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Requests (B_CR_BISOCWT)—Offset 6D6CH .....cviviiiiiiiiiiiiiiieiieieeeeen 1324
133 B-Unit Control (B_CR_BCTRL2)—Offset 6D70h......cccvvviiiiiiiiiiiiiiiiiiiennn 1325
134 Uncorrectable Error Status Register
(B_CR_UNCERRSTS_0_0_0_MCHBAR)—Offset 6E04h ........cccvvvvviininiinnns 1326
135 Uncorrectable Error Mask Register
(B_CR_UNCERRMSK_0_0_0_MCHBAR)—Offset 6EO8h...........cevvvvvininnnn. 1329
136 Uncorrectable Error Severity Register
(B_CR_UNCERRSEV_0_0_0_MCHBAR)—Offset 6EOCh .........cccocvviviinininns 1331
137 First Uncorrectable Error Register
(B_CR_UNCFERRSTS_0_0_0_MCHBAR)—Offset 6E10h..........cccvvvviiininnnns 1333
138 Next Uncorrectable Error Register
(B_CR_UNCNERRSTS_0_0_0_MCHBAR)—Offset 6E14h .......cccevvviinininennns 1336
139 Uncorrectable Error Select Register
(B_CR_UNCERRCNTSEL_0_0_0_MCHBAR)—Offset 6E18h......c.cccvivvnennnns 1339
140 Uncorrectable Error Count (B_CR_UNCERRCNT_0_0_0_MCHBAR)—Offset
BE L N Lttt e e 1341
141 Correctable Error Status Register
(B_CR_CORERRSTS_0_0_0_MCHBAR)—Offset 6E20h .......ccccevvviniinnnennnns 1342
142 Correctable Error Mask Register
(B_CR_CORERRMSK_0_0_0_MCHBAR)—Offset 6E24h..........cccevvviiininnnn. 1345
143 Data Parity Header Log Low
(B_CR_DPHDRLOG_LO_0_0_0_MCHBAR)—Offset 6E28h ...........ccvvvvuennnns 1347
144 Data Parity Header Log High
(B_CR_DPHDRLOG_HI_0_0_0_MCHBAR)—Offset 6E2Ch ..........cccvvvnvnenns 1347
145 Data Parity Address Log Low
(B_CR_DPADDRLOG_LO_0_0_0_MCHBAR)—Offset 6E30h .........ccvvvvuennens 1347
146 Data Parity Address Log High
(B_CR_DPADDRLOG_HI_0_0_0_MCHBAR)—Offset 6E34h.........cccevuvnennns 1348

.147 D-Unit Error Address Log

(B_CR_DERRADDRLOG_LO_0_0_0_MCHBAR)—Offset 6E38h .................. 1348
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44.3.148 D-Unit Error Address Log

(B_CR_DERRADDRLOG_HI_0_0_0_MCHBAR)—Offset 6E3Ch................... 1348
44.3.149 Asymmetric Memory Region 0

(B_CR_ASYM_MEM_REGIONO_0_0_0_MCHBAR)—Offset 6E40h .............. 1349
44.3.150 Asymmetric Memory Region 1

(B_CR_ASYM_MEM_REGION1_0_0_0_MCHBAR)—Offset 6E44h .............. 1349
44.3.151 B-Unit Machine Check Mode Low (B_CR_BMCMODE_LOW)—Offset

[ =] o P 1350
44.3.152 B-Unit Machine Check Mode High (B_CR_BMCMODE_HIGH)—Offset

BEA N it e 1350
44.3.153 PWR_LIMIT_MISC_0_0_0_MCHBAR

(P_CR_PWR_LIMIT_MISC_0_0_0_MCHBAR)—Offset 7014h ..........ccccnvnens 1351
44.3.154 CAPABILITY_ID_0_0_0_MCHBAR

(P_CR_CAPABILITY_ID_0_0_0_MCHBAR)—Offset 7018h ........cevvvvvinnnnens 1351
44.3.155 MC_BIOS_REQ _0_0_0_MCH

(P_CR_MC_BIOS_REQ_0_0_0_MCHBAR)—Offset 7020h .......ccvvvrvurnennnens 1352
44.3.156 MCA_ERROR_SRC_0_0_0_MCHBAR

(P_CR_MCA_ERROR_SRC_0_0_0_MCHBAR)—Offset 702Ch..........ccvvvvens 1353
44.3.157 DDR_THERM_THRT_CTRL_0_0_0_MCHBAR

(P_CR_DDR_THERM_THRT_CTRL_0_0_0_MCHBAR)—Offset 7030h ......... 1354
44.3.158 PACKAGE_THERM_MARGIN

(P_CR_PACKAGE_THERM_MARGIN_0_0_0_MCHBAR)—Offset 703Ch........ 1355
44.3.159 DDR_RAPL_LIMIT (P_CR_DDR_RAPL_LIMIT_0_0_0_MCHBAR)—Offset

7040 e 1356
44.3.160 DDR_ENERGY_STATUS

(P_CR_DDR_ENERGY_STATUS_0_0_0_MCHBAR)—Offset 7048h.............. 1357
44.3.161 DDR_RAPL_PERF_STATUS

(P_CR_DDR_RAPL_PERF_STATUS_0_0_0_MCHBAR)—Offset 704Ch......... 1357

44.3.162 PACKAGE_RAPL_PERF_STATUS
(P_CR_PACKAGE_RAPL_PERF_STATUS_0_0_0_MCHBAR)—Offset 7050h.. 1358
44.3.163 PRIMARY_PLANE_TURBO_POWER_POLICY
(P_CR_PRIMARY_PLANE_TURBO_PLCY_0_0_0_MCHBAR)—Offset 7054h.. 1358
44.3.164 SECONDARY_PLANE_TURBO_POWER_POLICY
(P_CR_SECONDARY_PLANE_TURBO_PLCY_0_0_0_MCHBAR)—Offset
7011 1359
44.3.165 PRIMARY_PLANE_ENERGY_STATUS
(P_CR_PRIMARY_PLANE_ENERGY_STATUS_0_0_0_MCHBAR)—Offset
ZOSCR L 1359
44.3.166 SECONDARY_PLANE_ENERGY_STATUS
(P_CR_SECONDARY_PLANE_ENERGY_STATUS_0_0_0_MCHBAR)—Offset
70 L0 1360
44.3.167 PACKAGE_POWER_SKU_UNIT
(P_CR_PACKAGE_POWER_SKU_UNIT_0_0_0_MCHBAR)—Offset 7068h.... 1361
44.3.168 PACKAGE_ENERGY_STATUS
(P_CR_PACKAGE_ENERGY_STATUS_0_0_0_MCHBAR)—Offset 706Ch...... 1362
44.3.169 GT_PERF_STATUS (P_CR_GT_PERF_STATUS_0_0_0_MCHBAR)—Offset

070N e 1362
44.3.170 TEMPERATURE_TARGET
(P_CR_TEMPERATURE_TARGET_0_0_0_MCHBAR)—Offset 7074h............. 1363
44.3.171 BIOS_RESET_CPL (P_CR_BIOS_RESET_CPL_0_0_0_MCHBAR)—Offset
078t 1364
44.3.172 BIOS_MAILBOX_DATA
(P_CR_BIOS_MAILBOX_DATA_0_0_0_MCHBAR)—Offset 7080h.............. 1366

44.3.173 BIOS_MAILBOX_INTERFACE
(P_CR_BIOS_MAILBOX_INTERFACE_0_0_0_MCHBAR)—Offset 7084h...... 1366
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174 CORE_FREQUENCY_CAPABILITIES_0_0_0_MCHBAR
(P_CR_CORE_FREQUENCY_CAPABILITIES_0_0_0_MCHBAR)—Offset
74021 1367
175 GRAPHICS_FREQUENCY_CAPABILITIES_0_0_0_MCHBAR
(P_CR_GRAPHICS_FREQUENCY_CAPABILITIES_0_0_0_MCHBAR)—Offset
7400 < o o 1368
176 SYSTEM_AGENT_FREQUENCY_CAPABILITIES_0_0_0_MCHBAR
(P_CR_SYSTEM_AGENT_FREQUENCY_CAPABILITIES_0_0_0_MCHBAR)—Offset
7005 0 1369
177 FAR_MEMORY_FREQUENCY_CAPABILITIES_0_0_0_MCHBAR
(P_CR_FAR_MEMORY_FREQUENCY_CAPABILITIES_0_0_0_MCHBAR)—Offset
ZOOAN 1 ri 1369

