(intel.

Intel® 7 Series / C216 Chipset
Family Platform Controller Hub
(PCH)

Datasheet

June 2012

Order Number: 326776-003



INFORMATION IN THIS DOCUMENT IS PROVIDED IN CONNECTION WITH INTEL PRODUCTS. NO LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR
OTHERWISE, TO ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. EXCEPT AS PROVIDED IN INTEL'S TERMS AND CONDITIONS
OF SALE FOR SUCH PRODUCTS, INTEL ASSUMES NO LIABILITY WHATSOEVER AND INTEL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING
TO SALE AND/OR USE OF INTEL PRODUCTS INCLUDING LIABILITY OR WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE,
MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

A "Mission Critical Application" is any application in which failure of the Intel Product could result, directly or indirectly, in personal injury or death.
SHOULD YOU PURCHASE OR USE INTEL'S PRODUCTS FOR ANY SUCH MISSION CRITICAL APPLICATION, YOU SHALL INDEMNIFY AND HOLD INTEL AND
ITS SUBSIDIARIES, SUBCONTRACTORS AND AFFILIATES, AND THE DIRECTORS, OFFICERS, AND EMPLOYEES OF EACH, HARMLESS AGAINST ALL
CLAIMS COSTS, DAMAGES, AND EXPENSES AND REASONABLE ATTORNEYS' FEES ARISING OUT OF, DIRECTLY OR INDIRECTLY, ANY CLAIM OF PRODUCT
LIABILITY, PERSONAL INJURY, OR DEATH ARISING IN ANY WAY OUT OF SUCH MISSION CRITICAL APPLICATION, WHETHER OR NOT INTEL OR ITS
SUBCONTRACTOR WAS NEGLIGENT IN THE DESIGN, MANUFACTURE, OR WARNING OF THE INTEL PRODUCT OR ANY OF ITS PARTS.

Intel may make changes to specifications and product descriptions at any time, without notice. Designers must not rely on the absence or
characteristics of any features or instructions marked "reserved" or "undefined". Intel reserves these for future definition and shall have no
responsibility whatsoever for conflicts or incompatibilities arising from future changes to them. The information here is subject to change without notice.
Do not finalize a design with this information.

The products described in this document may contain design defects or errors known as errata which may cause the product to deviate from published
specifications. Current characterized errata are available on request.

Contact your local Intel sales office or your distributor to obtain the latest specifications and before placing your product order.

Copies of documents which have an order number and are referenced in this document, or other Intel literature, may be obtained by calling 1-800-548-
4725, or go to: http://www.intel.com/design/literature.htm.

I2C is a two-wire communications bus/protocol developed by Philips. SMBus is a subset of the I2C bus/protocol and was developed by Intel.
Implementations of the I2C bus/protocol may require licenses from various entities, including Philips Electronics N.V. and North American Philips
Corporation.

No computer system can provide absolute security under all conditions. Intel® Trusted Execution Technology (Intel® TXT) requires a computer system
with Intel® Virtualization Technology, an Intel TXT-enabled processor, chipset, BIOS, Authenticated Code Modules and an Intel TXT-compatible
measured launched environment (MLE). Intel TXT also requires the system to contain a TPM v1.s. For more information, visit http://www.intel.com/
technology/security

Intel® Virtualization Technology requires a computer system with an enabled Intel® processor, BIOS, virtual machine monitor (VMM). Functionality,
performance or other benefits will vary depending on hardware and software configurations. Software applications may not be compatible with all
operating systems. Consult your PC manufacturer. For more information, visit http://www.intel.com/go/virtualization

Intel, and the Intel logo are trademarks of Intel Corporation in the U.S. and other countries.
*QOther names and brands may be claimed as the property of others.
Copyright © 2012, Intel Corporation

2 Datasheet



1 INtrodUCHiON ... 43
1.1 AbOUL ThisS ManUal.......uiuiiiiiiii e e e e e e aans 43
B O 1 oV T 46

1.2.1  Capability OVEIVIEW ...uiiiiii it e e e raeees 47
1.3 Intel® 7 Series / C216 Chipset Family SKU Definition ......eeeverreseeeeresreeseeeeeesreeeeees 54

2 SigNal DESCHIPLION ... e 57
2.1 Direct Media Interface (DMI) to Host Controller ......cccoviiiiiiiiiiiiiicic e 59
A O B e <= 59
2N B O B 1 1 =] o =T = P 60
2.4 Serial ATA TNt aCe . e 63
S T B o O N o} =] o = Lol P 66
2.6 INterruplt INTErface ..o s 66
D A U 1Y = B ) = = Yol P 67
2.8 Power Management Interface. .....c.oviiiiiiiii 69
RS N o o Tol =Tt -Yo gl o =] o = [ ol PP 73
2.10 SMBUS TNt At . ittt 73
2.11 System Management Interface. . ..cii i 74
2.12 Real Time Clock INterface ... ccouiiriiii e e 74
2.13 Misc%llaneous YL L= = PP 75
2.14 Intel®™ High Definition Audio LiNK ..o e e 76
B T e o | 1= o T o1 PP 77
2.16 Serial Peripheral Interface (SPI) ...c.iiiiiiii i e 77
2.17 Thermal SIgNals .oviei i e 78
2.18 Testability Signals ...ccuieiiiiiii e 78
2.19  ClOCK SIGNAIS 1ttt et et et e et e e e e 79
2.20 LVDS SIgNaAIS ..ttt ittt 81
2.21 Anal%g Display /VGA DAC Signals ..u.usqiriiiiiiiieiiiiiiie it estsnesesenssaneneanes 82
2.22 Intel®™ Flexible Display Interface (Intel® FDI) i s 82
2.23 Digital Display Signals.......uieiieiieiiiiiiiriia e 83
2.24 General PUrpose I/O Signals ....oeiuiieiiiiiiiiii e 85
2.25 Manageability Signals ....ieiiiiiiii i e 90
2.26 Power and Ground SigNalS .......oieiiiiieiiiiiiie e 90
A A 1 I = o 1T PN 93
2.28 EXternal RTC CirCUILIY cuuueeie ittt e et st e e e e e s e e e e e e enenes 97

3 PCH Pin S ates .. ... 99
3.1 Integrated Pull-Ups and PUll-DOWNS ........oiuiiiiiiiiiii et e e 99
3.2 Output and I/O Signals Planes and StatesS........cocviviiiiiiiiiiii e e s 101
3.3  Power Planes for INput Signals ......couiieiiiii e 113

4 PCH and System ClOCKS ........c.ooiiiiiiiiii i e e aeaes 119
4.1  Platform Clocking ReqQUIrEMENTS . ...t e e 119
4.2 FUNCHIONAl BIOCKS 1utitiiiiiii it e et e e e ae e rans 122
4.3  Clock Configuration ACCESS OVEIVIEW ....uiuiiuiieiiiiiiiiei et aae e e aaaeraeaans 123
4.4  Straps Related to Clock Configuration ......cocviiiiiiiii e 123

5 Functional DescCrIPtion ... ... ... 125
5.1  PCI-to-PCI Bridge (D30:F0) «uuiueeiniiieitiiiiisnei s s s s s e st as e e s e e e s e 125

5.1.1  PCIL BUS INTEIACE . vt eaeeas 125
5.1.2  PCI Bridge As an Initiator ....ooiieiiiiiiiii e e e aa e e eaens 126
5.1.2.1 Memory Reads and WHEeS......cooviiiiiiiiiiii e 126
5.1.2.2 I/O Reads and WIS .uuviiiiiiiiiiiiieiiiiissseesiiiiseresisisssessianrserenss 126
5.1.2.3 Configuration Reads and Writes ........cccoviiiiiiiiiiiiiii e 126
5.1.2.4  LOCKEd CYCIBS vttt i e e 126
5.1.2.5 Target / Master AbOrtS. .....ocviiiiiiii e 126
5.1.2.6 Secondary Master Latency Timer......ccoiiiiiiiiiiiiii i 126
5.1.2.7 Dual Address Cycle (DAC) ...ciiiiiiiiiieiii it naeeas 127
5.1.2.8 Memory and I/O Decode to PClL......ccciiiiiiiiiiiiii i cee e 127
5.1.3 Parity Error Detection and Generation .........c.coveiiiiiiiiiiiiii e 127
T R ) 1 S I 128
o T =T =l G o] 1= PP 128

Datasheet 3



=]
~re
D

5.3

5.4

5.5

5.6

5.7

5.1.6  PCI-to-PCI Bridge MOdel ......uiuiiniiiiiii i et aees 128
5.1.7 IDSEL to Device NUmMber Mapping ....coouiiuiieiiiiiiieiieiiensiieiennsnnsnerennsneanennes 129
5.1.8 Standard PCI Bus Configuration Mechanism...........cccooviiiiiiiiiiiiiiiieeee 129
o I T o O B =T =YV 1 o Yo [ PP 129
PCI Express* Root Ports (D28:F0,F1,F2,F3,F4,F5, F6, F7) ccvviriiiiiiiiiiiiiecenaeens 129
5.2.1  Interrupt GeNeration ..ot e e 130
5.2.2  Power Management. . ...coeieiiiiiiii e 130
5.2.2.1 S3/S4/S5 SUPPOIT ..uviuiiiitiiiiit it 130
5.2.2.2 Resuming from Suspended State...........cccooviiiiiiiiiii 131
5.2.2.3 Device Initiated PM_PME M@SSaQge ......cviviriiiiiiiiiiieiiiniiieinennennnnes 131
5.2.2.4  SMI/SCI GENEIAtiON . .uuiuritiniinseetetettettetsetreteereetertressrerrrenrenees 131
5.2.3 SERR# GeNeration ...oviiiiiiiiiii i e 132
5.2.4  HOE-PIUG oot 132
5.2.4.1 Presence DeteCtion .....ccoviiiiiiiiiii i e 132
5.2.4.2 Message Generation ......ccviiiiiiiiiiiiiii e 132
5.2.4.3 Attention Button Detection ......cocoviiiiiiiiiii 133
5.2.4.4 SMI/SCI Generation..iiciiiiiiiii i i i i i i e e 133
Gigabit Ethernet Controller (BO:D25:F0) .ouiiriiiiiiiiiiieiisieisnie s e nesaerenaanens 134
5.3.1 GDbE PCI Express* Bus Interface.......ccoouiiiiiiiiiiiiiiiie e 135
5.3.1.1 TransacCtion LAy el . .cuciiiiiiii i i i e e rr s aane e eane e anneas 135
5.3.1.2 Data Alignment ..o 135
5.3.1.3 Configuration Request Retry Status ........cccovviiiiiiiiiiiiiiiieea 136
5.3.2 Error Events and Error REPOrting .....ccooviiiiiiiiiiiiiii e 136
5.3.2.1 Data Parity Error ..o i i e 136
5.3.2.2 Completion with Unsuccessful Completion Status......................... 136
5.3.3  Ethernel INterface ...cciiiiiiiiiiii i e e e e eeaes 136
5.3.3.1 82579 LAN PHY INterface .....cocviiiiiiiiiiiiiii e 136
5.3.4 PCI Power MaNagemMENt ... e 137
5.3.4 WaKe UpP e 137
5.3.5 Conﬁgurable LE DS ittt ittt e e 139
5.3.6 Function Level Reset Support (FLR) ......oiviiiiiiiiiii e 140
5.3.6.1 2] (=T L3 140
LPC Bridge (with System and Management Functions) (D31:F0)........cccviviviiiieinnnnns 140
5.4.1 LPC Interface ....................................................................................... 140
5.4.1.1 LPC CyCle TYPES ettt ittt st s ae e e aae e eneeaes 141
5.4.1.2 Start Field Definition .. ..ccociiiiiii e 142
5.4.1.3 Cycle Type / Direction (CYCTYPE 4 DIR)....cccoiiiiiiiiiiiiiiiiiniiieinenss 142
5.4.1.4 74 142
L T S | PP 143
5.4.1.6  SYNC Time-OUL...cuiiiiiiiiiiiiiii i e ees 143
5.4.1.7 SYNC Error INdication .......ccoiviiiiiiiiiiiii e e 143
5.4.1.8 LFRAME# US@QE... .ottt s s as e s asaeaeans 143
5.4.1.9 /O CYCIES cuuuiiniiiiii e et 144
5.4.1.10 BuUSs Master CYClIES ..uiiiiiiiiiii i i i e e 144
5.4.1.11 LPC Power Management ......ociieiiiiiiiiiiiiii e e e e 144
5.4.1.12 Configuration and PCH Implications ........cccvviiiiiiiiiiiiiii e 144
DMA Operation (D31:F0) .uuuiuiieiiiie it a e e e e e e 145
5.5.1 Chann eI o o Y2 S 145
5.5.1.1  FiXed Priority .ouieiiiii e 145
5.5.1.2 Rotating Priority .....oviiiiiii e 146
5.5.2 Address Compatibility MOde ........oeiiiiiiiii 146
5.5.3 Summary of DMA Transfer Sizes ....iuiiiiiiiiii i i aee s 146
5.5.3.1 Address Shifting When Programmed for 16-Bit I/O Count by Words 146
5.5.4  AULOINITIAlIZE oo 147
5.5.5 Software CoOmMmMands .......coeiiiiiiiiiiii e 147
I O I 147
5.6.1 Asserting DMA ReQUESES .....ouiiiiiiiiiiiiii et e e e 147
5.6.2 Abandoning DMA ReQUESES. .. ..uuiiiiiiiiiiiiiie i e esreaeaeeees 148
5.6.3 General FIow of DMA Transfers .....o.vieiiiiiiiiiiiii e e e 149
5.6.4  Terminal COUNT. ...ttt e e e e e e e e e e et e e ae e e raneanes 149
5.6.5  Verify MOGE ...iiiiiiiiiiiiii i 149
5.6.6 DMA Request DEasSertion ... ..ovvuiiiiiiiiiiiiiiriii s e 149
5.6.7 SYNC Field / LDRQ# RUIES ...viuiiiiiiiiiiiiiinn i 150
AT 10 g1 R (1 ) PP 151
5.7.1  Timer Programming ..veioeeiiiesiis i i e saeesassesanessanessanessanessannssanness 151
5.7.2 Reading from the Interval Timer .......coiiiiii e 152
5.7.2.1 SIimMPle REAA ...uviiiiii i e 152

Datasheet



5.8

5.9

5.10

5.11

5.12

5.13

Datasheet

5.7.2.2 Counter Latch Command........ccoviriiiiiiiiiire e neeaes 153
5.7.2.3 Read Back COmMMaNd .....cciiiiiiiiiiiiiiiiiie i sennsneenesnennanens 153
8259 Interrupt Controllers (PIC) (D31:F0) coiuiiuiiiiiiiiiiiiiiiir e ae e e raeees 154
5.8.1 Interrupt Handling....c.ooeiiiiiiii i e e 155
5.8.1.1 Generating Interrupts......coooiiiiiiii 155
5.8.1.2 Acknowledging INterrupts .....cciiiiiiiiiiiiiiiii e e enaaas 155
5.8.1.3 Hardware/Software Interrupt Sequence ...........coviiiiiiiiiiiiennnns 156
5.8.2 Initialization Command Words (ICWx)
5.8.2. 1 IO Lttt e e
5.8.2.2 IO 2 ottt e
5.8.2.3 IO W B ittt e
5.8.2.4  ICWA Lttt
5.8.3 Operation Command Words (OCW) ......ceiiiiiiiiiiiiiiii e er e e
5.8.4 Modes of Operation ...iiiiiiiiiiiiiiii i i
5.8.4.1 Fully Nested Mode...........ccvcvvinnnnns
5.8.4.2 Special Fully-Nested Mode
5.8.4.3 Automatic Rotation Mode (Equal Priority Devices).......c.ccvovivvnennnns 158
5.8.4.4 Specific Rotation Mode (Specific Priority).....ccooeviiiiiiiiiiiiiiiiene, 158
oS T T = o | 1 o Yo [ P 158
5.8.4.6 Edge and Level Triggered MOde .......ccovviiiiiiiiiiiiiiiiiiiiiienaanens 159
5.8.4.7 End of Interrupt (EOI) Operations ........coviiiiiiiiiiiiiiiiienniieneas 159
5.8.4.8 Normal End of Interrupt....cccoiiiiiiiii e 159
5.8.4.9 Automatic End of Interrupt Mode ........cocoiviiiiiiiii 159
5.8.5  Masking INTerrUPTS ..uuviutiiiiii it et r e e s e e s r e e s e reanans 159
5.8.5.1 Masking on an Individual Interrupt Request...........ccoeviiiiiiinnnnns 159
5.8.5.2 Special Mask Mode.......ciiiiiiiii i 160
5.8.6  Steering PCI INTEITUPTS ...viuuiiiiit it e e e e e e raeens 160
Advanced Programmable Interrupt Controller (APIC) (D31:FO) ccovvviiiiiiiiiiiiiiiennnnen 160
5.9.1 Interrupt Handling......ocoiiiiiiiii e 160
5.9.2  Interrupt Mapping .oocooeeiiiiiiiiiii i e 161
5.9.3 PCI/PCI Express* Message-Based Interrupts........cocoviiiiiiiiiiiiiiiiiiiennns 162
5.9.4 IOXAPIC Address REMapPiNg ...cciveriirieireitiiniersentsneinesennsneresnsnnanerennans 162
5.9.5 External Interrupt Controller SUPPOrt .....coiriiiiiii e 162
Serial INterrUPt (D31 iF0) triiiiii i e e 162
Lo O ] = Y o= [ =P 163
5.10.2 Data Framies. ettt 163
oI O T ] o] o N =T 0 = PP 163
5.10.4 Specific Interrupts Not Supported Using SERIRQ ......ccvvviiiiiiiiiieiiinnnininennns 164
5.10.5 Data Frame FOrmat ...ooviiiiiii i e s e e 164
Real Time CloCK (D31 iF0) ittt i i e et a et er e e aaeaaeaas 165
5.11.1 Update CyCles. .. e 165
Lo O 1 =T o U o (= PP 166
5.11.3 Lockable RAM RANGES ....uiiiiiiiiiiiii ettt e e e e e naans 166
5.11.4 Century ROIOVEL ..ot e e 166
5.11.5 Clearing Battery-Backed RTC RAM ..ottt e e e e 166
Processor Interface (D31:F0) .ouuiiiiiiiiiii i i e et 168
5.12.1 Processor Interface Signals and VLW MeSSages ........ocvveiiiiriieiiiniiiinnieinns 168
5.12.1.1 INIT (Initialization) ..occviiriiiiiiiie e 168
5.12.1.2 FERR# (Numeric COprocessor ErrOr) .....ccvviiuiiiiiiiiiiiiiiiiniiieienans 169
5.12.1.3 NMI (Non-Maskable Interrupt) ....cccoviiiiiiiiiiiii e 169
5.12.1.4 Processor Power Good (PROCPWRGD) ......ccvviiiiiiiiiiiiiiiniieineenns 169
5.12.2 DUAI-PrOCESSOr ISSURBS .. uiutitiitiititetiata e teee st e et et ae e e aeaas e raeanaananeanans 169
5.12.2.1 Usage DifferencCes ......ccoviuiiiiiiiiiiiiiiii e eeas 169
5.12.3 Virtual Legacy Wire (VLW) MESSageS. .. cuiiiiuiiriiiiiiiiinniieiienniisinesnensannanennens 170
POWEr ManagemENnt ... e 170
o G A == 1 | = 170
5.13.2 PCH and System POwer States ........ooviiiiiiiiiiir e e s 171
5.13.3 System POWEr Plan@s . ...ccuiiiiiiiiiii i e e 173
5.13.4 SMI#/SCI GENEIAtION .iiiiiiiiit it ittt e aa et eaa e ean e aaneeaanaeannes 173
5.13.4.1 PCI EXPress™ SCI...iiiiiiiiiiiiiiiie it i it eae it et a e aeanans 175
5.13.4.2 PCI EXpress* HOt-PIUg.......ccoviiiiiiiiii i e e 175
Lo G T O = | =1 P 176
5.13.6 Dynamic PCI Clock Control (Mobile Only).....c.coviiiiiiiiiiiiiici e 176
5.13.6.1 Conditions for Checking the PCI CloCK..........ccociiiiiiiiiiiiiiiieee 176
5.13.6.2 Conditions for Maintaining the PCI Clock ........ccviviiiiiiiiiiniinennen 176
5.13.6.3 Conditions for Stopping the PCI ClocK.........cccoviiiiiiiiiiiiiiiieeee 176
5.13.6.4 Conditions for Re-Starting the PCI Clock .....ccovvviiiiiiiiiiiiiiiiieene, 177



5.14

5.15

5.16

5.13.6.5 LPC Devices and CLKRUN .....cuiiiiiiiiiiiiii e 177
T G T A ] 1T o T = 1 T N 177
5.13.7.1 Sleep State OVervViEW. .....coviiiiiiiiiii e e 177
5.13.7.2 Initiating Sleep State .....ooviiiiiiiii 177
5.13.7.3 Exiting Sleep States.......ccvviiiiiiiii 178
5.13.7.4 PCI Express* WAKE# Signal and PME Event Message................... 180
5.13.7.5 Sx-G3-Sx, Handling Power Failures...........coooviiiiiiiiiiiiineee 180
o R T SR B 7= T=T o Bt PP 181
5.13.8 Event Input Signals and Their USage ........ccooeiiiiiiiiiiiiiiiiiie e e 182
5.13.8.1 PWRBTN# (Power Button) .....coiiiiiiiiiiii i 182
5.13.8.2 RI# (RiNG INdicator) ....ccovieiiiiiiii e 184
5.13.8.3 PME# (PCI Power Management Event) .......coovviiiiiiiiiiiininieienns 184
5.13.8.4 SYS_RESET# Signal «..ouiieieiiiiiii et e re e e ee e neeens 184
5.13.8.5 THRMTRIP# Signal ......cooviuiiiniiiiiiiiiii e 184
5.13.9 ALT ACCESS MOGE . uiiiieiiiiiiiti e ittt e e et e e e aene e enes 185
5.13.9.1 Write Only Registers with Read Paths in ALT Access Mode............. 186
5.13.9.2 PIC Reserved BitS......ccciiiiiiiiiiii i ee e e 188
5.13.9.3 Read Only Registers with Write Paths in ALT Access Mode............. 188
5.13.10System Power Supplies, Planes, and SignalS........cccvviiiiiiiiiieiiiiinnnenaens 188
5.13.10.1Power Plane Control with SLP_S3#,

SLP_S44#, SLP_S5#, SLP_A# and SLP_LAN#....ccccviiiiiiiiiieieneeenn 188
5.13.10.2SLP_S4# and Suspend-To-RAM SequencCing.......ccvvvvrvinieinennnnnnnen 189
5.13.10.3PWROK SigNal .ueueeiniie i e e e e neen e e neeenens 189
5.13.10.4BATLOW# (Battery Low) (Mobile Only)...cccooiiiiiiiiiiiiiiiiiciieeans 189
5.13.10.5SLP_LAN# Pin BEhaVior......ouiieieieiiinei et e aeeenens 190
5.13.10.6RTCRST# and SRTCRST# ......ciiiiiiiiiiiiiiiiiiiiiinii s eeens 190
5.13.10.7SUSPWRDNACK/SUSWARN#/GPIO30 Pin Behavior ........c.c.cecvuenens 191

5.13.11Legacy Power Management Theory of Operation .........ccoovviiiiiiiiiiiieiinnnne, 191
5.13.11.1APM Power Management (Desktop Only) .....ccvvviiiiiiiiiiiiiiiiienne, 191
5.13.11.2Mobile APM Power Management (Mobile Only) ........covvvviiiiiininnnnens 192

oI G I I <Y< 7= = 1Y T ol 192

System Management (D31:iF0) cuuuriiuiiiiiii e 194

5.14.1 Theory of Operation .....ouiiiiiiii e e 194
5.14.1.1 Detecting @ System LOCKUPD.....oiitiiiiiiiii i e 194
5.14.1.2 Handling an INtruder .......cccooiiiiiii e 194
5.14.1.3 Detecting Improper Flash Programming.........c.ccoevieiiiniiiiiennnnnnne. 195
5.14.1.4 Heartbeat and Event Reporting using SMLink/SMBuUS.................... 195

T A I @ I 1 o Yo =13 196
5.14.2.1 TCO Legacy/Compatible Mode........coooiiiiiiiiiiiiii e 196
5.14.2.2 Advanced TCO MO .....iuiiriiiiiiitiitiie ittt aeaneneaernes 197

General PUrpose I/O (D31:F0) ..uuuieiiii it re e s e re e e e e rnerneans 198

5.15.1 POWEE WIS ottt et e 198

5.15.2 SMI# SCI and NMI ROUELING «..cviniiiiiiiiii et e e 198

oI TG T I e 1= 1 T [N 198

5.15.4 GPIO Registers LOCKAOWN .....ciuiiiiiiiiiiiieii et s et e e e s e naeeeaes 198

5.15.5 Serial POST Codes OVer GPIO ...iuiiiiiiiiiiii i e e e e naaneenes 199
5.15.5.1 Theory of Operation......c.ccoiiiiiiiiii e 199
5.15.5.2 Serial Message FOrmat......ccoiviiiiiiiiiiiiiii e 200

SATA Host Controller (D31:F2, F5) vttt e e e e s aenans 201

5.16.1 SATA 6 GB/S SUP POt .ottt e e e 202

5.16.2 SATA FEature SUPPOIT ....uiiii i e e e e eeaes 202

5.16.3 Theory Of Operation ....iiiiiii i i i e et e a e eaeaas 203
5.16.3.1 Standard ATA Emulation.........cooieiiiiiii e 203
5.16.3.2 48-Bit LBA Operation ......cocociiiiiiiiiiniii e 203

