP_IO_SEL—GPIO Input/Output Select Register ........cocevviiiiiiiiiiiinnnennns 559
13.10.3 GP_LVL—GPIO Level for Input or Output Register .........cccooiiiiiiiiiiinnnns 560
13.10.4 GPO_BLINK—GPO Blink Enable Register..........cccoviiiiiiiiiiiiiinea, 560
13.10.5 GP_SER_BLINK—GP Serial Blink Register.........cccovviiiiiiiiiiiiiieneeeens 561
13.10.6 GP_SB_CMDSTS—GP Serial Blink Command
SEAtUS REGISTO. ..t 562
13.10.7 GP_SB_DATA—GP Serial Blink Data Register .........ccvviviiiiiiiiiiiiiiiienens 562
13.10.8 GPI_NMI_EN—GPI NMI Enable Register ........ccoviiieiiiiiiiiiiiiieieee e, 563
13.10.9 GPI_NMI_STS—GPI NMI Status Register........cocviiiiiiiiiiiiiiiiiiennieans 563
13.10.10 GPI_INV—GPIO Signal Invert Register........c.coiiiiiiiiiiiiiiii e 563
13.10.11 GPIO_USE_SEL2—GPIO Use Select 2 Register ......c.ccvvvviiiiininiiiiiininiinns 564
13.10.12 GP_IO_SEL2—GPIO Input/Output Select 2 Register...........coevvviiiiniinininnns 564
13.10.13 GP_LVL2—GPIO Level for Input or Output 2 Register........c.cocvevieiniinennnn. 565
13.10.14 GPIO_USE_SEL3—GPIO Use Select 3 Register ........ccvviiiiiiiiniiiiininiinns 566
13.10.15 GP_IO_SEL3—GPIO Input/Output Select 3 RegiSter.......cocvvuvivrneeiineiinnnnns 567
13.10.16 GP_LVL3—GPIO Level for Input or Output 3 Register..........c.ccvvvvvineinnnnnn. 568
13.10.17 GP_RST_SEL1—GPIO Reset Select Register........cocvvviiiiiiiiiiiiiiieieeeene, 569
13.10.18 GP_RST_SEL2—GPIO Reset Select Register........coovvvviiiiiiiiiniiinn, 569
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13.10.19 GP_RST_SEL3—GPIO Reset Select Register .....ccvvvviiriiiiiiiiiiiinenaens 570
14 SATA Controller Registers (D3 1:iF2)......ccciiiiiiiiiiiii i e aas 571
14.1 PCI Configuration Registers (SATA=D31:F2) .. .ciiiiiiiiiiiiiiiiiiirie e renaas 571
14.1.1 VID—Vendor Identification Register (SATA—D31:F2) ....cocoivviiiiiiiiiiiinnnnns 573
14.1.2 DID—Device Identification Register (SATA—D31:F2)....cccciiviiiiiiiiiiniinnnns 573
14.1.3  PCICMD—PCI Command Register (SATA-D31:F2)....ccoiiiiiiiiiiiiiiiiiiinnnne, 573
14.1.4  PCISTS—PCI Status Register (SATA-D31:F2)...ccociiiiiiiiiiiiiiicieiene e 574
14.1.5 RID—Revision Identification Register (SATA—D31:F2).....ccccvvviiiiiiininnnnnns 575
14.1.6 PI—Programming Interface Register (SATA-D31:F2).....cccocviiiiiiiieinnnnnns 575
14.1.6.1 When Sub Class Code Register (D31:F2:0ffset 0Ah) = 01h....... 575
14.1.6.2 When Sub Class Code Register (D31:F2:0ffset 0Ah) = 04h....... 576
14.1.6.3 When Sub Class Code Register (D31:F2:0ffset 0Ah) = 06h....... 576
14.1.7 SCC—Sub Class Code Register (SATA-D31:F2) ..cociiiiiiiiiiiiiiiiiiieieeee 576
14.1.8 BCC—Base Class Code Register
(SATA-D31:F2SATA-D31:iF2) ciiieiiiiii et ae e 577
14.1.9 PMLT—Primary Master Latency Timer Register
(SN I 2 0 ) 577
14.1.10 HTYPE—Header Type Register
(SN I 2 0 ) 577
14.1.11 PCMD_BAR—Primary Command Block Base Address
Register (SATA-D31:F2) coiririiiiie i e e e e eees 577
14.1.12 PCNL_BAR—Primary Control Block Base Address
Register (SATA=D31:F2) oot e e aeeas 578
14.1.13 SCMD_BAR—Secondary Command Block Base Address
Register (IDE D31:F2) cuiuiiriiiiiiiie it ree st esae e s e e n s e e raenens 578
14.1.14 SCNL_BAR—Secondary Control Block Base Address
Register (IDE D31:F2) .ttt se st e et e e e e e e saeens 578
14.1.15 BAR—Legacy Bus Master Base Address Register
(SN I3 B ) 579
14.1.16 ABAR/SIDPBA1—AHCI Base Address Register/Serial ATA
Index Data Pair Base Address (SATA-D31:F2) ..cooiiiiiiiiiiiiiiiiiiiieens 579
14.1.16.1 When SCC is not 01h
14.1.16.2 When SCC S 01N .iuiuiiriiiiii it e e ee e e
14.1.17 SVID—Subsystem Vendor Identification Register
(ST NI 2 0 ) 580
14.1.18 SID—Subsystem Identification Register (SATA-D31:F2) ....cccovviiniiiininnnnn. 580
14.1.19 CAP—Capabilities Pointer Register (SATA-D31:F2).....cccciiiiiiiiiiiiiiiiiinnnens 580
14.1.20 INT_LN—Interrupt Line Register (SATA-D31:F2) ....cciiiiiiiiiiiiiiiiiiniieinennns 581
14.1.21 INT_PN—Interrupt Pin Register (SATA-D31:F2)....cccciiiiiiiiiiiiiienneenens 581
14.1.22 IDE_TIM—IDE Timing Register (SATA-D31:F2) ....ccoiviiiiiiiiiiiiiiiiennenenes 581
14.1.23 SIDETIM—SIlave IDE Timing Register (SATA-D31:F2)....cccoiiiiiiiiiiineinanenens 582
14.1.24 SDMA_CNT—Synchronous DMA Control Register
(SN I 1 0 ) 582
14.1.25 SDMA_TIM—Synchronous DMA Timing Register
(SN 2 0 =) 582
14.1.26 IDE_CONFIG—IDE I/O Configuration Register
(TN 23 0 ) 583
14.1.27 PID—PCI Power Management Capability Identification
Register (SATA=D31:F2) oot e aeeas 583
14.1.28 PC—PCI Power Management Capabilities Register
(SN 2 3 0 ) 584
14.1.29 PMCS—PCI Power Management Control and Status
Register (SATA=D31:F2) ittt e raeeas 585
14.1.30 MSICI—Message Signaled Interrupt Capability
Identification Register (SATA=D31:F2) .cciiiiiiiiiiiiii e 586
14.1.31 MSIMC—Message Signaled Interrupt Message
Control Register (SATA-D31:F2) ciiuiiiiiiiiii e e e 586
14.1.32 MSIMA—Message Signaled Interrupt Message
Address Register (SATA-D31:F2) ciiriiiiiiiiiii e 588
14.1.33 MSIMD—Message Signaled Interrupt Message
Data Register (SATA-D31:iF2) .ttt naeneas 588
14.1.34 MAP—Address Map Register (SATA-D31:F2) ..cccciiiiiiiiiiiiiiiiiiiieeeeeees 589
14.1.35 PCS—Port Control and Status Register (SATA-D31:F2).....ccocvvviiiiiininnnnn. 590
14.1.36 SCLKCG—SATA Clock Gating Control Register ..........cocvviiiiiieiiienennnnnnss 592
14.1.37 SCLKGC—SATA Clock General Configuration Register..........cccvvvviniiniinnnns 593
14.1.38 SIRI—SATA Indexed Registers Index Register........cccoviiiiiiiiiiiiiennnnnnns 594

Datasheet 15



15

16

ntel.

14.1.39 FLRCID—FLR Capability ID Register (SATA-D31:F2) ..cccoiiiiiiiiiiieiniaenenen 594
14.1.40 FLRCLV—FLR Capability Length and Version
Register (SATA=D31:F2) . it e e e 595
14.1.41 FLRC—FLR Control Register (SATA-D31:F2) ...ccceiiiiiiiiiiiiiiiiiiiiiieinaens 595
14.1.42 ATC—APM Trapping Control Register (SATA-D31:F2)....ccccoiviiiiiiininninennnns 596
14.1.43 ATS—APM Trapping Status Register (SATA-D31:F2)...c.ccoiiiiiiiiiiiiiiiininnns 596
14.1.44 SP Scratch Pad Register (SATA-D31:F2) ...cciiiiiiiiiiiiiiii e e 596
14.1.45 BFCS—BIST FIS Control/Status Register (SATA-D31:F2) ......covvvvvivinnnnnns 597
14.1.46 BFTD1—BIST FIS Transmit Datal Register (SATA-D31:F2) ......cccvvvnennnnnn. 599
14.1.47 BFTD2—BIST FIS Transmit Data2 Register (SATA-D31:F2) ....c.ccvvvvnvnnnnnns 599
14.2 Bus Master IDE I/O Registers (D31:F2) . cciiiiiiiiiiiiiiiiiei it e e aeaeas 600
14.2.1 BMIC[P,S]—Bus Master IDE Command Register (D31:F2) .........cevvvvinennnn 601
14.2.2 BMIS[P,S]—Bus Master IDE Status Register (D31:F2)......cccviviiiiinninnnnens 602
14.2.3 BMID[P,S]—Bus Master IDE Descriptor Table Pointer
ReGISTEr (D3 1:F2) ettt e e e 603
14.2.4  AIR—AHCI Index Register (D31:F2) .iciiiiiiiiiiiiiiiiiiiiiei i renaeneas 603
14.2.5 AIDR—AHCI Index Data Register (D31:F2)....ccooiiiiiiiiiiiiiiiiiiirie e 603
14.3 Serial ATA Index/Data Pair Superset RegiSters......ccoviiiiiiiiiiiiiiii i aeenens 604
14.3.1 SINDX—Serial ATA Index Register (D31:F2)...c.ccoiiiiiiiiiiiiiiiiiie e 604
14.3.2 SDATA—Serial ATA Data Register (D31:F2) ..cciiiiiiiiiiiiiiiiiiiiiiiie e 605
14.3.2.1 PxSSTS—Serial ATA Status Register (D31:F2) .....coovviiniininnnnns 605
14.3.2.2 PxSCTL—Serial ATA Control Register (D31:F2) ....cccvvvviiininnnnns 606
14.3.2.3 PXSERR—Serial ATA Error Register (D31:F2) ....ccovviviiiiiiininnnens 607
14.4 AHCI Registers (D3 1iF2) wiuiiuiiiiiiiiitiit it a e e e a s e s e e e e s ane e e ananeanens 608
14.4.1 AHCI Generic Host Control Registers (D31:F2)......cociiiiiiiiiiiiiiiiniieenens 609
14.4.1.1 CAP—Host Capabilities Register (D31:F2) .ccccvvviiiiiiiiiiiiiininnnnn, 609
14.4.1.2 GHC—Global PCH Control Register (D31:F2).....ccocvvviiiiiiininennn. 611
14.4.1.3 IS—Interrupt Status Register (D31:F2).....ccovvviiiiiiiiiiiiieininnnne, 612
14.4.1.4 PI—Ports Implemented Register (D31:F2).....ccocvvviiiiiiiinniiennnns 613
14.4.1.5 VS—AHCI Version Register (D31:F2) .civiiiiiiiiiiiiiiiiiiinnnens 614
14.4.1.6 CCC_CTL—Command Completion Coalescing Control
Register (D31:F2) ittt e eaaens 614
14.4.1.7 CCC_Ports—Command Completion Coalescing Ports
Register (D31:F2) ittt e a e anens 615
14.4.1.8 EM_LOC—Enclosure Management Location Register (D31:F2)....615
14.4.1.9 EM_CTRL—Enclosure Management Control Register (D31:F2)....616
14.4.1.10 VS—AHCI Version Register (D31:F2) ....ccceviiiiiiiiiiiiiiiiiieiaeens 617
14.4.1.11 VSP— VendOé Specific Register (D31:F2) cocviviiiiiiiiiiii e 617
14.4.1.12 RSTF—Intel®™ RST Feature Capabilities Register ...............cevuent 617
14.4.2 POrt Registers (D3 1:iF2) it s e e e e aeaees 619
4.4.2.1 PxCLB—Port [5:0] Command List Base Address Register
(D 2C 3 R 2 PP 623
14.4.2.2 PxCLBU—Port [5:0] Command List Base Address Upper
32-Bits Register (D31:F2) ..iiuiiiiiiiiiiiiiiii e e 623
14.4.2.3 PxFB—Port [5:0] FIS Base Address Register (D31:F2) .............. 624
14.4.2.4 PxFBU—Port [5:0] FIS Base Address Upper 32-Bits
Register (D31:F2) . it 624
14.4.2.5 PxIS—Port [5:0] Interrupt Status Register (D31:F2)................s 625
14.4.2.6 PxIE—Port [5:0] Interrupt Enable Register (D31:F2) ................ 626
14.4.2.7 PxCMD—Port [5:0] Command Register (D31:F2).......ccccvvvvnvnnnns 628
14.4.2.8 PXTFD—Port [5:0] Task File Data Register (D31:F2)................. 631
14.4.2.9 PxSIG—Port [5:0] Signature Register (D31:F2) .....ccocvvvvininennnns 631
14.4.2.10 PxSSTS—Port [5:0] Serial ATA Status Register (D31:F2) .......... 632
14.4.2.11 PxSCTL—Port [5:0] Serial ATA Control Register (D31:F2).......... 633
14.4.2.12 PxSERR—Port [5:0] Serial ATA Error Register (D31:F2) ............ 634
14.4.2.13 PxSACT—Port [5:0] Serial ATA Active Register (D31:F2)........... 635
14.4.2.14 PxCI—Port [5:0] Command Issue Register (D31:F2) ................ 636
SATA Controller Registers (D31:F5) .....ccciiiiiiiiiiii i e eaaans 637
15.1 PCI Configuration Registers (SATA=D31:F5) .ot 637
15.1.1 VID—Vendor Identification Register (SATA—D31:F5)...ccccciiiiiiiiiiiiinnnns 638
15.1.2 DID—Device Identification Register (SATA—D31:F5) ...cocviiiiiiiiiiiinnnnnnnn, 638
15.1.3 PCICMD—PCI Command Register (SATA-D31:F5) ...cioiiiiiiiiiiiiiiieeeens 639
15.1.4 PCISTS—PCI Status Register (SATA-D31:F5) ..ccoiiiiiiiiiiiiiiiiiieneeeeee 640
15.1.5 RID—Revision Identification Register (SATA—D31:F5) ..cccoiviiiiiiiiininiinens 640
15.1.6 PI—Programming Interface Register (SATA-D31:F5) .cciiiiiiiiiiiiiiiiiiinnnns 641
15.1.7  SCC—Sub Class Code Register (SATA-D31:F5) .ccciiiiiiiiiiiiiiiiiieieeeeaen, 641

Datasheet



16

15.1.8 BCC—Base Class Code Register
(SATA-D31:F5SATA-DI3L:iFD) titiiiiiiiiii i rreneas 641
15.1.9 PMLT—Primary Master Latency Timer Register
(AN AN B 1 B =) PP 642
15.1.10 PCMD_BAR—Primary Command Block Base Address
Register (SATA=D31iFS) ciiiiiiiiiiii i e e e aaeaeaas 642
15.1.11 PCNL_BAR—Primary Control Block Base Address Register
(AN B I 2 B =) PP 642
15.1.12 SCMD_BAR—Secondary Command Block Base Address
Register (IDE D31:iF5) cuiiiiiiitiiiie i e e ae e s e e raeneans 643
15.1.13 SCNL_BAR—Secondary Control Block Base Address
Register (IDE D31 :iF5) cuiiiiiiiii it e e e e e neaas 643
15.1.14 BAR—Legacy Bus Master Base Address Register
(AN A B IE T B =) PP 644
15.1.15 SIDPBA—SATA Index/Data Pair Base Address Register
(SN B 2 B =) PP 644
15.1.16 SVID—Subsystem Vendor Identification Register
(SN AN B 2 3 B =) PP 645
15.1.17 SID—Subsystem Identification Register (SATA-D31:F5) ....c.ccocviniiiininnnne. 645
15.1.18 CAP—Capabilities Pointer Register (SATA-D31:F5)...ccccciviiiiiiiiiiiiiiinnnnnns 645
15.1.19 INT_LN—Interrupt Line Register (SATA-D31:F5) ..ccoiiiiiiiiiiiiiieiieenens 645
15.1.20 INT_PN—Interrupt Pin Register (SATA-D31:F5)...ccccciiiiiiiiiiiiiiiiiiiiinenns 645
15.1.21 IDE_TIM—IDE Timing Register (SATA-D31:F5) ..cciiiiiiiiiiiiiienieieeeeens 646
15.1.22 SDMA_CNT—Synchronous DMA Control Register
(SAT A D B iF D) tuiitiitii ittt ettt et anas 646
15.1.23 SDMA_TIM—Synchronous DMA Timing Register
(ST B I B =) PP 647
15.1.24 IDE_CONFIG—IDE I/O Configuration Register
(SAT A D B iF D) tuiitiitiii it ettt et 647
15.1.25 PID—PCI Power Management Capability Identification
Register (SATA=D31:iFS) ittt eas 648
15.1.26 PC—PCI Power Management Capabilities Register
(SN I B =) PP 648
15.1.27 PMCS—PCI Power Management Control and Status
Register (SATA=D31:iFS) oot e e aeeas 649
15.1.28 MAP—Address Map Register (SATA-D31:F5) .icciiiiiiiiiiiiiiiiiiiiiiienieenes 650
15.1.29 PCS—Port Control and Status Register (SATA-D31:F5)......cccoviiiiiiininnnnn. 651
15.1.30 SATACRO—SATA Capability Register 0 (SATA-D31:F5)....ccccevviivininiinnnns 652
15.1.31 SATACR1—SATA Capability Register 1 (SATA-D31:F5) ...cccviviniiiiiininnnnnens 652
15.1.32 FLRCID—FLR Capability ID Register (SATA-D31:F5) ..ccocvvviiiiiiiiiiiinnnnnns 652
15.1.33 FLRCLV—FLR Capability Length and Value
Register (SATA=D31iFS) ciiiiiiiiii i s e raeaeas 653
15.1.34 FLRCTRL—FLR Control Register (SATA-D31:F5) ....cccviviiiiiiiiiiiiieieneennns 653
15.1.35 ATC—APM Trapping Control Register (SATA-D31:F5) ...ccocvviiiiiiiiniininnnnns 654
15.1.36 ATC—APM Trapping Control Register (SATA-D31:F5) ...ccovviiiniiiiiiiiiinennns 654
15.2 Bus Master IDE I/O Registers (D31:F5) ciuuiiuiiiiiiiiiii it ieee s e nasnesennenans 655
15.2.1 BMIC[P,S]—Bus Master IDE Command Register (D31:F5)........cccvvininnnns 656
15.2.2 BMIS[P,S]—Bus Master IDE Status Register (D31:F5) .......ccvvviviniinininnnns 657
15.2.3 BMID[P,S]—Bus Master IDE Descriptor Table Pointer
RegiSTer (D3 1iFS) tuiitiiiiiiii i e et 657
15.3 Serial ATA Index/Data Pair Superset Registers ........ccoviiiiiiiiiiiiiii e 658
15.3.1  SINDX—SATA Index Register (D31:F5) ..viieiiiiiiiiiiiiiiiiii e 658
15.3.2 SDATA—SATA Index Data Register (D31:F5) ...ccviiiiiiiiiiiiiiiiiiiieienens 658
15.3.2.1 PxSSTS—Serial ATA Status Register (D31:F5)......ccccvvvvieininnnne. 659
15.3.2.2 PxSCTL—Serial ATA Control Register (D31:F5) .....cccviviiiininnnne. 660
15.3.2.3 PxSERR—Serial ATA Error Register (D31:F5)...ccccvvviiiiiiiininnnnn. 661
EHCI Controller Registers (D29:F0, D26:F0) ...........cccoiiiiiiiiiiiii e 663
16.1 USB EHCI Configuration Registers
(USB EHCI—D29:F0, D26:F0) ..uiueieisiniieaeeeeaeeeeeaeaeseeneeneraeneeenasneenernenenenees 663
16.1.1  VID—Vendor Identification Register
(USB EHCI—D29:F0Q, D26:F0) ..cveiriitiieiiiineiie it iesesaesaesasnasnesnesnsnnanenns 664
16.1.2 DID—Device Identification Register
(USB EHCI—D29:F0, D26:F0) ..cveiriiiiieiiieieeieiieieneenesaesnenasnesnesnsnnsnens 665
16.1.3 PCICMD—PCI Command Register
(USB EHCI—D29:F0, D26:F0) ..cveiriitiieiiieeieiie it ieseeaesaesaenasnesnesnsnnenens 665
17

Datasheet



18

ntel.

16.1.4
16.1.5
16.1.6
16.1.7
16.1.8
16.1.9

16.1.
16.1.
16.1.
16.1.
16.1.
16.1.
16.1.
16.1.
16.1.
16.1.