178 NEAR_MEMORY_FREQUENCY_CAPABILITIES_0_0_0_MCHBAR
(P_CR_NEAR_MEMORY_FREQUENCY_CAPABILITIES_0_0_0_MCHBAR)—Offset
7015 < o 1370

179 PACKAGE_POWER_SKU
(P_CR_PACKAGE_POWER_SKU_0_0_0_MCHBAR)—Offset 70A0h............. 1371

180 PACKAGE_RAPL_LIMIT
(P_CR_PACKAGE_RAPL_LIMIT_0_0_0_MCHBAR)—Offset 70A8h.............. 1372

181 IA_PERF_LIMIT_REASONS
(P_CR_IA_PERF_LIMIT_REASONS_0_0_0_MCHBAR)—Offset 70BOh.......... 1374

182 MEMHOT_THERM_STATUS_0_0_0_MCHBAR
(P_CR_MEMHOT_THERM_STATUS_0_0_0_MCHBAR)—Offset 70D8h......... 1376

183 MEMHOT_THERM_CONFIG_0_0_0_MCHBAR
(P_CR_MEMHOT_THERM_CONFIG_0_0_0_MCHBAR)—Offset 70DCh ........ 1376

184 MEM_THERM_CTRL_0_0_0_MCHBAR
(P_CR_MEM_THERM_CTRL_0_0_0_MCHBAR)—Offset 7200h..............c0vus 1377

185 MEM_THERM_TEMP_CONFIG_0_0_0_MCHBAR
(P_CR_MEM_THERM_TEMP_CONFIG_0_0_0_MCHBAR)—Offset 7204h...... 1378
186 MEM_THERM_THROT_CONFIG_0_0_0_MCHBAR

(P_CR_MEM_THERM_THROT_CONFIG_0_0_0_MCHBAR)—Offset 7208h....1378

187 MEM_THERM_STATUS_0_0_0_MCHBAR
(P_CR_MEM_THERM_STATUS_0_0_0_MCHBAR)—Offset 720Ch............... 1379
188 MEM_THERM_INTERRUPT_0_0_0_MCHBAR
(P_CR_MEM_THERM_INTERRUPT_0_0_0_MCHBAR)—Offset 7210h .......... 1380
189 MEM_THERM_INT_STATUS_0_0_0_MCHBAR
(P_CR_MEM_THERM_INT_STATUS_0_0_0_MCHBAR)—Offset 7214h ........ 1381
190 MEM_THERM_TEMP_OFST_0_0_0_MCHBAR
(P_CR_MEM_THERM_TEMP_OFST_0_0_0_MCHBAR)—Offset 7218h ......... 1383

191 TELEM_NEAR_MEMORY_ACTIVE_ACCUMULATOR
(P_CR_TELEM_NEAR_MEMORY_ACTIVE_0_0_0_MCHBAR)—Offset 70EOh .1384

192 TELEM_FAR_MEMORY_ACTIVE_ACCUMULATOR
(P_CR_TELEM_FAR_MEMORY_ACTIVE_0_0_0_MCHBAR)—Offset 70E8h....1384

193 TURBO_ACTIVATION_RATIO

(P_CR_TURBO_ACTIVATION_RATIO_0_0_0_MCHBAR)—Offset 70FOh ...... 1385
194 C2C3TT_CFG (P_CR_C2C3TT_CFG_0_0_0_MCHBAR)—Offset 7034h ........ 1385
195 DTS_CONFIG1_CFG

(P_CR_DTS_CONFIG1_CFG_0_0_0_MCHBAR)—Offset 7110h.................. 1386
196 DTS_CONFIG2_CFG

(P_CR_DTS_CONFIG2_CFG_0_0_0_MCHBAR)—Offset 7114h.................. 1386
197 DTS_CONFIG3_CFG

(P_CR_DTS_CONFIG3_CFG_0_0_0_MCHBAR)—Offset 7118h.................. 1387
198 SOUTH_IO_PORT_STATUS3

(P_CR_SOUTH_IO_PORT_STATUS3_0_0_0_MCHBAR)—Offset 711Ch....... 1387
199 DRAM_BIOS_INFO (P_CR_DRAM_BIOS_INFO_0_0_0_MCHBAR)—Offset
T 128 i 1388

44.3.200 ADR_COMMAND (P_CR_ADR_COMMAND_0_0_0_MCHBAR)—Offset 712Ch1389
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44.3.201 DRAM_POWER_INFO

(P_CR_DRAM_POWER_INFO_0_0_0_MCHBAR)—Offset 7130h ................ 1390
44.3.202 PCODE_WRITE_SPARE

(P_CR_PCODE_WRITE_SPARE_0_0_0_MCHBAR)—Offset 7138h.............. 1390
44.3.203 PACKAGE_TEMPERATURES_0_0_0_MCHBAR

(P_CR_PACKAGE_TEMPERATURES_0_0_0_MCHBAR)—Offset 70F4h......... 1391

44.3.204 MEMSS_FREQUENCY_CAPABILITIES
(P_CR_MEMSS_FREQUENCY_CAPABILITIES_0_0_0_MCHBAR)—Offset

72 0 1< o T 1392
44,3.205 PP1_CO_CORE_CLOCK_0_0_0_MCHBAR

(P_CR_PP1_CO0_CORE_CLOCK_0_0_0_MCHBAR)—Offset 7160h.............. 1392
44.3.206 Core Exists Vector

(P_CR_CORE_EXISTS_VECTOR_0_0_0_MCHBAR)—Offset 7164h ............ 1393
44.3.207 Software Core Disable Mask

(P_CR_CORE_DISABLE_MASK_0_0_0_MCHBAR)—Offset 7168h.............. 1394
44.3.208 PL3_CONTROL_MCHBAR (P_CR_PL3_CONTROL_0_0_0_MCHBAR)—Offset

720 0 0 1396
44.3.209 CONFIG_TDP_LEVEL

(P_CR_CONFIG_TDP_LEVEL1_0_0_0_MCHBAR)—Offset 7220h............... 1398
44,3.210 CONFIG_TDP_LEVEL

(P_CR_CONFIG_TDP_LEVEL2_0_0_0_MCHBAR)—Offset 7228h............... 1399
44.3.211 CONFIG_TDP_LEVEL

(P_CR_CONFIG_TDP_LEVEL3_0_0_0_MCHBAR)—Offset 7230h............... 1400
44,3.212 CONFIG_TDP_CONTROL

(P_CR_CONFIG_TDP_CONTROL_0_0_0_MCHBAR)—Offset 7238h............ 1400
44.3.213 CONFIG_TDP_NOMINAL

(P_CR_CONFIG_TDP_NOMINAL_0_0_0_MCHBAR)—Offset 723Ch............ 1401

44.3.214 Graphics Superqueue Active Clocks
(P_CR_PP1_ANY_THREAD_ACTIVITY_0_0_0_MCHBAR)—Offset 7244h..... 1402
44.3.215 B-Unit Copy of Default VTd BAR PMEN

(B_CR_PMEN_REG_0_0_0_DEFVTDBAR)—Offset 64h ..........ccovviviininennnns 1402

44.3.216 B-Unit Copy of Default VTd BAR PLM Base Register
(B_CR_PLMBASE_REG_0_0_0_DEFVTDBAR)—Offset 68h .........cccvvvuenennns 1403

44.3.217 B-Unit Copy of Default VTd BAR PLM Limit Register
(B_CR_PLMLIMIT_REG_0_0_0O_DEFVTDBAR)—Offset 6Ch ..........ccvcvvnvnens 1404