5.16.4 SATA SWap Bay SUPPOIt ..ot e eeaes 203

5.16.5 HOt Plug Operation. . .couieiiiiiiiiiie s e st e s e e s e resre e aerees 203

5.16.6 Function Level Reset Support (FLR) .....coiuiiiiiiiiiiiii e 204
5.16, 6 1 FLR SEEPS ettt 204

5.16.7 Intel® Rapid Storage Technology CONfigUration...........cecevrvvvvverevvvrenenneeeenns 204
5.16.7.1 Intel®™ Rapid Storage Technology RAID Option ROM ...........ccevveneen 205

5.16.8 Intel®™ Smart Response TeChNolOgy ....cieiiiiiiiiiiiii e eas 205

5.16.9 Power Management Operation ........cvceiiiiiiiiiiiiiiii e 206
5.16.9.1 Power State MappPingS...iiiieiiiiiiii i i e e rane e aneeaaneans 206
5.16.9.2 Power State TransSitionS......cooviiiiiiiiiii 206
5.16.9.3 SMI Trapping (APM)....iciiiiiiiiiiiiiii e 207

5.16.10SATA DEVICE PreSENCE ...ttt ae st a e e e e se e s raneaneanneannans 207

T G L N T ] 208

Datasheet



5.17

5.18

5.19

5.20
5.21

5.22

Datasheet

5.16.12 AHCT OPeration ... uiueieiiiiiti ettt e 208
5.16.13SGPIO SigNalS tuvuviutiiitiiiiititie ettt sae e et eas e ateae e e aar e reanans 209
Lo G T 1 1Yl =T o 1 P 209
5.16.13.2Message FOrmat .....ocoiiiiiiiiiii e 210
5.16.13.3LED MESSAgE TYPE ..euuiuiiniiniiiititii et st raeaes e saeanene e rneaaeens 210
5.16.13.4SGPIO WaVelOrmM .uiu ettt et ae e e resas e seanennans 212

5. 16, LA EXEEINAl SAT A . ittt 213
High Precision EVENT TimerS . .. e e e e e 213
5.17.1 TimMEIr ACCUIACY tuuutiutiintinte ittt resns sttt e e as s sn e s e eanes 213
5.17.2 Interrupt Mapping «oeooeiiiiiiiiiiie e s e e 214
5.17.3 Periodic vS. NON-PeriodiC MOAES ......ciiviiiiiiieiiiiii s ene s nnennennerneenes 214
5.17.4 Enabling the Timers. ..o e e e e neaas 215
5.17.5 INterrupt LeVelS ...ove e 215
5.17.6 Handling INteIrTUPES ...viviitiitiiiieite ittt ettt e ae e e st s e e e rnese e e aerneneans 216
5.17.7 Issues Related to 64-Bit Timers with 32-Bit Processors...........ccoevvvvieininnnnn. 216
USB EHCI Host Controllers (D29:F0 and D26:F0) ...c.civiiiiiiiiiiiiiii i i enae s 217
5.18.1 EHC INitialization . .....ciiriiiiiie i e s e e e er e e r e e s 217
5.18.1.1 BIOS Initialization ....ccouvieiiiiiiii i e 217
5.18.1.2 Driver Initialization ......ccviiiiii i e 217
5.18.1.3 EHC RESEES . iutiutiiiiiiiiit ittt ie ittt sttt s e e s e e s sae e e e aneneeenes 217

5.18.2 Data Structures in Main MemMOIY......occiuiiiiiiiiiiii e 217
5.18.3 USB 2.0 Enhanced Host Controller DMA.......iciiiiiiiiiii i e e 218
5.18.4 Data Encoding and Bit StUffing.......ccoiiiiiiiiii 218
5.18.5 Packet FOrMats cuoiiriitiiiiiiiii i et 218
5.18.6 USB 2.0 Interrupts and Error ConditionsS........c.oovieiiiiiiiiiiii e 218
5.18.6.1 Aborts on USB 2.0-Initiated Memory Reads ........ccocovviiiiiiiinnnnnn. 219

5.18.7 USB 2.0 Power Management ... ..o.oieiiiiiiiiiiii ittt e ne e e aeeeas 219
5.18.7.1 PausSe FEAtUIre ....ccoiiiiiiiiii i e s e e 219
5.18.7.2 Suspend FEAtUIE......cceiiiiiiiii e eas 219
5.18.7.3 ACPI DeVice States ....ccciiiiiiiiiiiiiii i e e e 219
5.18.7.4 ACPI System States ......coviiiiiiiiiiii e 220

5.18.8 USB 2.0 Legacy Keyboard Operation .......ccoivvuiiiiiiiiiniiieiiieiiniesiennsnennennens 220
5.18.9 USB 2.0 Based Debug Port ..o 220
5.18.9.1 Theory of Operation ......ociiiiiiiiiiii i e 221
5.18.10EHCI Cachlng ....................................................................................... 225
5.18.11Intel® USB Pre-FetCh Based PAUSE ...........eeeeeeeeiieeeeeeeeereriressisssesssennns 225
5.18.12Function Level Reset SuUpport (FLR) ....oiviiiiiiiiiiiiii e e 225
518,12, 1FLR SEOPS ¢ttt ittt 225
5.18.13USB Overcurrent ProteCtion .......ovviiiiiiiiiii i e e ee s 226
Integrated USB 2.0 Rate Matching HUb ......cooiiiiiiiiiii e 227
Lo T O 1 = 1= 1P 227
5.19.2 ArChItECIUNE. ..t 227
XHCT Controller (D20:F0) tuuiuiiuieieitiiti ettt e e e et e s e s e e e e e a e e aaerneean 227
SMBUS CoNtrollar (D3 L iF3) ittt i e e ettt a e r et as 228
Lo A o 1 1= @0 o1 = o 228
5.21.1.1 Command ProtOCOIS .. .civiiiiiiiiiiiiiiiiii i eaaaas 229

5.21.2 BuUS Arbitration ... 232
oI G T = 10 =3 1T 11 233
5.21.3.1 Clock StretChing ....cciceiiiiiiiii e 233
5.21.3.2 Bus Time Out (The PCH as SMBus Master) ......cccocviiiiiiiiiiinninnnnn, 233

5.21.4 Interrupls / SMIZ ... e 233
5,215 SMBALER T .ttt e 234
5.21.6 SMBus CRC Generation and Checking........c.ccooviiiiiiiiiiiiii e 234
5.21.7 SMBUS Slave Interface ....ccuiiiiiiiiiiiii i 235
5.21.7.1 Format of Slave Write Cycle .....cooiiiiiiiii s 236
5.21.7.2 Format of Read Command.......oovvriiiiiiiiiiiiiiieiieiniieiereenennerennans 237
5.21.7.3 Slave Read of RTC Time Bytes ......oceiviiiiiiiiiiiiiii e 239
5.21.7.4 Format of Host Notify Command ..........coooiiiiiiiiiiii e 240
Thermal Management ... e 241
I A R I =T 0 F= | BT =T o =T o T PP 241
5.22.1.1 Internal Thermal Sensor Operation.......c.ccviiiiiiiiiii i 241

5.22.2 PCH Thermal Throtthing .......coieiii e e 242
5.22.3 Thermal Reporting Over System Management Link 1 Interface (SMLink1).... 243
5.22.3.1 Supported JA¥e (o | ST PP 244
5.22.3.2 I2C Write Commands to the Intel® ME ... 245
5.22.3.3 Block Read Command.....c.iieieiriiiiiiieiieieiiiieneie e rennenesnennennans 245
5.22.3.4 Read Data FOormat.....ccoviiiiiiii e e 247

7



ntel.

5.23

5.24
5.25

5.26

5.27

5.29

5.22.3.5 Thermal Data Update Rate..........coooviiiiiiiiiiiii e 247
5.22.3.6 Temperature Comparator and Alert........ccoviiiiiiiiiiiiiiii e 247
5.22.3.7 BIOS SEE UPD cueiiiiiiiiiiiiiiie it et e e e e e ee e 249
5.22.3.8 SMBUS RUIES....uiuiitiitiitiie i e r e e e e eens 249
5.22.3.9 Case for ConsiderationS........covvieiiiiiiiiiiiii e 250
Intel® High Def|n|t|on Audio Overview (D27:F0) . .ciiiiiiiiiiiic i 252
5.23.1 Intel® High Definition Audio Docking (Mobile ONlY)............evvvvvreeiieieeeeaennns 252
5.23.1.1 DOCK SEQUENCE ...ttt ittt e e ae ettt a et e e aaaeaneas 252
5.23.1.2 Exiting D3/CRST# When Docked ........ccoceviiiiiiiiiiieee 253
5.23.1.3 Cold Boot/Resume from S3 When Docked.......cvvviiiiiiiiiiiiiniiniiinns 254
5.23.1.4 UNdOCK SEQUENCE ... ciuiiiiiiitii it eaeees 254
5.23.1.5 Normal UndoCK ...uiuiiiiiiiii s s ee s 254
5.23.1.6 SUrprise UNAOCK........oeiuiiiiiiiiiiie ittt e ne e e aeneeaeeaes 255
5.23.1.7 Interaction between Dock/Undock and Power Management States . 255
5.23.1.8 Relatlonshlp between HDA_DOCK_RST# and HDA_RST# .............. 255
Intel® ME and INtel® ME FIrMWAre 8.0 ..uuuuumeeeeeeeeseeereiriieereesssssiisieiessseeseseraseseees 256
5.24.1 Intel™ ME ReqUIrEMENTS .. ..ouviiiiiii it e e aeaes 257
Serial Peripheral Interface (SPI) ..uiiiiiiiii i i e e aaeas 258
5.25.1 SPI Supported Feature OVEIVIEW ......ciiiiiiiiiiiiii e e s aeeaes 258
5.25.1.1 NON-DeSCriptor MOAE ...civiiiiiiiii i e aeeas 258
5.25.1.2 Descriptor MOAe .....ciuiiiiiiii e 258
5.25.2 Flash DeSCriPtOr vttt i i e e et a e aaeaas 259
5.25.2.1 Descriptor Master REGION ...coiiviiiiiiiiiiiii e 261
5.25.3 FIasSh ACCESS .ouuiiriiiiiiiiii i e 262
5.25.3.1 Direct ACCESS SECUNMTY ...iuviiiiiiii e 262
5.25.3.2 Register ACCESS SECUNLY ..oivviiriiiiiiiiiiiiii i eas 262
5.25.4 Serial Flash Device Compatibility Requirements ........c.coooviiiiiiiiiiiiininenen 263
5.25.4.1 PCH SPI Based BIOS Requirements........covviiiiiiiiiiiiiiiie i iinennens 263
5.25.4.2 Inte%ated LAN Firmware SPI Flash Requirements............c..covvuees 263
5.25.4.3 Intel® Management Engine Firmware SPI Flash Requirements....... 263
5.25.4.4 Hardware Sequencing Requirements .......c.covviiiiiiiiiiiiiiiiieeenes 264
5.25.5 Multiple Page Write Usage Model......ccvviiiiiiiiiiiiiiii i ee e 265
5.25.5.1 Soft Flash Protection.........ccooiiiiiiiii e 265
5.25.5.2 BIOS Range Write Protection ........cccoviiiiiiiiiiiiiiii e 266
5.25.5.3 SMI# Based Global Write Protection..........cccooiiiiiiiiiiiiiine 266
5.25.6 Flash Device Configurations .......ccvevieiiiiiiiiiiii i ee e 266
5.25.7 SPI Flash Device Recommended PinOUt........ccooiiiiiiiiiiiiiiii e 266
5.25.8 Serial Flash Device Package ......c.cvviiiiiiiiiiiiii i 267
5.25.8.1 Common Footprint Usage Model ..........cocviiiiiiiiiiiiie e 267
5.25.8.2 Serial Flash Device Package Recommendations ............ccocvvvinnnnens 267
Fan Speed Control Signals (Server/Workstation Only)......ccooviiiiiiiiiiiiiiici e 268
5.26.1 PWM Outputs (Server/Workstation Only) .....c.cciiiiiiiiiiiiiiiiiiciii e 268
5.26.2 TACH Inputs (Server/Workstation Only).....ccoovieiiiiiiiiiii e 268
Feature Capability MeChanisSm ... it e es 268
PCH Display Interfaces and Intel® Flexibie Display Interconnect.........cocviiiiiiinnnnns 269
5.28.1 Analog Display Interface CharacteristiCs.......c.ocviiiiiiiiiiiiiiiiii e 270
5.28.1.1 Integrated RAMDARC . .....oiiiiii i e aes 270
5.28. 1 2 DDC (Display Data Channel) ....ccooiiiiiiiiiiic e 271
5.28.2 Digital Display INterfaces ......coooiiiiiiiiiiiii i 271
5.28.2.1 LVDS (Mobile ONlY) ..uiiiiiiiiiii i e 271
5.28.2.2 High Definition Multimedia Interface .........c.ccooeviiiiiiiiiiiiicinenn, 273
5.28.2.3 Digital Video Interface* (DVI*) .icciviiiiiiiiiiiiiiiiiiiiiiii e naeneae 274
5.28.2.4 DisplayPort™ ... 275
5.28.2.5 Embedded DisplayPort* .....ccociiiiiiiiiii i 275
5.28.2.6 DisplayPort* Aux Channel..........ccooiiiiiiiii e 275
5.28.2.7 DisplayPort* Hot-Plug Detect (HPD).......ccovviiiiiiiiiiiiiiiniecee e 276
5.28.2.8 Inte%—ated Audio over HDMI and Disg}layPort* ............................. 276
5.28.2.9 Intel™ Serial Digital Video Out (Intel®™ SDVO).......ccovvvvviiiiiiiinnnnn. 276
5.28.3 Mapping of Digital Display Interface Signals .........ccooiiiiiiiiiii e 277
5.28.4 Multiple Display Configurations .......c.ouvieiiiiiiieiiiiiiiii i eneaaes 279
5.28.5 Highzé)andwidth Digital Content Protection®* (HDCP*).......ccvviviiviiiiiiiinennnnns 281
5.28.6 Intel®™ Flexible Display INtercONNECt ........oieiuiniiiiiiiiiiii e 281
Intel® Virtua alization TechnOlOgy ..........eiimriciis s, 281
5.29.1 InteI VT-d ODJECHIVES ..nveiieiii it e e eeens 282
5.29.2 INtel® VT-d FEAtUreS SUPPOItEA. ... ceeereerrenereerererteeseeeeeesteeseeesssssnseeessesnns 282
5.29.3 Support for Function Level Reset (FLR) in PCH ..........cooiiiiiiiiiiiiieeeeeee 282
5.29.4 Virtualization Support for PCH’'S IOXAPIC......ccciiiiiiiiiiiiicinii e aeeas 282

Datasheet



5.29.5 Virtualization Support for High Precision Event Timer (HPET).........ccvcvvvinenns 283
6 Ballout Definition.............ooiiiii 285
6.1  Desktop PCH BallOUt .. ..eiiieiiiiii et e e e e 285
6.2 Mobile PCH BalloUL ....ciiiiiiieii e e e e 297
6.3 Mobile SFF PCH BalloUL ..uuieieiiieie et e e e e e e e e e e a e ene e e 309
7 Package INformation ... e 323
7.1 Desktop PCH PACKAGE ....ueiiiiiiiii ittt et et e e e et e e e e e e aaeness 323
A I\ (o] o Y| oI O o I - Yol &= o [T PPN 325
7.3 Mobile SFF PCH PaCKage.....uieiiiiiieiie ittt et st st e e e e aenes 327
8 Electrical CharacteristiCs ... 329
8.1  Thermal SpecifiCations .....c.oiuiiiiii e 329
8.1.1 Desktop Storage Specifications and Thermal Design Power (TDP) ............... 329
8.1.2 Mobile Storage Specifications and Thermal Design Power (TDP).................. 329
8.2  Absolute Maximum RatiNgS.....cciiiiiiiiiiiiii i e 330
8.3  PCH Power SUPPIY RANGE ....uiiiiitiiiii ittt s e s e e e e e 331
8.4 General DC CharacteriStiCs ..ouiuiuiiiiiiiiiiiir e e 331
8.5 Display DC CharacteristiCs ....uiiiiiiiiiii e e aeas 344
8.6 AC CharacteristiCs ..uuiriuiiiitiiin it 346
8.7 Power Sequencing and Reset Signal Timings ......ccovieiiiiiiiiii e 362
8.8 Power Management Timing DiagramiS....c..oviiiiiiiiiiiiiiiiie i saasransaans 365
L 78S I XOR [o ¢1 T T T1=Te =1 o o = 370
9 Register and Memory MappPing........ccccoviiiiiiiiiii e eaeanens 381
9.1 PCI Devices and FUNCHIONS ..ottt ettt e e e e rae e e e 382
9.2  PCI CoNfiguration Map ..iueieiieiiiiiiiei et sttt e e r et e e e e anaaeaeanenes 383
1S T T 17 @ N\ -1 o X P 383
9.3.1 Fixed I/O AdAress RANGES ....iivieiiiiiiiiiiieiieitiieiieieeiesae e seeae s aaeaneaeeneansnens 383
9.3.2 Variable I/O Decode RANGES ....ouviriiiiiiiiiiiiiitieienteere e aaeeserneess 386
1 S | =T o Vo] V7 =1 o PP 387
9.4.1 Boot-Block Update SCheme......c.oiviiiiiiiii e 389
10 Chipset Configuration Registers..............ccooiiiiiiiiiiiii e 391
10.1 Chlpset Configuration Registers (Memory SPace) ....ovvvieiiiiiiiiiiiiiiiiirireieeaeeaeaees 391
10.1.1 RPC—Root Port Configuration Register ........c.coviiiiiiiiiiiiii i eeees 393
10.1.2 RPFN—Root Port Function Number and Hide for PCI
Express* ROOt POrtsS ReGISTer ..vuiiuiiiiiii i 394
10.1.3 FLRSTAT—Function Level Reset Pending Status Register.............cocvvevvennnnn. 395
10.1.4 TRSR—Trap Status Register......ccoiiiiiiiiiiiiii e 396
10.1.5 TRCR—Trapped Cycle RegiSter .......cociiiiiiiiiiiii e 396
10.1.6 TWDR—Trapped Write Data Register........ccvviiiiiiiiiiiiiiiiiii e eaeeaes 397
10.1.7 IOTRN—I/O Trap Register (0=3) ...ciuiiiiiiiiiiiii e e s 397
10.1.8 VOCTL—Virtual Channel 0 Resource Control Register ..........cocvvvviiiiviiinnnnnn. 398
10.1.9 VOSTS—Virtual Channel 0 Resource Status Register..........ccoeviviiiiiiiiiiennnnn. 398
10.1.10V1CTL—Virtual Channel 1 Resource Control Register..........cccvvvviiiiiiininnnne. 399
10.1.11V1STS—Virtual Channel 1 Resource Status Register........c.ccoevveiiiiiiiinnnnne. 399
10.1.12REC—Root Error Command RegiSter ......cciiviiiiiiiiiiiiii i 399
10.1.13LCAP—Link Capabilities Register.......cccoiiiiiiiiiiiii e 400
10.1.14LCTL—LIink CoNtrol REGISTer ...iuiiuiieiitiiii i e es 400
10.1.15LSTS—Link Status Register........cooiiiiiiiiii s 401
10.1.16 TCTL—TCO Configuration REGIStEr .....ivviiiiiiiiiiiiii i 401
10.1.17D31IP—Device 31 Interrupt Pin Register.......c.ccviiiiiiiiiiiiiiiiini e 402
10.1.18D30IP—Device 30 Interrupt Pin Register........c.coiiiiiiiiiiiiiiii e 403
10.1.19D29IP—Device 29 Interrupt Pin Register.......c.ccviiiiiiiiiiiiiiiine e 403
10.1.20D28IP—Device 28 Interrupt Pin Register........c.covviiiiiiiiiiiiiii e 403
10.1.21D27IP—Device 27 Interrupt Pin Register.......c.coviiiiiiiiiiiiiiini e 405
10.1.22D26IP—Device 26 Interrupt Pin Register........cocoviiiiiiiiiiiiii e 405
10.1.23D25IP—Device 25 Interrupt Pin Register.......c.ooviiiiiiiiiiiiiiiini e 405
10.1.24D22IP—Device 22 Interrupt Pin Register........ccoviiiiiiiiiiiii e 406
10.1.25D20IP—Device 20 Interrupt Pin Register.......c.ccviiiiiiiiiiiiiiini e 406
10.1.26 D31IR—Device 31 Interrupt Route Register ........cocoviiiiiiiiiiiiiiiiee, 407
10.1.27D29IR—Device 29 Interrupt Route Register ......cociiviiiiiiiiiiiiiie e 408
10.1.28 D28IR—Device 28 Interrupt Route Register ........cocoviiiiiiiiiiiiiiiii e, 409
10.1.29D27IR—Device 27 Interrupt Route Register ......ccoiviiiiiiiiiiiiie e 410
10.1.30D26IR—Device 26 Interrupt Route Register ........cocviiiiiiiiiiiiiiiie, 411
10.1.31D25IR—Device 25 Interrupt Route Register .....ccoiviiiiiiiiiiiie e 412

Datasheet 9



intel.

10.1.32D22IR—Device 22 Interrupt Route Register.........coviviiiiiiiiiiiii e 413
10.1.33D20IR—Device 20 Interrupt Route Register........ccooviiiiiiiiiiiiiii e 414
10.1.340IC—Other Interrupt Control Register ........ccoviiiiiiiiii e 415
10.1.35PRSTS—Power and Reset Status Register..........cooiiiiiiiiiiiiiiiicens 416
10.1.36 PM_CFG—Power Management Configuration Register............ccocviiiiieinnnnns 417
10.1.37DEEP_S3_POL—Deep Sx From S3 Power Policies Register .............ccvevvvinenns 418
10.1.38DEEP_S4_POL—Deep Sx From S4 Power Policies Register ...........c.covevivinenns 418
10.1.39DEEP_S5_POL—Deep Sx From S5 Power Policies Register ...........c.covvvivinenns 418
10.1.40PMSYNC_CFG—PMSYNC Configuration .......couvuviieiniiiiie e neeeeneneenenens 419
10.1.41RC—RTC Configuration RegiSter......cvvuiiiiriiiiiiiiiii i reaneneas 419
10.1.42HPTC—High Precision Timer Configuration Register ............cccoeviiiiiiiiiinnnns 420
10.1.43GCS—General Control and Status Register ........covoviiiiiiiiiiiiii s 420
10.1.44BUC—Backed Up Control RegiSter .......cocviiiiiiiiiiiiiiin e 422
10.1.45FD—Function Disable RegiSter .......cviiiiiiiiiii i neas 423
10.1.46 CG—Clock Gating ReGIStEr ......iiiiiiiiiii e eas 425
10.1.47FDSW—Function Disable SUS Well RegiSter .......c.cvvvviiiiiiiiiiiiiiiiiiiieneas 426
10.1.48 DISPBDF—Display Bus, Device and Function
Initialization RegiSter ....uiviirii i e 426
10.1.49FD2—Function Disable 2 Register.........coiiiiiiiiiiii e 427
10.1.50MISCCTL—Miscellaneous Control Register ......c.ccviviiiiiiiiiiiiiiiieieiineneas 427
10.1.51USBOCM1—O0Overcurrent MAP Register 1......ccoiiiiiiiiiiiii e 428
10.1.52USBOCM2—0vercurrent MAP Register 2.......cociiiiiiiiiiiiiii e 429
10.1.53RMHWKCTL—Rate Matching Hub Wake Control Register............coccvviiniennnns 430
11 PCI-to-PCI Bridge Registers (D30:F0) ........cccciiiiiiiiiiiiiiiiii e s ae e raeeas 433
11.1 PCI Configuration Registers (D30:F0) ....cuiuiiuiiiiiiiiiii i r e e e neeaeas 433
11.1.1 VID— Vendor Identification Register (PCI-PCI—D30:F0).......cceevviviiiiniinnnnnns 434
11.1.2 DID— Device Identification Register (PCI-PCI—D30:F0) .......ccvvviiiiiininnnnenns 434
11.1.3 PCICMD—PCI Command Register (PCI-PCI—D30:F0).......cocvvviiiiinininennnnnn, 434
11.1.4 PSTS—PCI Status Register (PCI-PCI—D30:F0) .......ccvvuiiiiiiiiiiieiiiiineneeans 435
11.1.5 RID—Revision Identification Register (PCI-PCI—D30:F0).....ccocvvvvieiiininennnns 437
11.1.6 CC—Class Code Register (PCI-PCI—D30:F0).....cciiiiriiiiiiiiiiiiiierineieeenans 437
11.1.7 PMLT—Primary Master Latency Timer Register
[0 2 et 3G T 0 0 ) PR 437
11.1.8 HEADTYP—Header Type Register (PCI-PCI—D30:F0) ....ccovviviiiiiiniiniininennnns 438
11.1.9 BNUM—Bus Number Register (PCI-PCI—D30:F0) ....ccvieiririniiiiiieieenerennanns 438
11.1.10SMLT—Secondary Master Latency Timer Register
[0 S Rt 3G T 0 0 ) PR 438
11.1.111I0BASE_LIMIT—I/O Base and Limit Register
[0 O R 1 T 0 1 ) PR 439
11.1.12SECSTS—Secondary Status Register (PCI-PCI—D30:F0) ....cvvvvviviiiiinninnnns 440
11.1.13MEMBASE_LIMIT—Memory Base and Limit Register
(PCI-PCI—D30:F0) ..t uuiutitiuinirtiniieisiiinitrssaseesssaes st rassenesassnesens 441
11.1.14PREF_MEM_BASE_LIMIT—Prefetchable Memory Base
and Limit Register (PCI-PCI—D30:F0) ...ioiiiiiiiiiiiieieieiiieneeieene e neeneeees 441
11.1.15PMBU32—Prefetchable Memory Base Upper 32 Bits
Register (PCI-PCI—D30:F0) ....iuiiiiiiiiniiieininiinennn s e saseasasnsneans 442
11.1.16 PMLU32—Prefetchable Memory Limit Upper 32 Bits
Register (PCI-PCI—D30:F0) ....iuiiitiiitiiieiiiiiinsiniee s sasaseesasnsneans 442
11.1.17 CAPP—Capability List Pointer Register (PCI-PCI—D30:F0) .......ccoivvieiniininenns 442
11.1.18INTR—Interrupt Information Register (PCI-PCI—D30:F0) ......cocvvvvviiiiinnnnnns 442
11.1.19BCTRL—Bridge Control Register (PCI-PCI—D30:F0) ......ccviiiiieiiiiiiiiinennnns 443
11.1.20SPDH—Secondary PCI Device Hiding Register
[0 O Rt 1 10 ] 0 ) PR 444
11.1.21DTC—Delayed Transaction Control Register
[0 2 et 1G0T 0 ) PR 445
11.1.22BPS—Bridge Proprietary Status Register
(PCI-PCI—D30:F0) . tuteieieeaeeeeae e eneeae s e s e eer e e e aeae s e s eaeeraenennerneneneens 446
11.1.23BPC—Bridge Policy Configuration Register
[0 R 2O Rt 3G T 0 0 ) PR 447
11.1.24SVCAP—Subsystem Vendor Capability Register
(g 1 2O Rt I 1C 10 ) 448
11.1.25SVID—Subsystem Vendor IDs Register (PCI-PCI—D30:F0) ......ccvcveinininenene. 448
12 Gigabit LAN Configuration Registers ... 449
12.1 Gigabit LAN Configuration Registers
(Gigabit LAN — D25:F0) tuiuiutitiniiininiitieiiiins s e s s as e anas 449