10
11
12
13
14
15
16
17
18
19

16.1.20
16.1.21
16.1.22
16.1.23
16.1.24
16.1.25
16.1.26
16.1.27
16.1.28
16.1.29
16.1.30
16.1.31

16.1.32
16.1.33

16.1.34
16.1.35
16.1.36
16.1.37

PCISTS—PCI Status Register

(USB EHCI—D29:F0, D26:F0)..ctiitiiiriitineieieitenniinseinenssnnsnesnenssnnsneanes 666

RID—Revision Identification Register

(USB EHCI—D29:F0, D26:F0)..ctiitieireitintitieiieneiansesnenssnesnesnensannanennes 667

PI—Programming Interface Register

(USB EHCI—D29:F0, D26:F0)..citiitiiiiiitintiieieiseieiinsesnenssnnsnesnensannsnennes 667

SCC—Sub Class Code Register

(USB EHCI—D29:F0, D26:F0)..citiitiiiieitintiiiieinensiinsesnenssnesnesnensannsnennes 667

BCC—Base Class Code Register

(USB EHCI—D29:F0, D26:F0)..cuiititieirintiitieiiensiiniiesnenssnnsnesnensannanennes 668

PMLT—Primary Master Latency Timer Register

(USB EHCI—D29:F0, D26:F0)..citiititireirentitieineneiieiesnenssnesnesnensannanennes 668

HEADTYP—Header Type Register

(USB EHCI—D29:F0, D26:F0)..citiitiiiieirintiieiieiieneiieiiesnenssnesnessessannsnennes 668

MEM_BASE— Memory Base Address Register

(USB EHCI—D29:F0, D26:F0)...uuccvuiiiriierneisnieisnierinieereeenierenessniessnenes 669

SVID—USB EHCI Subsystem Vendor ID Register

(USB EHCI—D29:F0, D26:F0)..citiitiiiriitintiieieisentiinieinenssansnesnenssnnsnennes 669

SID—USB EHCI Subsystem ID Register

(USB EHCI—D29:F0, D26:F0)..citiitiiireitintieieiieneiiniesnenssnnsesnensannenennss 669

CAP_PTR—Capabilities Pointer Register

(USB EHCI—D29:F0, D26:F0)..citiitiiireitintitiieiieneiiniiesnensnnssnesnenssnnsnennes 670

INT_LN—Interrupt Line Register

(USB EHCI—D29:F0, D26:F0)..ciuiitiiireiiiiiiitiieiieieiieiiesnensnnnsnesnenssnnanenes 670

INT_PN—Interrupt Pin Register

(USB EHCI—D29:F0, D26:F0)..ctiitiiiriitintitiieineitiiniesnennsnnsnesnenssnnsnennes 670

PWR_CAPID—PCI Power Management Capability ID

Register (USB EHCI—D29:F0, D26:F0) ...vvviiriiiiiiiiiiiiie e nennenennenees 670

NXT_PTR1—Next Item Pointer #1 Register

(USB EHCI—D29:F0, D26:F0)..ctiitiuiireiiintiiieisensinniesnenssnernesnenssnnanenns 671

PWR_CAP—Power Management Capabilities Register

(USB EHCI—D29:F0, D26:F0)...uucivuiirniierriitersnieriieereeeriersnessniessnnenes 671

PWR_CNTL_STS— Power Management Control/

Status Register (USB EHCI—D29:F0, D26:F0) ..uvivvvriirniiiiieiiieinesinnennnns 672

DEBUG_CAPID—Debug Port Capablllty ID Register

(USB EHCI—D29:F0, D26:F0).....ccuuieirniierristieisnieriiieeieeenierenessnnessnnenes 673

NXT_PTR2—Next Item Pointer #2 Register

(USB EHCI—D29:F0, D26:F0)...uucivuirerniierniienieisnieriiieeieeesierenessnnessnenes 673

DEBUG_BASE— Debug Port Base Offset Register

(USB EHCI—D29:F0, D26:F0)...uucivuiiiniiireisnieisniesiiieeieeerierenessnnessnenes 673

USB_RELNUM—USB 'Release Number Register

(USB EHCI—D29:F0, D26:F0)...0ucivuiiirniiereierieisnieriieeieeeniesenessnnessnenes 673

FL_ADJ—Frame Length Adjustment Register

(USB EHCI—D29:F0, D26:F0)..u.iiuuiiererrnierrnieerereriersniersnierinesieesneenn 674

PWAKE_CAP—Port Wake Capability Register

(USB EHCI—D29:F0, D26:F0).1uiivuiiererrneiriieerirreteisniersnieriiesineesnneenn. 675

LEG_EXT_CAP— USB EHCI Legacy Support Extended

Capability Register (USB EHCI—D29:F0, D26:F0)......ceccuvvevireiiierinennnnn 676

LEG_EXT_CS—USB EHCI Legacy Support Extended

Control / Status Register (USB EHCI—D29:F0, D26:F0) .....cevvvivinvininennnnn. 677

SPECIAL_SMI—Intel Specific USB 2.0 SMI Register

(USB EHCI—D29:F0, D26:F0)...utitiitiitieiieiiiitieisenssierensennsnssnenssnnenennes 679

ACCESS_CNTL—Access Control Register

(USB EHCI—D29:F0, D26:F0)...iuiitiitiitieiiiiiiieieisenesieiensennsnesnesssnnsnennes 680

EHCIIR1—EHCI Initialization Register 1

(USB EHCI—D29:F0, D26:F0)..uuiitiitiitieiieiniieineisanasaeieisannanernenssnnanenns 681

EHCIIR2—EHCI Initialization Register 2 (USB EHCI—D29:F0, D26:F0) ...... 681

FLR_CID—Function Level Reset Capability ID

Register (USB EHCI—D29:F0, D26:F0) ...ciuiiiiiiiiiie i vaeneeneeees 682

FLR_NEXT—Function Level Reset Next Capability Pointer

Register (USB EHCI—D29:F0, D26:F0) ...civiiiiiiiiiiieiiiiie e sieseneeeeees 682

FLR_CLV—Function Level Reset Capability Length and

Version Register (USB EHCI—D29:F0, D26:F0) ..cccvvviiiiiiiiiiiiiiiiieneeeaens 683

FLR_CTRL—Function Level Reset Control Register

(USB EHCI—D29:F0, D26:F0)..uuicvuiiereirnieiriieerneeeriersniessniessnesinessnnnesnns 683

FLR_STS—Function Level Reset Status Register

(USB EHCI—D29:F0, D26:F0)...uuccvuieirniierieestieesniestieeteeetieeeniessneessnneees 684
Datasheet



16.2

16.1.38
16.1.39

intel)

EHCIIR3—EHCI Initialization Register 3 (USB EHCI—D29:F0, D26:F0)......
EHCIIR4—EHCI Initialization Register 4 (USB EHCI—D29:F0, D26:F0)......

Memory-Mapped I/O REGISEEIS .. ...ttt

16.2.1

16.2.2

16.2.3

Host Controller Capability Registers ......c.ccvvviiiiiiiiiiiiiiiici e
16.2.1.1 CAPLENGTH—Capability Registers Length Register...................
16.2.1.2 HCIVERSION—Host Controller Interface Version Number

REGISTEI . it

16.2.1.3 HCSPARAMS—Host Controller Structural Parameters Register....
16.2.1.4 HCCPARAMS—Host Controller Capability Parameters
REGIST O . i s
Host Controller Operational Registers.........coooviiiiiiiiiiiii e
16.2.2.1 USB2.0_CMD—USB 2.0 Command Register............ccoevvvvinnnnnnn.
16.2.2.2 USB2.0_STS—USB 2.0 Status Register........cccvivviiviiiiiniiinnnnnnns
16.2.2.3 USB2.0_INTR—USB 2.0 Interrupt Enable Register ...................
16.2.2.4 FRINDEX—Frame Index Register........ccooiviiiiiiiiiiiiiieen
16.2.2.5 CTRLDSSEGMENT—Control Data Structure Segment
REGISEEI . i
16.2.2.6 PERIODICLISTBASE—Periodic Frame List Base Address
REGISTE . ittt
16.2.2.7 ASYNCLISTADDR—Current Asynchronous List Address
REGISEEI .ttt
16.2.2.8 CONFIGFLAG—Configure Flag Register..........ccooviiiiiiiiiiiiinnnnns
16.2.2.9 PORTSC—Port N Status and Control Register ............cccvvevninnnne.
USB 2.0-Based Debug Port Registers .......ccovviiiiiiiiiiiiiiiiiiiieneeieneneas
16.2.3.1 CNTL_STS—Control/Status Register.........cocoviiiiiiiiiiiiinnnns
16.2.3.2 USBPID—USB PIDS REGIStEr .....uuuiiiineiiiieeeiiiieeeiiineeesieeeeann
16.2.3.3 DATABUF[7:0]—Data Buffer Bytes[7:0] Register.....................

16.2.3.4 CONFIG—Configuration Register.........cooviiiiiiiiiiiiiiiiienens

17 Intel® ngh Definition Audio Controller Registers (D27:F0) ............ccociiiiiiiniieinennns
Intel® High %eflnltlon Audio PCI Configuration

17.1

Datasheet

Space (Intel

17.1.1
17.1.2
17.1.3
17.1.4
17.1.5
17.1.6
17.1.7
17.1.8
17.1.9
17.1.10
17.1.11
17.1.12
17.1.13
17.1.14
17.1.15
17.1.16
17.1.17

High Definition AUdio—D27:F0) ...couiiriiiiiiiiiiii e eaas
VID—%endor Identification Register

(Intel® High Definition Audio Controller—D27:F0).....ccccvvviiiiiiiiiniiiiiennnns
DID— gevice Identification Register

(Intel® High Definition Audio Controller—D27:F0).....ccocviviiiiiiiiiniiiiiennnns
PCICMD—PCI Command Register

(Intel® High Definition Audio Controller—D27:F0).....ccooviiiiiiiiiiniiiniennnns
PCIST@? PCI Status Register

(Intel® High Definition Audio Controller—D27:F0).....ccocviviiiiiiiiiniiiiiennnns
RID—(%ewsmn Identification Register

(Intel® High Definition Audio Controller—D27:F0).....ccocvvviiiiiiiiiiiiiniennnns
PI— Prcggramming Interface Register

(Intel® High Definition Audio Controller—D27:F0).....ccooviviiiiiiiiiiiiiniennnns
SCC—Sub Class Code Register

(Intel® High Definition Audio Controller—D27:F0).....ccocviviiiiiiiiiiiiiniennnns
BCC—Base Class Code Register

(Intel® High Definition Audio Controller—D27:F0).....ccocviiiiiiiiiiiiiiiniennnns
CLS— %ache Line Size Register

(Intel® High Definition Audio Controller—D27:F0).....ccooviviiiiiiiiiiiiiniennnns
LT— L%tency Timer Register

(Intel® High Definition Audio Controller—D27:F0).....ccocviviiiiiiiiiiiiiniennnns
HEAD% P—Header Type Register

(Intel® High D%ﬁnition Audio Controller—D27:F0).....cccvviiiiiiiiiiiiiiieinenens
HDBARL— Intel High Definition Audio Lower Base Address

Register (Intel® ngh Definition Audio—D27:F0) ...ccvvvviiiiiiiiiiiiinieeaens
HDBARU—Intel® High Definition Audio Upper Base Address Register
(Intel® High Definition Audio Controller—D27:F0).....ccocvvviiiiiiiiiiiiiniennnns
SVID— Subsystem Vendor Identification Register

(Intel® High Definition Audio Controller—D27:F0).......uuveeeeeieieeeeeeeerenens.
SID—%ubsystem Identification Register

(Intel® High Definition Audio Controller—D27:F0).....ccoviiiiiiiiiiiiiiiieanens
CAPPTR Capabilities Pointer Register

(Intel® High Definition Audio CoOntroller—D27:F0)......uvveeireerriiieeeeeeereennns
INTLN—Interrupt Line Register

(Intel® High Definition Audio Controller—D27:F0)......uvveeereerriiieeeeeeereennns

19



20

ntel.

17.1.18
17.1.19
17.1.20

17.1.21
17.1.22
17.1.23
17.1.24
17.1.25
17.1.26
17.1.27
17.1.28
17.1.29
17.1.30
17.1.31
17.1.32
17.1.33
17.1.34
17.1.35
17.1.36
17.1.37
17.1.38
17.1.39
17.1.40
17.1.41
17.1.42
17.1.43
17.1.44
17.1.45
17.1.46
17.1.47
17.1.48

17.1.49

INTPN —Interrupt Pin Register

(Intel® High Def|n|t|on Audio Controller—D27:F0) c..ccviiiiiiiiiiiiiiiiecaeae 713
HDCTL—Intel® High Definition Audio Control Register
(Intel® High De <gnmon Audio Controller—D27:F0) ...ccviiiiiiiiiiiiiiiecieae 713

HDINIT1—Intel ngh Definition Audio Initialization
Register 1 (Intel® High Definition

Audio Controller—D27:F0) ...uiuiiiiiiiiiii e 713
TCSEI® Traffic Class Select Register

(Intel® High Definition Audio Controller—D27:F0) ......ccooeviviiiiiiiiniinninennes 714
DCKCTL—Docking Control Register (Mobile Only)

(Intel® High Definition Audio Controller—D27:F0) ......ccovviiiiiiiiiiniineinennes 714
DCKS%S—Docking Status Register (Mobile Only)

(Intel® High Definition Audio Controller—D27:F0) ......ccoovviiiiiiiiiiiiieiennes 715
PID— PCI Power Management Capability ID Register

(Intel High Definition Audio Controller—D27:F0) ......cocoviiiiiiiiiiiiiiiennns 715

gwer Management Capabilities Register

(Intel High Definition Audio Controller—D27:F0) ......cccoviiiiiiiiiiiiiiennnns 716
PCS— gower Management Control and Status Register

(Intel® High Definition Audio Controller—D27:F0) ......ccovviiiiiiiiiiiiineinennss 716
MID— (gISI Capability ID Register

(Intel® High Definition Audio Controller—D27:F0) ......ccvveiiiiiiiiiiiiiieinennss 717
MMC— MSI Message Control Register

(Intel® High Definition Audio Controller—D27:F0) .....uuveeeeieiieeeeeeeeereeeeens. 717
MMLA MSI Message Lower Address Register

(Intel® High Definition Audio Controller—D27:F0) ......uveeeeeeeeeeeeeeeeereeennns. 718
MMUA® MSI Message Upper Address Register

(Intel® High Definition Audio Controller—D27:F0) ......ccvvvviiiiiiiiiniiieinennes 718
MMD—MSI Message Data Register

(Intel® High Definition Audio Controller—D27:F0) .....uuveeeeieeeeeeeeeeeereeenens. 718
PXID— PCI Express* Capability ID Register

(Intel® High Definition Audio Controller—D27:F0) ......uveeeeieiereeeeeeeereeenes. 718
PXC— gCI Express* Capabilities Register

(Intel® High Definition Audio Controller—D27:F0) ......ccoveiiiiiiiiieiiiieinenes 719
DEVCAP Device Capabilities Register

(Intel® High Definition Audio Controller—D27:F0) .....uuveeeeieeereeeeeeeereeenes. 719
DEVC Device Control Register

(Intel® High Definition Audio Controller—D27:F0) ....uuueeeeieeeeeeeeeeeereeennns. 720
DEVS Device Status Register

(Intel® High Definition Audio Controller—D27:F0) .....uuveveeieieeeeeeeeeereenenns. 721
VCCAP—Virtual Channel Enhanced Capability Header

(Intel® High Definition Audio Controller—D27:F0) .....uuveeeeieiieeeeeeeeereeeens. 721
PVCC%Pl Port VC Capability Register 1

(Intel® High Definition Audio Controller—D27:F0) ......ccvvviiiiiiiiieniineinennss 722
PVCC%PZ Port VC Capability Register 2

(Intel® High Definition Audio Controller—D27:F0) ......ccvvviiiiiiiiiiniineinennss 722
PVCCTL Port VC Control Register

(Intel® High Definition Audio Controller—D27:F0) .....uuveeeeieieeieeeeeeereeenens. 722
PVCSTS—Port VC Status Register

(Intel® High Definition Audio Controller—D27:F0) ......uveeeeieieeeeeeeeeereeennns. 723
VCOC%P —VCO0 Resource Capability Register

(Intel® High Definition Audio Controller—D27:F0) ......ccvvviiiiiiiiiiiniiieinennss 723
VCOC'IéL VCO Resource Control Register

(Intel® High Definition Audio Controller—D27:F0) ......ccvvviiiiiiiiiiniineinennss 724
VCOS'IéS —VCO Resource Status Register

(Intel® High Definition Audio Controller—D27:F0) ......ccovviiiiiiiiieniineinennss 724
VC|CA£ VCi Resource Capability Register

(Intel® High Definition Audio Controller—D27:F0) ......ccvvviiiiiiiiiiiiiieiennes 725
VCiCTL—VCi Resource Control Register

(Intel® High Definition Audio Controller—D27:F0) ......ccvvviiiiiiiiiiniiieinenes 725
VC|STC§ —VCi Resource Status Register

(Intel™ High Definition Audio Controller—D27:F0) ...ccovvviiiiiiiiiiiiiieecneae 726

RCCAP—Root Complex Link Declaration Enhanced
Capa é“ty Header Register

(Intel® High Definition Audio Controller—D27:F0) .......coovvviviiiiiiininininnne, 726

ESD— Gglement Self Description Register

(Intel® High Definition Audio Controller—D27:F0) .......cooviviviiiiiiiiinininnne, 726
Datasheet



17.2

Datasheet

17.1.50 L1DESC—Link 1 Description Register

(Intel® High Definition Audio Controller—D27:F0).....ccovviriiiiieiriiniininennns 727
17.1.51 L1AD%L Link 1 Lower Address Register

(Intel ngh Definition Audio Controller—D27:F0)......ccvivviiiiiiiiiiiniieinennns 727
17.1.52 L1AD —Link 1 Upper Address Register

(Intel ngh Definition Audio Controller—D27:F0).....ccoviviiiiiiiiiiiiiiinnanen, 727
Intel® H|gh Definition Audio Memory Mapped Configuration Registers
(Intel® High Definition AUdio—D27:F0) ...icciiiiiiiiiiiii e e 728
17.2.1 GCAP Global Capabilities Register

(Intel® High Definition Audio Controller—D27:F0).....c.ccvvviviiiiiiiniiiiiennne, 732
17.2.2 VMIN Minor Version Register

(Intel® High Definition Audio Controller—D27:F0).....ccccvvviiiiiiiiiniiiiiennne, 732
17.2.3 VMAJ— MaJor Version Register

(Intel® High Definition Audio Controller—D27:F0).....c.ccvvviviiiiiiiiieiiennne, 732
17.2.4 OUTPAY Output Payload Capability Register

(Intel® High Definition Audio Controller—D27:F0).....ccccviviviiiiiiiiieiiennns, 733
17.2.5 INPAY Input Payload Capability Register

(Intel® High Definition Audio Controller—D27:F0).....c.ccvvviviiiiiiiiiiiiennns, 733
17.2.6 GCTL Global Control Register

(Intel® High Definition Audio Controller—D27:F0).....ccccvvviviiiiiiiniieiiennne, 734
17.2.7 WAKE(%N —Wake Enable Register

(Intel® High Definition Audio Controller—D27:F0).....ccovvvviiiiieirinniininennns 735
17.2.8 STAT%STS—State Change Status Register

(Intel® High Definition Audio Controller—D27:F0).....ccocvvriiiiiiiniiniininennns 735
17.2.9 GSTS Global Status Register

(Intel® High Definition Audio Controller—D27:F0).....c.ccvvviviiiiiiiiieiiennne, 736
17.2.10 OUTSTRMPAY— Output Stream Payload Capability

Register (Intel® High Definition Audio Controller—D27:F0) ....cceeeveeeennnn.n. 736
17.2.11 INSTRMPAY— Input Stream Payload Capability

Register (Intel® High Definition Audio Controller—D27:F0) ....cceeeveeeennnne.. 737
17.2.12 INTCT (F% Interrupt Control Register

(Intel® High Definition Audio Controller—D27:F0).....ccovviiiiiiiiiniiniininennns 737
17.2.13 INTS (g Interrupt Status Register

(Intel® High Definition Audio Controller—D27:F0).....ccovviriiiiieininniininennns 738
17.2.14 WALC(%K Wall Clock Counter Register

(Intel® High Definition Audio Controller—D27:F0).....ccovvvriiiiiiiiinniininennns 739
17.2.15 SSYNC—Stream Synchronization Register

(Intel® High Definition Audio Controller—D27:F0).....ccocvvviiiiiiiniiniininennns 739
17.2.16 CORB&BASE—CORB Lower Base Address Register

(Intel® High Definition Audio Controller—D27:F0).....ccovvvviiiiiiininniininennns 740
17.2.17 CORB%BASE—CORB Upper Base Address Register

(Intel® High Definition Audio Controller—D27:F0).....ccocvvriiiiiiirinniininennns 740
17.2.18 CORB%QIP—CORB Write Pointer Register

(Intel® High Definition Audio Controller—D27:F0).....ccovviriiiiieiiinniininennns 740
17.2.19 CORBRP CORB Read Pointer Register

(Intel® High Definition Audio Controller—D27:F0).....c.ccvvviviiiiiiiiieiiennne, 741
17.2.20 CORB&TL—CORB Control Register

(Intel® High Definition Audio Controller—D27:F0).....ccovviriiiiiiirinniininennns 741
17.2.21 CORB(%T—CORB Status Register

(Intel® High Definition Audio Controller—D27:F0).....ccovviriiiiiiiniiniininennns 742
17.2.22 COR%SIZE—CORB Size Register

Intel® High Definition Audio Controller—D27:F0) ......ccivviiiiiiiiiiiiiiennnns 742
17.2.23 RIRBL(gASE—RIRB Lower Base Address Register

(Intel® High Definition Audio Controller—D27:F0).....ccovviriiiiiiininniininennns 742
17.2.24 RIRBUBASE RIRB Upper Base Address Register

(Intel® High Definition Audio Controller—D27:F0).....c.ccvvviiiiiiiiiiiiiiennne, 743
17.2.25 RIRB\%P RIRB Write Pointer Register