44.3.218 B-Unit Copy of Default VTd BAR PHM Base Register
(B_CR_PHMBASE_REG_0_0_0_DEFVTDBAR)—Offset 70h ........ccceevuenennns 1405

44.3.219 B-Unit Copy of Default VTd BAR PHM Limit Register
(B_CR_PHMLIMIT_REG_0_0_0O_DEFVTDBAR)—Offset 78h.........ccevvrnvnenn 1406
44.4 Registers in Memory Space—DEFVTDBAR......couiiiiiiiiiii e 1407
44.4.1 Version Register (VER_REG_0_0_0_VTDBAR)—Offset Oh .........ccovvvvnnnne. 1407
44.4.2  Capability Register (CAP_REG_0_0_0_VTDBAR)—Offset 8h...........ccevntne. 1407

44.4.3 Extended Capability Register (ECAP_REG_0_0_0_VTDBAR)—Offset 10h... 1409
44.4.4  Global Command Register (GCMD_REG_0_0_0_VTDBAR)—Offset 18h...... 1412

44.4.5 Global Status Register (GSTS_REG_0_0_0_VTDBAR)—Offset 1Ch........... 1413
44.4.6 Root Table Address Register (RTADDR_REG_0_0_0_VTDBAR)—Offset

2 0] T 1414
44.4.7 Context Command Register (CCMD_REG_0_0_0_VTDBAR)—Offset 28h ... 1415
44.4.8 Fault Status Register (FSTS_REG_0_0_0_VTDBAR)—Offset 34h.............. 1417

44.4.9 Fault Event Control Register (FECTL_REG_0_0_0_VTDBAR)—Offset 38h .. 1419
44.4.10 Fault Event Data Register (FEDATA_REG_0_0_0_VTDBAR)—Offset 3Ch ... 1420
44.4.11 Fault Event Address Register (FEADDR_REG_0_0_0_VTDBAR)—Offset

0] o PP 1420
44.4.12 Fault Event Upper Address Register
(FEUADDR_REG_0_0_0_VTDBAR)—Offset 44h ........ccccciviiiiiiiiiiiiiiinnn, 1420

44.4.13 Advanced Fault Log Register (AFLOG_REG_0_0_0_VTDBAR)—Offset 58h. 1421
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Protected Memory Enable Register (PMEN_REG_0_0_0_VTDBAR)—Offset

[ o PP 1422
Protected Low Memory Base Register
(PLMBASE_REG_0_0_0_VTDBAR)—Offset 68h .......ccccviiiiiiiiiiiiiiiiieins 1423
Protected Low-Memory Limit Register
(PLMLIMIT_REG_0_0_0_VTDBAR)—Offset 6Ch......ccvvviiiiiiiiiiiiiiiiiiieinens 1424
Protected High-Memory Base Register
(PHMBASE_REG_0_0_0_VTDBAR)—Offset 70h......cccvviiiiiiiiiiiiieineeaens 1425
Protected High-Memory Limit Register
(PHMLIMIT_REG_0_0_0_VTDBAR)—Offset 78h .....ccoceviiiiiiiiiiiiiiiiiens 1426
Invalidation Queue Head Register (IQH_REG_0_0_0_VTDBAR)—Offset

10 1427
Invalidation Queue Tail Register (IQT_REG_0_0_0_VTDBAR)—Offset

151 PP 1427
Invalidation Queue Address Register (IQA_REG_0_0_0_VTDBAR)—Offset

1= 101 P 1428
Invalidation Completion Status Register

(ICS_REG_0_0_0_VTDBAR)—Offset 9Ch ......cciiiiriiiiiiiiiii i 1428
Invalidation Event Control Register (IECTL_REG_0_0_0_VTDBAR)—Offset

N o PP 1429
Invalidation Event Data Register (IEDATA_REG_0_0_0_VTDBAR)—Offset

A o PPN 1430
Invalidation Event Address Register

(IEADDR_REG_0_0_0_VTDBAR)—Offset ABh ....ccviiiiiiiiiiiiiiiiiiiiieeens 1430
Invalidation Event Upper Address Register
(IEUADDR_REG_0_0_0_VTDBAR)—Offset ACh....c.ccvvviiiiiiiiiiiiiiiinnanens 1431
Interrupt Remapping Table Address Register
(IRTA_REG_0_0_0_VTDBAR)—Offset B8h .......ccovviiiiiiiiiiiiiiiii i 1431
Page Request Status Register (PRESTS_REG_0_0_0_VTDBAR)—Offset

D 11 o PP 1432
Page Request Event Control Register

(PRECTL_REG_0_0_0_VTDBAR)—Offset EOh......ccccviiiiiiiiiiiiiiiiiiieeens 1433
Page Request Event Data Register

(PREDATA_REG_0_0_0_VTDBAR)—Offset E4h ....ccvviiiiiiiiiiiiiieeieiiennenens 1434
Page Request Event Address Register
(PREADDR_REG_0_0_0_VTDBAR)—Offset E8h......cccceviiiiiiiiiiiiiiiiiieiens 1434
Page Request Event Upper Address Register
(PREUADDR_REG_0_0_0_VTDBAR)—Offset ECh.......ccccviiiiiiiiiiiiiiinnanens 1434
Fault Recording Register Low [0] (FRCDL_REG_0_0_0_VTDBAR)—Offset

010 o 1 PP 1435
Fault Recording Register High [0]

(FRCDH_REG_0_0_0_VTDBAR)—Offset 408h.......ccccviiiiiiiiiiiiiiiieiiennenns 1436
Invalidate Address Register (IVA_REG_0_0_0_VTDBAR)—Offset 500h ..... 1438
IOTLB Invalidate Register (IOTLB_REG_0_0_0_VTDBAR)—Offset 508h ....1439
REGISTEIS u it 1441
UCELOG—OffSet 64N ..uviiiiiii i e e e 1441
UCEADDR—OffSEL B8N ..uuuiiiiiiiii i e e e 1442
SBELOG—OffSEE B 1.viiiiiiiiii i e 1442
SBEADDR—OFfSEL 70N ..uiiiiiiiii i 1443
SBECNTO—OFfSEE 74N cuiiiiiii i e 1444
SBECNT L —0OffSet 78N ittt 1444
SBECNT 2—0ffSet 70N ittt 1445
SBECNT3—0ffSet 80N ettt e 1445
SBEACCO—O0MSEt 84N . uiiiiiiii i 1445
SBEACCL—OffSet B8N ..iuiiiiiiiiii i 1446
SBEACC2—0ffSEE B .ttt 1446
SBEACC3—0ffSet Q0N ...ttt 1446
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Overview

Introduction and Product Offerings

Note:

1.1

Note:

Note:

This document contains preliminary information and is highly subject to change.

Overview

The Intel Atom® Processor C3000 Product Family is the next generation
System-0On-Chip (SoC) built on the latest Intel 14-nanometer process technology. This
highly-integrated SoC contains two to 16 next generation 64-bit Intel Atom® processor
cores depending on the product SKU. The SoCs were created to address the growing
needs for the emerging markets like Microserver, Cloud Storage and growing
Communication Infrastructure market segments.

Throughout this document, the Intel Atom® Processor C3000 Product Family SoC will
be referred to as simply SoC.

Network and Enterprise Storage SKUs are targeted for long life supply and extended
communications reliability. Four Extended Temperature SKUs provide operation over an
extended temperature range.

The parameter Tcase is mentioned in this chapter and is the temperature of the SoC
package measured at the geometric center of the topside of the Integrated Heat
Spreader (IHS).