10 Datasheet



12.2

Datasheet

12.1.1 VID—Vendor Identification Register

(Gigabit LAN—D25:F0) ..ttt s e e e e s e e n e eennenaans 450
12.1.2 DID—Device Identification Register

(Gigabit LAN—D25:F0) . .iiiitiiiiitiiiii i et na e e re e aneennenaans 450
12.1.3 PCICMD—PCI Command Register

(Gigabit LAN—D25:F0) ettt e s e e e e re e e eeenenaans 451
12.1.4 PCISTS—PCI Status Register

(Gigabit LAN—D25:F0) ..ttt et e e e re e aeeenaeaeans 452
12.1.5 RID—Revision Identification Register

(Gigabit LAN—D25:F0) ittt et a e e r e e e aennenaans 453
12.1.6 CC—Class Code Register

(Gigabit LAN—D25:F0) ittt et e e sae e e e e neans 453
12.1.7 CLS—Cache Line Size Register

(Gigabit LAN—D25:F0) ..ttt e ee e e e e sa e nneenneneans 453
12.1.8 PLT—Primary Latency Timer Register

(Gigabit LAN—D25:F0) . .uiuiitiitiiiiiiii it sae e se s e seeaneeaneaeans 453
12.1.9 HEADTYP—Header Type Register

(Gigabit LAN—D25:F0) . .tiuiitiitiiiiiiiiiie s ese e s e resnneeaneneans 453
12.1.10MBARA—Memory Base Address Register A

(Gigabit LAN—D25:F0) . .tiuiitiiiiiiiiiiii it s et s e e e r e seennee e aaans 454
12.1.11MBARB—Memory Base Address Register B

(Gigabit LAN—D25:F0) . .tiuiiiiiiiiiiiiiiiiie e re e e e e e reeaeaeaneneans 454
12.1.12MBARC—Memory Base Address Register C

(Gigabit LAN—D25:F0) . .tiuiiiiiiiiiiiiiiii it s e e e s e re e anaeanenaans 455
12.1.13SVID—Subsystem Vendor ID Register

(Gigabit LAN—D25:F0) ..ttt sttt e e e e s e e neeeneaaans 455
12.1.14SID—Subsystem ID Register

(Gigabit LAN—D25:F0) ..ttt e e e e seeaneeaneaeans 455
12.1.15ERBA—Expansion ROM Base Address Register

(Gigabit LAN—D25:F0) ..ttt e ena e e seeanaenneneans 455
12.1.16 CAPP—Capabilities List Pointer Register

(Gigabit LAN—D25:F0) ..ttt st e ena e e reenneeaneaeans 456
12.1.17INTR—Interrupt Information Register

(Gigabit LAN—D25:F0) . .tiuiitiitiiiiiiii i s re e s e e e e re e e eeanenaans 456
12.1.18 MLMG—Maximum Latency/Minimum Grant Register

(Gigabit LAN—D25:F0) . .ciiitiitiiiiiiii it e ena e e raen e eennenaans 456
12.1.19CLIST1—Capabilities List Register 1

(Gigabit LAN—D25:F0) ..ttt et e s e e e e seenneeaneaeans 456
12.1.20PMC—PCI Power Management Capabilities Register

(Gigabit LAN—D25:F0) ..ttt et e ae e s e e raeneaeaneaeans 457
12.1.21PMCS—PCI Power Management Control and Status

Register (Gigabit LAN—D25:F0) ..ciuiiriiiiiiiiiiii e s s e snenae s 458
12.1.22DR—Data Register

(Gigabit LAN—D25:F0) ittt et e e s e e naeneaenneneans 459
12.1.23CLIST2—Capabilities List Register 2

(Gigabit LAN—D25:F0) ..ttt e e e e e e seenneenneaeans 459
12.1.24MCTL—Message Control Register

(Gigabit LAN—D25:F0) . .ciuiitiiiiiiiiiii it ese e s e n e e saeanaeaneaaans 459
12.1.25MADDL—Message Address Low Register

(Gigabit LAN—D25:F0) ..ttt ne st e esena e s e seennaeaneneans 460
12.1.26 MADDH—Message Address High Register

(Gigabit LAN—D25:F0) ittt s e s e e e e s e e e eenneaaans 460
12.1.27MDAT—Message Data Register

(Gigabit LAN—D25:F0) ittt i et a e e ra e n e ee e aaans 460
12.1.28FLRCAP—Function Level Reset Capability

(Gigabit LAN—D25:F0) ..ttt ean s e r e saenaeeaneaeans 460
12.1.29FLRCLV—Function Level Reset Capability Length and

Version Register (Gigabit LAN—D25:F0) ...cviviiiiiiiiiiiiiiiiiieiieiineeneaneenenes 461
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13.1.39.1FVECO—Feature Vector Register 0 .........cvvviiiiiiiniiniiiiiie 491

13.1.39.2FVEC1—Feature Vector Register 1 ......cocoiiiiiiiiiiniiiiiiiieens 492

Datasheet



13.2

13.3

13.4

13.5

13.6

13.7

13.8

Datasheet
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13.2.3 DMAMEM_LP—DMA Memory Low Page RegiSters......ccoviviiiiiiiiiiiiniiiiinninsns 496
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B =T A O 2 S =Ta ] =T = PP 500
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L LoT e R B 2= o =) =T PP 506
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13.4.9 OCW3—Operational Control Word 3 Register.......c.cooviiiiiiiiiiiiiiiiieene 509
13.4.10ELCR1—Master Controller Edge/Level Triggered Register ..........ccoovvvvivinnnnnn 510
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Advanced Programmable Interrupt Controller (APIC)......cciiiiiiiiiiiiiiiniee e 512
13.5.1 APIC ReGISEEr MaP . ettt et e e e eanes 512
13.5.2 IND—INdeX REGISTEI ciiviitiieiii i et e e e e 512
13.5.3 DAT—Data ReGISTEI ....uiieiieiii i 513
13.5.4 EOIR—EOL REGISTEN ..uviviiiiiiiiiiiii ittt aas 513
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13.5.7 REDIR_TBL—Redirection Table Register.......c.ccvoiiiiiiiiiiii e 515
Re | TiMe ClOCK REGISTOIS. . vttt e e e e raenaane e aaans 517
3.6.1 I/O Register AdAress Map ....ociiieiiiiiiiiiiii e s 517
13 6.2 INdeXed REGISTEIS ..iuviuiiriitiii it ettt r e et ae e e rearanes 518
13.6.2.1 RTC_REGA—REGISTEr A ...oririieieiii et eeeneeaas 519
13.6.2.2 RTC_REGB—Register B (General Configuration) ............ccocvvvvnennnn 520
13.6.2.3 RTC_REGC—Register C (Flag Register) ......c.ccocviviiiiiiiiiiiennnnnnne, 521
13.6.2.4 RTC_REGD—Register D (Flag Register) ......c.ccovviiiiiiiiiiiiiiininnnnn, 521
Processor Interface Registers .......ooviiiiiiiii i 522
13.7.1 NMI_SC—NMI Status and Control Register.........ccoovviiiiiiiiiiiiiiiiiiieen 522
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13.7.3 PORTO2—INit REGISTEI .. et 523
13.7.4 COPROC_ERR—Coprocessor Error Register .......cvvviiiiiiiiiiiiiii e 523
13.7.5 RST_CNT—Reset Control Register.....c.cviiiiiiiiiiiiiiii e 524
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13.8.1.4 GEN_PMCON_LOCK—General Power Management Configuration
(o To S =T o1 = PP 531
13.8.1.5 BM_BREAK_EN_2 Register #2 (PM—D31:F0) .....cocvieininiiienninannnes 531
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13.10.17GP_RST_SEL1 — GPIO Reset Select Register .......ccvviiiiiiiiiiiiiiinienaneaen 567
13.10.18GP_RST_SEL2 — GPIO Reset Select Register ........cvoviiiiiiiiiiiiiiiiiiiiniennns 568
13.10.19GP_RST_SEL3 — GPIO Reset Select Register ......c.ccvviiiiiiiiiiiiiiiii e 568
SATA Controller Registers (D31:F2) ......ccoiiiiiiiiiiiii e enaans 569
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14.1.2 DID—Device Identification Register (SATA-D31:F2) .....covvviiiiiiiiiiniiiiiniinnn, 571
14.1.3 PCICMD—PCI Command Register (SATA-D31:F2) ..ccciiiiiiiiiiiiiiiiiiieeeeeann, 571
14.1.4 PCISTS — PCI Status Register (SATA-D31:F2) .iccciiviiiiiiiiiiiiiiniennannn, 572
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14.1.6.2 When Sub Class Code Register (D31:F2:0ffset 0Ah) = 04h .......... 573
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14.2.1 BMIC[P,S]—Bus Master IDE Command Register (D31:F2) ........cooviviiiinennnns 599
14.2.2 BMIS[P,S]—Bus Master IDE Status Register (D31:F2)....c.ccoiviiiiiiiiiniininnnnnns 600
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14.4.1.3 IS—Interrupt Status Register (D31:F2) ....cocvviiiiiiiiiiiiiiiiiiieens 610
14.4.1.4 PI—Ports Implemented Register (D31:F2) ..ccoovviiiiiiiiiiiiiiiiniens 611
14.4.1.5 VS—AHCI Version Register (D31:F2).....coieiiiiiiiiiiiiiiiiiiieiaeeas 612
14.4.1.6 EM_LOC—Enclosure Management Location Register (D31:F2)........ 612
14.4.1.7 EM_CTRL—Enclosure Management Control Register (D31:F2)........ 612
14 4.1.8 CAP2—HBACgapabiIities Extended Register........ccovvvvviiiieininnnnnnne, 613
4.4.1.9 RSTF—Intel™ RST Feature Capabilities Register............c.covvvennnnn. 614
14.4.2 Port ReEISTErS (D3 1iF2) ittt et e e e e e aeneeaes 616
14.4.2.1 PxCLB—Port [5:0] Command List Base Address Register
(023 R 2 T PP 619
14.4.2.2 PxCLBU—Port [5:0] Command List Base Address Upper
32-Bits Register (D31:F2) .iuiiiiiiiiiiiiiiiii i ae e reneaeas 619
14.4.2.3 PxFB—Port [5:0] FIS Base Address Register (D31:F2).................. 619
14.4.2.4 PxFBU—Port [5:0] FIS Base Address Upper 32-Bits
Register (D31:F2) it e ees 620
14.4.2.5 PxIS—Port [5:0] Interrupt Status Register (D31:F2) ........cocvvuvnnnns 620
14.4.2.6 PxIE—Port [5:0] Interrupt Enable Register (D31:F2)..........ccvunnnn 622
14.4.2.7 PxCMD—Port [5:0] Command Register (D31:F2) .......ccocvvviininnnnns 623
14.4.2.8 PxTFD—Port [5:0] Task File Data Register (D31:F2).........ccovvnennen 626
14.4.2.9 PxSIG—Port [5:0] Signature Register (D31:F2) .....cccvvvviiiiininnnnns 626
14.4.2.10PxSSTS—Port [5:0] Serial ATA Status Register (D31:F2).............. 627
14.4.2.11PxSCTL — Port [5:0] Serial ATA Control Register (D31:F2) ........... 628
14.4.2.12PxSERR—Port [5:0] Serial ATA Error Register (D31:F2)................ 629
14.4.2.13PxSACT—Port [5:0] Serial ATA Active Register (D31:F2)............... 631
14.4.2.14PxCI—Port [5:0] Command Issue Register (D31:F2) .......cccevvvnennnn 631
SATA Controller Registers (D31:F5) .....ccciiiiiiiiiii i eaaans 633
15.1 PCI Configuration Registers (SATA=D31:F5) ..iiuiiiiiiiiiiiii e 633
15.1.1 VID—Vendor Identification Register (SATA—D31:F5)....ccccvviiiiiiiiiiiiinnns 634
15.1.2 DID—Device Identification Register (SATA—D31:F5) ....cciiiiiiiiiiiiiiiiiiienns 634
15.1.3 PCICMD—PCI Command Register (SATA-D31:F5) ciciiriiiiiiiiiiiiiiiiiiinnieanns 635
15.1.4 PCISTS — PCI Status Register (SATA-D31:F5) .ooeiiieiiiiiiiiiieieieeeeeeeeenn 636
15.1.5 RID—Revision Identification Register (SATA—D31:F5) ...ccoviiiiiiiiiiiiiiiiiniens 636
15.1.6 PI—Programming Interface Register (SATA-D31:F5) ....ccoviiiiiiiiiiiiiiiiinnnns 637
15.1.7 SCC—Sub Class Code Register (SATA-D31:F5) .cciiiiiiiiiiiiiiiiiiiiiiiae e 637
15.1.8 BCC—Base Class Code Register
(SATA-D31:iFSSATA-DI3LiFD) ittt it eaaaneaaes 637
15.1.9 PMLT—Primary Master Latency Timer Register
SN ASl B 1 B =) L PP 638
15.1.10PCMD_BAR—Primary Command Block Base Address
Register (SATA=D 31 iFS) ittt eas 638
15.1.11PCNL_BAR—Primary Control Block Base Address Register
SN S B I B =) L PP 638
15.1.12SCMD_BAR—Secondary Command Block Base Address
Register (SATA D3 1iFD) tuiiiiiiiiiii i s e e e aeaeenes 639
15.1.13SCNL_BAR—Secondary Control Block Base Address
Register (SATA D31:FS) i 639
15.1.14BAR — Legacy Bus Master Base Address Register
A AN B I B =) PP 640
15.1.15SIDPBA — SATA Index/Data Pair Base Address Register
TS B I B =) PP 640
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15.1.16SVID—Subsystem Vendor Identification Register

(SATA-D3LiFS) it e 641
15.1.17SID—Subsystem Identification Register (SATA-D31:F5) ...ccccvvviiiiiiniieinnnnn. 641
15.1.18 CAP—Capabilities Pointer Register (SATA-D31:F5)..ccccciiiiiiiiiiiiiiiiiiinnnns 641
15.1.19INT_LN—Interrupt Line Register (SATA-D31:F5) ...ccooiiiiiiiiiiiiiiieieieneeenes 641
15.1.20INT_PN—Interrupt Pin Register (SATA-D31:F5)..cccciiiiiiiiiiiiiiiiiiiiiiiieenne 641
15.1.211IDE_TIM—IDE Timing Register (SATA-D31:F5) ..iciiiiriiiiiii e reeeeeens 642
15.1.22SDMA_CNT—Synchronous DMA Control Register

(SAT A-D B L FS ) ittt 642
15.1.23SDMA_TIM—Synchronous DMA Timing Register

SN I 2 R 1) T P 643
15.1.241IDE_CONFIG—IDE I/0 Configuration Register

(SAT A-D B FD ) it e e e 643
15.1.25PID—PCI Power Management Capability Identification

ReGiSter (SATA-D31iF5) tuiriiiiie it e e e ee e e eeeeeennn 644
15.1.26 PC—PCI Power Management Capabilities Register

(SAT A-D 3L F D) et 644
15.1.27PMCS—PCI Power Management Control and Status

ReGISter (SATA-D3LiF5) tuiuiiiiie it e e e e ae e e eeeeaennn 645
15.1.28 MAP—Address Map Register (SATA-D31:F5) ..cciiiiiiiiiiiiiiiiiiii e 645
15.1.29PCS—Port Control and Status Register (SATA-D31:F5)....ccccoviiiiiniiiininnnne. 646
15.1.30SATACRO— SATA Capability Register 0 (SATA-D31:F5) ...cocvvviiininininninininens 647
15.1.31SATACR1— SATA Capability Register 1 (SATA-D31:F5) ..ccooviiiiiniiiiiininnnnens 647
15.1.32FLRCID— FLR Capability ID Register (SATA-D31:F5)...c.cocviiiiiiiniiiiiiiniinens 647
15.1.33FLRCLV— FLR Capability Length and

Value Register (SATA=D31iFS) it 648
15.1.34FLRCTRL— FLR Control Register (SATA-D31:F5)....cccciiiiiiiiiiiiiiiiieieneeenns 648
15.1.35ATC—APM Trapping Control Register (SATA-D31:F5) ..ccccviiiiiiiiiiiiiiinnne, 649
15.1.36 ATS—APM Trapping Status Register (SATA-D31:F5) ...ccciiiiiiiiiiiiiiiiiiienens 649

15.2 Bus Master IDE I/O Registers (D3 1:iF5) cuuuiiuiiiiiiiiiiiiiiiiiiiie i iiensnssesesasnnsennennns 649
15.2.1 BMIC[P,S]—Bus Master IDE Command Register (D31:F5) .......ccoeviviiiininnnnn. 650
15.2.2 BMIS[P,S]—Bus Master IDE Status Register (D31:F5) .....ccoovvviiiiiiiiiiinnnnens 651
15.2.3 BMID[P,S]—Bus Master IDE Descriptor Table Pointer

RegISTer (D31 iFS) tuiiriiiiiiiiii i 651

15.3 Serial ATA Index/Data Pair Superset Registers .......c.ccoviiiiiiiiiiii e 652
15.3.1 SINDX—SATA Index Register (D31:F5) .iciiviieiiiiiiiiiiiiiiiiniens e 652
15.3.2 SDATA—SATA Index Data Register (D31:F5).....cccceiiiiiiiiiiiiiiiiiiinieieeee 652

15.3.2.1 PxSSTS—Serial ATA Status Register (D31:F5) ...ccoovvvviiiniinininnnnn. 653

15.3.2.2 PxSCTL — Serial ATA Control Register (D31:F5).....cccovvviviiiininnnnn. 654

15.3.2.3 PxSERR—Serial ATA Error Register (D31:F5) ..covviiiiiiiiiiiiiiiiinnnnns 655

16 EHCI Controller Registers (D29:F0, D26:F0) ...........c.ooviiiiiiiiiiiiire e 657

16.1 USB EHCI Configuration Registers
(USB EHCI—D29:F0, D26:F0) ..uiueieieieiiieaeieeae e eaeeeeeeneenereeaeeenaeneenernenenenees 657
16.1.1 VID—Vendor Identification Register

(USB EHCI—D29:FQ, D26:F0) ..uuiueeitiieaeieeeeeeeeene e eeeneaenesneenenaeneeees 658
16.1.2 DID—Device Identification Register

(USB EHCI—D29:F0, D26:F0) ..uuiueeitiieaeeeeeeeeeeae e eaeneaenasneenenaeneeees 659
16.1.3 PCICMD—PCI Command Register

(USB EHCI—D29:F0, D26:F0) ..uuiueeieiieaeeeaeeeeeeeae e eaeneenerneenenaeneeees 659
16.1.4 PCISTS—PCI Status Register

(USB EHCI—D29:F0, D26:F0) ..uuiueeieieeaeeeeeeeeeeeae e eeeeenesneeenaeneeees 660
16.1.5 RID—Revision Identification Register

(USB EHCI—D29:F0, D26:F0) «.uuiueeieiieaeieeeeeeeene e eaeneenesneeenaeneeees 661
16.1.6 PI—Programming Interface Register

(USB EHCI—D29:F0, D26:F0) ..uuiueeieiieaeeeeeeeeeeae e eeeeenesneeenaeneeees 661
16.1.7 SCC—Sub Class Code Register

(USB EHCI—D29:F0, D26:F0) ..uuiueeieiiiaeieaeeeeeeeae e eneneenernsenenaeneeees 661
16.1.8 BCC—Base Class Code Register

(USB EHCI—D29:F0, D26:F0) ...uiueeieiieieieeeeeeeeeeeeeaeneenasneeenaeneenees 662
16.1.9 PMLT—Primary Master Latency Timer Register

(USB EHCI—D29:F0, D26:F0) .\uviuiiitiiiiniiiiiiiniiine s asssenasanenes 662
16.1.10HEADTYP—Header Type Register

(USB EHCI—D29:F0, D26:F0) 1vuviuiiiiiiiiniiiiiiiniiin s senasanenes 662
16.1.11MEM_BASE—Memory Base Address Register

(USB EHCI—D29:F0, D26:F0) .viuiuititiiiiniiiiiii i sssenasaee e 663
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ntel.