(Intel® High Definition Audio Controller—D27:F0).....ccovviviiiiiiiriiniininennns 743
17.2.26 RINTCNT Response Interrupt Count Register

(Intel® High Definition Audio Controller—D27:F0).....c.ccvvviviiiiiiiiiiiennne, 744
17.2.27 RIRBCTL RIRB Control Register

(Intel® High Definition Audio Controller—D27:F0).......vuvveeieieeeeeeeeeerenens. 744
17.2.28 RIRBSTS RIRB Status Register

(Intel® High Definition Audio Controller—D27:F0).......vuvveeieiereeeeeeeerenens. 745
17.2.29 RIRB%ZE—RIRB Size Register

(Intel™ High Definition Audio Controller—D27:F0).....ccccvviviiiiiiiiniiieenne. 745
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17.2.30 IC— Immed|ate Command Register
(Intel® High Definition Audio Controller—D27:F0) .....ccvvviiiiiiiiiiiiiiiiieinns 745
17.2.31 IR— Immedlate Response Register
(Intel® High Definition Audio Controller—D27:F0) .....ccvvviiiiiiiiiiiiiiiiiennns 746
17.2.32 1CS— % mmediate Command Status Register
(Intel® High Definition Audio Controller—D27:F0) ......ccvvviiiiiiiiiieiiinninennes 746
17.2.33 DPLBASE—DMA Position Lower Base Address Register
(Intel® High Definition Audio Controller—D27:F0) ......ccvvvviiiiiiiieiiiininennes 747
17.2.34 DPUBASE DMA Position Upper Base Address Register
(Intel® High Definition Audio Controller—D27:F0) .....cvvviiiiiiiiiiiiiiiiieinns 747
17.2.35 SDCT% Stream Descriptor Control Register
(Intel® High Definition Audio Controller—D27:F0) .....cccvvviiiiiiiiiieiiiieinennes 748
17.2.36 SDSTS—Stream Descriptor Status Register
(Intel® High Definition Audio Controller—D27:F0) .....cccvvviiiiiiiiiiiiiiininennes 750
17.2.37 SDLPIB— Strea(81 Descriptor Link Position in Buffer
Register (Intel™ High Definition Audio Controller—D27:F0)...........cocvvvenee. 751
17.2.38 SDCBL—Stream Descriptor Cyclic Buffer Length Register
(Intel® High Definition Audio Controller—D27:F0) .....cccvvviiiiiiiiiieiiiininennes 751
17.2.39 SDLVI Stream Descriptor Last Valid Index Register
(Intel® High Definition Audio Controller—D27:F0) ......cccvviiiiiiiiiiiiiiieinns 752
17.2.40 SDFIFOW Stream Descriptor FIFO Watermark Register
(Intel® High Definition Audio Controller—D27:F0) .....ccvvviiiiiiiiiiiiiiiiieinns 752
17.2.41 SDFIFOS Stream Descriptor FIFO Size Register
(Intel® High Definition Audio Controller—D27:F0) .....ccvvviiiiiiiiiiiiiiiiieinns 753
17.2.42 SDFMT—Stream Descriptor Format Register
(Intel® High Definition Audio Controller—D27:F0) .....cccvvviiiiiiiiiiiiiiieinennes 754
17.2.43 SDBDPL—Stream Descriptor Buffer Descriptor List
Pomt% Lower Base Address Register
(Intel® High Definition Audio Controller—D27:F0) ......ccvvviiiiiiiiiiiiineinennes 755
17.2.44 SDBDPU Stream Descriptor Buffer Descriptor List
Pomt% Upper Base Address Register
(Intel® High Definition Audio Controller—D27:F0) .....ccccvvviiiiiiiiiieiiiininennes 755
SMBus Controller Registers (D31:F3) ........ccoiiiiiiiiiiiiii e e e 757
18.1 PCI Configuration Registers (SMBUS—D31:F3) ...ciiiiiiiiiiiiiiiiiiiiii e ieeaaaens 757
18.1.1 VID—Vendor Identification Register (SMBus—D31:F3)......c.ccocvivviiininnnnens 757
18.1.2 DID—Device Identification Register (SMBus—D31:F3) .......ccocvvvviiiiniinnens 758
18.1.3 PCICMD—PCI Command Register (SMBUs—D31:F3) ....c.ccivviiiiiiiiiiinnnennns 758
18.1.4 PCISTS—PCI Status Register (SMBUS—D31:F3) ...cciiviiiiiiiiiiiiiiiiieiiennenens 759
18.1.5 RID—Revision Identification Register (SMBus—D31:F3) .......cocovvviiiinnnnens 759
18.1.6 PI—Programming Interface Register (SMBus—D31:F3) ........cccvvvviiininnnens 760
18.1.7  SCC—Sub Class Code Register (SMBUS—D31:F3) ....ccoviiiiiiiiiiiiiiiiiiieenns 760
18.1.8 BCC—Base Class Code Register (SMBUS—D31:F3)...ccccviiiiiiiiiiiiiiiiinnanns 760
18.1.9 SMBMBARO—D31_F3_SMBus Memory Base Address 0
Register (SMBUS—D31:F3) . iiiiiiiiiiiiiiiiii i ae e e e eees 760
18.1.10 SMBMBAR1—D31_F3_SMBus Memory Base Address 1
Register (SMBUS—D31:F3) . iiiiitiiiiiiiiiiiie it ae e e sae e raeaeeees 761
18.1.11 SMB_BASE—SMBus Base Address Register
(SN T Tt DG B B G 3 T PP 761
18.1.12 SVID—Subsystem Vendor Identification Register
(SMBUS—D31:F2/FA) ittt e e eeas 761
18.1.13 SID—Subsystem Identification Register
(SMBUS—D 31 F2/F )ttt et e e e ens 762
18.1.14 INT_LN—Interrupt Line Register (SMBUsS—D31:F3)......ccoiviiiiiiiiiniiiiennns 762
18.1.15 INT_PN—Interrupt Pin Register (SMBUS—D31:F3) .....ccoiviviiiiiiiiiiiiiiinennnns 762
18.1.16 HOSTC—Host Configuration Register (SMBus—D31:F3).....c.ccccviiiiininennnns 763
18.2 SMBus I/O and Memory Mapped I/O RegiSters ......cuvviiiiiiiiiiiiiiei i sieeinneanens 764
18.2.1 HST_STS—Host Status Register (SMBUS—D31:F3) ....ccovviiiiiiiiiiiiiieenns 765
18.2.2 HST_CNT—Host Control Register (SMBUs—D31:F3).....ccovviiiiiiiiiiniinnnnens 766
18.2.3 HST_CMD—Host Command Register (SMBus—D31:F3) .....c.covviviiiininnnnens 768
18.2.4 XMIT_SLVA—Transmit Slave Address Register
(SN TS F Tt 2G2S PP 768
18.2.5 HST_DO—Host Data 0 Register (SMBUS—D31:F3) ....ccccvviiiiiiiiiiiieeeanens 768
18.2.6  HST_D1—Host Data 1 Register (SMBUs—D31:F3) ...cociiviiiiiiiiiiiiiieens 768
18.2.7 Host_BLOCK_DB—Host Block Data Byte Register
(SN T E Tt B2 B T 3G 3 T PP 769
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18.2.8 PEC—Packet Error Check (PEC) Register

(SMBUS—D311F3) e vmeeiieeesiseessimesseeeesereeseieeeseeeseieeesns

18.2.9 RCV_SLVA—Receive Slave Address Register

(SMBUS—D31:F3) ittt e s e aeaneenes
18.2.10 SLV_DATA—Receive Slave Data Register (SMBus—D31:F3)
18.2.11 AUX_STS—Auxiliary Status Register (SMBus—D31:F3)......
18.2.12 AUX_CTL—Auxiliary Control Register (SMBus—D31:F3).....

18.2.13 SMLINK_PIN_CTL—SMLink Pin Control Register

(SMBUS—D31:F3) ittt e e e

18.2.14 SMBus_PIN_CTL—SMBus Pin Control Register

(SMBUS—D31:F3) ittt e e e
18.2.15 SLV_STS—Slave Status Register (SMBus—D31:F3)...........
18.2.16 SLV_CMD—Slave Command Register (SMBus—D31:F3).....

18.2.17 NOTIFY_DADDR—NOotify Device Address Register

(SMBUS—D31:F3) ittt e

18.2.18 NOTIFY_DLOW—Notify Data Low Byte Register

(SMBUS—D31:F3) ittt e e e e

18.2.19 NOTIFY_DHIGH—Notify Data High Byte Register

(SMBUS—D31:F3) ittt
19 PCI Express* Configuration Registers

19.1 PCI Express* Configuration Registers

Datasheet

(PCI Express*—D28:FO/F1/F2/F3/F4/F5/F6/F7)..c.cccviiiiiiiiiiiiiinininns

19.1.1 VID—Vendor Identification Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.2 DID—Device Identification Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.3 PCICMD—PCI Command Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.4 PCISTS—PCI Status Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.5 RID—Revision Identification Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.6 PI—Programming Interface Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.7 SCC—Sub Class Code Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.8 BCC—Base Class Code Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.9 CLS—Cache Line Size Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.10 PLT—Primary Latency Timer Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.11 HEADTYP—Header Type Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.12 BNUM—Bus Number Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.13 SLT—Secondary Latency Timer

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.14 10BL—I/O Base and Limit Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.15 SSTS—Secondary Status Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.16 MBL—Memory Base and Limit Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.17 PMBL—Prefetchable Memory Base and Limit Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.18 PMBU32—Prefetchable Memory Base Upper 32 Bits
Register (PCI Express*—D28:F0/F1/F2/F3/F4/F5/

FO/F7/FO/ETY e seeeeeeeeeeseeeaneeseeesnemenes e eeeaeneneens

19.1.19 PMLU32—Prefetchable Memory Limit Upper 32 Bits
Register (PCI Express*—D28:F0/F1/F2/F3/F4/F5/

FOTEZ/EB/ETY «voeeeereeeeeeseeeseteeseeessnaeeserenesseneseeeeesienans

19.1.20 CAPP—Capabilities List Pointer Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......

19.1.21 INTR—Interrupt Information Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ......
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19.1.22
19.1.23
19.1.24
19.1.25
19.1.26
19.1.27
19.1.28
19.1.29
19.1.30
19.1.31
19.1.32
19.1.33
19.1.34
19.1.35
19.1.36
19.1.37
19.1.38
19.1.39
19.1.40
19.1.41
19.1.42
19.1.43
19.1.44
19.1.45
19.1.46
19.1.47
19.1.48
19.1.49
19.1.50
19.1.51
19.1.52
19.1.53
19.1.54

BCTRL—Bridge Control Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) ..............

CLIST—Capabilities List Register

(PCI Express*—D28:FO0/F1/F2/F3/F4/F5/F6/F7) c.cccvvvvvivininininnn.

XCAP—PCI Express* Capabilities Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.c.cvvvvivininininnn.

DCAP—Device Capabilities Register

(PCI Express*—D28:F0Q/F1/F2/F3/F4/F5/F6/F7) c.cccvvvivinininininnn.

DCTL—Device Control Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.cocvvvvivininininnn.

DSTS—Device Status Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.cccvvvvvivininininnn.

LCAP—Link Capabilities Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.cccvvvvvivininininnn.

LCTL—Link Control Register

(PCI Express*—D28:FO/F1/F2/F3/F4/F5/F6/F7) c.ccovvvvvininininnnnn.

LSTS—Link Status Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.covvvviiivininininnn.

SLCAP—SIlot Capabilities Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.ccovvvivinininininnn.

SLCTL—SIlot Control Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.coovvvivininininnnnn.

SLSTS—Slot Status Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.cocvvviviviiiinnnnn.

RCTL—Root Control Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.cocvvvivivininininnn.

RSTS—Root Status Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.cccvvivivininininnn.

DCAP2—Device Capabilities 2 Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.cccvvvivivininininnn.

DCTL2—Device Control 2 Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.covvvvivininininnnnn.

LCTL2—Link Control 2 Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.c.covvvvivivininnnnn.

MID—Message Signaled Interrupt Identifiers Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.cccvvvuvininininnnnn.

MC—Message Signaled Interrupt Message Control Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.cccvvvvivininininnn.

MA—Message Signaled Interrupt Message Address

Register (PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7)...........

MD—Message Signaled Interrupt Message Data Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.c.cvvvvivinininnnnn.

SVCAP—Subsystem Vendor Capability Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.coovvvivivinininnnnn.

SVID—Subsystem Vendor Identification Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.cccvvviviviiininnnnn.

PMCAP—Power Management Capability Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.cccvvvivininininnnnn.

PMC—PCI Power Management Capabilities Register

(PCI Express*—D28:FO0/F1/F2/F3/F4/F5/F6/F7) c.cocvvvivivinininnnnn.

PMCS—PCI Power Management Control and Status

Register (PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7)...........

MPC2—Miscellaneous Port Configuration Register 2

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) c.cocvvivivinininnnnn.

MPC—Miscellaneous Port Configuration Register

(PCI Express*—D28:FO/F1/F2/F3/F4/F5/F6/F7) .c.cocvvviiininininnnns

SMSCS—SMI/SCI Status Register

(PCI Express*—D28:FO/F1/F2/F3/F4/F5/F6/F7) ...cccoovvvininininnnns

RPDCGEN—Root Port Dynamic Clock Gating Enable

(PCI Express*—D28:FO/F1/F2/F3/F4/F5/F6/F7) .c.covvviiininininnnns

PECR1—PCI Express* Configuration Register 1

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) .cccvviiniiininnnnn.

UES—Uncorrectable Error Status Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) .ccccvvviniiininnnnn.

UEM—Uncorrectable Error Mask

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) ccccvviviiiiininnnnn.
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19.1.55 UEV—Uncorrectable Error Severity
(PCI Express*—D28: FO/F1/F2/F3/F4/F5/F6/F7) ..................................... 811
19.1.56 CES—Correctable Error Status Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7).ccuiiiiiiiiiiiiiiiiiiiiiieinennns 812
19.1.57 CEM—Correctable Error Mask Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) . ciiiiiiiiiiiiiiiiiiiniieinannnns 812
19.1.58 AECC—Advanced Error Capabilities and Control Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7).ccuiiiiiiiiiiiiiiiiiiiiniieinannnns 813
19.1.59 RES—Root Error Status Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) . cuiiiiiiiiiiiiiiiiiiiniiieinannnns 813
19.1.60 PECR2—PCI Express* Configuration Register 2
(PCI Express*—D28:FO/F1/F2/F3/F4/F5/F6/F7) . ciiiiiiiiiiiiiiiiiiiiiieinannnns 814
19.1.61 PEETM—PCI Express* Extended Test Mode Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7).cuuiiiiiiiiiiiiiiiiiiiiniieinannns 814
19.1.62 PEC1—PCI Express* Configuration Register 1
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7).ccuiiiiiiiiiiiiiiiiiiiniininannnns 814
20 High Precision Event Timer Registers ..............ccooiiiiiiiii s 815
20.1 Memory Mapped RegiSTerS . ...ttt et e aaea 815
20.1.1 GCAP_ID—General Capabilities and Identification Register...................... 817
20.1.2 GEN_CONF—General Configuration REgGISter........vevvererrrerrnrerrnieerieesnnnns 817
20.1.3  GINTR_STA—General Interrupt Status Register..........coeevvviviirriinnerinnnnns 818
20.1.4 MAIN_CNT—Main Counter Value RegISter .. .....cvvivriiiriiiiiieiiieeineannns 818
20.1.5 TIMn_CONF—Timer n Configuration and Capabilities Register.................. 819
20.1.6 TIMn_COMP—Timer n Comparator Value Register..........cooevvviiiiiiiniiennnnn. 821
21 Serial Peripheral Interface (SPI) .......ccoiiiiiiiiiiiii e 823
21.1 Serial Peripheral Interface Memory Mapped Configuration Registers ...............c..eue.. 823
21.1.1 BFPR -BIOS Flash Primary Region Register
(SPI Memory Mapped Configuration Registers) .......c.ccovvvviiiiiiiiiiiiiennnns 824
21.1.2 HSFS—Hardware Sequencing Flash Status Register
(SPI Memory Mapped Configuration Registers) .........ccovvviiiiiiiiiiiiinnnnnns 825
21.1.3 HSFC—Hardware Sequencing Flash Control Register
(SPI Memory Mapped Configuration Registers) .......cccovvviiiiiiiiiiiiiiinnnnns 827
21.1.4 FADDR—Flash Address Register
(SPI Memory Mapped Configuration Registers) .......cccovvviiiiiiiiiiiiiinnnnns 827
21.1.5 FDATAO—Flash Data O Register
(SPI Memory Mapped Configuration Registers) .......cccovvviiiiiiiiiiiiiiiennnns 828
21.1.6 FDATAN—Flash Data [N] Register
(SPI Memory Mapped Configuration Registers) .......cccovvvviiiiiiiiiiniiinnnnns 828
21.1.7 FRAP—Flash Regions Access Permissions Register
(SPI Memory Mapped Configuration Registers) .......c.ccovvvviiiiiiiiiiiiinnnnns 829
21.1.8 FREGO—Flash Region 0 (Flash Descriptor) Register
(SPI Memory Mapped Configuration Registers) .......c.ccoviviiiiiiiiiiiniiinennnns 830
21.1.9 FREG1—Flash Region 1 (BIOS Descriptor) Register
(SPI Memory Mapped Configuration Registers) .......cccovvviiiiiiiiiiiniiinnnnns 830
21.1.10 FREG2—Flash Region 2 (Intel® ME) Register
(SPI Memory Mapped Configuration Registers) .......cccovvvviiiiiiiiiiniiinnnnns 831
21.1.11 FREG3—Flash Region 3 (GbE) Register
(SPI Memory Mapped Configuration Registers) .......c.ccovivviiiiiiiiiiiniieinnnnns 831
21.1.12 FREG4—Flash Region 4 (Platform Data) Register
(SPI Memory Mapped Configuration Registers) .......cccovvviiiiiiiiiiiiiiennnns 832
21.1.13 PRO—Protected Range 0 Register
(SPI Memory Mapped Configuration Registers) .......c.covvvviiiiiiiiiiiiiennnns 832
21.1.14 PR1—Protected Range 1 Register
(SPI Memory Mapped Configuration Registers) .......c.covvvviiiiiiiiiiiiiinnnnns 833
21.1.15 PR2—Protected Range 2 Register
(SPI Memory Mapped Configuration Registers) .......cccovvviiiiiiiiiiiiiiennnns 834
21.1.16 PR3—Protected Range 3 Register
(SPI Memory Mapped Configuration Registers) .......c.covvviiiiiiiiiiiiiiiennnns 835
21.1.17 PR4—Protected Range 4 Register
(SPI Memory Mapped Configuration Registers) .........ccoveiniiiiiiiiiiiienns. 836
21.1.18 SSFS—Software Sequencing Flash Status Register
(SPI Memory Mapped Configuration Registers) .......c.cccvvvviiiiiiiiiiiiiennnns 837
21.1.19 SSFC—Software Sequencing Flash Control Register
(SPI Memory Mapped Configuration Registers) .......c.ooveveiiiiiiiiiniiiiieens. 838
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21.1.20 PREOP—Prefix Opcode Configuration Register
(SPI Memory Mapped Configuration Registers) .......ccoovviiiiiiiiiiniinnnnnns 839
21.1.21 OPTYPE—Opcode Type Configuration Register
(SPI Memory Mapped Configuration Registers) .......ccovvvviiiiiiniiiiniinnnnns 839
21.1.22 OPMENU—Opcode Menu Configuration Register
(SPI Memory Mapped Configuration Registers) .......ccovvviviiiiiiiiiiiniinnnnens 840
21.1.23 BBAR—BIOS Base Address Configuration Register
(SPI Memory Mapped Configuration Registers) .......ccocovviiiiiiiiiiiiinnnnnns 841
21.1.24 FDOC—Flash Descriptor Observability Control Register
(SPI Memory Mapped Configuration Registers) .......ccoevvviiiiiiiiiiniinnnnens 841
21.1.25 FDOD—Flash Descriptor Observability Data Register
(SPI Memory Mapped Configuration Registers) .......ccoovvviiiiiiniiiiniinnnnens 842
21.1.26 AFC—Additional Flash Control Register
(SPI Memory Mapped Configuration Registers) .......ccoevviviiiiiiiiiiniinnnnens 842
21.1.27 LVSCC—Host Lower Vendor Specific Component
Capabilities Register
(SPI Memory Mapped Configuration Registers) ........coviviiiiiiiiiiiiiiiiinnnns 842
21.1.28 UVSCC—Host Upper Vendor Specific Component
Capabilities Register
(SPI Memory Mapped Configuration Registers) .......ccovvveviiiiiiniiiiiiiinnnnns 844
21.1.29 FPB—Flash Partition Boundary Register
(SPI Memory Mapped Configuration Registers) .......ccovvviviiiiiiiiiiiniinnnnns 845
21.2 Flash DesCriptOr RECOIAS. ....uuiii ittt et e et e s e e e e e e e aeeens 845
B I I @ ] = Y =Tt o o PP 846
21.4 GDE SPI Flash Program ReGISTeIS .......ciuiiiiiiiiiii it et eeas 846
21.4.1 GLFPR -Gigabit LAN Flash Primary Region Register
(GbE LAN Memory Mapped Configuration Registers) ........ccoeevvviiiiinnnnnnne. 847
21.4.2 HSFS—Hardware Sequencing Flash Status Register
(GbE LAN Memory Mapped Configuration Registers) ........ccooevvviiiiinnnnnnnn. 847
21.4.3 HSFC—Hardware Sequencing Flash Control Register
(GbE LAN Memory Mapped Configuration Registers) .......c.ccoevviiviiinnnnnnn. 849
21.4.4 FADDR—Flash Address Register
(GbE LAN Memory Mapped Configuration Registers) .......c.cooevvviiiiinnnnennn. 850
21.4.5 FDATAO—Flash Data 0 Register
(GbE LAN Memory Mapped Configuration Registers) .......c.ccoovveiieiiinnnnnnnn 850
21.4.6 FRAP—Flash Regions Access Permissions Register
(GbE LAN Memory Mapped Configuration Registers) ........ccoeevvviiiinnnnnnnn. 851
21.4.7 FREGO—Flash Region 0 (Flash Descriptor) Register
(GbE LAN Memory Mapped Configuration Registers) ........ccooevvviiiininnnnnn. 852
21.4.8 FREG1—Flash Region 1 (BIOS Descriptor) Register
(GbE LAN Memory Mapped Configuration Registers) ........ccooevvviiiiinnnnnnne. 852
21.4.9 FREG2—Flash Region 2 (Intel® ME) Register
(GbE LAN Memory Mapped Configuration Registers) ........ccoeevvvviiiinnnnnnne. 852
21.4.10 FREG3—Flash Region 3 (GbE) Register
(GbE LAN Memory Mapped Configuration Registers) .......c.ccooevvviiiiinnnnnnnn. 853
21.4.11 PRO—Protected Range 0 Register
(GbE LAN Memory Mapped Configuration Registers) .......c.ccoovvviieiinnnnnnnnn 853
21.4.12 PR1—Protected Range 1 Register
(GbE LAN Memory Mapped Configuration Registers) .........cooevveviiiinnnnnnnn. 854
21.4.13 SSFS—Software Sequencing Flash Status Register
(GbE LAN Memory Mapped Configuration Registers) .........cooovveiieiinnnnnnnn. 855
21.4.14 SSFC—Software Sequencing Flash Control Register
(GbE LAN Memory Mapped Configuration Registers) .......c.ccoevveiieiiinnnnnnnn. 856
21.4.15 PREOP—Prefix Opcode Configuration Register
(GbE LAN Memory Mapped Configuration Registers) ........ccooevvviiiinnnnnnnn. 857
21.4.16 OPTYPE—Opcode Type Configuration Register
(GbE LAN Memory Mapped Configuration Registers) ........ccooevvviiiinnnnnnnn. 857
21.4.17 OPMENU—Opcode Menu Configuration Register
(GbE LAN Memory Mapped Configuration Registers) .........ccoevvviieiniinnnennn. 858
Thermal Sensor Registers (D31:F6) .........cocviiiiiiiiiiiii i 859
22.1 PCI Bus Configuration REGISTEIS . ..uiiuiii it i ar e e e aaeeanens 859
22.1.1  VID—Vendor Identification Register.........cooiiiiiiiiiiiiiiii e 860
22.1.2 DID—Device Identification RegiSter......ccviiiiiiiiiiiiii i 860
22.1.3 CMD—Command REGISTEN ...uiuiuiieiiiiiiie e e e e aeeeens 860
22.1.4  STS—Status Register ....cviiiiiiiiiii e 861
22.1.5 RID—Revision Identification Register..........coooiiiiiiiiiiiii s 861
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22.1.6 PI—Programming Interface Register .......ccooviiiiiiiiiiii e 861
22.1.7  SCC—Sub Class Code REGISLEI ...uuiitiiiiiiiiiiiiii i reaeas 862
22.1.8 BCC—Base Class Code RegiSter......ccouiuiiiiiiiiiiiiii e rea s 862
22.1.9 CLS—Cache Line Size RegiSter ...uviiiiiiiiiiiii i e enaeaeas 862
22.1.10 LT—Latency Timer Register ......coiiiiiiiiiii e 862
22.1.11 HTYPE—Header Type RegiSter.....cccviiiiiiiiiiiiiiii i nenaeneas 862
22.1.12 TBAR—Thermal Base RegiSter........cociiiiiiiiiiiiiii e 863
22.1.13 TBARH—Thermal Base High DWord Register .........ccooeviiiiiiiiiiiiiiiiiennns 863
22.1.14 SVID—Subsystem Vendor ID Register.......ccvoiiiiiiiiiiiiiiiii e 864
22.1.15 SID—Subsystem ID ReGISteI.....ccuuiitiiiiiiiiiii i enaaas 864
22.1.16 CAP_PTR—Capabilities Pointer Register ..........cooiviiiiiiiiiiiiiii e 864
22.1.17 Offset 3Ch — INTLN—Interrupt Line Register ........cccoiiiiiiiiiiiiiiiiennns 865
22.1.18 INTPN—Interrupt Pin REGISter.....ccoviiiiiiiiii i e 865
22.1.19 TBARB—BIOS Assigned Thermal Base Address Register...........ccvevvvvnvnnnns 865
22.1.20 TBARBH—BIOS Assigned Thermal Base High DWord