The product SKUs, feature lists, and values in the following tables are preliminary
based on current expectations and are subject to change without notice:

e Table 1-1, “Features by product SKU - Server and Cloud Storage SKUs 0 through
4",

e Table 1-2, “Features by Product SKU - Network and Enterprise Storage
SKUs 5 through 107,

e Table 1-3, “Features by Product SKU - Extended Temperature SKUs 11 through 14”
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Table 1-1. Features by product SKU - Server and Cloud Storage SKUs 0 through 4 (Sheet
1 of 2)
Features C3955 C3950 C3850 C3830 C3750
SKU 0 SKU 1 SKU 2 SKU 3 SKU 4
Number of 64-bit Intel Atom® 16 12 8
Microarchitecture Goldmont Cores
Number of threads per Core 1
Processor base frequency (GHz) 2.1 1.7 2.1 1.9 2.2
Intel® Turbo Boost Technology Enabled Enabled Enabled Enabled Enabled
POn Turbo frequency @ 70 °C (GHz) 2.4 2.2 2.4 2.3 2.4
Total SoC L2 Cache (MB) 16 12 16
L2 Cache for each Core (MB) 2 2
(shared by two cores) (dedicated)

Maximum number of memory channels 2
available
Maximum DDR4 (1.2V) memory data rate
supported (MT/s) 2400 2133 2400
Number of High-Speed I/O (HSIO) Lanes 20 12
shared between PCle*, SATA, and USB 3.0
HSIQ Lane Numbers (0 through 19) Lanes 0-19 Any 12 Lanes
available from Lanes 0-19
Maximum number of PCI Express* 16 12
(8.0/5.0/ 2.5 GT/s) Lanes via HSIO Lanes via HSIO Lanes
Maximum number of SATA 16 12
(6.0 / 3.0/ 1.5 Gbps) Lanes via HSIO Lanes via HSIO Lanes
Maximum number of sets of USB 3.0 4

signals SSTX+/SSTX- SSRX+/SSRX-

via HSIO Lanes

Number of sets of USB 2.0 signals
(DATA+/DATA-)

4
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Table 1-1. Features by product SKU - Server and Cloud Storage SKUs 0 through 4 (Sheet

2 of 2)
Features C3955 C3950 C3850 C3830 C3750
SKU 0 SKU 1 SKU 2 SKU 3 SKU 4
10
LAN Controller 0 (Gb/s) ! 2.5
1
10
LAN Controller 1 (Gb/s) ! 2.5 1 not available
1

Intel® Management Engine (Intel® ME) Yes Yes
Innovation Engine (IE) Yes Yes
Intel® QuickAssist Technology No
(Intel® QAT)
Intel® QAT Speed (MHz) n/a
Intel® QAT Speed n/a
Intel® QAT Cryptographic Functions n/a
Relative temperature offset (TconTROL)
from the Thermal Monitor Trip 15
Temperature at which fans will be engaged
(°C)

Notes:

1. Each LAN controller must run the same LEK. See Chapter 13, "LAN Controllers” for details.
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Overview
Table 1-2. Features by Product SKU - Network and Enterprise Storage SKUs 5 through 10
(Sheet 1 of 2)
Features C3958 C3858 C3758 C3558 C3538 C3338
SKU 5 SKU 6 SKU 7 SKU 8 SKU 9 SKU 10
Number of 64-bit Intel
Atom® Microarchitecture 16 12 8 4 2
Goldmont Cores
Number of threads per Core 1
Processor base frequency
(GH2) 2 2 2.2 2.2 2.1 1.5
Intel® Turbo Boost
No Yes
Technology
POn Turbo frequency @
70°C (GHz) N/A 2.2
Total SoC L2 Cache (MB) 16 12 16 8 4
L2 Cache for each Core 2 2
(MB) (shared by two cores) (dedicated)
Maximum number of 3
. 2 1
memory channels available
Maximum DDR4 (1.2V)
memory data rate 2400 2133 1866
supported (MT/s)
Number of High-Speed I/O
(HSIO) Lanes shared 1
between PCle*, SATA, and 20 12 10
USB 3.0
HSIO Lane Numbers (0 Any 10
Any 12 L
through 19) available Lanes 0-19 ny anes Lanes from
from Lanes 0-19 Lanes 0-19
Maximum number of PCI 10
% 16 12 )
Express . . via HSIO
(8.0 / 5.0 / 2.5 GT/S) Lanes via HSIO Lanes via HSIO Lanes Lanes
Maximum number of SATA 16 12 10
. . 1. L i
(6.0/:3.0/1.5 Gbps) Lanes via HSIO Lanes via HSIO Lanes via HSIO
Lanes
Maximum number of sets of
USB 3.0 signals 4
SSTX+/SSTX- via HSIO Lanes
SSRX+/SSRX-
Number of sets of USB 2.0 4
signals (DATA+/DATA-)
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Table 1-2. Features by Product SKU - Network and Enterprise Storage SKUs 5 through 10
(Sheet 2 of 2)
Features C3958 C3858 C3758 C3558 C3538 C3338
SKU 5 SKU 6 SKU 7 SKU 8 SKU 9 SKU 10
LAN Controller 0 (Gb/s) 2 10 5
2.5 1
1
LAN Controller 1 (Gb/s) 2 10 25
2.5 )
1
1
Intel® Management Engine
® Yes
(Intel® ME)
Innovation Engine (IE) Yes
Intel® QuickAssist
Technology (Intel® QAT) ves No
Intel® QAT Speed High High Medium Low Low n/a
® .
Intel _ QAT Cryptographic Yes No n/a
Functions
® .
Intel® QAT (_Zompressmn/ Yes n/a
Decompression
Relative temperature offset
(TconTroL) from the
Thermal Monitor Trip 20
Temperature at which fans
will be engaged (°C)
Notes:
1. This product SKU has 10 total available HSIO Lanes. To meet the specified TDP, four of the 10 HSIO
Lanes must be disabled with Soft Straps or BIOS. If more than six HSIO Lanes are enabled, the TDP will
increase with a thermal resistance between the processor's case and the ambient air. An adequate
thermal solution must be designed if more than 6 lanes are used.
2. Each LAN controller must run the same LEK. See Chapter 13, “LAN Controllers” for details.
3. Only one memory channel may be used with this SKU. It can be memory channel 0 or memory channel

1.
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Table 1-3. Features by Product SKU - Extended Temperature SKUs 11 through 14 (Sheet
1 of 2)
Features C3808 C3708 C3508 C3308
SKU 11 SKU 12 SKU 13 SKU 14
Number of 64-bit Intel Atom® Microarchitecture
12 8 4 2
Goldmont Cores
Number of threads per Core 1
Processor base frequency (GHz) 2 1.7 ‘ 1.6 1.6
Intel® Turbo Boost Technology No Yes
POn Turbo frequency @ 70°C (GHz) N/A 2.1
Total SoC L2 Cache (MB) 12 16 ‘ 8 4
L2 Cache for each Core (MB) 2 5
(shared by (dedicated)
two cores)
Maximum number of memory channels available 2 12
Maximum DDR4 (1.2V) memory data rate supported 2133 1866
(MT/s)
Number of High-Speed I/0O (HSIO) Lanes shared 20 8 6
between PCle*, SATA, and USB 3.0
HSIO Lane Numbers (0 through 19) available Any 8 Any 6
Lanes 0-19 Lanes from | Lanes from
Lanes 0-19 | Lanes 0-19
Maximum number of PCI Express* 16 8 6
(8.0/ 5.0/ 2.5 GT/s) Lanes . via HSIO via HSIO
via HSIO Lanes
Lanes Lanes
Maximum number of SATA 16 8 6
(6.0/ 3.0/ 1.5 Gbps) Lanes . via HSIO via HSIO
via HSIO Lanes
Lanes Lanes

Maximum number of sets of USB 3.0 signals
SSTX+/SSTX- SSRX+/SSRX-

4

via HSIO Lanes

Number of sets of USB 2.0 signals (DATA+/DATA-)

4
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Table 1-3. Features by Product SKU - Extended Temperature SKUs 11 through 14 (Sheet

2 of 2)
Features C3808 C3708 C3508 C3308
SKU 11 SKU 12 SKU 13 SKU 14
10
1 2.5
LAN Controller 0 (Gb/s) 2.5 1
1
10
1 2.5
LAN Controller 1 (Gb/s) 2.5 1
1
Intel® Management Engine (Intel® ME) Yes Yes
Innovation Engine (IE) Yes Yes
Intel® QuickAssist Technology (Intel® QAT) Yes
Intel® QAT Speed High Medium Low
Intel® QAT Cryptographic Functions Yes
Intel® QAT Compression/ Decompression Yes
Relative temperature offset (TconTroL) from the
Thermal Monitor Trip Temperature at which fans will be 20
engaged (°C)
Notes:
1. Each LAN controller must run the same LEK. See Chapter 13, "LAN Controllers” for details.
2. Only one memory channel may be used with this SKU. It can be memory channel 0 or memory channel

1.
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1.2 SoC Key Features

This section describes the features offered in the SoC.