16.2

16.1.12SVID—USB EHCI Subsystem Vendor ID Register

(USB EHCI—D29:F0, D26:F0)...iutiueiriitiieieiteiiiieierssnssnesnessennsnerssnsnnanerns 663
16.1.13SID—USB EHCI Subsystem ID Register
(USB EHCI—D29:F0, D26:F0)...iutieitiititieiteniineienisnnsaesessenssnesnsnssnnenenns 663
16.1.14CAP_PTR—Capabilities Pointer Register
(USB EHCI—D29:F0, D26:F0) . .iutiutitiitiitieiteniineienseansaeeesssnssnesnennenneneans 664
16.1.15INT_LN—Interrupt Line Register
(USB EHCI—D29:F0, D26:F0) . .iutiueitiitiiieiteniineiestennsaeenesssnssneinennsnnanenns 664
16.1.16 INT_PN—Interrupt Pin Register
(USB EHCI—D29:F0, D26:F0) . .iutiueitiitiitieireiiineieriennsnesesssnnsnernssnennsnenns 664
16.1.17PWR_CAPID—PCI Power Management Capability ID
Register (USB EHCI—D29:F0, D26:F0) ..cvvvviiiriiiiiiiieiiiiniieiienreneenesnennenennes 664
16.1.18NXT_PTR1—Next Item Pointer #1 Register
(USB EHCI—D29:F0, D26:F0) . .iutiueirititiieirentineeenssnssnesesssnnsnernssnannenennes 665
16.1.19PWR_CAP—Power Management Capabilities Register
(USB EHCI—D29:F0, D26:F0) . .iutiueitiitiieieitenniieierssnssnesnesssnssnersnnsnnsnnrns 665
16.1.20PWR_CNTL_STS—Power Management Control/
Status Register (USB EHCI—D29:F0, D26:F0) ...cvviiviiiiiiiiiiiiieineie e iennanens 666
16.1.21 DEBUG_CAPID—Debug Port Capability ID Register
(USB EHCI—D29:F0, D26:F0) . .iutiueitiitiieieireniineienssnssnesnenssnssneinsnnsnnenerns 667
16.1.22NXT_PTR2—Next Item Pointer #2 Register
(USB EHCI—D29:F0, D26:F0) . .iutiuiitiitiitieireniineierssnssneeesssnssnerssnannsnerns 667
16.1.23DEBUG_BASE—Debug Port Base Offset Register
(USB EHCI—D29:F0, D26:F0) . .iutiueitiitiiieitennineiesssassaesesssnnsnernsnnannenenns 667
16.1.24USB_RELNUM—USB Release Number Register
(USB EHCI—D29:F0, D26:F0) . .iutiutitiitiiieiteniineiesssassnesnesssnnsnersnnsnnenerns 667
16.1.25FL_ADJ—Frame Length Adjustment Register
(USB EHCI—D29:F0, D26:F0)...iutiueitiititieitenniieierssnssaesesssnnsnersnnsnnsnerns 668
16.1.26 PWAKE_CAP—Port Wake Capability Register
(USB EHCI—D29:F0, D26:F0) . .iutieitiitiiieirennieiesnenssnesenssnssnersnnsnnsnenns 669
16.1.27LEG_EXT_CAP—USB EHCI Legacy Support Extended
Capability Register (USB EHCI—D29:F0, D26:F0).....ccvvviviieiiniiiiiieieniennnen 669
16.1.28LEG_EXT_CS—USB EHCI Legacy Support Extended
Control / Status Register (USB EHCI—D29:F0, D26:F0) ....ccvvvviiiiiiiiieininnnnen 670
16.1.29SPECIAL_SMI—Intel Specific USB 2.0 SMI Register
(USB EHCI—D29:F0, D26:F0)...iutiueiriitiiieiteniineiestsnssnesenssnnasrnssnennaneans 672
16.1.30ACCESS_CNTL—Access Control Register
(USB EHCI—D29:F0, D26:F0) . .iutiueitiititieiteniiieiesisnssnesessennsnesnsssennanenns 673
16.1.31EHCIIR1—EHCI Initialization Register 1
(USB EHCI—D29:F0, D26:F0) . uiutiueiriitiieieitiniiieiesisnsssesessenesneisssannanerns 673
16.1.32FLR_CID—Function Level Reset Capability ID Register
(USB EHCI—D29:F0, D26:F0) . .iutieitiitiitieiieiiineiesisnssnesnesssnssnsrnsnnsnnsnerns 674
16.1.33FLR_NEXT—Function Level Reset Next Capability
Pointer Register (USB EHCI—D29:F0, D26:F0)...c.ccviiiiiiiiiiiiiiiiiiiienenaaeees 674
16.1.34FLR_CLV—Function Level Reset Capability Length and
Version Register (USB EHCI—D29:F0, D26:F0) ...ovviiiiiiiiiieiiiiiiiieeiinaneanens 674
16.1.35FLR_CTRL—Function Level Reset Control Register
(USB EHCI—D29:F0, D26:F0) . .iutiiitiitiiieiteniiieierienssnesnesssnnsnssnsnnannsnerns 675
16.1.36FLR_STAT—Function Level Reset Status Register
(USB EHCI—D29:F0, D26:F0) . .iutiueitiitiieieiteniineiesisassnesensennenernssnsnnanerns 675
Memory-Mapped I/O RegISTErS .....ouiiiiiii i 676
16.2.1 Host Controller Capability Registers.......coovvviiiiiiiiiiiiiiiii s 676
16.2.1.1 CAPLENGTH—Capability Registers Length Register....................... 677
16.2.1.2 HCIVERSION—Host Controller Interface Version Number
REGISEEI 1.ttt 677
16.2.1.3 HCSPARAMS—Host Controller Structural Parameters.................... 678
16.2.1.4 HCCPARAMS—Host Controller Capability Parameters
REGISE O .t e 679
16.2.2 Host Controller Operational RegiSters .......coviiiiiiiiiiiiii e 680
16.2.2.1 USB2.0_CMD—USB 2.0 Command Register.........ccvvvviviriiriininennnns 681
16.2.2.2 USB2.0_STS—USB 2.0 Status Register........c.ccviviiiiiiiiiiiiiinnnnenns 683
16.2.2.3 USB2.0_INTR—USB 2.0 Interrupt Enable Register................c........ 685
16.2.2.4 FRINDEX—Frame IndeX Register .......ccviviuiiiiiiiiiiiiiiiiiiiiienaaneas 686
16.2.2.5 CTRLDSSEGMENT—Control Data Structure Segment
=T | 1= o= P 687
16.2.2.6 PERIODICLISTBASE—Periodic Frame List Base Address
=T | 1= =] o PP 687
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16.2.2.7 ASYNCLISTADDR—Current Asynchronous List Address

REGIST N . it e 688
16.2.2.8 CONFIGFLAG—Configure Flag Register..........ccovviiiiiiiiiiiiiennnne. 688
16.2.2.9 PORTSC—Port N Status and Control Register...........oovvvviiviinnnen. 689
16.2.3 USB 2.0-Based Debug Port Registers ........cccoviiiiiiiiiiiiiini e 693
16.2.3.1 CNTL_STS—Control/Status Register .........ccovviiiiiiiiiiiiiiiina 694
16.2.3.2 USBPID—USB PIDS RISt ..cvviiiiiiiiiiii i 695
16.2.3.3 DATABUF[7:0]—Data Buffer Bytes[7:0] Register...........ccvcvvrvnnnnn. 696
16.2.3.4 CONFIG—Configuration Register .........ccocoiiiiiiiiiiiiiiee 696
17 xHCI Controller Registers (D20:F0) ........ccoiiiiiiiiiiiiiiiiia et aa e e ees 697
17.1 USB xHCI Configuration Registers
(USB XHCI—D20:F0) .eutiitieiutiteisetitinenseaessssesssassassneassaesnsrsenssaerssnsnnsnesnsrnennnns 697
17.1.1 VID—Vendor Identification Register
(USB XHCI—D20:F0) ttutiitiitiiiniitiatiitiienssatsaesssnssaesasrsssssasenssnsnssnsenesnennens 698
17.1.2 DID—Device Identification Register
(USB XHCI—=D20:F0) teurtitiieiiiniitiitiieienssntsaesssnssaesersssssassssnsnssnnenesnennens 698
17.1.3 PCICMD—PCI Command Register
(USB XHCI—=D20:F0) teuriitiieiiiiiiteitititenssnesesssassaesaessssssaeessnsansnsenssnennans 699
17.1.4 PCISTS—PCI Status Register
(USB XHCI—=D20:F0) .euriitieiiiniitiititisenssaesssssansaesernssssaesnsssansnnsnssnennens 700
17.1.5 RID—Revision Identification Register
(USB XHCI—=D20:F0) .eutiititiiiniieeieiititesssaesesssassaesnessssssaesnssnsnnsnsenssnennens 701
17.1.6 PI—Programming Interface Register
(USB XHCI—=D20:F0) .itiitiieiiineiteitiieienssaesesssassaesaessssssaesssnsansnnenesnennens 701
17.1.7 SCC—Sub Class Code Register
(USB XHCI—D20:F0) .eutiitiieiiiieiteieiatsenssaesaesssassae e rnssnsassnssnsnssnnenssnennans 701
17.1.8 BCC—Base Class Code Register
(USB XHCI—=D20:F0) teutiitiitiiiiiteieiiitenssassessnesaesaessssssaeenssnsnnsnsenssnennens 701
17.1.9 PMLT—Primary Master Latency Timer Register
(USB XHCI—D20:F0) .eutiitieiiiieitiitiititenssnssaessenssaesersssssaesnssnssnsnesnssnennens 702
17.1.10HEADTYP—Header Type Register
(USB XHCI—=D20:F0) .eutiitiitiniiieiteitiititenssassaeisenssaesasssssssaesssnsnnsnnenssnesnens 702
17.1.11MEM_BASE_L—Memory Base Address Low Register
(USB XHCI—D20:F0) .turiitiieiiieeiteitiieienssnesaesssnssaesnsrsssnsaeenssnsnnsnnsnssnesnens 702
17.1.12MEM_BASE_H—Memory Base Address High Register
(USB XHCI—D20:F0) .turiitiitiiiiiieeieiiitenssnesasrssnssaesnersssssaeessnssnsnnenesnennans 703
17.1.13SVID—USB xHCI Subsystem Vendor ID Register
(USB XHCI—=D20:F0) .euriititiiiiitiitiitienssaesaessnssaesnessssssassnssnssnsnsenssnennens 703
17.1.14SID—USB xHCI Subsystem ID Register
(USB XHCI—=D20:F0) .euuiitiieieiiieeitiatiesssnesaesssansaesnessssssaesnssnsnssnsenssnennens 703
17.1.15CAP_PTR—Capabilities Pointer Register
(USB XHCI—D20:F0) .eutiititiiiiiieeieiitsienssatsaessassaesnersssnsassssssnnsnnenesnennens 703
17.1.16INT_LN—Interrupt Line Register
(USB XHCI—=D20:F0) .eutiitiieiiineiteitititenssatsaesssnssaesnessssssaeessssnnsnssnssnennens 704
17.1.17INT_PN—Interrupt Pin Register
(USB XHCI—=D20:F0) teuriititiiiniiteitiititenssansnesssnssaesnessssssaeenssnsnnsnnsnssnennens 704
17.1.18 XHCC—xHC System Bus Configuration Register
(USB XHCI—=D20:F0) .tutiitiitiniiiiitineiitisenssnesesssassaesnersssssaeessnsnnsnnsnssnennens 704
17.1.19XHCC2—xHC System Bus Configuration Register 2
(USB XHCI—=D20:F0) .euriitiitiiiiitiieiititenssaesesssassaesnessssnsaeessssnssnnenesnennens 705
17.1.20SBRN—Serial Bus Release Number
Register (USB XHCI—D20:F0) ...ictiriiriiiiietineiesieseaesnesenasesneesenssnesnennanes 706
17.1.21FL_ADJ—Frame Length Adjustment Register
(USB XHCI—=D20:F0) .euriitiieiiiiiitiieiieinesssnesaesseassaesnersssssaesnssnssnsnsenssnesnens 706
17.1.22PWR_CAPID—PCI Power Management Capability ID
Register (USB XHCI—D20:F0) ...iviriirieiieiintiiesinsenesnesenasesneesanesnesnennanes 707
17.1.23NXT_PTR1—Next Item Pointer #1 Register
(USB XHCI—D20:F0) .eutiitiitiiitiitiititsesssnsiiesssnssaesnessssssaeenssnsansnnenssnennans 707
17.1.24PWR_CAP—Power Management Capabilities Register
(USB XHCI—D20:F0) .eutiitiitiiiiiitiieiatienssntsiesssassaesaessssssassnssssnseneenssnennens 708
17.1.25PWR_CNTL_STS—Power Management Control/
Status Register (USB XHCI—D20:F0) ....ieieiuinieieiiiieieieeaenereeneeneenenenens 709
17.1.26 MSI_CAPID—Message Signaled Interrupt Capability ID Register
(USB XHCI—D20:F0) teuteitieiiiieieitiieitesseae it ssenssae e sasnssaesnesseneaaneneanennans 709
17.1.27NEXT_PTR2— Next Item Pointer Register
(USB XHCI—=D20:F0) 1eutiitiitiiitiitiieeie e steae et saeaeeae e saesasaesneaneneeneeneanennans 710
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17.
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17.
17.
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17.
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1.28 MSI_MCTL— MSI Message Control Register

(USB XHCI—D20:F0) tutiutitineiiiiieiientesaaesnesssnssessesssnnsesnesssnnenesnennannenes
1.29MSI_LMAD—MSI Lower Message Address Register

(USB XHCI—D20:F0) etititineititieinentensiesresssnssesesssnnsnessesssnnenesennannenes
1.30MSI_UMAD—MSI Upper Message Address Register

(USB XHCI—=D20:F0) etiitititiitiiieitententsnesesssnesessessssnsnessesssnnenesennannenes
1.31MSI_MD—MSI Message Data Register

(USB XHCI—=D20:F0) e titititeitetiieitestenieesrestsnssesnesssansnernesssnnenernennannenes
1.32XOCM—xHC Overcurrent Mapping Register

(USB XHCI—=D20:F0) tutititineititieitenientenesesssaesessesssnesnesnesssnnenesnernannenes
1.33XUSB2PR —xHC USB 2.0 Port Routing Register

(USB XHCI—D20:F0) tutiutitineitieieinenteassesnentsnssesnesssnnsesesssnnrnessrnennenes
1.34XUSB2PRM—xHC USB 2.0 Port Routing Mask Register

(USB XHCI—D20:F0) e tiitiutineiiineieinententiesnestsnssessssssnnsesesssnnrnesesnennenes

1.35USB3_PSSEN—USB 3.0 Port SuperSpeed Enable Register

(USB XHCI—D20:F0) tututiuiuiititiieitetaniesteseeneesssaene s tsseene e sasnenseseenenennns
1.36USB3PRM—USB 3.0 Port Routing Mask Register

(USB XHCI—D20:F0) tuttiuiuiititiiieieetatiiesesseeneeas et s ts e eae e e saeeneeseenenennas

17.2 Memory-Mapped I/O REGISEEIS ....uiiiiii i e eaeas
17.2.1 Host Controller Capability Registers.......coovviiiiiiiiiiiiiiiiic e

17.2.1.1 CAPLENGTH—Capability Registers Length Register.......................
17.2.1.2 HCIVERSION—Host Controller Interface Version Number

REGISEEI 1.ttt
17.2.1.3 HCSPARAMS1 —Host Controller Structural Parameters #1

REGISEEI 1.ttt
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(PCI Express*—D28:FO0/F1/F2/F3/F4/F5/F6/F7/F6/F7).iiiiiiiiiiiiiiiniieininnnns, 826
20.1.15SSTS—Secondary Status Register

(PCI Express*—D28:FO0/F1/F2/F3/F4/F5/F6/F7/F6/F7).iciiiiiiiiiiiiiniinininnnnn, 827
20.1.16 MBL—Memory Base and Limit Register

(PCI Express*—D28:FO/F1/F2/F3/F4/F5/F6/F7/F6/F7).iiiiiiiiiiiiiiiinininnnns, 828
20.1.17PMBL—Prefetchable Memory Base and Limit Register

(PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7).iiiiiiiiiiiiiiiniieininnnns, 828
20.1.18PMBU32—Prefetchable Memory Base Upper 32 Bits

Register (PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) c.ccovvvvvinnnnnn. 829
20.1.19PMLU32—Prefetchable Memory Limit Upper 32 Bits

Register (PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7/F6/F7) c.ccovvvvvinrnnnn. 829
20.1.20CAPP—Capabilities List Pointer Register

(PCI Express*—D28:FO0/F1/F2/F3/F4/F5/F6/F7/F6/F7).iiiiiiiiiiiiiiiniieininnnns, 829
20.1.21INTR—Interrupt Information Register

(PCI Express*—D28:FO0/F1/F2/F3/F4/F5/F6/F7/F6/F7).iiiiiiiiiiiiiiniieininnnns, 830
20.1.22BCTRL—Bridge Control Register

(PCI Express*—D28:FO/F1/F2/F3/F4/F5/F6/F7/F6/F7).iiiiiiiiiiiiiiiniinininnnns, 831
20.1.23CLIST—Capabilities List Register

(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) .ciiiiiiiiiiiiiiiiiiiiiiiiieinanenns 832
20.1.24XCAP—PCI Express* Capabilities Register

(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) .ciuiiiiiiiiiiiiiiiiiiiiniiieinennnns 832
20.1.25DCAP—Device Capabilities Register

(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) .ciiiiiiiiiiiiiiiiiiiiiiieinanens 833
20.1.26 DCTL—Device Control Register

(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) .ciiiiiiiiiiiiiiiiiiiiiiiiieinanens 834
20.1.27DSTS—Device Status Register

(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) .ciiiiiiiiiiiiiiiiiiiiiieinanens 835
20.1.28LCAP—Link Capabilities Register

(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) .ciiiiiiiiiiiiiiiiiiiiiiiieinanens 836
20.1.29LCTL—Link Control Register

(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) .ciuiiiiiiiiiiiiiiiiiiiieinanens 838
20.1.30LSTS—Link Status Register

(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) .ciiiiiiiiiiiiiiiiiiiiiiiieinenenns 839
20.1.31SLCAP—SIlot Capabilities Register

(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) .uiiiiiiiiiiiiiiiiiiiniiiinenens 840
20.1.32SLCTL—SIot Control Register

(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) .ciuiiiiiiiiiiiiiiiiiiiiiiinnnens 841
20.1.33SLSTS—Slot Status Register

(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) .ciiuiiiiiiiiiiiiiiiiiiiiinanens 842
20.1.34RCTL—Root Control Register

(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7)..iiiiiiiiiiiiiiiiiiiiiiiiiieinanens 843
20.1.35RSTS—Root Status Register

(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7)..iuiiiiiiiiiiiiiiiiiiiiiiieinanens 843
20.1.36 DCAP2—Device Capabilities 2 Register

(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) .uiiiiiiiiiiiiiiiiiiiiiiiieinanens 844
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20.1.37DCTL2—Device Control 2 Register

(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) uuiiriiiiiiiiiiiiiiiiiieiienenennn 844
20.1.38LCTL2—Link Control 2 Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) uuiiuiiiiiiiiiiiiiiiiiieiienanennen 845
20.1.39LSTS2—Link Status 2 Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) cuiiiiiiiiiiiiiiiiiiiieiienanenen 845
20.1.40MID—Message Signaled Interrupt Identifiers Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) uuiiiiiiiiiiiiiiiiiiiiieiienenenen 846
20.1.41 MC—Message Signaled Interrupt Message Control Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) uuiiiiiiiiiiiiiiiiiiieiienaaenen 846
20.1.42MA—Message Signaled Interrupt Message Address
Register (PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) ..ccciiviiiiiiiiiiinnnnnns 846
20.1.43MD—Message Signaled Interrupt Message Data Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) ccuiiiiiiiiiiiiiiiiiiiieiienanennn 847
20.1.44SVCAP—Subsystem Vendor Capability Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) uuiiuiiiiiiiiiiiiiiiiiiieiienanennn 847
20.1.45SVID—Subsystem Vendor Identification Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) uuiiiiiiiiiiiiiiiiiiiieiieneaenen 847
20.1.46 PMCAP—Power Management Capability Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) uuiiiiiiiiiiiiiiiiiiiieiienanennnn 847
20.1.47PMC—PCI Power Management Capabilities Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) uuiiiiiiiiiiiiiiiiiiiiieiienenennn 848
20.1.48PMCS—PCI Power Management Control and Status
Register (PCI Express*—D28:F0/F1/F2/F3/F4/F5/F6/F7) ..cccciiiiiiiiiiiiininnnnnns 849
20.1.49MPC2—Miscellaneous Port Configuration Register 2
(PCI Express*—D28:FO0/F1/F2/F3/F4/F5/F6/F7) .cccoviiiiiiiiiiiiinin, 850
20.1.50MPC—Miscellaneous Port Configuration Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) uuiiriiiiiiiiiiiiiiiiiiiiienaaennn 851
20.1.51SMSCS—SMI/SCI Status Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) cuiiiiiiiiiiiiiiiiiiiieiienenennn 853
20.1.52RPDCGEN—Root Port Dynamic Clock Gating Enable
Register (PCI Express—D28:FO/F1/F2/F3/FA/F5/F6/F7)..ciiiiiiiiiiiiiniiiniininnns 853
20.1.53PECR3—PCI Express* Configuration Register 3
(PCI Express*—D28:FO0/F1/F2/F3/FA/F5/F6/F7) cciviiiiiiiiiiiiin, 854
20.1.54UES—Uncorrectable Error Status Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) uuiiiiiiiiiiiiiiiiiieiienanennn 855
20.1.55UEM—Uncorrectable Error Mask Register
(PCI Express*—D28:FO0/F1/F2/F3/F4/F5/F6/F7) cccciiiiiiiiiiiiiiin, 856
20.1.56 UEV—Uncorrectable Error Severity Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) .ccciviiiiiiiiiiiiiiin, 857
20.1.57CES—Correctable Error Status Register
(PCI Express*—D28:FO/F1/F2/F3/FA4/F5/F6/F7) .cccviiiiiiiiiiiiiinn, 858
20.1.58CEM—Correctable Error Mask Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) cuiiiiiiiiiiiiiiiiiiiieiienanennn 858
20.1.59AECC—Advanced Error Capabilities and Control Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) cuiiriiiiiiiiiiiiiiiiieiienanennn 859
20.1.60RES—Root Error Status Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) ccuiiuiiiiiiiiiiiiiiiiiiiienenenen 859
20.1.61PEETM—PCI Express* Extended Test Mode Register
(PCI Express*—D28:FO/F1/F2/F3/FA/F5/F6/F7) uuiiiiiiiiiiiiiiiiiiiieiieneaennn 860
High Precision Event Timer Registers..............ccooiiiiiiiii 861
21.1 Memory Mapped RegiSters ...o.uiuiiiiiiiiii i e 861
21.1.1 GCAP_ID—General Capabilities and Identification Register ..............c....e.ete. 863
21.1.2 GEN_CONF—General Configuration REGISLEr ........uuervvriirniiiriieiiiieerersiennnns 863
21.1.3 GINTR_STA—General Interrupt Status Register.........coccvveiiiiiiiineiiineeiinennnn. 864
21.1.4 MAIN_CNT—Main Counter Value RegiSter........vivuvreiiriiriieiiiieiieeerersnenanns 864
21.1.5 TIMn_CONF—Timer n Configuration and Capabilities Register ..................... 865
21.1.6 TIMn_COMP—Timer n Comparator Value RegiSter .........covvvvriervrierenerinnennns 868
21.1.7 TIMERn_PROCMSG_ROUT—Timer n Processor Message
INErrUPE ROUL REGISTEI .. .uuiiitiiiiieiiiieiiieetiteebeeatier et ie st e et ee st e e et e raneeaes 869
Serial Peripheral INterface (SPI) .......ccoooiiiiiiiiii e enans 871
22.1 Serial Peripheral Interface Memory Mapped Configuration Registers................coeve.e. 871
22.1.1 BFPR -BIOS Flash Primary Region Register
(SPI Memory Mapped Configuration RegiSters).......cccoviiiiiiiiiiiiiiiieieeens 873
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22.1.2 HSFS—Hardware Sequencing Flash Status Register

(SPI Memory Mapped Configuration Registers) .......ccoovviiiiiiiiiiiiniiiiennns 873
22.1.3 HSFC—Hardware Sequencing Flash Control Register

(SPI Memory Mapped Configuration Registers) .......coovviiiiiiiiiiiiniiieians 875
22.1.4 FADDR—Flash Address Register

(SPI Memory Mapped Configuration Registers) .......ccoovviiiiiiiiiiinniienans 875
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Platform Controller Hub Features

40

Direct Media Interface
— Up to 20 Gb/s each direction, full duplex

— Transparent to software

PCI Express*

— Up to eight PCI Express root ports

— Supports PCI Express Rev 2.0 running at up
to 5.0 GT/s

— Ports 1-4 and 5-8 can independently be
configured to support eight x1s, two x4s,
two x2s and four x1s, or one x4 and four x1
port widths

— Module based Hot-Plug supported (that is,
ExpressCard*)

Integrated Serial ATA Host Controller

— Up to six SATA ports

— Data transfer rates up to 6.0 Gb/s
(600 MB/s) on up to two ports

— Data transfer rates up to 3.0 Gb/s
(300 MB/s) and up to 1.5 Gb/s
(150 MB/s) on all ports

— Integrated AHCI controller

External SATA support on all ports

— 3.0 Gb/s / 1.5 Gb/s support

— Port Disable Capability

Intel® Rapid Storage Technology

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

Intel® Smart Response Technology

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

Eight TACH signals and Four PWM signals

(Server and Workstation Only)

Platform Environmental Control Interface

(PECI) and Simple Serial Transport (SST) 1.0
Bus (Server and Workstation Only)

usB
— NEW: xHCI Host Controller, supporting up

to 4 SuperSpeed USB 3.0 ports

— Two EHCI Host Controllers, supporting up
to fourteen external USB 2.0 ports

— Two USB 2.0 Rate Matching Hubs

— 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

— Connection utilizes PCI Express pins

— 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

— Network Outbreak Containment Heuristics

Intel® 1/0 Virtualization (Intel® VT-d) Support

Intel® Trusted Execution Technology Support

Intel® Anti-Theft Technology

Power Management Logic
— Supports ACPI 4.0a

— ACPI-defined power states (processor
driven C states)

— ACPI Power Management Timer

— SMI# generation

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

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

Integrated Clock Controller
— Full featured platform clocking without

need for a discrete clock chip

— Ten PCle 2.0 specification compliant clocks,
four 33 MHz PCI clocks, four Flex Clocks
that can be configured for various crystal
replacement frequencies, one 120 MHz
clock for embedded DisplayPort*

— Two isolated PCle* 2.0 jitter specification
compliant clock domains
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External Glue Integration
— Integrated Pull-down and Series resistors

on USB

Enhanced DMA Controller

— Two cascaded 8237 DMA controllers

— Supports LPC DMA

PCI Bus Interface (not available on all SKUs)

— 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

SMBus

— Interface speeds of 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

— Supports ability to disable external devices

JTAG

— Boundary Scan for testing during board
manufacturing

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

Firmware Hub I/F 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

Interrupt Controller

— Supports up to eight PCI interrupt pins

— Supports PCI 2.3 Message Signaled
Interrupts

— Two cascaded 8259 with 15 interrupts

— Integrated I/0 APIC capability with 24
interrupts

— Supports Processor System Bus interrupt
delivery

1.05 V operation with 1.5/3.3 V I/O

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

1.05 V Core Voltage

In_tlegrated Voltage Regulators for select power

rails

GPIO

— Open-Drain, Inversion

— GPIO lock down

Analog Display (VGA)

Digital Display

— Three Digital Ports capable of supporting
HDMI/DVI, DisplayPort*, and embedded
DisplayPort (eDP*)

— One Digital Port supporting Intel® SDVO

—LVDS

— Integrated DisplayPort/HDMI Audio

— HDCP Support

Package

—27 mm x 27 mm FCBGA (Desktop Only)

— 25 mm x 25 mm FCBGA (Mobile Only)

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

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

1.1 About This Manual

This document is intended for Original EQquipment Manufacturers and BIOS vendors
creating Intel 7 Series/C216 Chipset Family based products (See Section 1.3 for
currently defined SKUs).

Note: Throughout this document, Platform Controller Hub (PCH) is used as a general term
and refers to all Intel 7 Series/C216 Chipset Family SKUs, unless specifically noted
otherwise.

Note: Throughout this document, the terms “"Desktop” and “Desktop Only” refer to

information that is applicable only to the Intel® Q77 Express Chipset, Intel® Q75
Express Chipset, Intel® B75 Express Chipset, Intel® z77 Express Chipset, Intel® z75
Express Chipset, Intel® H77 Express Chipset, and Intel® C216 Chipset, unless
specifically noted otherwise.

Note: Throughout this document, the terms “Server/Workstation” and “Server/Workstation
Only” refers to information that is applicable only to the Intel® C216 Chipset, unless
specifically noted otherwise.

Note: Throughout this document, the terms “Mobile” and “*"Mobile Only” refer to information
that is applicable only to the Mobile Intel® QM77 Express Chipset, Mobile Intel® UM77
Express Chipset, Mobile Intel® HM77 Express Chipset, Mobile Intel® HM76 Express
Chipset, Mobile Intel® HM75 Express Chipset, Intel® HM70 Express Chipset, and Mobile
Intel® QS77 Express Chipset,unless specifically noted otherwise.