RIS . e 866
22.1.21 PID—PCI Power Management Capability ID Register..........c.covvviiiiiininnnnn. 866
22.1.22 PC—Power Management Capabilities Register..........ccoovviiiiiiiiiiiiiiinnnns, 866
22.1.23 PCS—Power Management Control And Status Register ............cocoivvennnnn. 867

22.2 Thermal Memory Mapped Configuration Registers

(Thermal SEeNSOr — D31:iF26) uiuiiiiiiiiiie i e e e e s e e e e e aaans 868
22.2.1  TSIU—Thermal Sensor In Use Register........cccoviiiiiiiiiiiiiiiiiii e 869
22.2.2 TSE—Thermal Sensor Enable Register..........ccoviiiiiiiiiiiiiiii s 869
22.2.3  TSS—Thermal Sensor Status Register........cooviiiiiiiiiiiiiiii s 870
22.2.4 TSTR—Thermal Sensor Thermometer Read Register............ccoovviiiiiininnnns 870
22.2.5 TSTTP—Thermal Sensor Temperature Trip Point Register........................ 871
22.2.6 TSCO—Thermal Sensor Catastrophic Lock-Down Register .............ccoeevnes 871
22.2.7 TSES—Thermal Sensor Error Status Register ..........ccooviiiiiiiiiiiiiiiiiinnns 872
22.2.8 TSGPEN—Thermal Sensor General Purpose Event

ENable ReGISTer ...ttt e s 873
22.2.9 TSPC—Thermal Sensor Policy Control Register .........ccovviiiiiiiiiiiiiinnnnns 874
22.2.10 PPEC—Processor Power Error Correction Register

(MODBIIE ONIY ) e e e e e eas 874
22.2.11 CTA—Processor Core Temperature Adjust Register...........ccovvvviiiiiininnnnns 875
22.2.12 PTA—PCH Temperature Adjust Register........ccooviiiiiiiiiiiiiiiiineeas 875
22.2.13 MGTA—Memory Controller/Graphics Temperature

AdJUSE REGISTEI .t 875
22.2.14 TRC—Thermal Reporting Control Register........ccvivviiiiiiiiiiiiiiiiieneas 876
22.2.15 TES—Turbo Interrupt Status Register (Mobile Only) ......ccocvvviiiiiiiiiiinnnne. 877
22.2.16 TEN—Turbo Interrupt Enable Register (Mobile Only).........ccvvvviiiiiiiiiennnnn. 877
22.2.17 PSC—Power Sharing Configuration Register (Mobile Only)..........cccocevvennnns 877
22.2.18 CTV1—Core Temperature Value 1 Register .......coooviiiiiiiiiiiiiiiiiiiiieinns 878
22.2.19 CTV2—Core Temperature Value 2 Register .........cooiiiiiiiiiiiiiiiiieens 878
22.2.20 CEV1—Core Energy Value RegiSter ......cviiiiiiiiiiiiiiiiiii i nenaas 878
22.2.21 AE—Alert Enable Register......cooviiiiiiiiiiii s 879
22.2.22 HTS—Host Status Register (Mobile Only) ....cvcviiiiiiiiiii e 879
22.2.23 PTL—Processor Temperature Limit Register (Mobile Only) ..........ccoceivinnnns 880
22.2.24 MGTV—Memory Controller/Graphics Temperature

Value REGISTEI ...t 880
22.2.25 PTV—Processor Temperature Value Register ..........cccovviviiiiiiiiiiiiiiiiennns 880
22.2.26 MMGPC—Max Memory Controller/Graphics Power Clamp

Register (Mobile ONlY) i e aeas 880
22.2.27 MPPC—Max Processor Power Clamp Register (Mobile Only) ........ccvcevvennnns 881
22.2.28 MPCPC—Max Processor Core Power Clamp Register

(€3] 211 L@ 11 17/ I 881
22.2.29 TSPIEN—Thermal Sensor PCI Interrupt Enable Register............ccovevvvvnnnns 882
22.2.30 TSLOCK—Thermal Sensor Register Lock Control Register...........cccvevvvvnenns 883
22.2.31 STS—Turbo Status (Mobile ONnly) ....ciiiiii i e 883
22.2.32 SEC—Event Clear Register (Mobile Only) .....cccoviiiiiiiiiiiieeas 883
22.2.33 TC3—Thermal Compares 3 ReGISTEI . ..iviiiiiiiiiiiiiiii i raaaeeeaans 883
22.2.34 TCl—Thermal Compares 1 RegiSter....ccviiiiiiiiiiiiiii i aaeaes 884
22.2.35 TC2—Thermal Compares 2 REgiSter ... ..ccooiuiiiiiiiiiiiiiii e e 885
22.2.36 DTV—DIMM Temperature Values Register.......cccviviiiiiiiiiiiiiiiiiiciieene 885
22.2.37 ITV—Internal Temperature Values Register..........coovviiiiiiiiiiiiiiiiiieieeenen 886

23 Intel® Management Engine Interface (MEI) Subsystem Registers (D22:F0).......... 887
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23.1 First Intel® Management Engine Interface (Intel® MEI) Configuration Registers
(LS R B 3 A 0 ) PP

23.2

23.1.1 VID—Vendor Identification Register

(MEI—D22:F0) v vvveeseeeeesensseneeesereeseeeeeseeee st eseeeeseeeseieeeen,

23.1.2 DID—Device Identification Register

(MEI—D22:F0) +veevveeterreesussseseesseeeeseeeeseeee st eseeeeseeeseeeeeen,

23.1.3 PCICMD—PCI Command Register

(MEI—D22:F0) +vvveeeemeeesimeeseneeeseeeseeeeseeee st eseeeeseeeseieeeen,

23.1.4 PCISTS—PCI Status Register

(MEI—D22:F0) v eemveeeomeseeeeeeeeeeeseee e et e st ee et eseeeeseeeseneeen,

23.1.5 RID—Revision Identification Register

(MEI—D22:F0) +.tevveeeneeeseeesimesereeeseeeeseeeeseeeseeeeseeeseieeen,

23.1.6 CC—Class Code Register

(MEI/—D22:F0) +enveeeeeeeeeeeeeeeeeseeeeeeeese e e e st eseeeeseeeseeee e,

23.1.7 HTYPE—Header Type Register

(MEI—D22:F0) +.vveeesoseseneeeeeeree e e eeseeee st eseeeeseeeseeeeen,

23.1.8 MEIO_MBAR—MEIO MMIO Base Address Register

(MEID22:F0) v vvveeseeeeeensseeeesnensessereasinsessetesereeeseeeseieeeen,

23.1.9  SVID—Subsystem Vendor ID Register

(MEI—D22:F0) «vvveeeeeeeeeomeeeeseerer e e et e st e e et e s eee e st e s eneeen,

23.1.10 SID—Subsystem ID Register

(MEI—D22:F0) +.. e veesoeseeee e eree et e e et e et e e et e s eeeereeeeeee e,

23.1.11 CAPP—Capabilities List Pointer Register

(MEI—D22:F0) <. eveeeeeeeeeereeeeresseeeseeeeseeee st eseeeeseeeseieeeen,

23.1.12 INTR—Interrupt Information Register

(MEI—D22:F0) +.eeuveeteeeeeseeessesessomeeseeeeeseeeeseneeseeeeseeeseieeen,

23.1.13 HFS—Host Firmware Status Register

(MEI—D22:F0) +vevrtetereeeeeeeeseereeneeeeeeeseeee st eseeee st eseineeen,

23.1.14 ME_UMA—Management Engine UMA Register

(MET—D22:F0) v evrereeeeaeeereseiseereeeessissesereeereeeseeeereeeseieeen,

23.1.15 GMES—General ME Status Register

(MEI—D22:F0) +nevvesetressessseneesseeeeseeeeseeeeseneeseeeeseeeseieeen,

23.1.16 H_GS—Host General Status Register

(MEI—D22:F0) v tevveeseeeeseeeesoseraseeeeeeeeeseeeee st eseeeeseeeseieeeen,

23.1.17 PID—PCI Power Management Capability ID Register

(MEI—D22:F0) v eevveeiemeeeeresssnneseneesesseesiesssenteseeessereeseieesn,

23.1.18 PC—PCI Power Management Capabilities Register

(MEI—D22:F0) +vevvveveeeesseeesnreesereeeeenesisenseaesereeeseeeseieeen,

23.1.19 PMCS—PCI Power Management Control and Status

Register (MEI—D22:F0) ...ciitiiiiiiiiiiiiiie i ees e senneneaaes

23.1.20 MID—Message Signaled Interrupt Identifiers Register

(MEI—D22:F0) vvevvveseeeeeseeeserseseeseesieesereeesisesseieeesereeseieeen,

23.1.21 MC—Message Signaled Interrupt Message Control Register

(MEI—D22:F0) «ovetveeeemeresseeesereeseieeesiseeseneeseeeseiieneeeeeineeen,

23.1.22 MA—Message Signaled Interrupt Message Address

Register (MEI—D22:F0) ...uiitiiiiiiiiiiiiie e ee e e e eneaaes

23.1.23 MUA—Message Signaled Interrupt Upper Address Register

(MEI—D221F0) . vorveeeimeeeeemeeseueesemasesetesseaesseeesssteneneeeieenn,

23.1.24 MD—Message Signaled Interrupt Message Data Register

(MEI—D22:F0) .veveseeemeesseeesereeseimeasesteeeesaeseresanseeseeeseineeen,

23.1.25 HIDM—MEI Interrupt Delivery Mode Register

(MEI—D22:F0) -veetuereeeereeseeeeseeesnereesinseseereeseeeseeeeseeeseieeen,

23.1.26 HERES—MEI Extend Register Status

(MEID22:F0) v eevveesoseeeeees e eess e eeeeee e et e e st e s eeeeseeeeeeeeen,

23.1.27 HERX—MEI Extend Register DWX

(MEI—D22:F0) v tvveoreeeseeeeeeeeeeeeeeeseee s e e e st eseeeeseeeeeeeeen,

Second Management Engine Interface(MEI1) Configuration Registers

(MEI—D22:FT) «vvetvreesomeeseereseneeaseseseeseseeteseseeseeessereanaensnsereeeeeenenes

23.2.1 VID—Vendor Identification Register

(MEI—D22:F1) oterevieesueeesenoeaeseeeeeeee e e e e st e s et eseeeeeeeeen,

23.2.2 DID—Device Identification Register

(MEI—D22F1) teeeiutieeeeeeseuiesseeseeeeeeteeeeeeeeaeeserenesneeseneee e,

23.2.3 PCICMD—PCI Command Register

(MEI—D22:F1) woeeivieemieesomeeseeaeseeeeeeeeeeeeesaeeserenesneeseneee e,

23.2.4  PCISTS—PCI Status Register

(MEI—D22:F1) v et emeeeeeeee e e e e ee e et e ee e e e e s erenese e e eaee e,
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23.3

23.4

23.5

Datasheet

23.2.5 RID—Revision Identification Register

(1S R B 3 ] ) R OO
23.2.6 CC—Class Code Register

(]S R B 23 A ) R PP
23.2.7 HTYPE—Header Type Register

(L= R B 3 ) PP
23.2.8 MEI_MBAR—MEI MMIO Base Address Register

(L= B 2 A ) PP
23.2.9  SVID—Subsystem Vendor ID Register

(LS R B 02 A ) R PP
23.2.10 SID—Subsystem ID Register

(L= R B 72 A ) PP
23.2.11 CAPP—Capabilities List Pointer Register

(L= R B 22 A s ) PP
23.2.12 INTR—Interrupt Information Register

(LS R B 3 A s ) PP
23.2.13 HFS—Host Firmware Status Register

(LS R B 3 A I R PP
23.2.14 GMES—General ME Status Register

LS B 7 A i P
23.2.15 H_GS—Host General Status Register

LS B3 A i PP
23.2.16 PID—PCI Power Management Capability ID Register

(LS R B 2 A I R PP
23.2.17 PC—PCI Power Management Capabilities Register

(LS S B 73 A i ) R PP
23.2.18 PMCS—PCI Power Management Control and Status

Register (MEI—D22:F1) ..iiiiiiiiitiie ittt e e s e e e e s e e anenens
23.2.19 MID—Message Signaled Interrupt Identifiers Register

(1S R B 2 A i I PP
23.2.20 MC—Message Signaled Interrupt Message Control Register

(LS R B 3 A I PP
23.2.21 MA—Message Signaled Interrupt Message Address

Register (MEI—D22:F1) ..iiiiiiiiiie ittt e e e e s e e e reaaaaens
23.2.22 MUA—Message Signaled Interrupt Upper Address Register

(LS R B 3 A i T PP
23.2.23 MD—Message Signaled Interrupt Message Data Register

(LS R B 3 ) R PP
23.2.24 HIDM—MEI Interrupt Delivery Mode Register

(L= R B 3 A ) PP
23.2.25 HERES—MEI Extend Register Status

(L= R B 03 ) R PP
23.2.26 HERX—MEI Extend Register DWX

(LS R B 273 A ) PP
MEIO_MBAR—MEIO MMIO REGISTEIS vttt e e
23.3.1 H_CB_WW—Host Circular Buffer Write Window Register

(MEI MMIO REQGISEEI) 1.uviuiiiiiiiitii ettt et e st s e e e s e e raeens
23.3.2 H_CSR—Host Control Status Register

(MEI MMIO REGISEEI) 1.uvuiiiiiiiie it sttt s ae e e ae e s e e e raeeas
23.3.3 ME_CB_RW—ME Circular Buffer Read Window Register

(L= N O R =T =] =T o PP
23.3.4 ME CSR_HA—ME Control Status Host Access Register

(MEI MMIO REGISEEI) 1.uviniiiiiiiieii ettt s e e e e aeeas
MEI1_MBAR—MEIO MMIO RegISTOIS .. viuviiiriitiitiii i et e s
23.4.1 H_CB_WW—Host Circular Buffer Write Window Register

(MEI MMIO REGISEEI) 1iuviuiiriitiitiitieseitst e ste et esaents e e s s nnsaeeeanennns
23.4.2 H_CSR—Host Control Status Register

(MEI MMIO REGISEEI) 1iutiuiitiiiiitiitiesieatst e steat et e raenssae e assnnaneeernennans
23.4.3 ME_CB_RW—ME Circular Buffer Read Window Register

(MEI MMIO REGISEEI) 1iuviniiiiitiititiesteits e ste et e saeats e e ansansnnaneanennns
23.4.4 ME CSR_HA—ME Control Status Host Access Register

(] S N O I =T | 1] = ) I
IDE Function for Remote Boot and Installations
PT IDER Registers (IDER—D22:F2) ....iuiuiiiiiiiiieie e e aeeeeeee s e e e aeeeaees
23.5.1 VID—Vendor Identification Register (IDER—D22:F2).....cccvvviiiiiniiiniinnnnn.
23.5.2 DID—Device Identification Register (IDER—D22:F2) .....c.cocvieiiiiiennnnnns.
23.5.3 PCICMD—PCI Command Register (IDER—D22:F2) .....cvviiiiiiiiiiiiieieene
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23.6

23.5.24

IDE BARO

23.6.1
23.6.2

23.6.3
23.6.4
23.6.5
23.6.6
23.6.7
23.6.8
23.6.9
23.6.10
23.6.11
23.6.12
23.6.13
23.6.14
23.6.15

PCISTS—PCI Device Status Register (IDER—D22:F2) ..
RID—Revision Identification Register (IDER—D22:F2)..
CC—Class Codes Register (IDER—D22:F2).................
CLS—Cache Line Size Register (IDER—D22:F2) ..........
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Number
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Revision Date

001

Initial release.

September 2009

002

SATA Port Multiplier Removal

1.5V On-Die PLL Voltage Regulator Support Removal

Update on Note 9 for Table 2-25, “General Purpose I/O Signal”
Updated GPIO15 and GPIO27 in Table 2-28, “Functional Strap Definition”
Added Measure Icc for SFF Table

Updated Measured Icc for Desktop and Mobile Tables

Updated Table 2-20 CLKOUTFLEXO type

Updated PCIe Port Configurations

Updated PME_BO_S5_DIS Bit Discription

Updated Section 5.14.2.2 Advanced TCO Mode

Updated Table 9-9 Other DC Characteristics

Updated GCAP_ID Default Value

Updated t240 and t218 Power Sequencing and Reset Signal Timings
Added XTAL25 DC and AC Characteristics

Added CEV1 Core Energy Value 1 Register to Section 22.2

Updated Section 14.4.1.11 VSP - Vendor Specific Default Value
Updated Desktop SKUs Definitions

Added BCLK Input to AC Characteristics

Updated MPC2- Miscellaneous Port Configuration Register 2
Updated DMIC - DMI Control Register Description

Updated NV_CLE Nomical pull-down in Table 3-1. Integrated Pull-ups and Pull-Downs
Updated Section 10.1.62 BUC - Backed Up Control Register

January 2010

003

Addeed Intel® B55 Express Chipset
Updated bit description for USBIRA—USB Initialization Register A

Updated Table 2-29. Intel® 5 Series Chipset and Intel® 3400 Series Chipset Device
and Revision ID Table.