Figure 1-1. High-Level Block Diagram

Intel® Atom™ [l Intel® Atom™ ntel® Atom™ W Intel® Atom™
Processor Processor Processor Processor

o0 o0
ol 9 o| Q9
3| = 3| =
) ) ) o

®
g

Write
16B@600MHz

Read
32B@600MHz

JTAG and SO S1 S2 S3
Debug
System Agent
— and Root Complex

Clock Generator

@
o
3.
0

E 256b, 300MHz
E 256b, 300MHz

B 256b,300MHz
SN 128b, 133MHz

.[ V_LVS 128b, 133MHz
0]
T w

1v0

2 091Dd
.m.am 256b,300MHz

0 NVY1
T NV

. 0 V.LVS 128b,133MHz

~d
I o[9IUI
31

oo

N
S
N}
N

OH
-
|
.5
-
.
.
o
.
-
-
-
-

Platform Control Cluster (PCC)

Dev 31 Functions

— N3
B
. E

65¢8

13dH
JIdVXOlI

n
Zm%
I =
SEE
o
728 =

691 dINS
gsed

0OId9
o1d
¥S¢8

Intel Atom® Processor C3000 Product Family
February 2018 Datasheet
Order Number: 337018-002 113




n ® Volume 1—Intel Atom® Processor C3000 Product Family
Introduction and Product Offerings
SoC Key Features

1.2.1 Processor Details

The SoC has up to sixteen 64-bit Intel Atom® processor cores:
e Each core has an L1 (first-level) cache consisting of:
— 24-KB data, parity protected.
— 32-KB instruction, parity protected.
e L2 (second-level) instruction/data cache, ECC protected:
— SoC with 2, 4 or 8 cores have a 2-MB L2 cache per core.
— SoC with 12 or 16 cores share a 2-MB L2 cache per 2 cores.

1.2.2 Supported Technologies

o Intel® Virtualization Technology (Intel® VT) for Intel® 64 and IA-32 Intel®
Architecture (Intel® VT-x).

o Intel® Virtualization Technology (Intel® VT-x) for Directed I/0 (Intel® VT-d).
e Advanced Encryption Standard New Instructions (AES-NI).

e Secure Hash Algorithm New Instruction (SHA-NI).

o Intel® 64 Architecture.

e Intel® Streaming SIMD Extensions 4.1 (Intel® SSE4.1).

e Intel® Streaming SIMD Extensions 4.2 (Intel® SSE4.2).

e Execute Disable Bit.

o Intel® Turbo Boost Technology.

e Enhanced Intel SpeedStep® Technology.
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1.2.3 System Memory Support

Notes:
1.

2.
3.

4.
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e Up to two 32/40 bit ! or 64/72 bit wide memory channels. Up to two DIMMs per
channel.

e Single-rank or dual-rank per DIMM module.
e ECC “ and non-ECC support.
e DDR4 (1.2V):

1600, 1866 2, 2133, and 2400 MT/s.

x8 or x16 width for unbuffered memory
(UDIMM, SO-DIMM and memory down).

x4 or x8 width devices for RDIMM

Minimum memory is:
32 bit ! wide memory channel: 1GB (4 Gb, 1 rank, x16 width)
64-bit wide memory channel: 2GB (4 Gb, 1 rank, x16 width).

Maximum memory single channel is 128 GB (16 Gb, x4 width, 4 ranks, 64-bit).
Both memory channels maximum is 256 GB (128GB with two 64-bit channels).

e SoC memory population rules:

Both channels must be 32 bit ! or 64 bits wide

At least 1 memory channel must be populated.
Either channel 0 or channel 1 maybe disabled.
Both channels require either unbuffered memory (UDIMM, SO-DIMM or

memory down), or registered memory (RDIMM and/or NVRDIMM). Technology
mixing is not supported.

Rank mixing is allowed but can result in a speed bin loss.

Each populated channel must be x4 or x8 or x16 only (no width mixing within a
channel) 4 Gb, 8 Gb, and 16 Gb technology device mixing between channels is
allowed (i.e., Channel 0 can be x4 while Channel 1 is x8).

A0 and A1 step silicon only support 64/72-bit wide memory channels.

The silicon design supports 1866 MT/s but is not validated on Intel platforms. Customers are
responsible for validation.

With a standard DIMM and NVDIMM in the same channel, the NVDIMM must be in the second slot or be
the same size or smaller than the standard DIMM.

The ECC SDRAM device must be of the same type and width as the SDRAM devices used for the data
bits. This limitation is driven by the DDR4 spec.

- It is NOT alright to use x16 SDRAM devices for data and a x8 device for ECC.

- It is NOT alright to use x8 SDRAM devices for data and a x4 device for ECC.

Memory based on 16 Gb dual rank technology (including maximum memory configuration of 256GB) is
supported by silicon but not validated on Intel platforms.
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1.2.4

1.2.5

Integrated Clock Generator

The integrated clock generator requires two external crystals (32.768-kHz and 25-MHz)
and eliminates the need for an external clock chip.

e Generates all required internal clocks.

e Two flex clock outputs for platform use.

e Five PCIe output clocks.

Optional Spread-Spectrum Clocking support.

Intel® QuickAssist Technology (Intel® QAT)

Intel® QuickAssist Technology is only available on Network and Enterprise Storage
SKUs and provides hardware acceleration for:
Symmetric cryptographic functions:

e Cipher operations.

e Hash/authenticate operation.

e Cipher-hash combined operation.

Public key functions:
e RSA operation, encryption/decryption and digital signature generation/verification.
¢ Modular exponentiation for Diffie-Hellman (DH).
e DSA parameter generation and digital signature generation/verification.
e Key derivation operation.
e Elliptic curve cryptography: ECDSA and ECDH.

Compression/Decompression:
e Deflate.
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1.2.6

1.2.7

February 2018

Intel® Management Engine (Intel® ME)

The Intel® ME provides the services that are released and documented in Intel® Server
Platform Services Firmware (SPS 4.0) release.

Innovation Engine (IE)

The Innovation Engine (IE) is a complete, embedded, Intel Architecture system
intended for Intel customers (system builders) to create innovative or differentiating
firmware of their choosing. The IE is available on all SoC product SKUs bit is not
required for normal system operation.

The IE is based on Intel® Quark™ technology:
e 32-bit Intel Architecture processor core
e Suite of connections to a number of platform resources

For security, the IE software is cryptographically bound to the owner, the system
builder, using a digital-signing technique.

For the IE, the system builder can install an embedded operating system, drivers and
application they develop on their own, or purchase them from a third-party vendor.
Intel does not provide operating systems, drivers or applications for the IE.

The IE usage is only limited by its technical capabilities. Sample uses include using the
IE as a replacement for a low-end Baseboard Management Controller (BMC), or
offloading fast-loop sensor monitoring from the BMC.

Intel Atom® Processor C3000 Product Family
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1.2.8

1.2.8.1

1.2.8.1.1

1.2.8.1.2

1.2.8.1.3

Interface Features

High Speed I/0 Lanes

Depending on the SoC product SKU, there are up to 20 High-Speed I/0 (HSIO) lanes
that are shared between the PCI Express*, Serial ATA (SATA) and Universal Serial Bus
(USB) 3.0 ports. See the Chapter 10, “Flexible I/O Adapter (FIA) Overview” for more
information on the sharing. The maximum number of available lanes is shown in
Table 1-1 on page 107, Table 1-2 on page 109, and Table 1-3 on page 111.