Note: Throughout this document, the terms “Small Form Factor Only” and “SFF Only” refer to
information that is applicable only to the Mobile Intel® QS77 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. Although some details of these features are described within this
manual, refer to the individual industry specifications listed in Table 1-1 for the
complete details.

All PCI buses, devices, and functions in this manual are abbreviated using the following
nomenclature; Bus:Device:Function. This manual abbreviates buses as Bn, devices as
Dn and functions as Fn. 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. The PCH’s external PCI bus is typically
Bus 1, but may be assigned a different number depending upon system configuration.
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Table 1-1.

Introduction

Industry Specifications

Specification / Location

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

Universal Serial Bus Specification (USB), Revision 2.0
http://www.usb.org/developers/docs

Advanced Configuration and Power Interface, Version 4.0a (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

eXtensible Host Controller Interface for Universal Serial Bus (xHCI), Revision 1.0
http://www.intel.com/technology/usb/xhcispec.htm

Serial ATA Specification, Revision 3.0
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.org (T13 1410D)

IA-PC HPET (High Precision Event Timers) Specification, Revision 1,0a
http://www.intel.com/hardwaredesign/hpetspec_1.pdf

TPM Specification 1.02, Level 2 Revision 103
http://www.trustedcomputinggroup.org/specs/TPM

Intel® Virtualization Technology
http://www.intel.com/technology/virtualization/index.htm

SFF-8485 Specification for Serial GPIO (SGPIO) Bus, Revision 0.7
http://www.intel.com/technology/virtualization/index.htm

Advanced Host Controller Interface specification for Serial ATA, Revision 1.3
http://www.intel.com/technology/serialata/ahci.htm

Intel® High Definition Audio Specification, Revision 1.0a
http://www.intel.com/standards/hdaudio/

44

Datasheet



Introduction

Datasheet

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, and so on) 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 suspend state, and their logic level before and after reset.

Chapter 4, "PCH and System Clocks”
Chapter 4 provides a list of each clock domain associated with the PCH.

Chapter 5, “"Functional Description”
Chapter 5 provides a detailed description of the functions in the PCH.

Chapter 6, “"Ballout Definition”
Chapter 6 provides the ball assignment table and the ball-map for the Desktop, Mobile
and Mobile SFF packages.

Chapter 7, “"Package Information”
Chapter 7 provides drawings of the physical dimensions and characteristics of the
Desktop, Mobile and Mobile SFF packages.

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

Chapter 9, “"Register and Memory Mapping”
Chapter 9 provides an overview of the registers, fixed I/0O ranges, variable I/O ranges
and memory ranges decoded by the PCH.

Chapter 10, “Chipset Configuration Registers”

Chapter 10 provides a detailed description of registers and base functionality that is
related to chipset configuration. It contains the root complex register block, which
describes the behavior of the upstream internal link.

Chapter 11, “"PCI-to-PCI Bridge Registers (D30:F0)"”
Chapter 11 provides a detailed description of registers that reside in the PCI-to-PCI
bridge. This bridge resides at Device 30, Function 0 (D30:F0).

Chapter 12, “Gigabit LAN Configuration Registers”

Chapter 12 provides a detailed description of 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 Interface Bridge Registers (D31:F0)”

Chapter 13 provides a detailed description of 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.

Chapter 14, “SATA Controller Registers (D31:F2)”
Chapter 14 provides a detailed description of registers that reside in the SATA
controller #1. This controller resides at Device 31, Function 2 (D31:F2).

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

Chapter 16, “"EHCI Controller Registers (D29:F0, D26:F0)"”

Chapter 16 provides a detailed description of 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).
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Chapter 17, “"xHCI Controller Registers (D20:F0)"”
Chapter 17 provides a detailed description of registers that reside in the xHCI. This
controller resides at Device 20, Function 0 (D20:F0).

Chapter 18, “"Integrated Intel® High Definition Audio Controller Registers”
Chapter 18 provides a detailed description of registers that reside in the Intel High
Definition Audio controller. This controller resides at Device 27, Function 0 (D27:F0).

Chapter 19, "SMBus Controller Registers (D31:F3)"”
Chapter 19 provides a detailed description of registers that reside in the SMBus
controller. This controller resides at Device 31, Function 3 (D31:F3).

Chapter 20, “"PCI Express* Configuration Registers”
Chapter 20 provides a detailed description of registers that reside in the PCI Express
controller. This controller resides at Device 28, Functions 0 to 7 (D28:F0-F7).

Chapter 21, “"High Precision Event Timer Registers”
Chapter 21 provides a detailed description of registers that reside in the multimedia
timer memory mapped register space.

Chapter 22, “Serial Peripheral Interface (SPI)"”
Chapter 22 provides a detailed description of registers that reside in the SPI memory
mapped register space.

Chapter 23, "Thermal Sensor Registers (D31:F6)"”

Chapter 23 provides a detailed description of registers that reside in the thermal
sensors PCI configuration space. The registers reside at Device 31, Function 6
(D31:F6).

Chapter 24, “Intel® Management Engine Subsystem Registers (D22:F[3:0])”
Chapter 24 provides a detailed description of registers that reside in the Intel ME
controller. The registers reside at Device 22, Function 0 (D22:F0).

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 with
transfers up to 5 GT/s

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 4.0a
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 two EHCI high-speed USB 2.0 Host controllers and two rate
matching hubs provide support for up to fourteen USB 2.0 ports and one xHCI
provides support for up to four SuperSpeed USB 3.0 ports.

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

 Supports Intel® High Definition Audio (Intel® HD Audio)

 Supports Intel® Rapid Storage Technology (Intel® RST)

o Supports Intel® Active Management Technology (Intel® AMT)

o Supports Intel® Virtualization Technology for Directed 1/0 (Intel® VT-d)
 Supports Intel® Trusted Execution Technology (Intel® TXT)

¢ Integrated Clock Controller
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o Intel® Flexible Display Interconnect (Intel® FDI)

e Analog and digital display interfaces
— Analog VGA
— HDMI
— DVI
— DisplayPort* 1.1, Embedded DisplayPort
— Intel® SDVO
— LVDS (Mobile Only)

e Low Pin Count (LPC) interface

e Firmware Hub (FWH) interface support
e Serial Peripheral Interface (SPI) support
o Intel® Anti-Theft Technology (Intel® AT)
e JTAG Boundary Scan support

The PCH incorporates a variety of PCI devices and functions separated into logical
devices, as shown in Table 9-1.

Not all functions and capabilities may be available on all SKUs. Please see Section 1.3
for details on SKU feature availability.

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.

Intel® Flexible Display Interconnect (FDI)

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 supports
three channels - A, B, and C for display data transfer.

Intel FDI Channel A has 4 lanes, Channel B supports 4 or 2 lanes depending on the
display configuration while Channel C supports 2 lanes. Each of the Intel FDI Channel
lanes uses differential signal supporting 2.7 Gb/s. In case of two display configurations
Intel FDI CH A maps to display pipe A while Intel CH B maps to the second display pipe
B. For three display configurations, Intel FDI CH A maps to display pipe A while Intel
FDI CH B divides into 2 channels - CH B and CH C of 2 lanes each, and Intel FDI CH B
and C maps to display pipes B and C to send the display data from the processor to the
ports.

PCH Display Interface

The PCH integrates the latest display technologies such as HDMI*, DisplayPort*,
Embedded DisplayPort (eDP*), Intel® 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 Intel SDVO
while Digital Port D can be configured as eDP. The HDMI interface supports the HDMI*
1.4a specification while the DisplayPort interface supports the DisplayPort* 1.1a
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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 Intel FDI and transcodes the data as per the
display technology protocol and sends the data through the display interface.

The PCH enables three independent and concurrent display configurations because of
the addition of third display pipe into the display engine.

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 x1 lane supports up to 5 Gb/s bandwidth in
each direction (10 Gb/s concurrent). PCI Express Root Ports 1-4 or Ports 5-8 can
independently be configured to support four x1s, two x2s, one x2 and two x1s, or one
x4 port widths. See Section 1.3 for details on SKU feature availability.

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 6.0 Gb/s

(600 MB/s) on up to two ports while all ports support rates up to 3.0 Gb/s (300 MB/s)
and up to 1.5 Gb/s (150 MB/s). The SATA controller contains two modes of operation—
a legacy mode using I/0 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 3.0. 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). See Section 1.3 for details
on SKU feature availability.

AHCI

The PCH provides hardware support for Advanced Host Controller Interface (AHCI), a
standardized 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 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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Intel® Smart Response Technology

Intel® Smart Response Technology is a disk caching solution that can provide improved
computer system performance with improved power savings. It allows configuration of
a computer systems with the advantage of having HDDs for maximum storage capacity
with system performance at or near SSD performance levels. See Section 1.3 for
details on SKU feature availability.

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. See Section 1.3 for details on SKU feature availability.

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 support Gigabit Ethernet. The PCH supports up to two SPI flash devices with speeds
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.
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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).

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, which is up to 40 times faster than full-speed USB. The PCH supports up to
fourteen USB 2.0 ports. All ports are high-speed, full-speed, and low-speed capable.
The PCH also contains an integrated eXtensible Host Controller Interface (xHCI) host
controller that supports up to four USB 3.0 ports. This controller allows data transfers
up to 5 Gb/s. The controller supports SuperSpeed (SS), high-speed (HS), full-speed
(FS), and low-speed (LS) traffic on the bus. See Section 1.3 for details on SKU feature
availability.

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 vary depending on PCH configuration.
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The PCH’s 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 PCH contains full support for the Advanced Configuration and
Power Interface (ACPI) Specification, Revision 4.0a.

Enhanced Power Management

Intel® Active Management Technology (Intel® AMT)

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 tThe 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.

¢ 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.

e 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 1I/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.
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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’s 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.

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

The PCH provides hardware support for implementation of Intel Virtualization
Technology with Directed I/0O (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.

JTAG Boundary-Scan

The PCH implements the industry standard JTAG interface and enables Boundary-Scan.
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.
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Integrated Clock Controller

The PCH contains a Fully Integrated Clock Controller (ICC) generating various platform
clocks from a 25 MHz crystal source. The ICC contains up to eight PLLs and four Spread
Modulators for generating various clocks suited to the platform needs. The ICC supplies
up to ten 100 MHz PCI Express 2.0 Specification compliant clocks, one 100 MHz BCLK/
DMI to the processor, one 120 MHz for embedded DisplayPort on the processor, four
33 MHz clocks for SIO/EC/LPC/TPM devices and four Flex Clocks that can be configured
to various frequencies that include 14.318 MHz, 27 MHz, 33 MHz and 24/48 MHz for
use with SIO, EC, LPC, and discrete Graphics devices.

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. 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.

53



] ®
l n te l Introduction

1.3 Intel® 7 Series / C216 Chipset Family SKU
Definition

Table 1-2. Desktop Intel® 7 Series Chipset Family SKUs

SKU Name

Intel® | Intel® | Intel® | Intel® | Intel® | Intel®
Q77 Q75 B75 277 275 H77
Express | Express | Express | Express | Express | Express
Chipset | Chipset | Chipset | Chipset | Chipset | Chipset

Feature Set

PCI Express* 2.0 Ports 8 8 8 8 8 8
PCI Interface Yes Yes Yes No3 No3 No3
Total number of USB ports 14 14 124 14 14 14
e USB 3.0 Capable Ports (SuperSpeed and all USB
2.0 speeds) 4 4 4 4 4 4
e USB 2.0 Only Ports 10 10 8 10 10 10
Total nhumber of SATA ports 6 6 6 6 6 6
e SATA Ports (6 Gb/s, 3 Gb/s, and 1.5 Gb/s) 25 16 16 25 25 25
e SATA Ports (3 Gb/s and 1.5 Gb/s only) 4 5 5 4 4 4
HDMI/DVI/VGA/DisplayPort*/eDP* Yes Yes Yes Yes Yes Yes
Integrated Graphics Support Yes Yes Yes Yes Yes Yes
Intel® Wireless Display 3.0° Yes Yes Yes Yes Yes Yes
AHCI Yes Yes Yes Yes Yes Yes
Intel® Rapid RAID 0/1/5/10 Support Yes No No Yes Yes Yes
Storage Technology ®
Intel® Smart Response Yes No No Yes No Yes
Technology
Intel® Anti-Theft Technology Yes Yes Yes Yes Yes Yes
Intel® Active Management Technology 8.0 Yes No No No No No
Intel® Small Business Advantage Yes’ No Yes No No No
Intel Rapid Start Technology® Yes Yes Yes Yes Yes Yes
ACPI S1 State Support Yes Yes Yes Yes Yes Yes
NOTES:
1. Contact your local Intel Field Sales Representative for currently available PCH SKUs.
2. Table above shows feature differences 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. PCI Legacy Mode may optionally be used allowing external PCI bus support through a
PCle-to-PCI bridge. See Section 5.1.9 for more details.
4, USB ports 6 and 7 are disabled.
5. SATA 6 Gb/s support on port 0 and port 1. SATA ports 0 and 1 also support 3 Gb/s and
1.5 Gb/s.
6. SATA 6 Gb/s support on port 0 only. SATA port 0 also supports 3 Gb/s and 1.5 Gb/s.
7. Intel® Small Business Advantage with the Intel® Q77 Express Chipset requires an Intel®
Core™ vPro™ processor.
8. Intel® Rapid Start Technology requires an appropriate processor be installed in the
platform. See processor collaterals for further details.
9. Intel® Wireless Display 3.0 requires a platform with Intel® Core™ Processor with

Intel® HD Graphics.
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Table 1-3. Mobile Intel® 7 Series Chipset Family SKUs
SKU Name
Mobile | Mobile | Mobile | Mobile | Mobile | Mobile | Mobile
Feature Set Intel® Intel® Intel® Intel® Intel® Intel® Intel®
QM77 umz7 HM77 HM76 HM75 HM70 QS77
Express | Express | Express | Express | Express | Express | Express
Chipset | Chipset | Chipset | Chipset | Chipset | Chipset | Chipset
PCI Express* 2.0 Ports 8 43 8 8 8 44 8
PCI Interface® No No No No No No No
Total number of USB ports 14 1006 14 127 127 88 14
e USB 3.0 Capable Ports (SuperSpeed 9
and all USB 2.0 speeds) 4 4 4 4 0 2 4
e USB 2.0 Only Ports 10 6 10 8 12 6 10
Total number of SATA ports 6 410 6 6 6 410 6
e SATA Ports (6 Gb/s, 3 Gb/s, 1.5 Gb/s) 21t 112 211 211 211 112 211
e SATA Ports (3 Gb/s and 1.5 Gb/s only) 4 3 4 4 4 3 4
HDMI/DVI/SDVO/DisplayPort*/eDP* Yes Yes Yes Yes Yes Yes Yes
VGA/LVDS Yes No Yes Yes Yes Yes Yes
Integrated Graphics Support Yes Yes Yes Yes Yes Yes Yes
Intel® Wireless Display 3.01° Yes Yes Yes Yes Yes No Yes
AHCI Yes Yes Yes Yes Yes Yes Yes
Intel® Rapid
Storage RAID 0/1/5/10 Support Yes Yes Yes No No No Yes
Technology Intel® Smart Response Yes Yes Yes No No No Yes
Technology
Intel® Anti-Theft Technology Yes Yes Yes Yes Yes No Yes
® .
Isn(t)el Active Management Technology Yes No No No No No Yesl3
Intel® Small Business Advantage Yes Yes!3 Yesi3 No No No Yesi3 14
Intel® Rapid Start Technology®® Yes Yes Yes Yes Yes Yes Yes
ACPI S1 State Support Yes Yes Yes Yes Yes Yes Yes
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. PClIe ports 5-8 are not disabled through hardware on this SKU. These ports must be
disabled by BIOS to achieve the specified SKU power targets.
4. PClIe ports 5-8 are disabled on this SKU.
5. PCI Legacy Mode may optionally be used allowing external PCI bus support through a
PClIe-to-PCI bridge. See Section 5.1.9 for more details.
6. USB ports 6,7,12 and 13 are disabled on 10 port SKUs.
7. USB ports 6 and 7 are disabled on 12 port SKUs.
8. USB ports 4, 5, 6,7,12 and 13 are disabled on 8 port SKUs.
9. USB 3.0 ports 3 and 4 are disabled on 2 SuperSpeed port-capable SKUs.
10. SATA ports 1 and 3 are disabled on 4 port SKUs.
11. SATA 6 Gb/s support on port 0 and port 1. SATA ports 0 and 1 also support 3 Gb/s and
1.5 Gb/s.
12. SATA 6 Gb/s support on port 0 only. SATA port 0 also supports 3 Gb/s and 1.5 Gb/s.
13. Available only with 5.0 MB Intel® ME FW Image.
14. Available only on systems with an Intel® Core™ vPro™ processor.
15. Intel® Rapid Start Technology requires an appropriate processor be installed in the
platform. See processor collateral for further details.
16. Intel® Wireless Display 3.0 requires a platform with Intel® Core™ Processor with

Datasheet
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Table 1-4. Intel® C216 Chipset SKU
SKU Name
Feature Set Intel® C216
Chipset
PCI Express* 2.0 Ports 8
PCI Interface Yes
Total number of USB ports 14
USB 3.0 Capable Ports (SuperSpeed and all USB 2.0 speeds) 4
USB 2.0 Only Ports 10
Total number of SATA Ports 6
SATA Ports (6.0 Gb/s & 3.0 Gb/s & 1.5 Gb/s) 23
SATA Ports (3.0 Gb/s & 1.5 Gb/s only) 4
HDMI*/DVI*/VGA/eDP*/DisplayPort* Yes
Integrated Graphics Support Yes
Intel® Wireless Display 3.0 No
® AHCI Yes
Intel® Rapid Storage
Technology RAID 0/1/5/10 Support Yes
Intel® Smart Response Technology Yes
Intel® Anti-Theft Technology Yes
Intel® Active Management Technology 8.0 Yes
Intel® Small Business Advantage No
Intel® Rapid Start Technology4 Yes
ACPI S1 State Support No
NOTES:
1. Contact your local Intel Field Sales Representative for currently available PCH SKUs.
2. Table above shows feature differences 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. SATA 6 Gb/s support on port 0 and port 1. SATA ports 0 and 1 also support 3 Gb/s and
1.5 Gb/s.
4, Intel® Rapid Start Technology requires an appropriate processor be installed in the
platform. See processor collaterals for further details.
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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 following notations are used to describe the signal type:

I Input Pin

o Output Pin

oD O Open Drain Output Pin.

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

CMOSs CMOS buffers. 1.5 V tolerant.

CcoD 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# deasserts for signals in the RTC well, after
RSMRST# deasserts for signals in the suspend well, after PWROK asserts for signals in
the core well, after DPWROK asserts for Signals in the Deep Sx well, after APWROK
asserts for Signals in the Active Sleep well.
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Figure 2-1.

Signal Description

PCH Interface Signals Block Diagram (not all signals are on all SKUs)
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Table 2-2.

Signal Description
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Direct Media Interface (DMI) to Host Controller

Direct Media Interface Signals

Name Type Description
DMIOTXP, . . . . . .
DMIOTXN (0] Direct Media Interface Differential Transmit Pair O
DMIORXP, . . . . . .
DMIORXN I Direct Media Interface Differential Receive Pair 0
DMI1TXP, . . B . B .
DMILTXN 0} Direct Media Interface Differential Transmit Pair 1
DMI1RXP, . . . . . .
DMI1RXN I Direct Media Interface Differential Receive Pair 1
DMI2TXP, . . . . N .
DMI2TXN 0 Direct Media Interface Differential Transmit Pair 2
DMI2RXP, . . . . . .
DMI2RXN I Direct Media Interface Differential Receive Pair 2
DMI3TXP, . . . . . .
DMI3TXN (0] Direct Media Interface Differential Transmit Pair 3
DMI3RXP, . . . . . .
DMI3RXN I Direct Media Interface Differential Receive Pair 3
DMI_ZCOMP I ;[mpedance Compensation Input: Determines DMI input
impedance.
DMI_IRCOMP 0 Impedgnce/Current Cpmpensatlon Output: Determines DMI
output impedance and bias current.

: i i +19

DMI2RBIAS 1/0 DMI2RBIAS: Analog connection point for 750 Q £1% external

precision resistor.

PCI Express*

PCI Express* Signals

Name

Type Description

PETp1, PETn1

0] PCI Express* Differential Transmit Pair 1

PERp1, PERNn1

PCI Express Differential Receive Pair 1

PETp2, PETn2

PCI Express Differential Transmit Pair 2

PERp2, PERn2

PCI Express Differential Receive Pair 2

PETp3, PETn3

PCI Express Differential Transmit Pair 3

PERp3, PERn3

PCI Express Differential Receive Pair 3

PETp4, PETn4

PCI Express Differential Transmit Pair 4

PERp4, PERn4

PCI Express Differential Receive Pair 4

PETp5, PETn5

PCI Express Differential Transmit Pair 5

PERp5, PERNn5

PCI Express Differential Receive Pair 5

PETp6, PETn6

PCI Express Differential Transmit Pair 6

PERp6, PERNG

PCI Express Differential Receive Pair 6

PETp7, PETn7

PCI Express Differential Transmit Pair 7

PERp7, PERn7

PCI Express Differential Receive Pair 7

PETpS, PETn8

PCI Express Differential Transmit Pair 8

PERpS, PERNS

PCI Express Differential Receive Pair 8
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2.3 PCI Interface

Signal Description

Note: The PCI Interface is only available on PCI Interface-enabled SKUs. However, certain PCI
Interface signal functionality is available even on PCI Interface-disabled SKUs, as

described below (see Section 1.3 for full details on SKU definition).

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

Name Type Description

Functionality
Available on
PCI Interface-
disabled SKUs

PCI Address/Data: AD[31:0] is a multiplexed address and
data bus. During the first clock of a transaction, AD[31:0]
AD[31:0] I/O | contain a 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.

No

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/O Read
c/ 1/0 0011b I/0 Write
BE[3:0]# 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.

No

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 input, DEVSEL# indicates the response to
an 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.

DEVSEL# I/0

No

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 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.

FRAME# 1/0

No

60

Datasheet



Signal Description

Table 2-3.

PCI Interface Signals (Sheet 2 of 3)
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Name

Type

Description

Functionality
Available on
PCI Interface-
disabled SKUs

IRDY#

I/0

Initiator Ready: IRDY# indicates the PCH's 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# 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.

No

TRDY#

I/0

Target Ready: TRDY# indicates the PCH's 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.

No

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.

No

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. 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#.

No

PERR#

I/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).

No
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61




intel.

Signal Description

Table 2-3. PCI Interface Signals (Sheet 3 of 3)
Functionality
Name Type Description Available on
yp P PCI Interface-
disabled SKUs
PCI Requests: The PCH supports up to 4 masters on the
REQO# PCI bus.
REQ1#/ REQ[3:1]# pins can instead be used as GPIO.
GPIO50 NOTES: No
REQ2#/ I 1. External pull-up resistor is required. When used as (GPIO only)
GPIO52 native functionality, the pull-up resistor may be to
REQ3#/ either 3.3 V or 5.0 V per PCI specification. When used
GPIO54 as GPIO or not used at all, the pull-up resistor should
be to the Vcc3_3 rail.
PCI Grants: The PCH supports up to 4 masters on the PCI
GNTO# bus.
GNT1#/ ) . )
GPIO51 GNT[3:1]# pins can instead be used as GPIO. No
GNT2#/ 0 Pull-up resistors are not required on these signals. If pull- (GPIO and strap
GPIOS53 ups are used, they should be tied to the Vcc3_3 power rail. only)
GPIOS5 1. GNT[3:1]#/GPIO[55,53,51] are sampled as a
functional strap. See Section 2.27 for details.
PCI Clock: This is a 33 MHz clock feedback input to reduce
CLKIN_PCI 1 skew between PCH PCI clock and clock observed by Yes
LOOPBACK connected PCI devices. This signal must be connected to
one of the pins in the group CLKOUT_PCI[4:0]
PCI Reset: This is the Secondary PCI Bus reset signal. It is
a logical OR of the primary interface PLTRST# signal and the
PCIRST# o state of the Secondary Bus Reset bit of the Bridge Control No
register (D30:F0:3Eh, bit 6).
PCI Lock: This signal indicates an exclusive bus operation
and may require multiple transactions to complete. PCH
PLOCK# I/O | asserts PLOCK# when it performs non-exclusive No
transactions on the PCI bus. PLOCK# is ignored when PCI
masters are granted the bus.
System Error: SERR# can be pulsed active by any PCI
device that detects a system error condition. Upon sampling
SERR# 1/0D SERR# active, the PCH has the ability to generate an NMI, No
SMI#, or interrupt.
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
PME# 1/0D internal pull-up resistor. Yes
On SKUs that do not have native PCI functionality, PME# is
still functional and can be used with PCI legacy mode on
platforms using a PCle-to-PCI bridge. Downstream PCI
devices would need to have PME# routed from the
connector to the PCH PME# pin.
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2.4 Serial ATA Interface

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

Name

Type

Description

SATAOTXP
SATAOTXN

Serial ATA 0 Differential Transmit Pairs: These are outbound
high-speed differential signals to Port 0.

In compatible mode, SATA Port 0 is the primary master of SATA
Controller 1.

Supports up to 6 Gb/s, 3 Gb/s, and 1.5 Gb/s.

SATAORXP
SATAORXN

Serial ATA 0 Differential Receive Pair: These are inbound high-
speed differential signals from Port 0.

In compatible mode, SATA Port 0 is the primary master of SATA
Controller 1.

Supports up to 6 Gb/s, 3 Gb/s, and 1.5 Gb/s.