Updated bit description for GP_RST_SEL1 — GPIO Reset Select register
Updated bit description for GP_RST_SEL2 — GPIO Reset Select register
Updated bit description for GP_RST_SEL3 — GPIO Reset Select register
Update Table 3-1 to include SPI_CS0#

Updated Table 8-1, Storage Conditions

Added Section 5.27.2.9 through Section 5.27.2.14

Updated Table 8-14, PCI Express* Interface Timings

Updated Section 21.1.2, HSFS—Hardware Sequencing Flash Status Register

June 2010
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Revision

Number Description Revision Date

e Updated Table 1-1, Industry Standards
e Updated Section 1.2, Overview
— Updated the initial set of bullets
— Updated Intel® Active Management Technology Section
— Updated Serial Over Lan (SOL) Function Section
— Added KVM Section
— Updated IDE-R Function Section
— Added PCH Display Interface Section
— Added Intel® Flexible Display Interconnect (FDI) Section
e Updated Table 2-5, Serial ATA Interface Signals
— Added TEMP_ALERT# to the SATA5GP /GPIO49 / TEMP_ALERT# Signals
— SCLOCK/GPIO22 Signal
e Added note under Table 2-7, “Interrupt Signals”
e Updated Table 2-8, “"USB Interface Signals” Overcurrent Indicators description.

e Updated Table 2-9, “Power Management Interface Signals” description for SLP_LAN#/
GPIO29.

e Update Table 2-15, “Intel High Definition Audio LInk Signals” description for
HDA_DOCK_RST#/GPIO13.

e Added Note 12 to Table 2-25, “General Purpose I/O SIgnals”.
e Updated Table 2-27, “Power and Ground Signals” description for DcpSusByp.

e Updated Table 2-28, “Functional Strap Definitions” Comment column for GNT3#/
GPIOS55.

e Updated Table 2-29, “Intel 5 Series Chipset and Intel 3400 Series Chipset Device and
Revision ID Table”.

004 e Added Note to Section 5.2, “PCI Express* Root Ports (D28:F0, F1,F2,F3,F4,F5,F6,F7)". January 2012

e Added note on wake up settings to Section 5.3.4.1.1, “Advanced Power Management
Wake Up” and Section 5.3.4.1.2, "ACPI Power Management Wake Up”.

e Updated Table 5-27, “Causes of Wake Events”.

e "Added Section 5.13.10.5, "SLP_LAN# Pin Behavior” and Section 5.13.10.6, "RTCRST#
and SRTCRST#".

e Updated Section 5.13.13, “Reset Behavior”.
e Updated Section 5.14.2.2, “Advanced TCO Mode”".
e Updated Section 5.16.11, “SGPIO Signals”.

e Added note to Block Read/Write command in Section 5.20.1.1, "Command Protocols”
for the SMBus Host Controller.

e Updated Section 5.27, “PCH Display Interfaces”.
e Updated Section 8.2, "Absolute Maximum and Minimum Ratings”.
e Updated VOL3 and VOH3 in Table 8-10, “"DC Output Characteristics”.

e Updated VccVRM in Table 8-11, “Other DC Characteristics”. Also, Added Note 3 to the
table.

e Added notes to Table 8-16, “"PCI Express* Interface Timings”, Table 8-17, "HDMI
Interface Timings”, and Table 8-18, "SDVO Interface Timings".

e Added SMLinkO Clock timings to Table 8-24, “Clock Timings”.

e Updated Table 8-28, "SMBus Timing”.

e Updated Table 8-37, “Controller Link Receive Timings”.

e Added Note 18 to Table 8-18, “Power Sequencing and Reset Signal Timings” for
LAN_RST# timing.

e Added Figure 8-30, “Controller Link Receive Timings” and Figure 8-31, “Controller Link
Receive Slew Rate”.
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Number
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Revision Date

004

Chapter 9, “Register and Memory Mapping”

— Agd;d IR/WL register access attribute definition and updated the definition for
“Default”.

— Added notes to Table 9-1, “PCI Devices and Functions”.

— Updated Table 9-2, “Fixed I/O Ranges Decoded by Intel PCH".

— Updated Table 9-3, “Variable I/O Decode Ranges”.

— Updated Table 9-4, “"Memory Decode Ranges from Processor Perspective”.

— Updated Section 9.4.1, “Boot-Block Update Scheme”.

Updated Section 10.1.9, "LCAP—Link Capabilities Register” Bits 17:15 L1 Exit Latency
(EL1).

Updated Section 10.1.10, “"LCTL—Link Control Register”.

Updated Section 10.1.15, "RPFN—Root Port Function Number and Hide for PCI
Express* Root Ports” for bits 30:28 and 26:24.

Updated Section 10.1.43, “"OIC— Other Interrupt Control Register” note below table.
Updated Section 10.1.62, "BUC—Backed Up control Register” bit 5 and bit 0.
Updated Section 10.1.64, "CG—Clock Gating Register” bits 29:28.

Updated Section 10.1.69, "USBOCM2—Overcurrent MAP Register 2".

Added Section 13.1.12, "CAPP—Capability List Pointer Register (LPC I/F—D31:Fo)
Updated Section 14.1.22, “IDE_TIM—IDE Timing Register (SATA-D31:F2)".

Added Section 14.1.23, "SIDETIM—Slave IDE Timing Register”, Section 14.1.24,
“"SDMA_CNT—Synchronous DMA Control Register”, Section 14.1.25,
“SDMA_TIM—Synchronous DMA Timing Register”, and Section 14.1.26,
“IDE_CONFIG—IDE I/O COnfiguration Register”.

Updated Section 14.1.37, "SCLKGC—SATA Clock General Configuration Register”.
Updated Section 14.3.2.3, "PxSERR—Serial ATA Error Register (B31:F2)” bit 23.
Updated Section 14.4.1.10, “RSTF—RST Feature Capabilities Register” bit 7.
Updated Section 14.4.1.12, “Intel® RST Feature Capabilities”.

Updated Section 14.4.2.5, “PxIS—Port [5:0] Interrupt Status Register (D31:F2)"” and
Section 14.4.2.6, “PxIE—Port [5:0] Interrupt Enable Register 9D31:F2)”

Updated Section 15.1.21, “IDE_TIM—IDE Timing Register (SATA-D31:F5)"

Added Section 15.1.22, "SDMA_CNT—Synchronous DMA Control Register”, Section
15.1.23, "SDMB_TIM—Synchronous DMA Timing Register”, and Section 15.1.24,
“IDE_CONFIG—IDE I/O COnfiguration Register”.

Added note to Section 16.1, “"USB EHCI Configuration Registers (USB EHCI—D29:FO0,
D26:F0)".

Updated Section 16.1.20, "PWR_CNTL_STS—Power Managment Control/Status
Register” bits 1:0.

Updated Section 16.1.31, "EHCIR1—EHCI Initialization Register 1”

Added Section 16.1.32, "EHCIIR2—EHCI Initialization Register 2, Section 16.1.38,
“EHCIIR3—EHCI Initialization Register 3", and Section 16.1.39, “EHCIIR4—EHCI
Initialization Register 4”.

Added Section 17.1.20, "HDINIT1—Intel High Definition Audio Initialization Register
1"

Updated Section 17.2.15, "SSYNC—Stream Synchronization Register”.

Added note to Section 19.1, “PCI Express Configuration Registers (PCI
Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7)".

Updated Section 21.1.2, “HSFS—Hardware Sequencing Flash Status Register” bit 13
and Section 21.4.2, "HSFS—Hardware Sequencing Flash Status Register” bit 13

Updated Section 22.1.3, "CMD—Command” bit 2.

Updated Section 22.2.5, "TSTTP—Thermal Sensor Temperature Trip Point Register” bits
23:16.

Updated Section 22.2.12, "PTA—PCH Temperature Adjust”.

January 2012
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Platform Controller Hub (PCH)

Features

m Direct Media Interface
— 10 Gb/s each direction, full duplex

— Transparent to software
m PCI Express*

— NEW: 8 PCI Express root ports

— NEW: PCI Express 2.0 specification running at
2.5 GT/s.

— NEW: Ports 1-4 or Ports 5-8 can independently
be configured to support four x1s, two x2s, one
x2 and 2 x1s, or one x4 port widths.

— Support for full 2.5 Gb/s bandwidth in each
direction per x1 lane

— Module based Hot-Plug supported (such as,
ExpressCard*)

m PCI Bus Interface

— Supports PCI Rev 2.3 Specification at 33 MHz

— Four available PCI REQ/GNT pairs

— Support for 64-bit addressing on PCI using DAC
protocol

m Integrated Serial ATA Host Controller

— Up to six SATA ports

— Data transfer rates up to 3.0 Gb/s
(300 MBY/s).

— Integrated AHCI controller

m External SATA support

— NEW: Port Disable Capability

= Intel® Rapid Storage Technology

— Configures the PCH SATA controller as a RAID
controller supporting RAID 0/1/5/10

m Intel® High Definition Audio Interface

— PCI Express endpoint

— Independent Bus Master logic for eight general
purpose streams: four input and four output

— Support four external Codecs

— Supports variable length stream slots

— Supports multichannel, 32-bit sample depth,
192 kHz sample rate output

— Provides mic array support

— Allows for non-48 kHz sampling output

— Support for ACPI Device States

— Low Voltage Mode

= Intel® Quiet System Technology
— Four TACH signals and Four PWM signals

m Simple Serial Transport (SST) 1.0 Bus and Platform

Environmental Control Interface (PECI)

40

USB 2.0
— Two EHCI Host Controllers, supporting up to

fourteen external ports

— Per-Port-Disable Capability

— Includes up to two USB 2.0 High-speed Debug
Ports

— Supports wake-up from sleeping states S1-S4

— Supports legacy Keyboard/Mouse software

Integrated Gigabit LAN Controller

— NEW: PCI Express* connection

— Integrated ASF Management Controller

— Network security with System Defense

— Supports IEEE 802.3

— 10/100/1000 Mbps Ethernet Support

— Jumbo Frame Support

Intel® Active Management Technology with System
Defense

— NEW: Network Outbreak Containment Heuristics
Intel® I/0 Virtualization (VT-d) Support

Intel® Trusted Execution Technology Support
Power Management Logic

— Supports ACPI 4.0a

— ACPI-defined power states (system level SO, S1,
S3, S4, and S5 states, various internal device
levels of Dx states, and processor driven C
states)

— ACPI Power Management Timer

— SMI# generation

— All registers readable/restorable for proper
resume from 0 V suspend states

— Support for A-based legacy power management
for non-ACPI implementations

External Glue Integration

— Integrated Pull-up, Pull-down and Series
Termination resistors on processor interface

— Integrated Pull-down and Series resistors on USB

Enhanced DMA Controller

— Two cascaded 8237 DMA controllers

— Supports LPC DMA
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SMBus
— Faster speed, up to 100 kbps

— Flexible SMBus/SMLink architecture to optimize
for ASF

— Provides independent manageability bus through
SMLink interface

— Supports SMBus 2.0 Specification

— Host interface allows processor to communicate
using SMBus

— Slave interface allows an internal or external
Microcontroller to access system resources

— Compatible with most two-wire components that
are also I2C compatible

High Precision Event Timers

— Advanced operating system interrupt scheduling

Timers Based on 8254

— System timer, Refresh request, Speaker tone
output

Real-Time Clock
— 256-byte battery-backed CMOS RAM

— Integrated oscillator components

— Lower Power DC/DC Converter implementation

System TCO Reduction Circuits

— Timers to generate SMI# and Reset upon
detection of system hang

— Timers to detect improper processor reset

— Integrated processor frequency strap logic

— Supports ability to disable external devices

Serial Peripheral Interface (SPI)

— Supports up to two SPI devices

— Supports 20 MHz, 33 MHz, and 50 MHz SPI
devices

— Support up to two different erase granularities

intel.

Interrupt Controller
— Supports up to eight PCI interrupt pins

— Supports PCI 2.3 Message Signaled Interrupts

— Two cascaded 8259 with 15 interrupts

— Integrated I/O APIC capability with 24 interrupts

— Supports Processor System Bus interrupt
delivery

1.05 V operation with 1.5V and 3.3 V I/O

— 5V tolerant buffers on PCI, USB and selected
Legacy signals

1.05 V Core Voltage

Five Integrated Voltage Regulators for different

power rails

Firmware Hub Interface supports BIOS Memory size

up to 8 MB

Low Pin Count (LPC) I/F
— Supports two Master/DMA devices.

— Support for Security Device (Trusted Platform
Module) connected to LPC.

GPIO

— TTL, Open-Drain, Inversion

— GPIO lock down

Package

— 27 mm x 27 mm FCBGA (Desktop Only)

— 27 mm x 25 mm FCBGA (Mobile Only)

— 22 mm x 20 mm FCBGA (Mobile SFF Only)

Analog Display Port

Digital Display

— Three Digital Display ports capable of supporting
HDMI/DVI and Display port

— One Digital Display port supporting SDVO

— LDVS (Mobile Only)

Intel® Anti-Theft Technology

JTAG
— Boundary Scan for testing during board

manufacturing

Note: Not all features are available on all PCH SKUs. See Section 1.3 for more details.
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Introduction

1.1

Note:

Note:

Datasheet

About This Manual

This document is intended for Original Equment Manufacturers and BIOS vendors
creating Intel® 5 Series Chipset and Intel® 3400 Series Chipset based products. This
document is for the following components:

e Intel® 5 Series Chipset
— Intel® P55 Express Chipset
— Intel® H55 Express Chipset
— Intel® H57 Express Chipset
— Intel® Q57 Express Chipset
— Intel® B55 Express Chipset
— Intel® PM55 Express Chipset
— Intel® QM57 Express Chipset
— Intel® HM55 Express Chipset
— Intel® HM57 Express Chipset
— Intel® QS57 Express Chipset
o Intel® 3400 Series Chipset
— Intel® 3400 Chipset
— Intel® 3420 Chipset
— Intel® 3450 Chipset

Sect|on 1.3 provides high-level feature differences for the Intel® 5 Series Chipset and
Intel® 3400 Series Chipset.

Throughout this document PCH is used as a general term and refers to the Intel® 5
Series Chipset and Intel® 3400 Series Chipset, unless specifically noted otherwise.

Throughout this document, the term “Desktop” refers to |nformation that is for the
InteI P55 Express Chlpset Intel® H55 Express Chipset, Intel® H57 Express Chlpset
Intel® Q57 Express Chipset, Intel® B55 Express Chipset, Intel® 3400 Chipset, Intel®
3420 Chipset, Intel® 3450 Chipset, unless specifically noted otherwise.

Throughout this document, the term “Mobile Only” refers to mformation that is for the
Intel® PM55 Express Chlpset Intel® QM57 Express Chlpset Intel® HM55 Express
Chipset, Intel® HM57 Express Chipset, and the Intel® QS57 Express Chipset, unless
specifically noted otherwise.

This manual assumes a working knowledge of the vocabulary and principles of PCI
Express*, USB, AHCI, SATA, Intel® High Definition Audio (Intel® HD Audio), SMBus,
PCI, ACPI, and LPC. AIthough some details of these features are described within this
manual, see the individual industry specifications listed in Table 1-1 for the complete
details.
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Table 1-1.

Industry Specifications

Introduction

Specification

Location

PCI Express* Base Specification, Revision 1.1

http://www.pcisig.com/specifications

PCI Express* Base Specification, Revision 2.0

http://www.pcisig.com/specifications

Low Pin Count Interface Specification, Revision 1.1
(LPC)

http://developer.intel.com/design/
chipsets/industry/lpc.htm

System Management Bus Specification, Version 2.0
(SMBus)

http://www.smbus.org/specs/

PCI Local Bus Specification, Revision 2.3 (PCI)

http://www.pcisig.com/specifications

PCI Power Management Specification, Revision 1.2

http://www.pcisig.com/specifications

SFF-8485 Specification for Serial GPIO (SGPIO) Bus,
Revision 0.7

ftp://ftp.seagate.com/sff/SFF-8485.PDF

Advanced Host Controller Interface specification for
Serial ATA, Revision 1.2

http://www.intel.com/technology/
serialata/ahci.htm

Intel® High Definition Audio Specification, Revision
1.0

http://www.intel.com/standards/
hdaudio/

Universal Serial Bus Specification (USB), Revision 2.0

http://www.usb.org/developers/docs

Advanced Configuration and Power Interface, Version
3.0b (ACPI)

http://www.acpi.info/spec.htm

Enhanced Host Controller Interface Specification for
Universal Serial Bus, Revision 1.0 (EHCI)

http://developer.intel.com/technology/
usb/ehcispec.htm

Serial ATA Specification, Revision 2.5

http://www.serialata.org/

Serial ATA II: Extensions to Serial ATA 1.0, Revision
1.0

http://www.serialata.org/

Serial ATA II Cables and Connectors Volume 2 Gold

http://www.serialata.org/

Alert Standard Format Specification, Version 1.03

http://www.dmtf.org/standards/asf

IEEE 802.3 Fast Ethernet

http://standards.ieee.org/getieee802/

AT Attachment - 6 with Packet Interface (ATA/ATAPI -
6)

http://T13.0org (T13 1410D)

IA-PC HPET (High Precision Event Timers)
Specification, Revision 0.98a

http://www.intel.com/hardwaredesign/
hpetspec.htm

TPM Specification 1.02, Level 2 Revision 103

http://www.trustedcomputinggroup.org/
specs/TPM

Intel® Virtualization Technology

http://www.intel.com/technology/
platform-technology/virtualization/
index.htm
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Chapter 1. Introduction
Chapter 1 introduces the PCH and provides information on manual organization and
gives a general overview of the PCH.

Chapter 2. Signal Description

Chapter 2 provides a block diagram of the PCH and a detailed description of each
signal. Signals are arranged according to interface and details are provided as to the
drive characteristics (Input/Output, Open Drain, etc.) of all signals.

Chapter 3. PCH Pin States
Chapter 3 provides a complete list of signals, their associated power well, their logic
level in each power state, and their logic level before and after reset.

Chapter 4. PCH and System Clock Domains
Chapter 4 provides a list of each clock domain associated with the PCH in an Intel® 5
Series Chipset or Intel® 3400 Series Chipset based system.

Chapter 5. Functional Description

Chapter 5 provides a detailed description of the functions in the PCH. All PCI buses,
devices and functions in this manual are abbreviated using the following nomenclature;
Bus:Device:Function. This manual abbreviates buses as BO and B1, devices as D22,
D25, D25, D26, D27, D28, D29, D30 and D31 and functions as FO, F1, F2, F3, F4, F5,
F6 and F7. For example Device 31 Function 0 is abbreviated as D31:F0, Bus 1 Device 8
Function 0 is abbreviated as B1:D8:F0. Generally, the bus number will not be used, and
can be considered to be Bus 0. Note that the PCH external PCI bus is typically Bus 1,
but may be assigned a different number depending upon system configuration.

Chapter 6. Ballout Definition
Chapter 6 provides a table of each signal and its ball assignment in the package.

Chapter 7. Package Information
Chapter 7 provides drawings of the physical dimensions and characteristics of the
package.

Chapter 8. Electrical Characteristics
Chapter 8 provides all AC and DC characteristics including detailed timing diagrams.

Chapter 9. Register and Memory Mappings
Chapter 9 provides an overview of the registers, fixed I/O ranges, variable I/O ranges
and memory ranges decoded by the PCH.

Chapter 10. Chipset Configuration Registers

Chapter 10 provides a detailed description of all registers and base functionality that is
related to chipset configuration and not a specific interface (such as LPC, PCI, or PCI
Express*). It contains the root complex register block, which describes the behavior of
the upstream internal link.

Chapter 11. PCI-to-PCI Bridge Registers
Chapter 11 provides a detailed description of all registers that reside in the PCI-to-PCI
bridge. This bridge resides at Device 30, Function 0 (D30:FO0).

Chapter 12. Integrated LAN Controller Registers

Chapter 12 provides a detailed description of all registers that reside in the PCH’s
integrated LAN controller. The integrated LAN Controller resides at Device 25, Function
0 (D25:F0).

Chapter 13. LPC Bridge Registers

Chapter 13 provides a detailed description of all registers that reside in the LPC bridge.
This bridge resides at Device 31, Function 0 (D31:F0). This function contains registers
for many different units within the PCH including DMA, Timers, Interrupts, Processor
Interface, GPIO, Power Management, System Management and RTC.
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Chapter 14. SATA Controller Registers
Chapter 14 provides a detailed description of all registers that reside in the SATA
controller #1. This controller resides at Device 31, Function 2 (D31:F2).

Chapter 15. SATA Controller Registers
Chapter 15 provides a detailed description of all registers that reside in the SATA
controller #2. This controller resides at Device 31, Function 5 (D31:F5).

Chapter 16. EHCI Controller Registers

Chapter 16 provides a detailed description of all registers that reside in the two EHCI
host controllers. These controllers reside at Device 29, Function 0 (D29:F0) and Device
26, Function 0 (D26:F0).

Chapter 17. Intel® High Definition Audio Controller Registers
Chapter 17 provides a detailed description of all registers that reside in the Intel® High
Definition Audio controller. This controller resides at Device 27, Function 0 (D27:F0).

Chapter 18. SMBus Controller Registers
Chapter 18 provides a detailed description of all registers that reside in the SMBus
controller. This controller resides at Device 31, Function 3 (D31:F3).

Chapter 19. PCI Express* Port Controller Registers
Chapter 19 provides a detailed description of all registers that reside in the PCI Express
controller. This controller resides at Device 28, Functions 0 to 5 (D28:F0-F7).

Chapter 20. High Precision Event Timers Registers
Chapter 20 provides a detailed description of all registers that reside in the multimedia
timer memory mapped register space.

Chapter 21. Serial Peripheral Interface Registers
Chapter 21 provides a detailed description of all registers that reside in the SPI
memory mapped register space.

Chapter 22. Thermal Sensors

Chapter 22 provides a detailed description of all registers that reside in the thermal
sensors PCI configuration space. The registers reside at Device 31, Function 6
(D31:F6).