PCIe Root Port Clusters
e Up to two PCle Root Port Clusters 0 and 1.
¢ Fully-compliant to the PCI Express Base Specification Revision 3.0.
e Each 1x8 PCle Root Port Cluster maybe bifurcated by BIOS to:
— 1x8
— 2x4
— 2x2 and 1x4
— 4x2
— 4x1
e Minimum Root Port width is 1-lane.
e Maximum Root Port width is 8-lanes with degrades to x4, x2 or x1.
e Lane Reversal supported.
e Polarity Inversion supported.
e No support for peer-to-peer transfers between PCle Root Ports.

Serial ATA (SATA)

The SATA ports are 3.1 or 2.0 capable:
e Up to 16 SATA ports:
— Implemented with up to two controllers.
— Up to eight ports per controller.
— One SGPIO per controller.
¢ No support for IDE mode.

Universal Serial Bus (USB)

There is a single combo USB 3.0 and USB 2.0 controller with support for:
e Up to four USB 3.0 compliant ports.
e USB 2.0 ports have dedicated SoC I/O pins.
e USB 3.0 ports share HSIO lanes as described above.
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1.2.8.2

1.2.8.3

Note:

1.2.8.4

1.2.8.5

Note:

February 2018

LAN Ports

Depending on the SoC product SKU, there is either one or two, dual-port,
Enterprise-Class, LAN controllers. The controllers support 10GbE or 2500BASE-X
depending on the product SKU.

 Based on Intel® Ethernet Controller X55x

¢ 10GbE LAN ports support SFI, KR, 2500BASE-X, SGMII and 1000BASE-KX
e 2500BASE-X LAN ports support 2500BASE-X, SGMII and 1000BASE-KX

e SGMII is supported for Full Duplex 10Mb, 100Mb and 1Gb

e No support for Half Duplex at 10Mb, 100Mb, 1Gb, 2.5Gb or 10Gb

e Management Interface via NC-SI or SMBus

SMBus Controllers

There are seven sets of SMBus pins. And so a maximum of seven SMBus controllers
may be configured to be active.
The SoC has the following 10 SMBus controllers:
e Legacy and Host SMBus controllers used by the IA cores
e PECI over SMBus controller
LAN Management SMBus controller for BMC use

Three Management Engine SMBus controllers
e Three Innovation Engine SMBus controllers

Embedded Multi Media Card (eMMC)

The Embedded Multi-Media Controller (eMMC) is a high speed Flash memory controller
that provides low cost, small form factor storage.

e Support for eMMC v5.0

e Eight-bit interface maximum frequency of 200 MHz for transfer rates up to 400
MB/s

High-Speed Universal Asynchronous Receiver/Transmitter

At most, three of the SoC four High Speed Universal Asynchronous
Receiver/Transmitter (HSUART) controllers can be active. One set of the SoC HSUART
pins is configurable to be either the Host Root HSUART or else the Innovation Engine
(IE) HSUART.

There are 4 HSUART each supporting Clear-To-Send (CTS) and Request-To-Send (RTS)
depending on MUXing. Three (3) of the HSUARTSs are in the IA Host space and 1 is in
the Innovation Engine Root space.

e Baud rate from 300 bps to 3.6864 Mbps

Intel Atom® Processor C3000 Product Family
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1.2.8.6

1.2.8.7

1.2.9

1.2.10

Low Pin Count (LPC)

e LPC
— Interface is described in the Inte/® Low Pin Count (LPC) Interface Specification
— Support for Security Device Trusted Platform Module (TPM)

Serial Peripheral Interface (SPI)
e Supports up to two SPI NOR Flash devices and a SPI NOR TPM device
e Supports 17 MHz, 30 MHz, and 48 MHz SPI Devices
e Supports Serial Flash Discovery Parameters (SFDP)
e Supports Quad I/0 Fast Read, Quad Output Fast Read, Dual 10 Fast Read

Package

The SoC is available in one package size:
e A 34 x 28 mm 1310-ball FCBGA package (FCBGAL15)
e Integrated Heat Spreader (IHS)

e (0.65 mm minimum outer pin pitch, maintaining 0.7mm pitch for breakout direction
to keep 0.7 mm pitch board routing rules.

Testability

e Includes boundary-scan for board and system level testability.
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1.3

Table 1-4.

Terminology

Terminology (Sheet 1 of 6)

Term

Description

1000BASE-KX

1000BASE-KX is the IEEE 802.3ap electrical specification for transmission of 1 Gb/s Ethernet over
the backplane.

2500BASE-X Refer to 2.5 GbE in this table. Note this is not an IEEE Standard.

1000BASE-T _1000BASE-T is the specification for 1 Gb/s Ethernet over category 5e twisted pair cables as defined
in IEEE 802.3 clause 40.
The 2.5-GbE link mode is a special enhanced-speed mode of the 1000BASE-X link mode. This mode

2.5 GbE should not be confused with third-party solutions being offered in the marketplace today. Contact
your local Intel representative for further information on the scope of this feature.

ACPI Advanced Configuration and Power Interface

ADR Asynchronous DRAM Refresh

AEN Asynchronous Event Notification

AFE Analog Front End

Aggressor A network that transmits a coupled signal to another network.

AH Ll;é;.thentication Header - An IPsec header providing authentication capabilities defined in RFC

Anti-Etch Any plane-split, void, or cutout in a VCC or GND plane is referred to as an anti-etch.

ARP Address Resolution Protocol

ASF Alert Standard Format

b/w Bandwidth

BER Bit Error Rate

BGA Ball Grid Array

BIOS Basic Input/Output System. BIOS is the same as what is called UEFI IA Firmware in this document.
Both terms are used and refer to the same thing.

BIST FIS Built-In Self-Test Frame Information Structure

BMC Baseboard Management Controller (often used interchangeably with MC)

BT Bit Time

Bus Agent A component which represents a load on a bus.

CbV Cell Delay Variation

CMC Common Mode Choke

CMCI Corrected Machine Check error Interrupt

CMP Chip-Level Multi Processing (CMP)

CRC Cyclic Redundancy Check

CSR Configuration and Status Register

DCA Direct Cache Access

DDR3 Third generation Double Data Rate SDRAM memory technology that is the successor to DDR2
SDRAM.

DDR4 Forth generation Double Data Rate SDRAM memory technology that is the successor to DDR3
SDRAM.

DFT Design for Testability

DMA Direct Memory Access

DMTF Distributed Management Task Force standard body

DP Display Port
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Table 1-4. Terminology (Sheet 2 of 6)
Term Description
DQ Descriptor Queue
DUT Device Under Test
DW Double Word (4 bytes)
ECC Error Correction Code
EEE Energy Efficient Ethernet - IEEE 802.3az standard
EEPROM EI:Sctt.rically Erasable Programmable Memory. A non-volatile memory directly accessible from the
EHCI Enhanced Host Controller Interface
EMI Electromagnetic Interference

Enhanced Intel
SpeedStep® Technology

Allows the operating system to reduce power consumption when performance is not needed.

EOP

End of Packet

EPT

Extended Page Tables

ESD

Electrostatic Discharge

Execute Disable Bit

The Execute Disable bit allows memory to be marked as executable or non-executable, when
combined with a supporting operating system. If code attempts to run in non-executable memory
the processor raises an error to the operating system. This feature prevents some classes of viruses
or worms that exploit buffer overrun vulnerabilities and improves the overall system security. See
the Intel® 64 and IA-32 architectures software developer manuals for more detailed information.

FC

Flow Control

FCS

Frame Check Sequence

Firmware (FW)

Embedded code on the LAN controller that implements the NC-SI protocol and pass-through
functionality.

Flight Time

A term in the timing equation that includes the signal propagation delay, any effects the system has
on the driver TCO, plus any adjustments to the signal at the receiver needed to guarantee the
receiver setup time. More precisely, flight time is defined as the following:

e The time difference between a signal at the input pin of a receiving agent crossing the switching
voltage (adjusted to meet the receiver manufacturer conditions required for AC timing
specifications; i.e., ringback, etc.) and the output pin of the driving agent crossing the switching
voltage when the driver is driving a test load used to specify the driver AC timings.