SATA1TXP
SATAL1TXN

Serial ATA 1 Differential Transmit Pair: These are outbound
high-speed differential signals to Port 1.

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

Supports up to 6 Gb/s, 3 Gb/s, and 1.5 Gb/s.

SATA1RXP
SATA1RXN

Serial ATA 1 Differential Receive Pair: These are inbound high-
speed differential signals from Port 1.

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

Supports up to 6 Gb/s, 3 Gb/s, and 1.5 Gb/s.

SATA2TXP
SATA2TXN

Serial ATA 2 Differential Transmit Pair: These are outbound
high-speed differential signals to Port 2.

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

Supports up to 3 Gb/s and 1.5 Gb/s.

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

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

Supports up to 3 Gb/s and 1.5 Gb/s.

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

Supports up to 3 Gb/s and 1.5 Gb/s.

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

Datasheet
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Table 2-4. Serial ATA Interface Signhals (Sheet 2 of 3)
Name Type Description
Serial ATA 3 Differential Receive Pair: These are inbound high-
speed differential signals from Port 3.
SATA3RXP In compatible mode, SATA Port 3 is the secondary slave of SATA
SATA3RXN I Controller 1
Supports up to 3 Gb/s and 1.5 Gb/s.
NOTE: SATA Port 3 may not be available in all PCH SKUs.
Serial ATA 4 Differential Transmit Pair: These are outbound
SATA4TXP hlgh—speec-j differential signals to I.30rt 4. _
ATAGTXN o In compatible mode, SATA Port 4 is the primary master of SATA
S Controller 2.
Supports up to 3 Gb/s and 1.5 Gb/s.
Serial ATA 4 Differential Receive Pair: These are inbound high-
speed differential signals from Port 4.
SATA4RXP . . .
s I In compatible mode, SATA Port 4 is the primary master of SATA
ATA4RXN Controller 2.
Supports up to 3 Gb/s and 1.5 Gb/s.
Serial ATA 5 Differential Transmit Pair: These are outbound
SATASTXP hlgh—speec_l differential signals to I?ort 5.
0 In compatible mode, SATA Port 5 is the secondary master of SATA
SATASTXN Controller 2.
Supports up to 3 Gb/s and 1.5 Gb/s.
Serial ATA 5 Differential Receive Pair: These are inbound high-
SATASRXP speed dlffe_rentlal signals from Por.t 5.
ATASRXN I In compatible mode, SATA Port 5 is the secondary master of SATA
S 5 Controller 2.
Supports up to 3 Gb/s and 1.5 Gb/s.
Serial ATA Compensation Output: Connected to an external
SATAICOMPO 0] precision resistor to VccCore. Must be connected to SATAICOMPI
on the board.
SATAICOMPI I Serial ATA Compensation Input: Connected to SATAICOMPO on
the board.
Serial ATA 0 General Purpose: This is an input pin which can be
configured as an interlock switch corresponding to SATA Port 0.
ATAOGP When used as an interlock switch status indication, this signal
S Og / I should be drive to ‘0’ to indicate that the switch is closed and to ‘1’
GPIO21 to indicate that the switch is open.
If interlock switches are not required, this pin can be configured as
GPIO21.
Serial ATA 1 General Purpose: Same function as SATAOGP,
SATA1GP / I except for SATA Port 1.
GPIO19 If interlock switches are not required, this pin can be configured as
GPIO19.
Serial ATA 2 General Purpose: Same function as SATAOGP,
SATA2GP / I except for SATA Port 2.
GPIO36 If interlock switches are not required, this pin can be configured as
GPIO36.
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Serial ATA Interface Signals (Sheet 3 of 3)

Name Type Description
Serial ATA 3 General Purpose: Same function as SATAOGP,
SATA3GP / I except for SATA Port 3.
GPIO37 If interlock switches are not required, this pin can be configured as
GPI1IO37.
Serial ATA 4 General Purpose: Same function as SATAOGP,
SATA4GP / I except for SATA Port 4.
GPIO16 / If interlock switches are not required, this pin can be configured as
GPIO16.
Serial ATA 5 General Purpose: Same function as SATAOGP,
Sg-;?(;(;" / I except for SATA Port 5.
TEMP ALEF{T# If interlock switches are not required, this pin can be configured as
- GPIO49 or TEMP_ALERT#.
Serial ATA LED: This signal is an open-drain output pin driven
during SATA command activity. It is to be connected to external
SATALED# OD O |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.
SGPIO Reference Clock: The SATA controller uses rising edges of
SCLOCK this clock to transmit serial data, and the target uses the falling
/ OD O |edge of this clock to latch data. The SClock frequency supported is
GP1022
32 kHz.
If SGPIO interface is not used, this signal can be used as GPI022.
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
SLOAD/GPIO38 OD O |vendor specific pattern will be transmitted right after the signal
assertion.
If SGPIO interface is not used, this signal can be used as GPIO38.
SDE.;II'\C?B%TO/ SGPIO Dataout: Driven by the controller to indicate the drive
SDATAOUT1 OD O |status in the following sequence: drive 0, 1, 2, 3,4, 5,0, 1, 2...
/ If SGPIO interface is not used, the signals can be used as GPIO.
GPIO48
. i i o,
SATA3RBIAS 1/0 SAT_A_3 RBII-_\S. Analog connection point for a 750 Q £1% external
precision resistor.
H " o,
SATA3COMPI I Imp_e_dance Compensatlon_lnput. Connected to a 50 Q (1%)
precision external pull-up resistor to VcclIO.
SATA3RCOMPO 0 Impedance/Current Compensation Output: Connected to a

50 Q (1%) precision external pull-up resistor to VccIO
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2.5 LPC Interface

Table 2-5. LPC Interface Signals

Name Type Description

LPC Multiplexed Command, Address, Data: For LAD[3:0], internal pull-

LAD[3:0] /0 ups are provided.

LFRAME# (0] 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 signals.

LDRQ1# may optionally be used as GP1023.

2.6 Interrupt Interface

Table 2-6. 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.

PIRQ[D:A]# I/OD | 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.

These signals are 5 V tolerant.

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: PIRQE# is connected to IRQ20, PIRQF# to
IRQ21, PIRQG# to IRQ22, and PIRQH# to IRQ23. This frees the
legacy interrupts. If not needed for interrupts, these signals can be
used as GPIO.

These signals are 5 V tolerant.

PIRQ[H:E]# /

GpiO[5:2] | Y/OP

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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2.7 USB Interface

Table 2-7. USB Interface Signals (Sheet 1 of 2)

Name Type Description
Universal Serial Bus Port [1:0] Differential: These differential pairs
USBPOP are used to transmit Data/Address/Command signals for ports 0 and 1.
! These ports can be routed to EHCI Controller 1.
USBPON, 1/0
ll‘;zg';i';’ 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
USBP2P are used to transmit data/address/command signals for ports 2 and 3.
! These ports can be routed to EHCI Controller 1.
USBP2N, 1/0
ﬂgg':‘;'; 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
USBP4P are used to transmit Data/Address/Command signals for ports 4 and 5.
! These ports can be routed to EHCI Controller 1.
USBP4N, 1/0
gzgl;?;’ 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
USBP6GP are used to transmit Data/Address/Command signals for ports 6 and 7.
4 These ports can be routed to EHCI Controller 1.
USBP6N, 1/0
USBP7P
USBP7N’ 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
USBPSP are used to transmit Data/Address/Command signals for ports 8 and 9.
! These ports can be routed to EHCI Controller 2.
USBP8N, 1/0
322';3';’ 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
USBP10P pairs are used to transmit Data/Address/Command signals for ports 10
! and 11. These ports can be routed to EHCI Controller 2.
USBP10N, 1/0
ldzgiii:’ 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
USBP12P pairs are used to transmit Data/Address/Command signals for ports 13
! and 12. These ports can be routed to EHCI Controller 2.
USBP12N, 1/0
ﬂgg:;i?;;’ 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 2-7. USB Interface Signals (Sheet 2 of 2)

Name Type Description
USB3Tp4, 0 USB 3.0 Differential Transmit Pair 4
USB3Tn4 These are outbound SuperSpeed differential signals to USB 3.0 Port 4.
USB3Rp4, I USB 3.0 Differential Receive Pair 4
USB3Rn4 These are inbound SuperSpeed differential signals from USB 3.0 Port 4.
USB3Tp3, 0 USB 3.0 Differential Transmit Pair 3
USB3Tn3 These are outbound SuperSpeed differential signals to USB 3.0 Port 3.
USB3Rp3, I USB 3.0 Differential Receive Pair 3
USB3Rn3 These are inbound SuperSpeed differential signals from USB 3.0 Port 3.
USB3Tp2, 0 USB 3.0 Differential Transmit Pair 2
USB3Tn2 These are outbound SuperSpeed differential signals to USB 3.0 Port 2.
USB3Rp2, I USB 3.0 Differential Receive Pair 2
USB3Rn2 These are inbound SuperSpeed differential signals from USB 3.0 Port 2.
USB3Tpl1, o USB 3.0 Differential Transmit Pair 1
USB3Tn1 These are outbound SuperSpeed differential signals to USB 3.0 Port 1.
USB3Rp1, I USB 3.0 Differential Receive Pair 1
USB3Rn1 These are inbound SuperSpeed differential signals from USB 3.0 Port 1.
Overcurrent Indicators: These signals set corresponding bits in the
0CO0#/GPIO59 USB controllers to indicate that an overcurrent condition has occurred.
OC1#/GPIO40 OC[7:0]# may optionally be used as GPIOs.
OC2#/GPIO41
OC3#/GPI042 I NOTES:
0C4#/GPI043 1. OC# pins are not 5 V tolerant.
OC5#/GPIO9 2. Depending on platform configuration, sharing of OC# pins may be
0C6#/GPIO10 required.
OC7#/GPIO14 3. OC[3:0]# can only be used for EHCI Controller 1
4. OC[4:7]# can only be used for EHCI Controller 2
USBRBIAS o 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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2.8

Table 2-8.

Datasheet

Power Management Interface

Power Management Interface Signals (Sheet 1 of 4)

Name Type Description
ACPRESENT: This input pin indicates when the platform is plugged
into AC power or not. In addition to the previous Intel® ME to EC
ACPRESENT communication, the PCH uses this information to implement the Deep
(Mobile Only) I Sx policies. For example, the platform may be configured to enter
/ GPIO31 Deep Sx when in S3, S4, or S5 and only when running on battery. This
is powered by Deep Sx Well.
This signal is muxed with GPIO31.
APWROK I Active Sleep Well (ASW) Power OK: When asserted, indicates that
power to the ASW sub-system is stable.
Battery Low: An input from the battery to indicate that there is
BATLOW# insufficient power to boot the system. Assertion will prevent wake
(Mobile Only) I from S3-S5 state. This signal can also be enabled to cause an SMI#
/ GP1072 when asserted.
NOTE: See Table 2.24 for Desktop implementation pin requirements.
Bus Master Busy: Generic bus master activity indication driven into
BMBUSY# I the PCH. Can be configured to set the PM1_STS.BM_STS bit. Can also
/ GPIOO be configured to assert indications transmitted from the PCH to the
processor using the PMSYNCH pin.
(MCOL;EUJ‘“T ) PCI Clock Run: Used to support PCI CLKRUN protocol. Connects to
/ GPIOBZy I/0 | peripherals that need to request clock restart or prevention of clock
(Desktop Only) stopping.
DPWROK: Power OK Indication for the VccDSW3_3 voltage rail. This
input is tied together with RSMRST# on platforms that do not support
DPWROK I Deep Sx.
This signal is in the RTC well.
DRAM Power OK: This signal should connect to the processor’s
SM_DRAMPWROK pin. The PCH asserts this pin to indicate when DRAM
DRAMPWROK | OD O power is stable.
This pin requires an external pull-up resistor.
LAN PHY Power Control: LAN_PHY_PWR_CTRL should be connected
to LAN_DISABLE_N on the PHY. PCH will drive LAN_PHY_PWR_CTRL
LAN PHY PW low to put the PHY into a low power state when functionality is not
R_CTRL / 0 needed.
GPIO12 NOTES:
1. LAN_PHY_PWR_CTRL can only be driven low if SLP_LAN# is
deasserted.
2. Signal can instead be used as GPIO12.
Platform Reset: The PCH asserts PLTRST# to reset devices on the
platform (such as SIO, FWH, LAN, processor, and so on). The PCH
asserts PLTRST# during power-up and when S/W initiates a hard reset
PLTRST# O sequence through the Reset Control register (I/O Register CF9h). 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.

69



Table 2-8.

70

intel.

Signal Description

Power Management Interface Signals (Sheet 2 of 4)

Name

Type

Description

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. This signal
is in the DSW well.
NOTE: Upon entry to S5 due to a power button override, if Deep Sx is
enabled and conditions are met per Section 5.13.7.6, the
system will transition to Deep Sx.

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. This signal
is in the DSW well.

PWROK

Power OK: When asserted, PWROK is an indication to the PCH that all
of its core power rails have been stable for 10 ms. PWROK can be
driven asynchronously. When PWROK is negated, the PCH asserts
PLTRST#.

NOTES:

1. Itis 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 PWROK assertion in order to comply with the
100 ms PCI 2.3/PCle 1.1 specification on PLTRST# deassertion.

2. PWROK must not glitch, even if RSMRST# is low.

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.

RSMRST#

Resume Well Reset: This signal is used for resetting the resume
power plane logic. This signal must be asserted for at least t201 after
the suspend power wells are valid. When deasserted, this signal is an
indication that the suspend power wells are stable.

SLP_A#

SLP_A#: Used to control power to the active sleep well (ASW) of the
PCH.

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 GPIO29 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.

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.

Datasheet




Signal Description

intel.

Table 2-8. Power Management Interface Signals (Sheet 3 of 4)

Name

Type

Description

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 in order to
use the PCH’s DRAM power-cycling feature. Refer to
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.

Pin may also be used as GPIO63.

SLP_SUS#

Deep Sx Indication: When asserted (low), this signal indicates PCH
is in Deep Sx state where internal Sus power is shut off for enhanced
power saving. When deasserted (high), this signal indicates exit from
Deep Sx state and Sus power can be applied to PCH.

If Deep Sx is not supported, then this pin can be left unconnected.

This pin is in the DSW power well.

STP_PCI# /
GPIO34

Stop PCI Clock: This signal is an output to the clock generator for it
to turn off the PCI clock.

SUSACK#

SUSACK#: If Deep Sx is supported, the EC/motherboard controlling

logic must change SUSACK# to match SUSWARN# once the EC/

motherboard controlling logic has completed the preparations

discussed in the description for the SUSWARN# pin.

NOTE: SUSACK# is only required to change in response to
SUSWARN# if Deep Sx is supported by the platform.

This pin is in the Sus power well.

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.

Pin may also be used as GPIO61.

SUSCLK /
GPIO62

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

Pin may also be used as GPIO62.

Datasheet
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Power Management Interface Signals (Sheet 4 of 4)

Name

Type

Description

SUSWARN# /
SUSPWRDNACK
/ GPIO30

SUSWARNZ#: This pin asserts low when the PCH is planning to enter
the Deep Sx power state and remove Suspend power (using
SLP_SUS#). The EC/motherboard controlling logic must observe
edges on this pin, preparing for SUS well power loss on a falling edge
and preparing for SUS well related activity (host/Intel ME wakes and
runtime events) on a rising edge. SUSACK# must be driven to match
SUSWARN# once the above preparation is complete. SUSACK# should
be asserted within a minimal amount of time from SUSWARN#
assertion as no wake events are supported if SUSWARN# is asserted
but SUSACK# is not asserted. Platforms supporting Deep Sx, but not
wishing to participate in the handshake during wake and Deep Sx
entry may tie SUSACK# to SUSWARN#.

This pin may be multiplexed with a GPIO for use in systems that do
not support Deep Sx. This pin is muxed with SUSPWRDNACK since it is
not needed in Deep Sx supported platforms.

Reset type: RSMRST#

This signal is multiplexed with GPIO30 and SUSPWRDNACK.

SUSPWRDNA
CK (Mobile
Only)/
SUSWARN# /
GPIO30

SUSPWRDNACK: Active high. Asserted by the PCH on behalf of the
Intel ME when it does not require the PCH Suspend well to be
powered.

Platforms are not expected to use this signal when the PCH’s Deep Sx
feature is used.

This signal is multiplexed with GPIO30 and SUSWARN#.

SYS_PWROK

System Power OK: This generic power good input to the PCH is
driven and utilized in a platform-specific manner. While PWROK always
indicates that the core wells of the PCH are stable, SYS_PWROK is
used to inform the PCH that power is stable to some other system
component(s) and the system is ready to start the exit from reset.

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.

WAKE#

PCI Express* Wake Event: Sideband wake signal on PCI Express
asserted by components requesting wake up.
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2.9

Table 2-9.

2.10

Processor Interface

Processor Interface Signals

Name

Type

Description

RCIN#

Keyboard Controller Reset Processor: The keyboard controller

can generate INIT# to the processor. This saves the external OR gate

with the PCH’s other sources of INIT#. When the PCH detects the

assertion of this signal, INIT# is generated using a VLW message to

the processor.

NOTE: The PCH will ignore RCIN# assertion during transitions to the
S3, S4, and S5 states.

A20GATE

A20 Gate: Functionality reserved. A20M# functionality is not
supported. This pin requires external pull-up.

PROCPWRGD

Processor Power Good: This signal should be connected to the
processor’'s UNCOREPWRGOOD input to indicate when the processor
power is valid.

PMSYNCH

Power Management Sync: This signal provides state information
from the PCH to the processor.

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.

SMBus Interface

Table 2-10. SM Bus Interface Signals

Datasheet

Name Type Description
SMBDATA I/OD | SMBus Data: External pull-up resistor is required.
SMBCLK I/OD | SMBus Clock: External pull-up resistor is required.
SMBALERT# / : ngB#us Alert: This signal is used to wake the system or generate
GPIO11 )

This signal may be used as GPIO11.
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System Management Interface

Table 2-11. System Management Interface Signals

2.12

Name Type Description
Intruder Detect: This signal can be set to disable the system if box
INTRUDER# I detected open. This signal’s status is readable, so it can be used like a
GPI if the Intruder Detection is not needed.
SMLODATA 1/0D System Managgment_Llnk 0 Data: SMBus link to external PHY.
External pull-up is required.
SMLOCLK 1/0D System Managgment.Lmk 0 Clock: SMBus link to external PHY.
External pull-up is required.
SMLink Alert 0: Output of the integrated LAN controller to external
SMLgII;\ILOE%T#/ O OD | PHY. External pull-up resistor is required.
This signal can instead be used as GPIO60.
SMLink Alert 1: Alert for the ME SMBus controller to optional
Embedded Controller or BMC. External pull-up resistor is required.
SML1ALERT# / This signal can instead be used as PCHHOT# or GP1I074.
PCHHOT# / O 0D
GP1074 NOTE: A soft strap determines the native function SML1ALERT# or
PCHHOT# usage. When soft strap is 0, function is
SML1ALERT#; when soft strap is 1, function is PCHHOT#.
SML1CLK System Management Link 1 Clock: SMBus link to optional
GPIOS8 / 1/0D | Embedded Controller or BMC. External pull-up resistor is required.
This signal can instead be used as GPIOS58.
System Management Link 1 Data: SMBus link to optional
SML1DATA / i o ,
GPIO75 I/0D | Embedded Controller or BMC. External pull-up resistor is required.

This signal can instead be used as GPIO75.

Real Time Clock Interface

Table 2-12. Real Time Clock Interface

74

Name Type Description
Crystal Input 1: This signal is connected to the 32.768 kHz crystal. If
RTCX1 Special | no external crystal is used, then RTCX1 can be driven with the desired
clock rate.
. Crystal Input 2: This signal is connected to the 32.768 kHz crystal. If
RTCX2 Special no external crystal is used, then RTCX2 should be left floating.
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2.13 Miscellaneous Signals

Table 2-13. Miscellaneous Signals (Sheet 1 of 2)

Name Type Description

Internal Voltage Regulator Enable: This signal enables the

internal 1.05 V regulators when pulled high.

This signal must be always pulled-up to VccRTC on desktop platforms

INTVRMEN I and may optionally be pulled low on mobile platforms if using an

external VR for the DcpSus rail.

NOTE: See VccCore signal description for behavior when INTVRMEN
is sampled low (external VR mode).

Deep Sx Well Internal Voltage Regulator Enable: This signal
DSWVRMEN I enables the internal DSW 1.05 V regulators.

This signal must be always pulled-up to VccRTC.

Speaker: The SPKR signal is the output of counter 2 and is internally

“ANDed” with Port 61h Bit 1 to provide Speaker Data Enable. This

signal drives an external speaker driver device, which in turn drives

SPKR (0] the system speaker. Upon PLTRST#, its output state is 0.

NOTE: SPKR is sampled as a functional strap. See Section 2.27 for
more details. There is a weak integrated pull-down resistor on
SPKR pin.

RTC Reset: When asserted, this signal resets register bits in the RTC

well.

NOTES:

1. Unless CMOS is being cleared (only to be done in the G3
power state), the RTCRST# input must always be high when
all other RTC power planes are on.

2. In the case where the RTC battery is dead or missing on the
platform, the RTCRST# pin must rise before the DPWROK pin.

Secondary RTC Reset: This signal resets the manageability register

bits in the RTC well when the RTC battery is removed.

NOTES:

1. The SRTCRST# input must always be high when all other RTC
power planes are on.

2. In the case where the RTC battery is dead or missing on the
platform, the SRTCRST# pin must rise before the RSMRST#
pin.

PCHHOT#: This signal is used to indicate a PCH temperature out of

bounds condition to an external EC, when PCH temperature is greater

SML1ALERT#/ than value programmed by BIOS. An external pull-up resistor is

PCHHOT#/ OD | required on this signal.
GPIO74 NOTE: A soft strap determines the native function SML1ALERT# or

PCHHOT# usage. When soft strap is 0, function is

SML1ALERT#, when soft strap is 1, function is PCHHOT#.

Initialization 3.3 V: INIT3_3V# is asserted by the PCH for 16 PCI

INIT3_3V# (0] clocks to reset the processor. This signal is intended for Firmware
Hub.

NMI#: This is an NMI event indication to an external controller (such
as a BMC) on server/workstation platforms.
(Server /

Workstation OD O | When operating as NMI event indication pin function (enabled when
Only) "NMI SMI Event Native GPIO Enable" soft strap [PCHSTRP9:bit 16] is
set to 1), the pin is OD (open drain).

RTCRST# I

SRTCRST# I

GPIO35 / NMI#
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Table 2-13. Miscellaneous Signals (Sheet 2 of 2)

2.14

76

Name Type Description
PCIECLKRQ2# / SMI#: This is an SMI event indication to an external controller (such
GPIO20 / SMI# as a BMC) on server/workstation platforms.
(Server / OD O | When operating as SMI event indication pin function (enabled when
Workstation "NMI SMI Event Native GPIO Enable" soft strap [PCHSTRP9:bit 16] is
Only) set to 1), the pin is OD (open drain).

Intel® High Definition Audio Link

Table 2-14. Intel® High Definition Audio Link Signals (Sheet 1 of 2)

Name

Type

Description

HDA_RST#

0]

Intel® High Definition Audio Reset: Master hardware reset to
external codec(s).

HDA_SYNC

Intel High Definition Audio Sync: 48 kHz fixed rate sample
sync to the codec(s). Also used to encode the stream number.

NOTE: This signal is sampled as a functional strap. See
Section 2.27 for more details. There is a weak integrated
pull-down resistor on this pin.

HDA_BCLK

Intel High Definition Audio Bit Clock Output: 24.000 MHz
serial data clock generated by the Intel High Definition Audio
controller (the PCH).

HDA_SDO

Intel High Definition Audio Serial Data Out: Serial TDM data
output to the codec(s). This serial output is double-pumped for a
bit rate of 48 Mb/s for Intel High Definition Audio.

NOTE: This signal is sampled as a functional strap. See
Section 2.27 for more details. There is a weak integrated
pull-down resistor on this pin.

HDA_SDIN[3:0]

Intel High Definition Audio Serial Data In [3:0]: Serial TDM
data inputs from the codecs. The serial input is single-pumped
for a bit rate of 24 Mb/s for Intel High Definition Audio. These
signals have integrated pull-down resistors, which are always
enabled.

NOTE: During enumeration, the PCH will drive this signal. During
normal operation, the CODEC will drive it.

HDA_DOCK_EN#
(Mobile Only)
/GPIO33

Intel High Definition Audio Dock Enable: This signal controls
the external Intel HD Audio docking isolation logic. This is an
active low signal. When deasserted the external docking switch is
in isolate mode. When asserted the external docking switch
electrically connects the Intel HD Audio dock signals to the
corresponding PCH signals.

This signal can instead be used as GPIO33.
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Table 2-14. Intel® High Definition Audio Link Signals (Sheet 2 of 2)

Name Type Description

Intel High Definition Audio Dock Reset: This signal is a
dedicated HDA_RST# signal for the codec(s) in the docking
station. Aside from operating independently from the normal
HDA_RST# signal, it otherwise works similarly to the HDA_RST#
signal.

This signal is shared with GPIO13. This signal defaults to GPIO13
mode after PLTRST#. BIOS is responsible for configuring GPIO13
to HDA_DOCK_RST# mode.

HDA_DOCK_RST#
(Mobile Only) (0]
/ GPIO13

2.15 Controller Link

Table 2-15. Controller Link Signals

Signal Name Type Description

Controller Link Reset: Controller Link reset that connects to a
CL_RST1# (0] Wireless LAN Device supporting Intel Active Management
Technology.

Controller Link Clock: Bi-directional clock that connects to a
CL_CLK1 1/0 Wireless LAN Device supporting Intel Active Management
Technology.