Chapter 23. Intel® Management Engine (Intel® ME)

Chapter 23 provides a detailed description of all registers that reside in the Intel ME
controller. The registers reside at Device 22, Function 0 (D22:FO0).
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1.2 Overview

The PCH provides extensive I/0 support. Functions and capabilities include:

e PCI Express* Base Specification, Revision 2.0 support for up to eight ports

e PCI Local Bus Specification, Revision 2.3 support for 33 MHz PCI operations
(supports up to four Req/Gnt pairs)

e ACPI Power Management Logic Support, Revision 3.0b
e Enhanced DMA controller, interrupt controller, and timer functions

e Integrated Serial ATA host controllers with independent DMA operation on up to six
ports

e USB host interface with support for up to fourteen USB ports; two EHCI high-speed
USB 2.0 Host controllers and 2 rate matching hubs

e Integrated 10/100/1000 Gigabit Ethernet MAC with System Defense

e System Management Bus (SMBus) Specification, Version 2.0 with additional
support for I2C devices

e Supports Intel® High Definition Audio
e Supports Intel® Rapid Storage Technology
e Supports Intel® Active Management Technology
e Supports Intel® Virtualization Technology for Directed 1/0O
e Supports Intel® Trusted Execution Technology
e Supports Intel® Flexible Display Interconnect (Intel® FDI)
e Supports buffered mode generating extra clocks from a clock chip
¢ Analog and Digital Display ports

— Analog CRT

— HDMI

— DVI

— DisplayPort 1.1

— SDVO

— LVDS (Mobile Only)

— Embedded DisplayPort

e Low Pin Count (LPC) interface

e Firmware Hub (FWH) interface support

e Serial Peripheral Interface (SPI) support

e Intel® Quiet System Technology (Desktop only)
o Intel® Anti-Theft Technology

e JTAG Boundary Scan support

The PCH incorporates a variety of PCI devices and functions, as shown in Table 1-2.
They are divided into eight logical devices. The first is the DMI-To-PCI bridge (Device
30). The second device (Device 31) contains most of the standard PCI functions that
always existed in the PCI-to-ISA bridges (South Bridges), such as the Intel® PIIX4. The
third and fourth (Device 29 and Device 26) are the USB host controller devices. The
fifth (Device 28) is the PCI Express device. The sixth (Device 27) is the HD Audio
controller device, and the seventh g@Device 25) is the Gigabit Ethernet controller device.
The eighth (Device 22) is the Intel® Management Engine Interface Controller.
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Table 1-2. PCI Devices and Functions
Bus:Device:Function Function Description
Bus 0:Device 30:Function 0 DMI-to-PCI Bridge
Bus 0:Device 31:Function 0 LPC Controller!
Bus 0:Device 31:Function 2 SATA Controller #1
Bus 0:Device 31:Function 5 SATA Controller #23
Bus 0:Device 31:Function 6 Thermal Subsystem
Bus 0:Device 31:Function 3 SMBus Controller
Bus 0:Device 29:Function 0 USB HS EHCI Controller #1
Bus 0:Device 26:Fucntion 0 USB HS EHCI Controller #2
Bus 0:Device 28:Function 0 PCI Express* Port 1
Bus 0:Device 28:Function 1 PCI Express Port 2
Bus 0:Device 28:Function 2 PCI Express Port 3
Bus 0:Device 28:Function 3 PCI Express Port 4
Bus 0:Device 28:Function 4 PCI Express Port 5
Bus 0:Device 28:Function 5 PCI Express Port 6
Bus 0:Device 28:Function 6 PCI Express Port 7
Bus 0:Device 28:Function 7 PCI Express Port 8
Bus 0:Device 27:Function 0 Intel® High Definition Audio Controller
Bus 0:Device 25:Function 0 Gigabit Ethernet Controller
Bus 0:Device 22:Function 0 Intel® Management Engine Interface (Intel® MEI) #1
Bus 0:Device 22:Function 1 Intel® Management Engine Interface (Intel® MEI) #2
Bus 0:Device 22:Function 2 IDE-R
Bus 0:Device 22:Function 3 KT
NOTES:
1. The PCI-to-LPC bridge contains registers that control LPC, Power Management, System
Management, GPIO, Processor Interface, RTC, Interrupts, Timers, and DMA.
2. Device 26:Function 2 may be configured as Device 29:Function 3 during BIOS Post.
3. SATA Controller 2 is only visible when D31:F2 CC.SCC=01h.
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Capability Overview

The following sub-sections provide an overview of the PCH capabilities.

Direct Media Interface (DMI)

Direct Media Interface (DMI) is the chip-to-chip connection between the processor and
PCH. This high-speed interface integrates advanced priority-based servicing allowing
for concurrent traffic and true isochronous transfer capabilities. Base functionality is
completely software-transparent, permitting current and legacy software to operate
normally.

PCI Express* Interface

The PCH provides up to 8 PCI Express Root Ports, supporting the PCI Express Base
Specification, Revision 2.0. Each Root Port supports 2.5 Gb/s bandwidth in each
direction (5 Gb/s concurrent). PCI Express Root Ports 1-4 and Ports 5-8 can be
independently configured as four x1s, two x2s, one x2 and 2 x1s, or one x4 port
widths.

Serial ATA (SATA) Controller

The PCH has two integrated SATA host controllers that support independent DMA
operation on up to six ports and supports data transfer rates of up to 3.0 GB/s (300
MB/s). The SATA controller contains two modes of operation—a legacy mode using I/O
space, and an AHCI mode using memory space. Software that uses legacy mode will
not have AHCI capabilities.

The PCH supports the Serial ATA Specification, Revision 1.0a. The PCH also supports
several optional sections of the Serial ATA II: Extensions to Serial ATA 1.0
Specification, Revision 1.0 (AHCI support is required for some elements).

AHCI

The PCH provides hardware support for Advanced Host Controller Interface (AHCI), a
new programming interface for SATA host controllers. Platforms supporting AHCI may
take advantage of performance features such as no master/slave designation for SATA
devices—each device is treated as a master—and hardware-assisted native command
queuing. AHCI also provides usability enhancements such as Hot-Plug. AHCI requires
appropriate software support (such as an AHCI driver) and for some features, hardware
support in the SATA device or additional platform hardware. See Section 1.3 for details
on SKU feature availability.

Intel® Rapid Storage Technology

The PCH provides support for Intel® Rapid Storage Technology, providing both AHCI
(see above for details on AHCI) and integrated RAID functionality. The industry-leading
RAID capability provides high-performance RAID 0, 1, 5, and 10 functionality on up to
6 SATA ports of the PCH. Matrix RAID support is provided to allow multiple RAID levels
to be combined on a single set of hard drives, such as RAID 0 and RAID 1 on two disks.
Other RAID features include hot spare support, SMART alerting, and RAID 0 auto
replace. Software components include an Option ROM for pre-boot configuration and
boot functionality, a Microsoft Windows* compatible driver, and a user interface for
configuration and management of the RAID capability of the PCH. See Section 1.3 for
details on SKU feature availability.
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PCI Interface

The PCH PCI interface provides a 33 MHz, Revision 2.3 implementation. The PCH
integrates a PCI arbiter that supports up to four external PCI bus masters in addition to
the internal PCH requests. This allows for combinations of up to four PCI down devices
and PCI slots.

Low Pin Count (LPC) Interface

The PCH implements an LPC Interface as described in the LPC 1.1 Specification. The
Low Pin Count (LPC) bridge function of the PCH resides in PCI Device 31:Function 0. In
addition to the LPC bridge interface function, D31:F0 contains other functional units
including DMA, interrupt controllers, timers, power management, system management,
GPIO, and RTC.

Serial Peripheral Interface (SPI)

The PCH implements an SPI Interface as an alternative interface for the BIOS flash
device. An SPI flash device can be used as a replacement for the FWH, and is required
to sugport Gigabit Ethernet, Intel® Active Management Technology and integrated
Intel™ Quiet System Technology. The PCH supports up to two SPI flash devices with
speeds of up to 50 MHz using two chip select pins.

Compatibility Modules (DMA Controller, Timer/Counters, Interrupt
Controller)

The DMA controller incorporates the logic of two 8237 DMA controllers, with seven
independently programmable channels. Channels 0-3 are hardwired to 8-bit, count-by-
byte transfers, and channels 5-7 are hardwired to 16-bit, count-by-word transfers. Any
two of the seven DMA channels can be programmed to support fast Type-F transfers.
Channel 4 is reserved as a generic bus master request.

The PCH supports LPC DMA, which is similar to ISA DMA, through the PCH’s DMA
controller. LPC DMA is handled through the use of the LDRQ# lines from peripherals
and special encoding on LAD[3:0] from the host. Single, Demand, Verify, and
Increment modes are supported on the LPC interface.

The timer/counter block contains three counters that are equivalent in function to those
found in one 8254 programmable interval timer. These three counters are combined to
provide the system timer function, and speaker tone. The 14.31818 MHz oscillator
input provides the clock source for these three counters.

The PCH provides an ISA-Compatible Programmable Interrupt Controller (PIC) that
incorporates the functionality of two 8259 interrupt controllers. The two interrupt
controllers are cascaded so that 14 external and two internal interrupts are possible. In
addition, the PCH supports a serial interrupt scheme.

All of the registers in these modules can be read and restored. This is required to save
and restore system state after power has been removed and restored to the platform.

Advanced Programmable Interrupt Controller (APIC)
In addition to the standard ISA compatible Programmable Interrupt controller (PIC)

described in the previous section, the PCH incorporates the Advanced Programmable
Interrupt Controller (APIC).
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Universal Serial Bus (USB) Controllers

The PCH contains up to two Enhanced Host Controller Interface (EHCI) host controllers
that support USB high-speed signaling. High-speed USB 2.0 allows data transfers up to
480 Mb/s. The PCH also contains two Rate Matching Hubs (RMH) that support USB full-
speed and low-speed signaling.

The PCH supports up to fourteen USB 2.0 ports. All fourteen ports are high-speed, full-
speed, and low-speed capable.

Gigabit Ethernet Controller

The Gigabit Ethernet Controller provides a system interface using a PCI function. The
controller provides a full memory-mapped or I0 mapped interface along with a 64 bit
address master support for systems using more than 4 GB of physical memory and
DMA (Direct Memory Addressing) mechanisms for high performance data transfers. Its
bus master capabilities enable the component to process high-level commands and
perform multiple operations; this lowers processor utilization by off-loading
communication tasks from the processor. Two large configurable transmit and receive
FIFOs (up to 20 KB each) help prevent data underruns and overruns while waiting for
bus accesses. This enables the integrated LAN controller to transmit data with
minimum interframe spacing (IFS).

The LAN controller can operate at multiple speeds (10/100/1000 MB/s) and in either
full duplex or half duplex mode. In full duplex mode the LAN controller adheres with the
IEEE 802.3x Flow Control Specification. Half duplex performance is enhanced by a
proprietary collision reduction mechanism. See Section 5.3 for details.

RTC

The PCH contains a Motorola* MC146818B-compatible real-time clock with 256 bytes
of battery-backed RAM. The real-time clock performs two key functions: keeping track
of the time of day and storing system data, even when the system is powered down.
The RTC operates on a 32.768 KHz crystal and a 3 V battery.

The RTC also supports two lockable memory ranges. By setting bits in the configuration
space, two 8-byte ranges can be locked to read and write accesses. This prevents
unauthorized reading of passwords or other system security information.

The RTC also supports a date alarm that allows for scheduling a wake up event up to 30
days in advance, rather than just 24 hours in advance.

GPIO

Various general purpose inputs and outputs are provided for custom system design.
The number of inputs and outputs varies depending on the PCH’s configuration.

Enhanced Power Management

The PCH power management functions include enhanced clock control and various low-
power (suspend) states (such as, Suspend-to-RAM and Suspend-to-Disk). A hardware-
based thermal management circuit permits software-independent entrance to low-
power states. The the PCH contains full support for the Advanced Configuration and
Power Interface (ACPI) Specification, Revision 3.0a.
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Intel® Active Management Technology (Intel® AMT) (Not available on
all the Intel® 5 Series Chipset or Intel® 3400 Series Chipset SKUs)

Intel AMT is a fundamental component of Intel® vPro™ technology. Intel AMT is a set of
advanced manageability features developed as a direct result of IT customer feedback
gained through Intel market research. With the advent of powerful tools like the Intel®
System Defense Utility, the extensive feature set of Intel AMT easily integrates into any
network environment. See Section 1.3 for details on SKU feature availability.

Manageability

In addition to Intel® AMT, the PCH integrates several functions designed to manage the
system and lower the total cost of ownership (TCO) of the system. These system
management functions are designed to report errors, diagnose the system, and recover
from system lockups without the aid of an external microcontroller.

e TCO Timer. The PCH'’s integrated programmable TCO timer is used to detect
system locks. The first expiration of the timer generates an SMI# that the system
can use to recover from a software lock. The second expiration of the timer causes
a system reset to recover from a hardware lock.

e Processor Present Indicator. The PCH looks for the processor to fetch the first
instruction after reset. If the processor does not fetch the first instruction, the PCH
will reboot the system.

¢ ECC Error Reporting. When detecting an ECC error, the host controller has the
ability to send one of several messages to the PCH. The host controller can instruct
the PCH to generate either an SMI#, NMI, SERR#, or TCO interrupt.

¢ Function Disable. The PCH provides the ability to disable the following integrated
functions: LAN, USB, LPC, Intel® HD Audio, SATA, PCI Express or SMBus. Once
disabled, these functions no longer decode I/O, memory, or PCI configuration
space. Also, no interrupts or power management events are generated from the
disabled functions.

¢ Intruder Detect. The PCH provides an input signal (INTRUDER#) that can be
attached to a switch that is activated by the system case being opened. The PCH
can be programmed to generate an SMI# or TCO interrupt due to an active
INTRUDER# signal.

System Management Bus (SMBus 2.0)

The PCH contains an SMBus Host interface that allows the processor to communicate
with SMBus slaves. This interface is compatible with most I2C devices. Special 12C
commands are implemented.

The PCH’s SMBus host controller provides a mechanism for the processor to initiate
communications with SMBus peripherals (slaves). Also, the PCH supports slave
functionality, including the Host Notify protocol. Hence, the host controller supports
eight command protocols of the SMBus interface (see System Management Bus
(SMBus) Specification, Version 2.0): Quick Command, Send Byte, Receive Byte, Write
Byte/Word, Read Byte/Word, Process Call, Block Read/Write, and Host Notify.

The PCH SMBus also implements hardware-based Packet Error Checking for data

robustness and the Address Resolution Protocol (ARP) to dynamically provide address
to all SMBus devices.
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Intel® High Definition Audio Controller

The Intel® High Definition Audio Specification defines a digital interface that can be
used to attach different types of codecs, such as audio and modem codecs. The PCH's
Intel® HD Audio controller supports up to 4 codecs. The link can operate at either 3.3 V
or1.5V.

With the support of multi-channel audio stream, 32-bit sample depth, and sample rate
up to 192 kHz, the Intel® HD Audio controller provides audio quality that can deliver CE
levels of audio experience. On the input side, the PCH adds support for an array of
microphones.

Intel® Quiet System Technology (Intel® QST)

The PCH integrates four fan speed sensors (four TACH signals) and four fan speed
controllers (three Pulse Width Modulator signals), which enables monitoring and
controlling up to four fans on the system. With the new implementation of the single-
wire Simple Serial Transport (SST) 1.0 bus and Platform Environmental Control
Interface (PECI), the PCH provides an easy way to connect to SST-based thermal
sensors and access the processor thermal data. In addition, coupled with the new
sophisticated fan speed control algorithms, Intel® QST provides effective thermal and
acoustic management for the platform.

Intel® Quiet System Technology functionality requires a correctly configured system,
including an appropriate processor, Intel® Management Engine firmware, and system
BIOS support.

Intel® Anti-Theft Technology (Not available on all the Intel® 5 Series
Chipset or Intel® 3400 Series Chipset SKUs)

The PCH introduces a new hardware-based security technology which encrypts data
stored on any SATA compliant HDD in AHCI Mode. This feature gives the end-user the
ability to restrict access to HDD data by unknown parties. Intel®™ Anti-Theft Technology
can be used alone or can be combined with software encryption applications to add
protection against data theft.

Intel® Anti-Theft Technology functionali%requires a correctly configured system,
including an appropriate processor, Intel® Management Engine firmware, and system
BIOS support.

Intel® Virtualization Technology for Directed I/0 (Intel® VT-d)

The PCH provides hardware support for implementation of Intel® Virtualization
Technology with Directed I/0 (Intel® VT-d). Intel® vT-d Technology consists of
technology components that support the virtualization of platforms based on Intel®
Architecture Processors. Intel® VT-d Technology enables multiple operating systems
and applications to run in independent partitions. A partition behaves like a virtual
machine (VM) and provides isolation and protection across partitions. Each partition is
allocated its own subset of host physical memory.
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JTAG Boundary-Scan

The PCH adds the industry standard JTAG interface and enables Boundary-Scan in
place of the XOR chains used in previous generations. Boundary-Scan can be used to
ensure device connectivity during the board manufacturing process. The JTAG interface
allows system manufacturers to improve efficiency by using industry available tools to
test the PCH on an assembled board. Since JTAG is a serial interface, it eliminates the
need to create probe points for every pin in an XOR chain. This eases pin breakout and
trace routing and simplifies the interface between the system and a bed-of-nails tester.

Contact your local Intel Field Sales Representative for additional information about
JTAG usage on the PCH.

Serial Over Lan (SOL) Function

This function supports redirection of keyboard and text screens to a terminal window
on a remote console. The keyboard and text redirection enables the control of the client
machine through the network without the need to be physically near that machine. Text
and keyboard redirection allows the remote machine to control and configure a client
system. The SOL function emulates a standard PCI device and redirects the data from
the serial port to the management console using the integrated LAN.

KVM

KVM provides enhanced capabilities to its predecessor — SOL. In addition to the
features set provided by SOL, KVM provides mouse and graphic redirection across the
integrated LAN. Unlike SOL, KVM does not appear as a host accessible PCI device but is
instead almost completely performed by Intel AMT Firmware with minimal BIOS
interaction as described in the Intel ME BIOS Writer’s Guide. The KVM feature is only
available with internal graphics.

IDE-R Function

The IDE-R function is an IDE Redirection interface that provides client connection to
management console ATA/ATAPI devices such as hard disk drives and optical disk
drives. A remote machine can setup a diagnostic SW or OS installation image and direct
the client to boot an IDE-R session. The IDE-R interface is the same as the IDE
interface although the device is not physically connected to the system and supports
the ATA/ATAPI-6 specification. IDE-R does not conflict with any other type of boot and
can instead be implemented as a boot device option. The Intel AMT solution will use
IDE-R when remote boot is required. The device attached through IDE-R is only visible
to software during a management boot session. During normal boot session, the IDE-R
controller does not appear as a PCI present device.

PCH Display Interface

The PCH integrates latest display technologies such as HDMI*, DisplayPort*, Embedded
DisplayPort (eDP*), SDVO, and DVI along with legacy display technologies: Analog Port
(VGA) and LVDS (mobile only). The Analog Port and LVDS Port are dedicated ports on
the PCH and the Digital Ports B, C and D can be configured to drive HDMI, DVI, or
DisplayPort. Digital Port B can also be configured as SDVO while Digital Port D can be
configured as eDP. The HDMI interface supports the HDMI* 1.3C specification while the
DisplayPort interface supports the DisplayPort* 1.1a specification. The PCH supports
High-bandwidth Digital Content Protection for high definition content playback over
digital interfaces. The PCH also integrates audio codecs for audio support over HDMI
and DisplayPort interfaces.

The PCH receives the display data over the Intel® FDI and transcodes the data as per
the display technology protocol and sends the data through the display interface.
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Intel® Flexible Display Interconnect (FDI)

The Intel® FDI connects the display engine in the processor with the display interfaces
on the PCH. The display data from the frame buffer is processed by the display engine
and sent to the PCH where it is transcoded and driven out on the panel. Intel FDI
involves two channels — A and B for display data transfer.

Intel FDI Channel A has 4 lanes and Channel B supports 4 lanes depending on the
display configuration. Each of the Intel FDI Channel lanes uses differential signal
supporting 2.7 Gb/s. For two display configurations Intel FDI CH A maps to display pipe
A while Intel CH B maps to the second display pipe B.