Maximum and Minimum Flight Time - Flight time variations are caused by many different
parameters. The more obvious causes include the board dielectric constant variation, changes in
load condition, crosstalk, power noise, variation in termination resistance, and differences in I/0
buffer performance as a function of temperature, voltage, and manufacturing process. Some less
obvious causes include effects of Simultaneous Switching Output (SSO) and packaging effects.
Maximum flight time is the largest acceptable flight time a network experiences under all conditions.

Minimum flight time is the smallest acceptable flight time a network experiences under all
conditions.

FS

Full-speed. Refers to USB.

Host Interface

RAM on the LAN controller shared between the firmware and the host, and used to pass commands
from the host to the firmware and responses from the firmware to the host.

HPC High Performance Computing

HS High-speed. Refers to USB.

110 The Integrated I/0O Controller. An I/O controller that is integrated in the processor die.

IOMMU Input/Output Memory Management Unit

iMC The Integrated Memory Controller. A Memory Controller that is integrated in the processor die.
IE Innovation Engine

Intel® 64 Technology

64-bit memory extensions to the IA-32 architecture. Further details on the Intel 64 architecture and
the programming model are found at: http://developer.intel.com/technology/intel64/.

Intel® ME

Intel® Management Engine
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Table 1-4. Terminology (Sheet 3 of 6)
Term Description
IPC Inter-Processor Communication
IPDC Internet Portal Data Center
IPI Inter-Processor Interrupt
IPG Inter-Packet Gap
IPMI Intelligent Platform Management Interface specification

Intel® QuickAssist
Technology

Intel® QuickAssist Technology consists of a family of interrelated Intel and industry-standard
technologies that simplify the use and deployment of accelerators on the Intel platforms.

Intel® virtualization
Technology (Intel® VT)

Processor virtualization which when used in conjunction with the Virtual Machine Monitor software
enables multiple, robust independent software environments inside a single platform.

Integrated Heat Spreader
(IHS)

A component of the processor package used to enhance the thermal performance of the package.
Component thermal solutions interface with the processor at the IHS surface.

ISA Instruction Set Architecture
The effect of a previous signal (or transition) on the interconnect delay. For example, when a signal
is transmitted down a line and the reflections due to the transition have not completely dissipated,

ISI the following data transition launched onto the bus is affected. Interconnect Symbolic Interference
(ISI) is dependent upon frequency, time delay of the line, and the reflection coefficient at the driver
and receiver. ISI impacts both timing and signal integrity.

Jitter Any timing variation of a transition edge or edges from the defined Unit Interval (UI).

LAN (Auxiliary Power-Up)

If connecting the LAN controller to a power source (occurs even before system power-up).

Land

The contact point of the SoC FCBGA package.

Name for the external LAN Connected Device, sometimes also called a PHY device. The LCD name

LCD distinguishes between the whole device and the PHY portion within the LCD.

LCI LAN Connect Interface

LLC Last Level Cache

LLDP Link Layer Discovery Protocol defined in IEEE 802.1AB and used by IEEE 802.3az (EEE) for system
wake time negotiation.

LOM LAN on Motherboard

LPC Low Pin Count

LPI Low-Power Idle is the low-power state of Ethernet link as defined in IEEE 802.3az.

LRU Least Recently Used. A term used in conjunction with cache hierarchy.

LS Low-speed. Refers to USB.

LSO Large Send Offload

LTR Latency Tolerance Reporting (PCI Express* (PCle*) protocol)

LVR Linear Voltage Regulator

MO Intel® Management Engine (Intel® ME) power state where all HW power planes are activated. Host
power state is SO.
Intel® Management Engine (Intel® ME) power state where all HW power planes are activated,

M3 however the host power state is different than SO (some host power planes are not activated). Host
PCI-E* interface are unavailable to the host SW. Main memory is not available for
Intel® Management Engine use.

MAC Media Access Control

MC Management Controller

MCA Machine Check Abort
DMTF Management Component Transport Protocol (MCTP) specification. A transport protocol to

MCTP allow communication between a management controller and controlled device over various
transports.

MDIO Management Data Input/Output Interface over MDC/MDIO lines
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Table 1-4. Terminology (Sheet 4 of 6)
Term Description

ME See Intel® Management Engine (Intel® ME)

MIFS/MIPG Minimum Inter-Frame Spacing/Minimum Inter-Packet Gap

MLC Mid-Level Cache

MMC Multi-Node Management Controller

MMW Maximum Memory Window

MPS Maximum Payload Size in PCle specification

MSS Maximgm Segmerjt_ Siz_e. Largest amount of data, in a packet (without headers) that can be
transmitted. Specified in bytes.

MTU Maximum Transmit Unit. Largest packet size (headers and data) that can be transmitted. Specified
in bytes.

NC Network Controller

NC-SI Network Controller Sideband Interface DMTF Specification

Network The trace of a Printed Circuit Board (PCB) that completes an electrical connection between two or
more components.

NIC Network Interface Controller

NVDIMM Nonvolatile DIMM is a DIMM technology that will save its DRAM content to flash on power loss and
allow recover of the data on the next system boot.

00B Out of Band

Overshoot The maximum voltage observed for a signal at the device pad, measured with respect to Vcc.

Pad The electricf'al cpntact_point of a semiconductor die to the package substrate. A pad is only
observable in simulations.

PCI, PCle* Peripheral Component Interconnect (Express). In this document, this interconnect refers to the PCI

logical layer used by the SoC I/0O fabric protocol.

PCI Express*

PCI Express

Pcode Power Management Unit Micro-code

PCS Physical Coding Sub layer

PEC Packet Error Code

PECI Platform Environmental Control Interface

PHY Physical Layer Device

Pin The contact point of a component package to the_ traces on a substrate, such as the motherboard.
Signal quality and timings are measured at the pin.

PLC Platform LAN Connect

PMA Physical Medium Attachment

PMC Power Management Controller

PMD Physical Medium Dependent

PMU Power Management Unit
Power-Good, or PWRGOOD (an active high signal) indicates that all the system power supplies and

Power-Good clocks are stable. PWRGOOD does go active a predetermined time after system voltages are stable
and does go inactive as soon as any of these voltages fail their specifications.

Processor The 64-bit, single-core or multi-core component (package)

Processor Core

The term Processor Core refers to the silicon die itself which contains multiple execution cores. Each
execution core has an instruction cache, data cache, and shares its 1-MB L2 cache with a sibling
execution core.

PXE

Preboot Execution Environment

Rank

A unit of DRAM corresponding 4 to 16 devices in parallel, ignoring ECC. These devices are usually,
but not always, mounted on a DIMM Raw Card.
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Term Description
) The voltage to which a signal changes after reaching its maximum absolute value. Ringback is

Ringback ; - o Lo !
caused by reflections, driver oscillations, or other transmission line phenomena.

RP Root Port

RTC Real Time Clock

SA System Agent

SATA Serial ATA

SDP Software Defined Pins

SerDes Serializer/Deserializer: A transceiver that converts parallel data to serial data and vice-versa.

SFD Start Frame Delimiter

SFI SerDes Frame Interface

SFP Small Form-factor Pluggable

SFP+ enhanced Small Form-factor Pluggable
Serialized Gigabit Media Independent Interface

SGMII .
Note: SoC SGMII is supported for Full Duplex 10mb, 100mb and 1Gb only (No Half Duplex

support).

SIMD Single Instruction Multiple Data
System Management Bus. A two-wire interface through which simple system and power
management related devices communicate with the rest of the system. A bus carrying various

SMBus manageability components, including the LAN controller, BIOS, sensors, and remote-control devices.
SMBus is based on the operational principles of the I2C two-wire serial bus from Philips
Semiconductor.

So-DIMM Small outline Dual In-line Memory Module

SPD Serial Presence Detect

SPI Serial Peripheral Interface

SSE Intel® Streaming SIMD Extensions (Intel® SSE)
Simultaneous Switching Output (SSO) effects are differences in electrical timing parameters and
degradation in signal quality caused by multiple signal outputs simultaneously switching voltage
levels in the opposite direction from a single signal or in the same direction. These are called odd

SS0 mode and even mode switching, respectively. This simultaneous switching of multiple outputs
creates higher current swings that may cause additional propagation delay (“push-out”) or a
decrease in propagation delay (“pull-in”). These SSO effects may impact the setup and/or hold
times and are not always taken into account by simulations. System timing budgets include margin
for SSO effects.