Controller Link Data: Bi-directional data that connects to a
CL_DATA1 1/0 Wireless LAN Device supporting Intel Active Management
Technology.

2.16 Serial Peripheral Interface (SPI)

Table 2-16. Serial Peripheral Interface (SPI) Signals

Name Type Description
SPI_CSO0# 0 SPI Chip Select 0: Used as the SPI bus request signal.
SPI_CS1# 0 SPI Chip Select 1: Used as the SPI bus request signal.
SPI_MISO I SPI Master IN Slave OUT: Data input pin for PCH.
SPI_MOSI I/0 SPI Master OUT Slave IN: Data output pin for PCH.
SPI CLK 0 SPI Cl_ock: SPI clock signal, during idle the bus owner will drive the
— clock signal low. 17.86 MHz and 31.25 MHz.
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2.17

Table 2-17.

2.18

Table 2-18.

78

Signal Description

Thermal Signals

Thermal Signals

Signal Name

Type

Description

PWM[3:0]
(Server/
Workstation
Usage Only); Not
available in
Mobile &
Desktop)

Oob O

Fan Pulse Width Modulation Outputs: Pulse Width Modulated
duty cycle output signals used for fan control.

These signals are 5 V tolerant.

TACHO / GPIO17
TACH1 / GPIO1
TACH2 / GPIO6
TACH3 / GPI1O7
TACH4 / GPIO68
TACH5 / GPIO69
TACH6 / GPIO70
TACH7 / GPIO71
(TACH* signals
used on Server/
Workstation
Only; not
available in
Mobile &
Desktop)

Fan Tachometer Inputs: Tachometer pulse input signal that is
used to measure fan speed. This signal is connected to the “"Sense”
signal on the fan.

Can instead be used as a GPIO.

SST (Server/
Workstation
Usage Only; not
available in
Mobile &
Desktop)

I/0

Simple Serial Transport: Single-wire, serial bus. Connect to SST
compliant devices such as SST thermal sensors or voltage sensors.

PECI

I/0

Platform Environment Control Interface: Single-wire, serial
bus.

Testability Signals

Testability Signals

Name Type Description
Test Clock Input (TCK): The test clock input provides the clock
JTAG_TCK I for the JTAG test logic.
ITAG TMS I Test Mode Select (TMS): The signal is decoded by the Test
- Access Port (TAP) controller to control test operations.
Test Data Input (TDI): Serial test instructions and data are
ITAG_TDI I received by the test logic at TDI.
JTAG_TDO oD Test Data Output (TDO): TDO is the serial output for test

instructions and data from the test logic defined in this standard.

NOTE: JTAG Pin definitions are from IEEE Standard Test Access Port and Boundary-Scan
Architecture (IEEE Std. 1149.1-2001)
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2.19

Clock Signals

Table 2-19. Clock Interface Signals (Sheet 1 of 2)

Datasheet

Name Type Description
CLKOUT_ITPXDP_P, o 100 MHz Differential output to processor XDP/ITP
CLKOUT_ITPXDP_N connector on platform

CLKOUT_DP_P, . . .

CLKOUT_DP_N (6} 120 MHz Differential output for DisplayPort reference

CLKIN_DMI_P, I Unused.

CLKIN_DMI_N NOTE: External pull-down input termination is required.
CLKOUT_DMI_P, 0 100 MHz PCle Gen2 specification jitter tolerant
CLKOUT_DMI_N differential output to processor.

CLKIN_SATA_P, I Unused.

CLKIN_SATA_N NOTE: External pull-down input termination is required.
CLKIN_DOT96_P, I Unused.

CLKIN_DOT96_N NOTE: External pull-down input termination is required.

XTAL25_IN I Connection for 25 MHz crystal to PCH oscillator circuit.

XTAL25_OUT (0] Connection for 25 MHz crystal to PCH oscillator circuit.

Unused.

REFCLK14IN I NOTE: External pull-down input termination is required
CLKOUT_PEG_A_P, 0 100 MHz Gen2 PCle specification differential output to
CLKOUT_PEG_A_N PCI Express* Graphics device
CLKOUT_PEG_B_P, 0 100 MHz Gen2 PCle specification differential output to a
CLKOUT_PEG_B_N second PCI Express Graphics device

G:fgz;\zﬁLL(FQ: I/) Clock Request Signals for PCIe Graphics SLOTS
obile Only), .
PEG_B_CLKRQ# / I Can instead by used as GPIOs
GPIO56 NOTE: External pull-up resistor required if used for
(Mobile Only) CLKREQ# functionality.
CLKOUT_PCIE[7:0]_P, 0 100 MHz PCle Gen2 specification differential output to

CLKOUT_PCIE[7:0]_N

PCI Express devices

CLKIN_GNDO_P,
CLKIN_GNDO_N (Desktop
Only) CLKIN_GND1_P,
CLKIN_GND1_N

Requires external pull-down termination (can be shared
between P and N signals of the differential pair).

PCIECLKRQO# / GPI1IO73,
PCIECLKRQ1# / GPIO1S8,
PCIECLKRQ3# / GPIO25,
PCIECLKRQ4# / GP1026
(all the above CLKRQ#
signals are Mobile Only)

Clock Request Signals for PCI Express 100 MHz clocks
Can instead by used as GPIOs

NOTE: External pull-up resistor required if used for
CLKREQ# functionality.

PCIECLKRQ2# / GPI020
/ SMI#,
PCIECLKRQ5# / GP1044,
PCIECLKRQ6# / GPI0O45,
PCIECLKRQ7Z7# / GPI0O46
(SMI# above is server/
workstation only)

Clock Request Signals for PCI Express 100 MHz Clocks
Can instead by used as GPIOs

NOTE: External pull-up resistor required if used for
CLKREQ# functionality.

79



[ ®
l n te l Signal Description

Table 2-19. Clock Interface Signals (Sheet 2 of 2)

Name Type Description

Single-Ended, 33 MHz outputs to PCI connectors/
devices. One of these signals must be connected to
CLKOUT_PCI[4:0] (0] CLKIN_PCILOOPBACK to function as a PCI clock
loopback. This allows skew control for variable lengths of
CLKOUT_PCI[4:0].

33 MHz PCI clock feedback input, to reduce skew
CLKIN_PCILOOPBACK I between PCH on-die PCI clock and PCI clock observed by
connected PCI devices

Configurable as a GPIO or as a programmable output
clock which can be configured as one of the following:

e 33 MHz
CLKOUTFLEXO0?! / GPI064 o) e 27 MHz (SSC/Non-SSC)
e 48/24 MHz

e 14.318 MHz

e DC Output logic ‘0’

Configurable as a GPIO or as a programmable output
clock which can be configured as one of the following:

e Non functional and unsupported clock output value (Default)
CLKOUTFLEX1! / GP1065 O e 27 MHz (SSC/Non-SSC)

e 14,318 MHz output to SIO/EC

e 48/24 MHz

e DC Output logic ‘0’

Configurable as a GPIO or as a programmable output
clock which can be configured as one of the following:

e 33 MHz

e 25 MHz

e 27 MHz (SSC/Non-SSC)
e 48/24 MHz

e 14.318 MHz

e DC Output logic ‘0’

CLKOUTFLEX2! / GPIO66 o)

Configurable as a GPIO or as a programmable output
clock which can be configured as one of the following:

e 27 MHz (SSC/Non SSC)

e 14,318 MHz output to SIO
e 48/24 MHz (Default)

e DC Output logic ‘0’

CLKOUTFLEX3! / GPI067 o)

Differential clock buffer Impedance
XCLK_RCOMP I/0 | Compensation: Connected to an external precision
resistor (90.9 Q £1%) to VccDIFFCLKN

NOTE:

1. It is highly recommended to prioritize 27/14.318/24/48 MHz clocks on CLKOUTFLEX1 and
CLKOUTFLEX3 outputs. Intel does not recommend configuring the 27/14.318/24/48 MHz
clocks on CLKOUTFLEXO and CLKOUTFLEX2 if more than 2x 33 MHz clocks in addition to the
Feedback clock are used on the CLKOUT_PCI outputs.
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2.20

Table 2-20.

Datasheet

LVDS Signals

intel.

All signals are Mobile Only, except as noted that are also available in Desktop.

LVDS Interface Signals

Name Type Description
LVDSA_DATA[3:0] (0] LVDS Channel A differential data output - positive
LVDSA_DATA#[3:0] (e} LVDS Channel A differential data output - negative
LVDSA_CLK (0] LVDS Channel A differential clock output - positive
LVDSA_CLK# (e} LVDS Channel A differential clock output - negative
LVDSB_DATA[3:0] (0] LVDS Channel B differential data output - positive
LVDSB_DATA#[3:0] (e} LVDS Channel B differential data output - negative
LVDSB_CLK (0] LVDS Channel B differential clock output - positive
LVDSB_CLK# (e} LVDS Channel B differential clock output - negative
L_DDC_CLK I/0 EDID support for flat panel display
L_DDC_DATA I/0 EDID support for flat panel display
L_CTRL_CLK 1/0 Con_trol signal (clock) for external SSC clock chip control -
optional
L_CTRL_DATA 1/0 Con_trol signal (data) for external SSC clock chip control -
optional
LVDS Panel Power Enable: Panel power control enable
L_VDD_EN (available o control for LVDS or embedded DisplayPort*.
in Desktop) This signal is also called VDD_DBL in the CPIS specification
and is used to control the VDC source to the panel logic.
LVDS Backlight Enable: Panel backlight enable control for
L_BKLTEN (availablein 0 LVDS or embedded DisplayPort.
Desktop) This signal is also called ENA_BL in the CPIS specification
and is used to gate power into the backlight circuitry.
Panel Backlight Brightness Control: Panel brightness
L_BKLTCTL (available 0 control for LVDS or embedded DisplayPort.
in Desktop) This signal is also called VARY_BL in the CPIS specification
and is used as the PWM Clock input signal.
LVDS_VREFH (0] Test mode voltage reference.
LVDS_VREFL (0] Test mode voltage reference.
LVD_IBG I LVDS reference current.
LVD_VBG (0] Test mode voltage reference.
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2.21 Analog Display /VGA DAC Signals
Table 2-21. Analog Display Interface Signals
Name Type Description
VGA RED 0 RED Analog Video Output: This signal is a VGA Analog video
- A output from the internal color palette DAC.
0 GREEN Analog Video Output: This signal is a VGA Analog
VGA_GREEN A video output from the internal color palette DAC.
VGA BLUE 0 BLUE Analog Video Output: This signal is a VGA Analog video
- A output from the internal color palette DAC.
1/0 Resistor Set: Set point resistor for the internal color palette
DAC_IREF A DAC. A 1 kQ 1% resistor is required between DAC_IREF and
motherboard ground.
o) VGA Horizontal Synchronization: This signal is used as the
VGA_HSYNC HVCM horizontal sync (polarity is programmable) or “sync interval”.
CMOS | 5 5 v output
0] VGA Vertical Synchronization: This signal is used as the
VGA_VSYNC HVCMOS | vertical sync (polarity is programmable). 2.5 V output.
I/0 .
VGA_DDC_CLK coD Monitor Control Clock
I/0 .
VGA_DDC_DATA coD Monitor Control Data
I/0 .
VGA_IRTN CoD Monitor Interrupt Return

2.22  Intel® Flexible Display Interface (Intel® FDI)

Table 2-22. Intel® Flexible Display Interface Signals

Signal Name Type Description

FDI_RXP[3:0]
FDI_RXN[3:0]
FDI_FSYNC[O]
FDI_LSYNC[O]
FDI_RXP[7:4]
FDI_RXN[7:4]
FDI_FSYNC[1]
FDI_LSYNC[1]
FDI_INT

Display Link 1 positive data in

Display Link 1 negative data in

Display Link 1 Frame sync

Display Link 1 Line sync

Display Link 2 positive data in

Display Link 2 negative data in

Display Link 2 Frame sync

Display Link 2 Line sync

O|O|O|~|~=|O|O| |+

Used for Display interrupts from PCH to processor.
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2.23

Digital Display Signals

Table 2-23. Digital Display Interface Signals (Sheet 1 of 3)

Datasheet

Name

Type

Description

DDPB_[3:0]P

Port B: Capable of Intel® SDVO / HDMI / DVI / DisplayPort

Intel SDVO
DDPB_[0]P: red
DDPB_[1]P: green
DDPB_[2]P: blue
DDPB_[3]P: clock

HDMI / DVI Port B Data and Clock Lines
DDPB_[0]P: TMDSB_DATA2

DDPB_[1]P: TMDSB_DATA1

DDPB_[2]P: TMDSB_DATAO

DDPB_[3]P: TMDSB_CLK

DisplayPort Port B

DDPB_[0]P: DisplayPort Lane O
DDPB_[1]P: DisplayPort Lane 1
DDPB_[2]P: DisplayPort Lane 2
DDPB_[3]P: DisplayPort Lane 3

DDPB_[3:0]N

Port B: Capable of Intel SDVO / HDMI / DVI / DisplayPort

Intel SDVO
DDPB_[O0]N:
DDPB_[1]N:
DDPB_[2]N:
DDPB_[3]N:

HDMI/ DVI Port B Data and Clock Line Complements
DDPB_[0]N: TMDSB_DATA2B

DDPB_[1]N: TMDSB_DATA1B

DDPB_[2]N: TMDSB_DATAOB

DDPB_[3]N: TMDSB_CLKB

red complement
green complement
blue complement
clock complement

DisplayPort Port B

DDPB_[0]N: DisplayPort Lane 0 complement
DDPB_[1]N: DisplayPort Lane 1 complement
DDPB_[2]N: DisplayPort Lane 2 complement
DDPB_[3]N: DisplayPort Lane 3 complement

DDPB_AUXP

I/0

Port B: DisplayPort Aux

DDPB_AUXN

I/0

Port B: DisplayPort Aux Complement

DDPB_HPD

Port B: TMDSB_HPD Hot Plug Detect

SDVO_CTRLCLK

I/0

Port B: HDMI Control Clock. Shared with port B Intel SDVO

SDVO_CTRLDATA

I/0

Port B: HDMI Control Data. Shared with Port B Intel SDVO

SDVO_INTP

SDVO_INTP: Serial Digital Video Input Interrupt

SDVO_INTN

SDVO_INTN: Serial Digital Video Input Interrupt Complement

SDVO_TVCLKINP

SDVO_TVCLKINP: Serial Digital Video TVOUT Synchronization
Clock
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Table 2-23. Digital Display Interface Signals (Sheet 2 of 3)

84

Name

Type

Description

SDVO_TVCLKINN

I

SDVO_TVCLKINN: Serial Digital Video TVOUT Synchronization

Clock Complement

SDVO_STALLP

I

SDVO_STALLP: Serial Digital Video Field Stall

SDVO_STALLN

SDVO_STALLN: Serial Digital Video Field Stall Complement

DDPC_[3:0]P

Port C: Capable of HDMI / DVI / DP

HDMI / DVI Port C Data and Clock Lines
DDPC_[0]P: TMDSC_DATA2

DDPC_[1]P: TMDSC_DATA1

DDPC_[2]P: TMDSC_DATAO

DDPC_[3]P: TMDSC_CLK

DisplayPort Port C

DDPC_[0]P: DisplayPort Lane O
DDPC_[1]P: DisplayPort Lane 1
DDPC_[2]P: DisplayPort Lane 2
DDPC_[3]P: DisplayPort Lane 3

DDPC_[3:0]N

Port C: Capable of HDMI / DVI / DisplayPort

HDMI / DVI Port C Data and Clock Line Complements
DDPC_[0]N: TMDSC_DATA2B

DDPC_[1]N: TMDSC_DATA1B

DDPC_[2]N: TMDSC_DATAOB

DDPC_[3]N: TMDSC_CLKB

DisplayPort Port C Complements
DDPC_[0]N: Lane 0 complement
DDPC_[1]N: Lane 1 complement
DDPC_[2]N: Lane 2 complement
DDPC_[3]N: Lane 3 complement

DDPC_AUXP

I/0

Port C: DisplayPort Aux

DDPC_AUXN

1/0

Port C: DisplayPort Aux Complement

DDPC_HPD

Port C: TMDSC_HPD Hot Plug Detect

DDPC_CTRLCLK

1/0

HDMI Port C Control Clock

DDPC_CTRLDATA

I/0

HDMI Port C Control Data

DDPD_[3:0]P

Port D: Capable of HDMI / DVI / DP

HDMI / DVI Port D Data and Clock Lines
DDPD_[0]P: TMDSC_DATA2

DDPD_[1]P: TMDSC_DATA1

DDPD_[2]P: TMDSC_DATAO

DDPD_[3]P: TMDSC_CLK

DisplayPort Port D

DDPD_[0]P: DisplayPort Lane 0
DDPD_[1]P: DisplayPort Lane 1
DDPD_[2]P: DisplayPort Lane 2
DDPD_[3]P: DisplayPort Lane 3
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Table 2-23. Digital Display Interface Signals (Sheet 3 of 3)

2.24

Name Type Description

Port D: Capable of HDMI / DVI / DisplayPort

HDMI / DVI Port D Data and Clock Line Complements
DDPD_[0]N: TMDSC_DATA2B

DDPD_[1]N: TMDSC_DATA1B

DDPD_[2]N: TMDSC_DATAOB

DDPD_[3:0]N O | DDPD_[3]N: TMDSC_CLKB

DisplayPort Port D Complements
DDPD_[O0]N: Lane 0 complement
DDPD_[1]N: Lane 1 complement
DDPD_[2]N: Lane 2 complement
DDPD_[3]N: Lane 3 complement

DDPD_AUXP I/O | Port D: DisplayPort Aux
DDPD_AUXN I/O | Port D: DisplayPort Aux Complement
DDPD_HPD I Port D: TMDSD_HPD Hot Plug Detect

DDPD_CTRLCLK I/O | HDMI Port D Control Clock

DDPD_CTRLDATA | I/O | HDMI Port D Control Data

General Purpose I/0 Signals

Notes:

1

2.

. GPIO Configuration registers within the Core Well are reset whenever PWROK is

deasserted.

GPIO Configuration registers within the Suspend Well are reset when RSMRST# is
asserted, CF9h reset (06h or OEh), or SYS_RESET# is asserted. However, CFSh
reset and SYS_RESET# events can be masked from resetting the Suspend well
GPIO by programming appropriate GPIO Reset Select (GPIO_RST_SEL) registers.

. GPIO24 is an exception to the other GPIO Signals in the Suspend Well and is not

reset by CF9h reset (06h or OEh)

Table 2-24. General Purpose I/0 Signals (Sheet 1 of 5)

Glitch
Toler- | Power Blink | Protection GPI
Name Type Default | Capa- during Event Description
ance Well L
bility | Power-On | Support
Sequence
GPIO75 I/0 | 3.3V | Suspend | Native No No No Multiplexed with SML1DATA!
. Multiplexed with SML1ALERT#/
GPIO74 1/0 3.3V | Suspend Native No No No PCHHOT#11
GPIO73 I/0 3.3V | Suspend Native No No No Multiplexed with PCIECLKRQO#
(Mobile Only) : P P
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Table 2-24. General Purpose I/0 Signals (Sheet 2 of 5)

Signal Description

Glitch
Toler- | Power Blink | Protection GPI
Name Type Default | Capa- during Event Description
ance Well s
bility | Power-On | Support
Sequence
Native
(Mobile Mobile: Multiplexed with
Only) BATLOW#.
GPIO72 I/0 3.3V | S d N N N
/ usben GPI ° ° ° Desktop: Unmultiplexed;
(Desktop requires pull-up resistor®.
Only)
Desktop: Multiplexed with
GPIO[71:70] | I/O | 3.3V Core Native No No No TACH[7:6]
Mobile: Used as GPIO only
Desktop: Multiplexed with
GPIO[69:68] | I/O | 3.3V Core GPI No No No TACH[5:4]
Mobile: Used as GPIO only
GPIO67 I/0 3.3V Core Native No No No Multiplexed with CLKOUTFLEX3
GPIO66 I/0 3.3V Core Native No No No Multiplexed with CLKOUTFLEX2
GPIO65 I/0 3.3V Core Native No No No Multiplexed with CLKOUTFLEX1
GPIO64 I/0 3.3V Core Native No No No Multiplexed with CLKOUTFLEXO
GPIO63 I/0 3.3V | Suspend Native No Yes No Multiplexed with SLP_S5#
GPIO62 I/0 3.3V | Suspend Native No No No Multiplexed with SUSCLK
GPIO61 I/0 3.3V | Suspend Native No Yes No Multiplexed with SUS_STAT#
GPIO60 I/0 3.3V | Suspend Native No No No Multiplexed with SMLOALERT #
GPIO59 I/0 | 3.3V | Suspend | Native No No No Multiplexed with OCO#11
GPIO58 I/0 3.3V | Suspend Native No No No Multiplexed with SML1CLK
GPIO57 I/0 3.3V | Suspend GPI No Yes No Unmultiplexed
GPIO56 . Mobile: Multiplexed with
I/0 3.3V | Suspend Native No No No
(Mobile Only) / P PEG_B_CLKRQ#
. Desktop: Multiplexed with GNT3#
9
GPIO55 I/0 3.3V Core Native No No No Mobile: Used as GPIO only
Desktop: Multiplexed with
GPIO54 I/0 | 5.0V | Core Native No No No |REQ3#!l.
Mobile: Used as GPIO only
. Desktop: Multiplexed with GNT2#
GPI053° I/O | 3.3V C Nat N N N
/ ore atve ° ° © Mobile: Used as GPIO only
Desktop: Multiplexed with
GPIO52 1/0 | 5.0V | Core Native No No No |REQ2#'.
Mobile: Used as GPIO only
) Desktop: Multiplexed with GNT1#
GP1051° I/0 3.3V C Nat N N N
/ ore ative © © © Mobile: Used as GPIO only
Desktop: Multiplexed with
GPIO50 /0 | 5.0V | Core Native No No No |REQ1#!l.
Mobile: Used as GPIO only
GpPI049 | 170 | 3.3V | Core GPI No No No |Multiplexed with SATASGP and

TEMP_ALERT#
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Table 2-24. General Purpose I/0 Signals (Sheet 3 of 5)
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Glitch
Toler- | Power Blink | Protection GPI
Name Type Default | Capa- during Event Description
ance Well L
bility | Power-On | Support
Sequence
GPIO48 I/0 3.3V Core GPI No No No Multiplexed with SDATAOUT1.
GPIO47 10 | 3.3V | Suspend | Native | No No No | Multiplexed with PEG_A_CLKRQ#
(Mobile Only) . P P A
GPI1046 I/0 3.3V | Suspend Native No No No Multiplexed with PCIECLKRQ7 #
GPI0O45 I/0 3.3V | Suspend Native No No No Multiplexed with PCIECLKRQ6#
GP1044 I/0 3.3V | Suspend Native No No No Multiplexed with PCIECLKRQ5#
GPIO[43:40] | 1/0 | 3.3V | Suspend | Native No No No Multiplexed with OC[4:1]#11.
GPIO39 1/0 3.3V Core GPI No No No Multiplexed with SDATAOUTO.
GPIO38 I/0 3.3V Core GPI No No No Multiplexed with SLOAD.
GP1037° I/0 3.3V Core GPI No No No Multiplexed with SATA3GP.
GPI0O36° 1/0 3.3V Core GPI No No No Multiplexed with SATA2GP.
GPIO35 I/0 3.3V Core GPO No No No Multiplexed with NMI#.
GPIO34 I/0 3.3V Core GPI No No No Multiplexed with STP_PCI#
Mobile: Multiplexed with
GPIO33 I/0 | 3.3V Core GPO No No No HDA_DOCK_EN# (Mobile Only)*.
Desktop: Used as GPIO only
GF():‘OOE’Z I\ﬁa'ilc\)/;a Unmultiplexed (Desktop Only)
available in /0 | 3.3V Core (Mobile No No No Mobile Only: Used as CLKRUN#,
: 4
Mobile) only) unavailable as GPIO™.
Multiplexed with
ACPRESENT(Mobile Only)®.
GPIO31 I/O | 3.3V | Dsw?3 GPI Yes Yes No
/ Desktop: Used as GPIO31 only.
Unavailable as ACPRESENT
Multiplexed with SUSPWRDNACK,
SUSWARN#
Desktop: Can be configured as
GPIO30 I/0 3.3V | Suspend Native Yes Yes No SUSWARN# or GPIO30 only.
Cannot be used as
SUSPWRDNACK.
Mobile: Used as SUSPWRDNACK,
SUSWARN#, or GPIO30
Multiplexed with SLP_LAN#
Pin usage as GPIO is determined
by SLP_LAN#/GPIO Select Soft-
10 _ ;
GPI029 1/0 | 3.3V | Suspend | Native | Yes Yes No |Strap . Soft-strap value is not
preserved for this signal in the
Sx/Moff state and the pin will
return to its native functionality
(SLP_LAN#).
GP1028° 1/0 3.3V | Suspend GPO Yes No No Unmultiplexed
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Table 2-24. General Purpose I/0 Signals (Sheet 4 of 5)

Signal Description

Glitch
Toler- | Power Blink | Protection GPI
Name Type Default | Capa- during Event Description
ance Well s
bility | Power-On | Support
Sequence
Unmultiplexed. Can be
configured as wake input to allow
wakes from Deep Sx. This GPIO
GPIO27 I/0 | 3.3V | Dsw!3 GPI Yes No No has no GPIO functionality in the
Deep Sx states other than wake
from Deep Sx if this option has
been configured.
GPIO26 . Mobile: Multiplexed with
(Mobile Only) I/0 3.3V | Suspend Native Yes No No PCIECLKRQ4#
GPIO25 . Mobile: Multiplexed with
(Mobile Only) I/0 3.3V | Suspend Native Yes No No PCIECLKRQ3#
Desktop: Can be used as
PROC_MISSING configured using
Intel ME firmware.
Mobile: Unmultiplexed
GPI024 I/0 3.3V | Suspend GPO Yes Yes No NOTE: GP1024 configuration
register bits are cleared
by RSMRST# and not
cleared by CF9h reset
event.
GPIO23 I/0 3.3V Core Native Yes No No Multiplexed with LDRQ1#.
GPIO22 I/0 3.3V Core GPI Yes No No Multiplexed with SCLOCK
GPIO21 I/0 3.3V Core GPI Yes No No Multiplexed with SATAOGP
GPIO20 | 1/O | 3.3V | Core | Native | Yes No No '\S"I\‘jl'lt;p'exed with PCIECLKRQ2#,
GP1019° I/0 3.3V Core GPI Yes No No Multiplexed with SATA1GP
GPIO18 : 7 Mobile: Multiplexed with
(Mobile Only) I/0 3.3V Core Native Yes No No PCIECLKRQ1#
Desktop: Multiplexed with
GPIO17 I/0 3.3V Core GPI Yes No No TACHO.
Mobile: Used as GPIO17 only.
GPIO16 I/0 3.3V Core GPI Yes No No Multiplexed with SATA4GP
GP1015° 1/0 | 3.3V | Suspend GPO Yes No Yes? | Unmultiplexed
GPIO14 I/0 3.3V | Suspend Native Yes No Yes? Multiplexed with OC7#
33V Multiplexed with
' HDA_DOCK_RST# (Mobil
GPIO13 | /O | or HDA GPI Yes No Yes? Vi (Mobile
1.5 vi2 Suspend Only)™.
' Desktop: Used as GPIO only
Multiplexed with
GPIO12 I/0 3.3V | Suspend Native Yes No Yes? LAN—PHY—.PWR—CTRL' GPI.O /
Functionality controlled using soft
strap8,14
GPIO11 I/0 | 3.3V | Suspend | Native Yes No Yes? | Multiplexed with SMBALERT#11,
GPIO10 I/0 | 3.3V | Suspend | Native Yes No Yes? | Multiplexed with OC6#11.
GPIO9 I/0 | 3.3V | Suspend | Native Yes No Yes? | Multiplexed with OC5#11.
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Table 2-24. General Purpose I/0 Signals (Sheet 5 of 5)

Name

Type

Toler- | Power

Glitch
Blink | Protection GPI
Default | Capa- during Event Description
bility | Power-On | Support
Sequence

ance Well

GPIO8

1/0

3.3V | Suspend GPO Yes No Yes? Unmultiplexed

GPIO[7:6]

1/0

3.3V Core GPI Yes No Yes? Multiplexed with TACH[3:2].