Intel® 5 Series Chipset and Intel® 3400 Series
Chipset SKU Definition

Intel® 5 Series Chipset Desktop SKUs

SKU Name(s)
Feature Set
Q57 H57 H55 P55 B55
PCI Express* 2.0 Ports 8 8 6° 8 6°
USB* 2.0 Ports 14 14 124 14 124
SATA Ports 6 6 6 6 6
HDMI/DVI/VGA/SDVO/DisplayPort/eDP Yes Yes Yes No Yes
LVDS No No No No No
Integrated Graphics Support with PAVP 1.5 Yes Yes Yes No Yes
Intel® Quiet System Technology Yes Yes Yes No Yes
Intel® Rapid | AHCI Yes Yes Yes Yes Yes
Storage
Technology Raid 0/1/5/10 Support Yes Yes No Yes No
Intel® ME Ignition FW only No No No Yes No
Intel® AT Yes No No No No
Intel® AMT 6.0 Yes No No No No
® .
Inte_l Remote PC Assist Technology for Yes No No No No
Business
® .
Intel® Remote PC Assist Technology for No Yes Yes No No
Consumer
Intel® Remote Wake Technology No Yes Yes No No
NOTES:
1. Contact your local Intel Field Sales Representative for currently available PCH SKUs.
2. Table above shows feature difference between the PCH skus. If a feature is not listed in the
table it is considered a Base feature that is included in all SKUs.
3. The PCH provides hardware support for AHCI functionality when enabled by appropriate

system configurations and software drivers.
USB ports 6 and 7 are disabled.
PCIe* ports 7 and 8 are disabled.

vk

55




u ®
l n te l Introduction

Table 1-4. Intel® 5 Series Chipset Mobile SKUs

SKU Name(s)
Feature Set

QM57 | HM57 | PM55 | HM55 | QS57

PCI Express* 2.0 Ports 8 8 8 6° 8
USB* 2.0 Ports 14 14 14 124 14
SATA Ports 6 6 6 46 6
HDMI/DVI/VGA/SDVOQ/DisplayPort/eDP Yes Yes No Yes Yes
LVDS Yes Yes No Yes Yes
Graphics Support with PAVP 1.5 Yes Yes No Yes Yes
Intel® Quiet System Technology No No No No No
Intel® Rapid AHCI Yes Yes Yes Yes Yes
Storage
Technology Raid 0/1/5/10 Support Yes Yes Yes No Yes
Intel® ME Ignition FW only No No Yes No No
Intel® AT Yes Yes No Yes Yes
Intel® Active Managment Technology
(Intel AMT) 6.0 Yes No No No Yes
® .
Inte_l Remote PC Assist Technology for Yes No No No Yes
Business
® .
Intel® Remote PC Assist Technology for No Yes No No No
Consumer
Intel® Remote Wake Technology No No No No No
NOTES:
1. Contact your local Intel Field Sales Representative for currently available PCH SKUs.
2. Table above shows feature difference between the PCH SKUs. If a feature is not listed in
the table it is considered a Base feature that is included in all skus.
3. The PCH provides hardware support for AHCI functionality when enabled by appropriate

system configurations and software drivers.
USB ports 6 and 7 are disabled.

PCIe* ports 7 and 8 are disabled.

SATA ports 2 and 3 are disabled.

ouk
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Table 1-5. Intel® 3400 Series Chipset Server SKUs

SKU Name(s)
Feature Set ® Intel® Intel®
I“tcelli :;00 3420 3450
P Chipset Chipset
PCI Express* 2.0 Ports 67 8 8
USB* 2.0 Ports 85 124 14
SATA Ports 46 6 6
HDMI/DVI/VGA/SDVO/DisplayPort No No Yes
LVDS No No No
Graphics Support with PAVP 1.5 No No Yes
Intel® Quiet System Technology No No Yes
Intel® Rapid AHCI No3 Yes Yes
Storage
Technology Raid 0/1/5/10 Support No Yes Yes
Intel® ME Ignition FW only Yes Yes No
Intel® AT No No Yes
Intel® AMT 6.0 No No Yes
Intel® Remote PC Assist Technology for Business No No Yes
Intel® Remote PC Assist Technology for Consumer No No No
Intel® Remote Wake Technology No No Yes
1. Contact your local Intel Field Sales Representative for currently available PCH skus.
2. Table above shows feature difference between the PCH skus. If a feature is not listed in the
table it is considered a Base feature that is included in all skus.
3. The PCH provides hardware support for AHCI functionality when enabled by appropriate

system configurations and software drivers.

4. USB ports 6 and 7 are disabled.
5. USB ports 8, 9, 10, 11, 12 and 13 are disabled.
6. SATA ports 2 and 3 are disabled.
7. PCIe* ports 7 and 8 are disabled.
1.4 Reference Documents

Document Number /

Document Location

http://download.intel.com/
design/processor/
specupdt/322166.pdf

www.intel.com/Assets/
PDF/designguide/
322171.pdf

Intel® 5 Series Chipset and Intel® 3400 Series Chipset
Specification Update

Intel® 5 Series Chipset and Intel® 3400 Series Chipset Thermal
Mechanical Specifications and Design Guidelines

88
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2

Signal Description

Datasheet

This chapter provides a detailed description of each signal. The signals are arranged in
functional groups according to their associated interface.

The “#” symbol at the end of the signal name indicates that the active, or asserted
state occurs when the signal is at a low voltage level. When “#" is not present, the
signal is asserted when at the high voltage level.

The “t” symbol at the end of the signal name indicates that the signal is mobile only.

The following notations are used to describe the signal type:

I Input Pin

o Output Pin

ob o Open Drain Output Pin.

I/0D Bi-directional Input/Open Drain Output Pin.
I/0 Bi-directional Input / Output Pin.

CMOS CMOS buffers. 1.5 V tolerant.

CoD CMOS Open Drain buffers. 3.3 V tolerant.
HVCMOS High Voltage CMOS buffers. 3.3 V tolerant.
A Analog reference or output.

The “Type” for each signal is indicative of the functional operating mode of the signal.

Unless otherwise noted in Section 3.2 or Section 3.3, a signal is considered to be in the
functional operating mode after RTCRST# de-asserts for signals in the RTC well, after

RSMRST# de-asserts for signals in the suspend well, after PWROK asserts for signals in
the core well, and after LAN_RST# de-asserts for signals in the LAN well.
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Figure 2-1. PCH Interface Signals Block Diagram

AD[31:0] »
C/BE[3:0# »
DEVSEL# L
Fﬁg“gs: < » I —» PETp[8:1], PETn[8:1]
R > —— PERp[8:1], PERn[8:1]
< »
STOP# 4
PAR 4 »
PERR# »
REQO# P SATA[5:0]TXP, SATA5:0]TXN
REQ1#/GPIO50 PCI l SATA[5:0]RXP, SATA[5:0]RXN
REQ2#/GP1052 o Interface P SATAICOMPO
REQ3#/GPIO54 Ll . -t SATAICOMPI
GNTO# Serial ATA | » SATALED#
GNT1#/GPIO51 < < SATAOGP/GPIO21
GNT2#/GPIO53 < ~ Interface |3 SATA1GP/GPIO19
GNT3#/GPIO55 < SATA: 036
RR# < —» < SATA: 037
PME# < > < SATA4GP/GPIO16
CLKIN_PCILOOPBACK > SATA5GP/GPIO49/TEMP_ALERT#
PCIRST# < » SCLOCK/GPIO22
PLOCK# < P SLOAD/GPIO38
» SDATAOUTO/GPIO39
INIT3_3V# P » SDATAOUT1/GPIO48
RCIN# »Processor [
A20GATE >
PROCPWRGD ~| Interface < THRMTRIP#
< SYS_RESET#
SPI_CSO#; SPI_CS1# < RSMRST#
SPI_MISO > P SLP_S3#
SPI_MOSI < d SPI < P SLP_S4#
SPI_CLK < » SLP_S5#/GPI063
» SLP_M#
< P CLKRUN#/GPIO32
CLOCKOUT_BCLKO_[P:NJ/CLKOUT_PCIE8_[P:N} « : - PWROK
CLKOUT_DP_[P:N}/CLKOUT_BCLK1_[P:N] % < MEPWROK
CLKIN_DMI_P;CLKIN_DMI_N# Power i E\{;RBTN#
XTAL25_OUT 4 Clock Mgnt. (4 WAKE#
CLKOUT_PEG_A_[P:NJ;CLKOUT_PEG_B_[P:N] % Outputs | €4— > P SUS_STAT#/GPIO61
CLKOUT_PCIE[7:0]_P; CLKOUTﬁPC\EW:OLN: P — - SUSCLK/GPIO62
CLKOUT_PCI4:0] % < BATLOWAGRIOT2
CLKOUTFLEX0/GPIO64;CLKOUTFLEX1/GPI065 E PLTRST#
CLKOUTFLEX2/GPI066;CLKOUTFLEX3/GPI067 > STP7PC|#/GF:|034
CLKIN_BCLK_P;CLKIN_BCLK_N » . ACPRESENg /GPI031
CLKIN_DMI_P;CLKIN_DMI_N b > E/.\Rr\?’\giv;lRPVl\jR CTRL
CLKIN_SATA_[P:N)/CKSSCD_[P:N] ' E > J# IC
CLKIN_DOT96P;CLKIN_DOT96N » > SLP_LAN#/GPI029
TAL25 IN » » PMSYNCH
REF14CLKIN > Clock |4
PCIECLKRQO#/GPIO73;PCIECLKRQ1#/GPIO18 » nputs | Intel® » HDA_RST#
PCIECLKRQ2#/GP1020;PCIECLKRQ3#/GPI1025 > P! High » HDA_SYNC
PCIECLKRQ4#/GP1026;PCIECLKRQ5#/GPI1044 4 19 » HDA_BCLK
PCIECLKRQ6#/GPI045;PCIECLKRQ7#/GPI046 > | Definition » HDA_SDO
PEG_A_CLKRQ#/GP1047;PEG_B_CLKRQ#/GPI056 P AUdiO al = HDAﬁSD|N[320]
XCLK_RCOMP # > » HDA_DOCK_EN#;HDA_DOCK_RST#'
>
Direct » DMI[3:0]TXP, DMI[3:0]TXN
SERIRQ > Int i le > Medi < DMI[3:0]RXP, DMI[3:0]RXN
PIRQ[D:AJ# - » nterrupt i« edia g DMI_ZCOMP
PIRQ[H:EJ#/GPIO[5:2] g - Interface Interface » DMI_IRCOMP
< » L AD[3:0/FWH[3:0]
USB[13:0]P; USB[13:0]N < —{ LPC/FWHL_ b LFRAME#FWHA
OCO0#/GPI059; OC1#/GP1040 » Interface |« LDRQO#; LDRQ1#/GP1023
OC2#/GPI041; OC3#/GPI042 > P SMBDATA: SMBCLK
OCA4#/GPI043; OC5#/GPI09 » USB [¢ > CMBALERTHGRION
OC6#/GP1010; OC7#/GP1014 »
USBRBIAS < >
USBRBIAS# » — INTRUDER#;
T Sy > SMLOALERTAIGPIOS0
RTCX1 > Mant. IS
RTCX2 <« ¥ RIC & g » SML1ALERT#/GPIO74
» CRT_RED;CRT_GREEN;CRT_BLUE
> Analo < » DAC_IREF
'NTVRQSEQ < ~ Misc > Displ 9 » CRT_HSYNC;CRT_VSYNC
SRTCRST# o i € Isplay |4 » CRT_DDC_CLK:CRT_DDC_DATA
RTCRST# »| Signals < » CRT_IRTN
» LVDS[A:B]_DATA[3:0]"
¥ LVDS[A:B]_DATA#[3:0]"
General > . . .
GPIO[72,57,35,32,28, 27.15,8,0] P P LVDS[AB]_CLK'LVDS[AB] CLK#!
< urpose 4—1 » LVD_VREFH'LVD_VREFL';LFV_VBG'
/0 LVDS |« — LVD_IBG'
» | _DDC_CLK',L_DDC_DATA"
PWM[3:0/TP[12:9]' < < > L_VDDEN';L_BLKTEN'L_BKLTCTL"
TACHO/GPIO17; TACH1/GPIO1 > con Soeed |a
TACH2/GPIOB; TACH3/GPIO7 — > P < . » DDPB_[3:0]P;DDPB_[3:0]N;
SST » Control Digital » DDPC_[3:0]P;DDPC_[3:0]N;
PECL DISPIaY T DDp(ED] AUXPDDAED] AUXN
JTAGTCK — Interface DDP[B:D]_HPD e
JTAGTMS b JTAG* |« < » SDVO_CTRLCLK;SDVO_CTRLDATA
< >
JTAGTDI < » DDPC_CTRLCLK;DDPC_CTRLDATA
JTAGTDO 4— < » DDPD_CTRLCLK;DDPD_CTRLDATA
L CLK1! —o < SDVO_INTP;SDVO_INTN
gngTM' < o SDVO_TVCLKINP;SDVO_TVCLKINN
- < SDVO_STALLP;SDVO_STALLN
CL_RST1#' 4— <« _ H !
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2.1 Direct Media Interface (DMI) to Host Controller
Table 2-1. Direct Media Interface Signals
Name Type Description
DMIOTXP, . . . . N .
DMIOTXN 0 Direct Media Interface Differential Transmit Pair 0
DMIORXP, . . B . . .
DMIORXN I Direct Media Interface Differential Receive Pair 0
DMI1TXP, . . . . . .
DMILTXN (0] Direct Media Interface Differential Transmit Pair 1
DMI1RXP, . . . . . .
DMI1iRXN I Direct Media Interface Differential Receive Pair 1
DMI2TXP, . . . . . .
DMI2TXN 0 Direct Media Interface Differential Transmit Pair 2
DMI2RXP, . . . . . .
DMI2RXN I Direct Media Interface Differential Receive Pair 2
DMI3TXP, . . . . N .
DMI3TXN 0 Direct Media Interface Differential Transmit Pair 3
DMI3RXP, . . B . . .
DMI3RXN I Direct Media Interface Differential Receive Pair 3
DMI_ZCOMP I _Impedance Compensation Input: Determines DMI input
impedance.
DMI_IRCOMP 0 Imped_ance/Current C_ompensatlon Output: Determines DMI
output impedance and bias current.

2.2 PCI Express*
Table 2-2. PCI Express* Signals
Name Type Description
PETp1, PETn1 0] PCI Express* Differential Transmit Pair 1
PERp1, PERNn1 I PCI Express Differential Receive Pair 1
PETp2, PETn2 0 PCI Express Differential Transmit Pair 2
PERp2, PERNn2 I PCI Express Differential Receive Pair 2
PETp3, PETn3 0] PCI Express Differential Transmit Pair 3
PERp3, PERN3 I PCI Express Differential Receive Pair 3
PETp4, PETn4 0 PCI Express Differential Transmit Pair 4
PERp4, PERn4 I PCI Express Differential Receive Pair 4
PETp5, PETn5 0 PCI Express Differential Transmit Pair 5
PERp5, PERNn5 I PCI Express Differential Receive Pair 5
PETp6, PETn6 0] PCI Express Differential Transmit Pair 6
PERp6, PERN6 I PCI Express Differential Receive Pair 6
PCI Express Differential Transmit Pair 7
PETp7, PETn7 (0] NOTE: Port 7 may not be available in all PCH SKUs. Please see
Chapter 1.3 for more information.
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Table 2-2. PCI Express* Signals
Name Type Description
PCI Express Differential Receive Pair 7
PERp7, PERn7 I NOTE: Port 7 may not be available in all PCH SKUs. Please see
Chapter 1.3 for more information.
PCI Express Differential Transmit Pair 8
PETp8, PETn8 O NOTE: Port 8 may not be available in all PCH SKUs. Please see
Chapter 1.3 for more information.
PCI Express Differential Receive Pair 8
PERpS8, PERN8 I NOTE: Port 8 may not be available in all PCH SKUs. Please see
Chapter 1.3 for more information.
2.3 Firmware Hub Interface
Table 2-3. Firmware Hub Interface Signals

Name Type Description
FWH[3:0] / 1/0 Firmware Hub Signals. These signals are multiplexed with the LPC
LAD[3:0] address signals.
FWH4 / 0 Firmware Hub Signals. This signal is multiplexed with the LPC
LFRAME# LFRAME# signal.
INIT3 3V# 0 Initialization 3.3 V: INIT3_3V# is asserted by the PCH for 16 PCI
- clocks to reset the processor. This signal is intended for Firmware Hub.
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2.4 PCI Interface

Table 2-4. PCI Interface Signals (Sheet 1 of 3)

Name Type Description

PCI Address/Data: AD[31:0] is a multiplexed address and data
bus. During the first clock of a transaction, AD[31:0] contain a
AD[31:0] I/O | physical address (32 bits). During subsequent clocks, AD[31:0]
contain data. The PCH will drive all Os on AD[31:0] during the
address phase of all PCI Special Cycles.

Bus Command and Byte Enables: The command and byte enable
signals are multiplexed on the same PCI pins. During the address
phase of a transaction, C/BE[3:0]# define the bus command.
During the data phase C/BE[3:0]# define the Byte Enables.

C/BE[3:0]# Command Type

0000b Interrupt Acknowledge

0001b Special Cycle

0010b I/0 Read

0011b I/0O Write
C/BE[3:0]# /0 0110b Memory Read

0111b Memory Write

1010b Configuration Read

1011b Configuration Write

1100b Memory Read Multiple

1110b Memory Read Line

1111b Memory Write and Invalidate

All command encodings not shown are reserved. The PCH does not
decode reserved values, and therefore will not respond if a PCI
master generates a cycle using one of the reserved values.

Device Select: The PCH asserts DEVSEL# to claim a PCI
transaction. As an output, the PCH asserts DEVSEL# when a PCI
master peripheral attempts an access to an internal PCH address or

an address destined for DMI (main memory or graphics). As an
DEVSEL# /0 input, DEVSEL# indicates the response to a PCH-initiated
transaction on the PCI bus. DEVSEL# is tri-stated from the leading
edge of PLTRST#. DEVSEL# remains tri-stated by the PCH until
driven by a target device.

Cycle Frame: The current initiator drives FRAME# to indicate the
beginning and duration of a PCI transaction. While the initiator
asserts FRAME#, data transfers continue. When the initiator
FRAME# I/0 | negates FRAME#, the transaction is in the final data phase.
FRAME# is an input to the PCH when the PCH is the target, and
FRAME# is an output from the PCH when the PCH is the initiator.
FRAME# remains tri-stated by the PCH until driven by an initiator.

Initiator Ready: IRDY# indicates the PCH ability, as an initiator, to
complete the current data phase of the transaction. It is used in
conjunction with TRDY#. A data phase is completed on any clock
both IRDY# and TRDY# are sampled asserted. During a write,
IRDY# I/0 | IRDY# indicates the PCH has valid data present on AD[31:0].
During a read, it indicates the PCH is prepared to latch data. IRDY#
is an input to the PCH when the PCH is the target and an output
from the PCH when the PCH is an initiator. IRDY# remains tri-stated
by the PCH until driven by an initiator.
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PCI Interface Signals (Sheet 2 of 3)

Name

Type

Description

TRDY#

1/0

Target Ready: TRDY# indicates the PCH ability, as a target, to
complete the current data phase of the transaction. TRDY# is used
in conjunction with IRDY#. A data phase is completed when both
TRDY# and IRDY# are sampled asserted. During a read, TRDY#
indicates that the PCH, as a target, has placed valid data on
AD[31:0]. During a write, TRDY# indicates the PCH, as a target is
prepared to latch data. TRDY# is an input to the PCH when the PCH
is the initiator and an output from the PCH when the PCH is a
target. TRDY# is tri-stated from the leading edge of PLTRST#.
TRDY# remains tri-stated by the PCH until driven by a target.

STOP#

I/0

Stop: STOP# indicates that the PCH, as a target, is requesting the
initiator to stop the current transaction. STOP# causes the PCH, as
an initiator, to stop the current transaction. STOP# is an output

when the PCH is a target and an input when the PCH is an initiator.

PAR

I/0

Calculated/Checked Parity: PAR uses “even” parity calculated on
36 bits, AD[31:0] plus C/BE[3:0]#. “Even” parity means that the
PCH counts the number of ones within the 36 bits plus PAR and the
sum is always even. The PCH always calculates PAR on 36 bits
regardless of the valid byte enables. The PCH generates PAR for
address and data phases and only ensures PAR to be valid one PCI
clock after the corresponding address or data phase. The PCH
drives and tri-states PAR identically to the AD[31:0] lines except
that the PCH delays PAR by exactly one PCI clock. PAR is an output
during the address phase (delayed one clock) for all PCH initiated
transactions. PAR is an output during the data phase (delayed one
clock) when the PCH is the initiator of a PCI write transaction, and
when it is the target of a read transaction. The PCH checks parity
when it is the target of a PCI write transaction. If a parity error is
detected, the PCH will set the appropriate internal status bits, and
has the option to generate an NMI# or SMI#.

PERR#

1/0

Parity Error: An external PCI device drives PERR# when it receives
data that has a parity error. The PCH drives PERR# when it detects
a parity error. The PCH can either generate an NMI# or SMI# upon
detecting a parity error (either detected internally or reported using
the PERR# signal).

REQO#
REQ1#/ GPIO50
REQ2#/ GPIO52
REQ3#/GPIO54

PCI Requests: The PCH supports up to 4 masters on the PCI bus.
REQ[3:1]# pins can instead be used as GPIO.

GNTO#
GNT1#/ GPIO51
GNT2#/ GPIO53
GNT3#/GPIO55

PCI Grants: The PCH supports up to 4 masters on the PCI bus.
GNT[3:1]# pins can instead be used as GPIO.

Pull-up resistors are not required on these signals. If pull-ups are
used, they should be tied to the Vcc3_3 power rail.

NOTE: GNT[3:0]# are sampled as a functional strap. See
Section 2.28.1 for details.

CLKIN_PCILOO
PBACK

PCI Clock: This is a 33 MHz clock feedback input to reduce skew
between PCH PCI clock and clock observed by connected PCI
devices. This signal must be connected to one of the pins in the
group CLKOUT_PCI[4:0]
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PCI Interface Signals (Sheet 3 of 3)

Name

Type

Description

PCIRST#

PCI Reset: This is the Secondary PCI Bus reset signal. It is a
logical OR of the primary interface PLTRST# signal and the state of
the Secondary Bus Reset bit of the Bridge Control register
(D30:F0:3Eh, bit 6).

PLOCK#

I/0

PCI Lock: This signal indicates an exclusive bus operation and may
require multiple transactions to complete. The PCH asserts PLOCK#
when it performs non-exclusive transactions on the PCI bus.
PLOCK# is ignored when PCI masters are granted the bus.

SERR#

I/0D

System Error: SERR# can be pulsed active by any PCI device that
detects a system error condition. Upon sampling SERR# active, the
PCH has the ability to generate an NMI, SMI#, or interrupt.

PME#

I/0D

PCI Power Management Event: PCI peripherals drive PME# to
wake the system from low-power states S1-S5. PME# assertion can
also be enabled to generate an SCI from the SO state. In some
cases the PCH may drive PME# active due to an internal wake
event. The PCH will not drive PME# high, but it will be pulled up to
VccSus3_3 by an internal pull-up resistor.