GPIO[5:2]

1/0D

5V Core GPI Yes No Yes? | Multiplexed PIRQ[H:E]#°.

GPIO1

I/0

5 Multiplexed with TACH1.

3.3V Core GPI Yes No Yes
: Mobile: Used as GPIO1 only.

GPIOO

1/0

3.3V Core GPI Yes No Yes? | Multiplexed with BMBUSY #

Datasheet

NOTES:

1.
2.

3.

Nouk

®

11.

12.

13.

14.

All GPIOs can be configured as either input or output.

GPI[15:0] can be configured to cause a SMI# or SCI. A GPI can be routed to either an SMI#
or an SCI, but not both.

Some GPIOs exist in the VccSus3_3 power plane. Care must be taken to make sure GPIO
signals are not driven high into powered-down planes. Also, external devices should not be
driving powered down GPIOs high. Some GPIOs may be connected to pins on devices that
exist in the core well. If these GPIOs are outputs, there is a danger that a loss of core power
(PWROK low) or a Power Button Override event will result in the PCH driving a pin to a logic
1 to another device that is powered down.

The functionality that is multiplexed with the GPIO may not be used in desktop configuration.
When this signal is configured as GPO the output stage is an open drain.

In an Intel® ME disabled system, GPIO31 may be used as ACPRESENT from the EC.
GPIO18 will toggle at a frequency of approximately 1 Hz when the signal is programmed as a
GPIO (when configured as an output) by BIOS.

For GPIOs where GPIO vs. Native Mode is configured using SPI Soft Strap, the corresponding
GPIO_USE_SEL bits for these GPIOs have no effect. The GPIO_USE_SEL bits for these GPIOs
may change to reflect the Soft-Strap configuration even though GPIO Lockdown Enable (GLE)
bit is set.

These pins are used as Functional straps. See Section 2.27 for more details.

Once Soft-strap is set to GPIO mode, this pin will default to GP Input. When Soft-strap is
SLP_LAN# usage and if Host BIOS does not configure as GP Output for SLP_LAN# control,
SLP_LAN# behavior will be based on the setting of the RTC backed SLP_LAN# Default Bit
(D31:F0:A4h:Bit 8).

When the multiplexed GPIO is used as GPIO functionality, care should be taken to ensure the
signal is stable in its inactive state of the native functionality, immediately after reset until it
is initialized to GPIO functionality.

GPIO13 is powered by VccSusHDA (either 3.3 V or 1.5 V). Voltage tolerance on the signal is
the same as VccSusHDA.

GPIO functionality is only available when the Suspend well is powered although pin is in
DSW.

GPIO will assume its native functionality until the soft strap is loaded after which time the
functionality will be determined by the soft strap setting.
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2.25

Signal Description

Manageability Signals

The following signals can be optionally used by Intel Management Engine supported
applications and appropriately configured by Intel Management Engine firmware. When
configured and used as a manageability function, the associated host GPIO
functionality is no longer available. If the manageability function is not used in a
platform, the signal can be used as a host General Purpose I/O or a native function.

Table 2-25. Manageability Signals

2.26

Name Type Description
SUSWARN# / Used by Intel® ME as either SUSWARN# in Deep Sx state
SUSPWRDNACK 1/0 supported platforms or as SUSPWRDNACK in non Deep Sx state
(Mobile Only) supported platforms.
/ GPIO30 NOTE: This signal is in the Suspend power well.
ACPRESENT Input S|gnal_ frc_Jm the Embedded Controller (EC) on Mobile
. systems to indicate AC power source or the system battery.
(Mobile Only) / 1/0 ) iah indi
GPIO31 Active High indicates AC power.
NOTE: This signal is in the Deep Sx power well.
Used as an alert (active low) to indicate to the external
controller (such as EC or SIO) that temperatures are out of
SATAS5GP / GP1049 .
/ TEMP_ALERT# I/0 range for the PCH or Graphics/Memory Controller or the
processor core.
NOTE: This signal is in the Core power well.
GPI024 / Used to indicate Processor Missing to the Intel Management
PROC_MISSING 1/0 Engine.
(Desktop Only) NOTE: This signal is in the Suspend power well.

NOTE: SLP_LAN# may also be configured by Intel® ME FW in Sx/Moff. Please refer to SLP_LAN#/
GPIO29 signal description for details.

Power and Ground Signals

Table 2-26. Power and Ground Signals (Sheet 1 of 3)

90

Name Description

DcpRTC Decoupllng: This signal is for RTC decoupling only. This signal requires
decoupling.
Decoupling: Internally generated 1.5 V powered off of Suspend Well. This

DcpSST signal requires decoupling. Decoupling is required even if this feature is not
used.
1.05 V Suspend well power.
Internal VR mode (INTVRMEN sampled high): Well generated internally. Pins
should be left No Connect

DcpSus External VR mode (INTVRMEN sampled low): Well supplied externally. Pins
should be powered by 1.05 Suspend power supply. Decoupling capacitors are
required.
NOTE: External VR mode applies to Mobile Only.
Internally generated 1.05 V Deep Sx well power. This rail should not be

DcpSusByp supplied externally.

NOTE: No decoupling capacitors should be used on this rail.
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Table 2-26. Power and Ground Signals (Sheet 2 of 3)

Name Description
V5SREF Reference for 5 V tolerance on core well inputs. This power may be shut off in
S3, S4, S5, or G3 states.
Reference for 5 V tolerance on suspend well inputs. This power is not
V5REF_Sus .
expected to be shut off unless the system is unplugged.
1.05 V supply for core well logic. This power may be shut off in S3, S4, S5 or
G3 states.
VccCore NOTE: In external VR mode (INTVRMEN sampled low), the voltage level of
VccCore may be indeterminate while DcpSus (1.05 V Suspend Well
Power) supply ramps and prior to PWROK assertion.
3.3 V supply for core well I/O buffers. This power may be shut off in S3, S4,
Vcc3_3
S5, or G3 states.
1.05 V supply for the Active Sleep Well. Provides power to the Intel® ME and
VccASW integrated LAN. This plane must be on in SO and other times the Intel ME or
integrated LAN is used.
Power supply for DMI.
VccDMI 1.05 V or 1.0 V based on the processor Vccjo voltage. Please refer to the
respective processor documentation to find the appropriate voltage level.
VCcDIFFCLKN ‘:}Vé)lis V supply for Differential Clock Buffers. This power is supplied by the core
3.3V (can drop to 2.0 V min. in G3 state) supply for the RTC well. This power
is not expected to be shut off unless the RTC battery is removed or completely
VCCRTC drained.
NOTE: Implementations should not attempt to clear CMOS by using a jumper
to pull VccRTC low. Clearing CMOS can be done by using a jumper on
RTCRST# or GPI.
1.05 V supply for core well I/0 buffers. This power may be shut off in S3, S4,
VcclIO
S5, or G3 states.
VccSus3_3 3.3 V supply for suspend well I/O buffers. This power may be shut off in the
Deep Sx or G3 states.
VccSusHDA Suspend supply for Intel® HD Audio. This pin can be either 1.5 or 3.3 V.
VccVRM 1.5 V/1.8 V supply for internal PLL and VRMs
VCccDFTERM 1.8 V or 3.3 V supply for DF_TVS. This pin should be pulled up to 1.8 V or 3.3
V core.
VCCADPLLA 1.05 V supply for Display PLL A Analog Power. This power is supplied by the
core well.
VCcCADPLLB 1.05 V supply for Display PLL B Analog Power. This power is supplied by the
core well.
VCCADAC il.EBHV supply for Display DAC Analog Power. This power is supplied by the core
Vss Grounds.
1.05 V Analog power supply for internal clock PLL. This power is supplied by
VccAClk the core well.
NOTE: This pin can be left as no connect
1.05 V Analog Power for DMI. This power is supplied by the core well.
VccAPLLEXP NOTE: This pin can be left as no connect
VCCAPLLDMI2 1.05 V Analog Power for internal PLL. This power is supplied by core well.

NOTE: This pin can be left as no connect
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Signal Description

Table 2-26. Power and Ground Signals (Sheet 3 of 3)

92

Name Description
1.05 V analog power supply for the FDI PLL. This power is supplied by core
VccAFDIPLL well.
NOTE: This pin can be left as no connect
1.05 V analog power supply for SATA PLL. This power is supplied by core well.
VccAPLLSATA | This rail requires an LC filter when power is supplied from an external VR.
NOTE: This pin can be left as no connect
VccALVDS . .
(Mobile Only) 3.3 V Analog power supply for LVDS, This power is supplied by core well.
VccTXLVDS . . .
(Mobile Only) 1.8 V I/O power supply for LVDS. This power is supplied by core well.
Powered by the same supply as the processor I/0O voltage. This supply is used
V_PROC_IO to drive the processor interface signals. Please refer to the respective
processor documentation to find the appropriate voltage level.
VcecDSW3_3 3.3 V supply for Deep Sx wells. If platform does not support Deep Sx then tie
to VecSus3_3.
3.3 V supply for SPI Controller Logic. This rail must be powered when VccASW
VCcSPI is powered.
NOTE: This rail can be optionally powered on 3.3 V Suspend power
(VccSus3_3) based on platform needs.
1.05 V supply for Integrated Clock Spread Modulators. This power is supplied
VccSSC
by core well.
VccClkDMI 1.05 V supply for DMI differential clock buffer
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Pin Straps
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The following signals are used for static configuration. They are sampled at the rising
edge of PWROK to select configurations (except as noted), and then revert later to their
normal usage. To invoke the associated mode, the signal should be driven at least four
PCI clocks prior to the time it is sampled.

The PCH implements Soft Straps, which are used to configure specific functions within
the PCH and processor very early in the boot process before BIOS or SW intervention.
When Descriptor Mode is enabled, the PCH will read Soft Strap data out of the SPI
device prior to the deassertion of reset to both the Intel Management Engine and the
Host system. Please refer to Section 5.25.2 for information on Descriptor Mode

Table 2-27. Functional Strap Definitions (Sheet 1 of 4)

. When

Signal Usage sampled Comment
The signal has a weak internal pull-down. Note: the
internal pull-down is disabled after PLTRST# deasserts. If

Rising edge of _the signal is sampled high, this indicates tha_t th_e system

SPKR No Reboot PWROK is strapped to the "No Reboot” mode (PCH will disable the
TCO Timer system reboot feature). The status of this
strap is readable using the NO REBOQT bit (Chipset
Config Registers: Offset 3410h:Bit 5).
This signal has a weak internal pull-up.

L NOTES:
INIT3_3V# Reserved R'S'S\?Vg%g}f of 1. This signal should not be pulled low.
2. The internal pull-up is disabled after PLTRST#
deasserts.

GNT3# / GPIO55

Top-Block Swap

Rising edge of

The signal has a weak internal pull-up. If the signal is
sampled low, this indicates that the system is strapped to
the “top-block swap” mode.

The status of this strap is readable using the Top Swap bit
(Chipset Config Registers: Offset 3414h:Bit 0).

NOTES:

Override PWROK
vern 1. The internal pull-up is disabled after PLTRST#
deasserts.
2. Software will not be able to clear the Top Swap bit
until the system is rebooted without GNT3#/
GPIOS55 being pulled down.
Integrated 1.05 V VRMs is enabled when high
External VR power source is used for DcpSus when
Integrated Is“agw_rpégq low.
INTVRMEN 1.05V VRM Always * ) . )
Enable /Disable 1. External VR powering option is for Mobile Only. Other
systems should not pull the strap low.
2. See VccCore signal description for behavior when
INTVRMEN is sampled low (external VR mode).
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Table 2-27. Functional Strap Definitions (Sheet 2 of 4)

When

Sampled Comment

Signal Usage

This Signal has a weak internal pull-up.
This field determines the destination of accesses to the
BIOS memory range. Also controllable using Boot BIOS
Destination bit (Chipset Config Registers: Offset
3410h:Bit 11). This strap is used in conjunction with Boot
BIOS Destination Selection 0 strap.
Biti1 Bit 10 Boot BIOS
(BBS1)  (BBSO0) Destination
0 1 Reserved
1 0 PCI
1 1 SPI
Boot BIOS Strap s 0 0 LPC
GNT1#/GPIO51 bit 1 Rising edge of | & .

BBS1 PWROK ) ) )
1. If option 00 (LPC) is selected, BIOS may still be
placed on LPC, but all platforms are required to have
SPI flash connected directly to the PCH's SPI bus with
a valid descriptor in order to boot.

2. Booting to PCI is intended for debut/testing only.
Boot BIOS Destination Select to LPC/PCI by
functional strap or using Boot BIOS Destination Bit
will not affect SPI accesses initiated by Intel® ME or
Integrated GbE LAN.

3. PCI Boot BIOS destination is not supported on PCI
Interface-disabled SKUs.

4. The internal pull-up is disabled after PLTRST#
deasserts.
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Table 2-27. Functional Strap Definitions (Sheet 3 of 4)

Signal

Usage

When
Sampled

Comment

SATA1GP/GPIO19

Boot BIOS Strap
bit 0
BBSO

Rising edge of
PWROK

This Signal has a weak internal pull-up.

This field determines the destination of accesses to the
BIOS memory range. Also controllable using Boot BIOS
Destination bit (Chipset Config Registers: Offset
3410h:Bit 10). This strap is used in conjunction with Boot
BIOS Destination Selection 1 strap.

Bitl11 Bit 10 Boot BIOS
(BBS1)  (BBSO0) Destination

0 1 Reserved
PCI
SPI

0
1 1
0 LPC

0

NOTES:

1. If option 00 (LPC) is selected, BIOS may still be
placed on LPC, but all platforms are required to have
SPI flash connected directly to the PCH's SPI bus with
a valid descriptor in order to boot.

2. Booting to PCI is intended for debut/testing only.
Boot BIOS Destination Select to LPC/PCI by
functional strap or using Boot BIOS Destination Bit
will not affect SPI accesses initiated by Intel ME or
Integrated GbE LAN.

3. PCI Boot BIOS destination is not supported on PCI
Interface-disabled SKUs.

4. The internal pull-up is disabled after PLTRST#
deasserts.

GNT2#/ GPIO53

ESI Strap
(Server/
Workstation
Only)

Rising edge of
PWROK

This Signal has a weak internal pull-up.

Tying this strap low configures DMI for ESI compatible

operation.

NOTES:

1. The internal pull-up is disabled after PLTRST#
deasserts.

2. ESI compatible mode is for server platforms only.
This signal should not be pulled low for desktop
and mobile.

HDA_SDO

Reserved

Rising edge of
PWROK

Signal has a weak internal pull-down.
NOTE: The weak internal pull-down is disabled after
PLTRST# deasserts.

DF_TVS

DMI and FDI Tx/
Rx Termination
Voltage

Rising edge
of PWROK

This signal has a weak internal pull-down.
NOTE: The internal pull-down is disabled after PLTRST#
deasserts.

GPIO28

On-Die PLL
Voltage
Regulator

Rising edge of
RSMRST# pin

This signal has a weak internal pull-up.

The On-Die PLL voltage regulator is enabled when

sampled high. When sampled low the On-Die PLL Voltage

Regulator is disabled.

NOTE: The internal pull-up is disabled after RSMRST#
deasserts.
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Table 2-27. Functional Strap Definitions (Sheet 4 of 4)

PWROK

. When
Signal Usage Sampled Comment
On-Die PLL - This signal has a weak internal pull-down.
HDA SYNC Voltage Rising edge of . . .
_ : On Die PLL VR is supplied by 1.5 V from VccVRM when
Regulator RSMRST# pin -
Voltage Select sampled high, 1.8 V from VccVRM when sampled low.
This signal has a weak internal pull-down.
Rising edge of | NOTE: A strong pull-up may be needed for GPIO
GPIO15 Reserved RSMRST# pin functionality.
When '1’- LVDS is detected; When '0’- LVDS is not
. detected.
L_DDC_DATA LVDS Detected Rising edge of NOTE: This signal has a weak internal pull-down. The

internal pull-down is disabled after PLTRST#
deasserts.

SDVO_CTRLDATA

Port B Detected

Rising edge of
PWROK

When ‘1’- Port B is detected; When ‘0’- Port B is not

detected

This signal has a weak internal pull-down.

NOTE: The internal pull-down is disabled after PLTRST#
deasserts.

DDPC_CTRLDATA

Port C Detected

Rising edge of
PWROK

When ‘1’- Port C is detected; When '0’- Port C is not

detected

This signal has a weak internal pull-down.

NOTE: The internal pull-down is disabled after PLTRST#
deasserts.

DDPD_CTRLDATA

Port D Detected

Rising edge of

When ‘1’- Port D is detected; When ‘0’- Port D is not
detected

This signal has a weak internal pull-down.

PWROK NOTE: The internal pull-down is disabled after PLTRST#
deasserts.
Deep Sx Well . .
- If strap is sampled high, the Integrated Deep Sx Well
DSWVRMEN On-Die Voltage Always i .
Regulator Enable (DSW) On-Die VR mode is enabled.
This signal has a weak internal pull-down.
NOTES:
Rising edge of | 1. The internal pull-down is disabled after PLTRST#
SATA2GP/GPIO36 Reserved PWROK deasserts.
2. This signal should not be pulled high when strap is
sampled.
This signal has a weak internal pull-down.
NOTES:
Rising edge of | 1. The internal pull-down is disabled after PLTRST#
SATA3GP/GPIO37 Reserved PWROK deasserts.
2. This signal should not be pulled high when strap is
sampled.

NOTE: See Section 3.1 for full details on pull-up/pull-down resistors.

96

Datasheet




[ ®
Signal Description l n tel

2.28 External RTC Circuitry

The PCH implements an internal oscillator circuit that is sensitive to step voltage
changes in VccRTC. Figure 2-2 shows an example schematic recommended to ensure
correct operation of the PCH RTC.

Figure 2-2. Example External RTC Circuit

VccDSW3_3

™| vecrte

0.1uF

Schottky Diodes

N
(see note 3) L1
I 1uF

s

X rrexe

R1
—
20 m§ 32.768 KHz 1omQ

T

1.0 uF c1 c2

N

X rrex

—

i— |

|

— ——

X RTCRST#

X SRTCRST#

NOTES:

1. The exact capacitor values for C1 and C2 must be based on the crystal maker
recommendations.

Reference designators are arbitrarily assigned.

For platforms not supporting Deep Sx, the VccDSW3_3 pins will be connected to the
VccSus3_3 pins.

Vbatt is voltage provided by the RTC battery (such as coin cell).

VccRTC, RTCX1, RTCX2, RTCRST#, and SRTCRST# are PCH pins.

VccRTC powers PCH RTC well.

RTCX1 is the input to the internal oscillator.

RTCX2 is the amplified feedback for the external crystal.
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PCH Pin States

3 PCH Pin States

3.1 Integrated Pull-Ups and Pull-Downs
Table 3-1. Integrated Pull-Up and Pull-Down Resistors (Sheet 1 of 2)

Signal Resistor Type Nominal Notes

CL_CLK1 Pull-up/Pull- 32/100 8,13
down
CL_DATAL Pull-up/Pull- 32/100 8, 13
down

CLKOUTFLEX[3:0]/GPIO[67:64] Pull-down 20K 1, 10
GPIO15 Pull-down 20K 3
HDA_SDIN[3:0] Pull-down 20K 2
HDA_SYNC, HDA_SDO Pull-down 20K 2,5
GNT[3:1]#/GPIO[55,53,51] Pull-up 20K 3,6, 7
GPIOS8 Pull-up 20K 3,12
LAD[3:0]# / FWH[3:0]# Pull-up 20K 3
LDRQO#, LDRQ1# / GPIO23 Pull-up 20K 3
DF_TVS Pull-down 20k 8
PME# Pull-up 20K 3
INIT3_3V# Pull-up 20K 3
PWRBTN# Pull-up 20K 3
SPI_MOSI Pull-down 20K 3
SPI_MISO Pull-up 20K 3
SPKR Pull-down 20K 3,9
TACH[7:0]/GPIO[71:68,7,6,1,17] Pull-up 20K Ti((:‘;’}';’zgr]‘)
USB[13:0] [P,N] Pull-down 20K 4
DDP[D:C]_CRTLDATA Pull-down 20K 3,9
SDVO_CTRLDATA,L_DDC_DATA Pull-down 20K 3,9
SDVO_INTP, SDVO_INTN Pull-down 50 18
SDVO_TVCLKINP, SDVO_TVCLKINN Pull-down 50 18
SDVO_STALLP, SDVO_STALLN Pull-down 50 18
BATLOW#/GPIO72 Pull-up 20K 3
CLKOUT_PCI[4:0] Pull-down 20K 1, 10
GPIO27 Pull-up 20K 3,14
JTAG_TDI, JTAG_TMS Pull-up 20K 1,11
JTAG_TCK Pull-down 20K 1,11
GPIO28 Pull-up 20K 3,12
SATA[3:2]GP/GPIO[37:36] Pull-down 20K 3,9
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PCH Pin States

Table 3-1. Integrated Pull-Up and Pull-Down Resistors (Sheet 2 of 2)

Signal Resistor Type Nominal Notes
ACPRESENT/GPIO31 Pull-down 20K 3,15
PCIECLKRQ5#/GPI1044 Pull-up 20K 1,12
SST (Server/Workstation Only) Pull-down 10K 16
PCIECLKRQ7#/GPI046 Pull-up 20K 1,12
SATA1GP/GPIO19 Pull-up 20K 3,9
SUSACK# Pull-up 20K 3
PECI Pull-down 350 17

NOTES

1. Simulation data shows that these resistor values can range from 10 kQ to 40 kQ.

2. Simulation data shows that these resistor values can range from 9 kQ to 50 kQ.

3. Simulation data shows that these resistor values can range from 15 kQ to 40 kQ.

4, Simulation data shows that these resistor values can range from 14.25 kQ to 24.8 kQ.

5. The pull-up or pull-down on this signal is only enabled at boot/reset for strapping function.

6. The pull-up on this signal is not enabled when PCIRST# is high.

7. The pull-up on this signal is not enabled when PWROK is low.

8. Simulation data shows that these resistor values can range from 15 kQ to 31 kQ.

9. The pull-up or pull-down is not active when PLTRST# is NOT asserted.

10. The pull-down is enabled when PWROK is low.

11. External termination is also required on these signals for JTAG enabling.

12. Pull-up is disabled after RSMRST# is deasserted.

13. The Controller Link Clock and Data buffers use internal pull-up or pull-down resistors to
drive a logical 1 or 0.

14. Pull-up is enabled only in Deep Sx state.

15. Pull-down is enabled only in Deep Sx state.

16. When the interface is in BUS IDLE, the Internal Pull-down of 10 kQ is enabled. In normal
transmission, a 400 Q pull-down takes effect, the signal will be override to logic 1 with a
pull-up resistor (37 Q) to VCC 1.5 V.

17. This is a 350-Q normal pull-down, signal will be overridden to logic 1 with pull-up resistor
(31 Q) to VCC 1.05 V.

18. Internal pull-down serves as Rx termination and is enabled after PLTRST# deasserts.
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