Serial ATA Interface

Serial ATA Interface Signals (Sheet 1 of 3)

Name Type Description
Serial ATA 0 Differential Transmit Pairs: These are outbound
SATAOTXP o high-speed differential signals to Port 0.
SATAOTXN In compatible mode, SATA Port O is the primary master of SATA
Controller 1.
Serial ATA 0 Differential Receive Pair: These are inbound high-
SATAORXP I speed differential signals from Port 0.
SATAORXN In compatible mode, SATA Port 0 is the primary master of SATA
Controller 1.
Serial ATA 1 Differential Transmit Pair: These are outbound
SATALTXP o high-speed differential signals to Port 1.
SATAL1TXN In compatible mode, SATA Port 1 is the secondary master of SATA
Controller 1.
Serial ATA 1 Differential Receive Pair: These are inbound high-
SATA1RXP I speed differential signals from Port 1.
SATA1RXN In compatible mode, SATA Port 1 is the secondary master of SATA
Controller 1.
— SATA2TXP Serial ATA 2 Differential Transmit Pair: These are outbound
SATA2TXN high-speed differential signals to Port 2.
o In compatible mode, SATA Port 2 is the primary slave of SATA

Controller 1.

NOTE: SATA Port 2 may not be available in all PCH SKUs.

65




Table 2-5.

66

intel.

Signal Description

Serial ATA Interface Signals (Sheet 2 of 3)

Name

Type

Description

SATA2RXP
SATA2RXN

Serial ATA 2 Differential Receive Pair: These are inbound high-
speed differential signals from Port 2.

In compatible mode, SATA Port 2 is the primary slave of SATA
Controller 1.

NOTE: SATA Port 2 may not be available in all PCH SKUs.

SATA3TXP
SATA3TXN

Serial ATA 3 Differential Transmit Pair: These are outbound
high-speed differential signals to Port 3

In compatible mode, SATA Port 3 is the secondary slave of SATA
Controller 1.

NOTE: SATA Port 3 may not be available in all PCH SKUs.

SATA3RXP
SATA3RXN

Serial ATA 3 Differential Receive Pair: These are inbound high-
speed differential signals from Port 3

In compatible mode, SATA Port 3 is the secondary slave of SATA
Controller 1.

NOTE: SATA Port 3 may not be available in all PCH SKUs.

SATA4TXP
SATA4TXN

Serial ATA 4 Differential Transmit Pair: These are outbound
high-speed differential signals to Port 4.

In compatible mode, SATA Port 4 is the primary master of SATA
Controller 2.

SATA4RXP
SATA4RXN

Serial ATA 4 Differential Receive Pair: These are inbound high-
speed differential signals from Port 4.

In compatible mode, SATA Port 4 is the primary master of SATA
Controller 2.

SATAS5TXP
SATAS5TXN

Serial ATA 5 Differential Transmit Pair: These are outbound
high-speed differential signals to Port 5.

In compatible mode, SATA Port 5 is the secondary master of SATA
Controller 2.

SATAS5RXP
SATA5RXN

Serial ATA 5 Differential Receive Pair: These are inbound high-
speed differential signals from Port 5.

In compatible mode, SATA Port 5 is the secondary master of SATA
Controller 2.

SATAICOMPO

Serial ATA Compensation Output: Connected to the external
precision resistor to VccCore. Must be connected to SATAICOMPI on
the board.

SATAICOMPI

Serial ATA Compensation Input: Connected to SATAICOMPO on
the board.

SATAOGP /
GPIO21

Serial ATA 0 General Purpose: This is an input pin which can be
configured as an interlock switch corresponding to SATA Port 0.
When used as an interlock switch status indication, this signal
should be driven to ‘0’ to indicate that the switch is closed and to ‘1’
to indicate that the switch is open.

This signal can instead be used as GPIO21.

SATA1GP /
GPIO19

Serial ATA 1 General Purpose: This is an input pin which can be
configured as an interlock switch corresponding to SATA Port 1.
When used as an interlock switch status indication, this signal
should be driven to ‘0’ to indicate that the switch is closed and to ‘1’
to indicate that the switch is open.

This signal can instead be used as GPIO19.
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Serial ATA Interface Signals (Sheet 3 of 3)

Name

Type

Description

SATA2GP /
GPIO36

Serial ATA 2 General Purpose: This is an input pin which can be
configured as an interlock switch corresponding to SATA Port 2.
When used as an interlock switch status indication, this signal
should be driven to ‘0’ to indicate that the switch is closed and to ‘1’
to indicate that the switch is open.

This signal can instead be used as GPIO36.

SATA3GP /
GPIO37

Serial ATA 3 General Purpose: This is an input pin which can be
configured as an interlock switch corresponding to SATA Port 3.
When used as an interlock switch status indication, this signal
should be driven to ‘0’ to indicate that the switch is closed and to ‘1’
to indicate that the switch is open.

This signal can instead be used as GPIO37.

SATAA4GP /
GPIO16

Serial ATA 4 General Purpose: This is an input pin which can be
configured as an interlock switch corresponding to SATA Port 4.
When used as an interlock switch status indication, this signal
should be driven to ‘0’ to indicate that the switch is closed and to ‘1’
to indicate that the switch is open.

This signal can instead be used as GPIO16.

SATA5GP /
GPIO49 /
TEMP_ALERT#

Serial ATA 5 General Purpose: This is an input pin which can be
configured as an interlock switch corresponding to SATA Port 5.
When used as an interlock switch status indication, this signal
should be driven to ‘0’ to indicate that the switch is closed and to ‘1’
to indicate that the switch is open.

This signal can instead be used as GPI0O49.

SATALED#

oD O

Serial ATA LED: This signal is an open-drain output pin driven
during SATA command activity. It is to be connected to external
circuitry that can provide the current to drive a platform LED. When
active, the LED is on. When tri-stated, the LED is off. An external
pull-up resistor to Vcc3_3 is required.

SCLOCK/
GPI1I022

Oob O

SGPIO Reference Clock: The SATA controller uses rising edges of
this clock to transmit serial data, and the target uses the falling
edge of this clock to latch data. The SCLOCK frequency supported is
32 kHz.

This signal can instead be used as a GP1I022.

SLOAD/GPIO38

oD O

SGPIO Load: The controller drives a ‘1’ at the rising edge of
SCLOCK to indicate either the start or end of a bit stream. A 4-bit
vendor specific pattern will be transmitted right after the signal
assertion.

This signal can instead be used as a GPIO38.

SDATAOUTO/
GPIO39

SDATAOUT1/

GPIO48

oD O

SGPIO Dataout: Driven by the controller to indicate the drive
status in the following sequence: drive 0, 1, 2, 3,4, 5,0, 1, 2...

These signals can instead be used as GPIOs.
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2.6 LPC Interface
Table 2-6. LPC Interface Signals
Name Type Description
LAD[3:0]/ 1/0 LPC Multiplexed Command, Address, Data: For LAD[3:0], internal pull-
FWHI[3:0] ups are provided.
LH!FCVMHE# / O LPC Frame: LFRAME# indicates the start of an LPC cycle, or an abort.
LPC Serial DMA/Master Request Inputs: LDRQ[1:0]# are used to
LDRQO#, request DMA or bus master access. These signals are typically connected
LDRQ1# / I to an external Super I/O device. An internal pull-up resistor is provided on
GPIO23 these signal.
This signal can instead be used as GPIO23.
2.7 Interrupt Interface

Table 2-7. Interrupt Signals

Name Type Description

Serial Interrupt Request: This pin implements the serial interrupt

SERIRQ 1/0D protocol.

PCI Interrupt Requests: In non-APIC mode the PIRQx# signals can
be routed to interrupts 3, 4, 5, 6, 7, 9, 10, 11, 12, 14 or 15 as
described in Section 5.8.6. Each PIRQx# line has a separate Route
Control register.

In APIC mode, these signals are connected to the internal I/O APIC in
the following fashion: PIRQA# is connected to IRQ16, PIRQB# to
IRQ17, PIRQC# to IRQ18, and PIRQD# to IRQ19. This frees the
legacy interrupts.

PIRQ[D:A]# | I/OD

PCI Interrupt Requests: In non-APIC mode the PIRQx# signals can
be routed to interrupts 3, 4, 5,6, 7,9, 10, 11, 12, 14 or 15 as
described in Section 5.8.6. Each PIRQx# line has a separate Route
Control register.

I/OD | In APIC mode, these signals are connected to the internal I/O APIC in
the following fashion: PIRQE# is connected to IRQ20, PIRQF# to
IRQ21, PIRQG# to IRQ22, and PIRQH# to IRQ23. This frees the
legacy interrupts.

These signals can instead be used as GPIOs.

PIRQ[H:E]# /
GPIO[5:2]

NOTE: PIRQ Interrupts can only be shared if it is configured as level sensitive. They cannot be
shared if configured as edge triggered.
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2.8 USB Interface

Table 2-8. USB Interface Signals (Sheet 1 of 2)

Name Type Description

Universal Serial Bus Port [1:0] Differential: These differential
pairs are used to transmit Data/Address/Command signals for port 0.
USBPOP,

USBPON /0

NOTE: No external resistors are required on these signals. The PCH
integrates 15 kQ pull-downs and provides an output driver
impedance of 45 Q which requires no external series resistor.

Universal Serial Bus Port [1:0] Differential: These differential
pairs are used to transmit Data/Address/Command signals for port 1.
USBP1P,

USBP1N /0

NOTE: No external resistors are required on these signals. The PCH
integrates 15 kQ pull-downs and provides an output driver
impedance of 45 Q which requires no external series resistor.

Universal Serial Bus Port [3:2] Differential: These differential
pairs are used to transmit Data/Address/Command signals for port 2.
USBP2P,

USBP2N /o

NOTE: No external resistors are required on these signals. The PCH
integrates 15 kQ pull-downs and provides an output driver
impedance of 45 Q which requires no external series resistor.

Universal Serial Bus Port [3:2] Differential: These differential
pairs are used to transmit Data/Address/Command signals for port 3.
USBP3P,

USBP3N /o

NOTE: No external resistors are required on these signals. The PCH
integrates 15 kQ pull-downs and provides an output driver
impedance of 45 Q which requires no external series resistor.

Universal Serial Bus Port [5:4] Differential: These differential
pairs are used to transmit Data/Address/Command signals for port 4.
USBP4P,

USBP4N /0

NOTE: No external resistors are required on these signals. The PCH
integrates 15 kQ pull-downs and provides an output driver
impedance of 45 Q which requires no external series resistor.

Universal Serial Bus Port [5:4] Differential: These differential
pairs are used to transmit Data/Address/Command signals for port 5.
USBP5P,

USBP5N /0

NOTE: No external resistors are required on these signals. The PCH
integrates 15 kQ pull-downs and provides an output driver
impedance of 45 Q which requires no external series resistor.

Universal Serial Bus Port [7:6] Differential: These differential
pairs are used to transmit Data/Address/Command signals for port 6.
USBP6P, 1/0
USBP6N NOTE: No external resistors are required on these signals. The PCH
integrates 15 kQ pull-downs and provides an output driver
impedance of 45 Q which requires no external series resistor.

Universal Serial Bus Port [7:6] Differential: These differential
pairs are used to transmit Data/Address/Command signals for port 7.
USBP7P,

USBP7N /0

NOTE: No external resistors are required on these signals. The PCH
integrates 15 kQ pull-downs and provides an output driver
impedance of 45 Q which requires no external series resistor.
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Table 2-8. USB Interface Signals (Sheet 2 of 2)
Name Type Description
Universal Serial Bus Port [9:8] Differential: These differential
pairs are used to transmit Data/Address/Command signals for port 8.
USBPSP, 1/0
USBPS8N NOTE: No external resistors are required on these signals. The PCH
integrates 15 kQ pull-downs and provides an output driver
impedance of 45 Q which requires no external series resistor.
Universal Serial Bus Port [9:8] Differential: These differential
pairs are used to transmit Data/Address/Command signals for port 9.
USBP9P, 10
USBP9N NOTE: No external resistors are required on these signals. The PCH
integrates 15 kQ pull-downs and provides an output driver
impedance of 45 Q which requires no external series resistor.
Universal Serial Bus Port [11:10] Differential: These differential
pairs are used to transmit Data/Address/Command signals for port 10.
USBP10P, 1/0
USBP1ON NOTE: No external resistors are required on these signals. The PCH
integrates 15 kQ pull-downs and provides an output driver
impedance of 45 Q which requires no external series resistor.
Universal Serial Bus Port [11:10] Differential: These differential
pairs are used to transmit Data/Address/Command signals for port 11.
USBP11P, 1/0
USBP11N NOTE: No external resistors are required on these signals. The PCH
integrates 15 kQ pull-downs and provides an output driver
impedance of 45 Q which requires no external series resistor.
Universal Serial Bus Port [13:12] Differential: These differential
pairs are used to transmit Data/Address/Command signals for port 12.
USBP12P, 1/0
USBP12N NOTE: No external resistors are required on these signals. The PCH
integrates 15 kQ pull-downs and provides an output driver
impedance of 45 Q which requires no external series resistor.
Universal Serial Bus Port [13:12] Differential: These differential
pairs are used to transmit Data/Address/Command signals for port 13.
USBP13P, 1/0
USBP13N NOTE: No external resistors are required on these signals. The PCH
integrates 15 kQ pull-downs and provides an output driver
impedance of 45 Q which requires no external series resistor.
Overcurrent Indicators: These signals set corresponding bits in the
gg:: / %TI%ELQO USB controllers to indicate that an overcurrent condition has occurred.
/ These signals can instead be used as GPIOs.
OC2# / GP1041
OC3# / GPI0O42 I NOTES:
0C4# / GPI043 1. OC# pins are not 5 V tolerant.
OC5# / GPIO9 2. Depending on platform configuration, sharing of OC# pins may
0C6# / GPIO10 3 g?:?[%ugﬁad. ly b d for EHCI troller #1
. :0] can only be used for controller
OC7# / GPIO14 4. OC#[4:7] can only be used for EHCI controller #2
USBRBIAS 0 USB Resistor Blas_: Analog conne.ctlon point for an external resistor.
Used to set transmit currents and internal load resistors.
USB Resistor Bias Complement: Analog connection point for an
USBRBIAS# I external resistor. Used to set transmit currents and internal load
resistors.
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2.9

Table 2-9.

Power Management Interface

Power Management Interface Signals (Sheet 1 of 3)

Name

Type

Description

PLTRST#

Platform Reset: The PCH asserts PLTRST# to reset devices on the
platform (such as, SIO, FWH, LAN, processor, etc.). The PCH asserts
PLTRST# during power-up and when software initiates a hard reset
sequence through the Reset Control register (I/O Register CF9h). The
PCH drives PLTRST# inactive a minimum of 1 ms after both PWROK
and SYS_PWROK are driven high. The PCH drives PLTRST# active a
minimum of 1 ms when initiated through the Reset Control register
(I/O Register CF9h).

NOTE: PLTRST# is in the VccSus3_3 well.

THRMTRIP#

Thermal Trip: When low, this signal indicates that a thermal trip from
the processor occurred, and the PCH will immediately transition to a
S5 state. The PCH will not wait for the processor stop grant cycle since
the processor has overheated.

SLP_S3#

S3 Sleep Control: SLP_S3+# is for power plane control. This signal
shuts off power to all non-critical systems when in S3 (Suspend To
RAM), S4 (Suspend to Disk), or S5 (Soft Off) states.

SLP_S4#

S4 Sleep Control: SLP_S4# is for power plane control. This signal
shuts power to all non-critical systems when in the S4 (Suspend to
Disk) or S5 (Soft Off) state.

NOTE: This pin must be used to control the DRAM power to use the
PCH’s DRAM power-cycling feature. See Chapter 5.13.10.2 for
details

SLP_S5# /
GPIO63

S5 Sleep Control: SLP_S5# is for power plane control. This signal is
used to shut power off to all non-critical systems when in the S5 (Soft
Off) states.

This signal can instead be used as GPIO63

SLP_M#

Manageability Sleep State Control: SLP_M# is for power plane
control. If no Management Engine firmware is present, SLP_M# will
have the same timings as SLP_S3+#.

SLP_LAN# /
GPIO29

LAN Sub-System Sleep Control: When SLP_LAN# is deasserted it
indicates that the PHY device must be powered. When SLP_LAN# is
asserted, power can be shut off to the PHY device. SLP_LAN# will
always be deasserted in SO and anytime SLP_A# is deasserted.

A SLP_LAN#/GPIO Select Soft-Strap can be used for systems NOT
using SLP_LAN# functionality to revert to GPI029 usage. When soft-
strap is 0 (default), pin function will be SLP_LAN#. When soft-strap is
set to 1, the pin returns to its regular GPIO mode.

The pin behavior is summarized in Section 5.13.10.5.

PWROK

Power OK: When asserted, PWROK is an indication to the PCH that all
of its core power rails are powered and stable. PWROK can be driven
asynchronously. When PWROK is negated, the PCH asserts PLTRST#.

NOTE: It is required that the power rails associated with PCI/PCle
typically the 3.3V, 5V, and 12 V core well rails) have been
valid for 99 ms prior to PCH PWROK assertion to comply with
the 100 ms PCI 2.3/PCle 2.0 specification on PLTRST# de-
assertion. PWROK must not glitch, even if RSMRST# is low.
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Power Management Interface Signals (Sheet 2 of 3)

Name

Type

Description

MEPWROK

I

Management Engine Power OK: When asserted, this signal
indicates that power to the ME subsystem is stable.

PWRBTN#

Power Button: The Power Button will cause SMI# or SCI to indicate a
system request to go to a sleep state. If the system is already in a
sleep state, this signal will cause a wake event. If PWRBTN# is pressed
for more than 4 seconds, this will cause an unconditional transition
(power button override) to the S5 state. Override will occur even if the
system is in the S1-S4 states. This signal has an internal pull-up
resistor and has an internal 16 ms de-bounce on the input.

RI#

Ring Indicate: This signal is an input from a modem. It can be
enabled as a wake event, and this is preserved across power failures.

SYS_RESET#

System Reset: This pin forces an internal reset after being
debounced. The PCH will reset immediately if the SMBus is idle;
otherwise, it will wait up to 25 ms £ 2 ms for the SMBus to idle before
forcing a reset on the system.

RSMRST#

Resume Well Reset: This signal is used for resetting the resume
power plane logic. This signal must be asserted for at least 10 ms after
the suspend power wells are valid. When de-asserted, this signal is an
indication that the suspend power wells are stable.

LAN_RST#

LAN Reset: When asserted, the internal LAN controller is in reset.
This signal must remain asserted until at least 1 ms after the LAN
power well (VccLAN) and ME power well (VccME3_3) are valid. Also,
LAN_RST# must assert a minimum of 40 ns before the LAN power rails
become inactive. When de-asserted, this signal is an indication that
LAN power wells are stable.

NOTES:

1. If Intel LAN is enabled, LAN_RST# must be connected to the
same source as MEPWROK.

2. If Intel LAN is not used or disabled, LAN_RST# must be
grounded through an external pull-down resistor.

LAN_PHY_PW
R_CTRL /
GPIO12

LAN PHY Power Control: LAN_PHY_PWR_CTRL should be connected
to LAN_DISABLE_N on the Intel 82567 GbE PHY. The PCH will drive
LAN_PHY_PWR_CTRL low to put the PHY into a low power state when
functionality is not needed.

NOTES:

LAN_PHY_PWR_CTRL can only be driven low if SLP_LAN# is de-
asserted.

This signal can instead be used as GP1I012.

WAKE#

PCI Express* Wake Event: Sideband wake signal on PCI Express
asserted by components requesting wake up.

SUS_STAT# /
GPIO61

Suspend Status: This signal is asserted by the PCH to indicate that
the system will be entering a low power state soon. This can be
monitored by devices with memory that need to switch from normal
refresh to suspend refresh mode. It can also be used by other
peripherals as an indication that they should isolate their outputs that
may be going to powered-off planes.

This signal can instead be used as GPI0O61.

SUSCLK /
GPIO62

Suspend Clock: This clock is an output of the RTC generator circuit to
use by other chips for refresh clock.

This signal can instead be used as GPI062.
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intel.

Power Management Interface Signhals (Sheet 3 of 3)

Name Type Description
DRAM Power OK: This signal should connect to the Processor’s
SM_DRAMPWROK pin. The PCH asserts this pin to indicate when DRAM
power is on.
DRAMPWROK 0} NOTE:
1. This pin should have External pull-up to the an always on
Voltage level of 1.05V / 1.1V
PMSYNCH 0 Power Management Sync: Provides staFg information from the PCH
to the processor relevant to C-state transitions.
PCI Clock Run: Mobile only signal used to support PCI CLKRUN
CL!(RUN# protocol. Connects to peripherals that need to request clock restart or
(MOEI;’?OO;ZIY) / 1/0 | prevention of clock stopping.
Mobile: Can be configured as CLKRUN#
(Desktop Only)
Desktop: GPIO mode only.
Battery Low: Mobile only signal is an input from the battery to
BATLOW# indicate that there is insufficient power to boot the system. Assertion
. will prevent wake from S3-S5 state. This signal can also be enabled to
(MOEIIL?OO;ZW) / I | cause an SMI# when asserted.
Desktop Onl Mobile: Can be configured as BATLOW #
(Desktop Only) Desktop: GPIO mode only.
NOTE: Desktop requires a weak external pull-up
System Power OK: This generic power good input to the PCH is
driven and used in a platform-specific manner. While PWROK always
indicates that the CORE well of the PCH is stable, SYS_PWROK is used
to inform the PCH that power is stable to some other system
SYS_PWROK I component(s) and the system is ready to start the exit from reset. The
particular component(s) associated with SYS_PWROK can vary across
platform types supported by the same generation of the PCH.
Depending on the platform, the PCH may expect (and wait) for
SYS_PWROK at different stages of the bo