STR Suspend To RAM

Stub The branch from the bus trunk terminating at the pad of an agent.

SVR Switched Voltage Regulator

TAC Thermal Averaging Constant

TCO Total Cost of Ownership (TCO) System Management

TDP Thermal Design Power

TDR Time Domain Reflectometry

TLB Translation Lookaside Buffer

TLP Transaction Layer Packet in the PCI Express specification

Trunk The main connection, excluding interconnect branches, from one end-agent pad to the other
end-agent pad.

Tso Transmit Segmentation Offload. A mode in which a large TCP/UDP I/0 is handed to the device which
the device then segments into L2 packets according to the requested MSS.

TSOD Temperature Sensor On DIMM
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Table 1-4. Terminology (Sheet 6 of 6)

Term

Description

UDIMM

Unbuffered Dual In-line Memory Module

UEFI IA Firmware

This is another term used for BIOS. Both terms are used and refer to the same thing.

UHCI

Universal Host Controller Interface

Undershoot

The minimum voltage extending below Vgg observed for a signal at the device pad.

Unit Interval (UI)

Binary signaling convention that is measure of time representing the transmission of a single data
bit in a serial data stream. One bit is sent for every forwarded clock edge, whether it be a rising
edge or a falling edge. If a number of edges are collected at instances t1, t2, tn,...., tk, then the Ul

w7

at instance “n” is defined as the following: UI n =t n -t n-1.

usB Universal Serial Bus

VCC Processor core-power supply

Vcc_core The core-power rail for the processor.

Victim A network that receives a coupled crosstalk signal from another network is called the victim
network.

VLAN Virtual LAN

VPD Vital Product Data (PCI protocol)

VRD The Voltage Regulator Down_(a down on the board solution) for the processor. The VRD is a DC-DC
converter module that supplies the required voltage and current to a single processor.

VSS Processor ground

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

Intel® VT-x Intel® Virtualization Technology (Intel® VT) for Intel® 64 and IA-32 Intel®
Architecture (Intel® VT-x)

x1 Refers to a link or port with one physical lane.

x2 Refers to a link or port with two physical lanes.

x4 Refers to a link or port with four physical lanes.

x8 Refers to a link or port with eight physical lanes.

XDP eXtended Debug Port
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1.4 Related Documents

Refer to the following documents for additional information and guidance in developing
platform boards using the SoC.

Table 1-5. Reference Documents (Sheet 1 of 3)

Document Number /

Document Location

Intel® 64 and IA-32 Architectures Software Developer’s Manual 325462

Intel Atom® Processor C3000 Product Family
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Table 1-5. Reference Documents (Sheet 2 of 3)

Document

Document Number /
Location

Intel® Low Pin Count (LPC) Interface Specification

251289

PCI Express Base Specification Revision 3.0

https://pcisig.com/speci
fications

PCI Local Bus Specification, Revision 3.0

https://pcisig.com/speci
fications

PCI Express Card Electromechanical Specification, Revision 3.0

https://pcisig.com/speci
fications

PCI Express Mini Card Electromechanical Specification, Revision 2.0

https://pcisig.com/speci
fications

PCI-to-PCI Bridge Architecture Specification, Revision 1.2

https://pcisig.com/speci
fications

PCI Bus Power Management Interface Specification, Revision 1.2

https://pcisig.com/speci
fications

Universal Serial Bus 3.0 Specification, Revision 1.0

http://www.usb.org/dev
elopers/docs/

Universal Serial Bus Specification, Revision 2.0

http://www.usb.org/dev
elopers/docs/usb20_doc
s/

eXtensible Host Controller Interface for Universal Serial Bus (xHCI), Revision 1.1

https://www.intel.com/c
ontent/www/us/en/io/u
niversal-serial-bus/exte
nsible-host-controler-int
erface-usb-xhci.html

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

https://www.intel.com/c
ontent/www/us/en/io/u
niversal-serial-bus/ehci-
specification-for-usb.ht
ml

System Management Bus (SMBus) Specification, Version 3.0

http://smbus.org/specs/
SMBus_3_0_20141220.
pdf

Alert Standard Format (ASF) Specification, Version 2.0

https://www.dmtf.org/si
tes/default/files/standar
ds/documents/DSP0136
.pdf

Management Component Transport Protocol (MCTP) Base Specification, Version 1.1.0

https://www.dmtf.org/si
tes/default/files/standar
ds/documents/DSP0236
_1.1.0.pdf

Intel® QuickAssist Technology API Programmer’s Guide

https://01.org/sites/def
ault/files/page/330684-
001us_api_pg.pdf

Advanced Configuration and Power Interface Specification Version 5.0, Errata A

http://uefi.org/specificat
ions

SPD Annex L, Serial Presence Detect (SPD) for DDR4 SDRAM Modules

https://www.jedec.org/

JDEC Standard Number
21-C

PCI-SIG* SR-IOV Primer: An Introduction to SR-IOV Technology

https://www.intel.com/c
ontent/dam/doc/applica
tion-note/pci-sig-sr-iov-
primer-sr-iov-technolog

y-paper.pdf

Embedded Multi-Media Card (eMMC), Electrical Standard

https://www.jedec.org/

document_search?searc
h_api_views_fulltext=je
sd84-b51
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Related Documents

Table 1-5. Reference Documents (Sheet 3 of 3)

intel.

Document

Document Number /
Location

PC16550D Universal Asynchronous Receiver/Transmitter With FIFOs (Rev. C)

http://www.ti.com/lit/ds
/symlink/pc16550d.pdf

Serial Flash Discoverable Parameters (SFDP), JEDEC Specification JESD216B

https://www.jedec.org/s
tandards-documents/do
cs/jesd216b

IA-PC HPET (High Precision Event Timers) Specification Revision 1.0a

https://www.intel.com/c
ontent/dam/www/public
/us/en/documents/tech
nical-specifications/soft
ware-developers-hpet-s
pec-1-0a.pdf

Note: For release dates or latest revisions and documentation numbers, contact the appropriate Intel field

representative.
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2

Multi-Core Intel Atom® Processors

Warning:

2.1

Figure 2-1.

February 2018

This document contains preliminary information and is highly subject to change.

Introduction

The SoC is a highly-integrated System-on-Chip (SoC). The SoC core is a 3-way
superscalar, out-of-order, IA core. It is designed using the cutting edge 14 nm process.
The SoC core provides roughly 40% Instructions-Per-Cycle (IPC) increase over the
previous Intel Atom® processor core.

Also see Table 1-5, “"Reference Documents” for newest version of the Intel® 64 and
IA-32 Architectures Software Developer’s Manual.

The SoC supports a variety of SKUs: up to 16 cores (with SKUs containing 2, 4, 8, 12 or
16 cores). Refer to the following:
e Table 1-1, “Features by product SKU - Server and Cloud Storage SKUs 0 through 4”

e Table 1-2, “Features by Product SKU - Network and Enterprise Storage
SKUs 5 through 10”

e Table 1-3, “Features by Product SKU - Extended Temperature SKUs 11 through 14",

The cores and the rest of the SoC are shown in a general block diagram in Figure 2-1.
Most of the chapters in this document refer to this diagram to convey the portion of the
SoC pertaining to the chapter.

What is Covered in This Chapter

|| L‘ F || | Intel® Atom™ [ Intel® Atom™ [ Intel® Atom™ [ Intel® Atom™
Processor

Processor Processor Processor

0|0 [l e [e] [e] o]0 oo oo
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Features

The main architectural features are:

Intel® Xeon® series processor Instruction Set Architecture (ISA) compatibility
Intel® Virtualization Technology (Intel® VT-x, Intel® VT-d):
— Intel® VT-x for Intel® IA-32 Architecture
— Intel® VT and Intel® VT-d for Directed I/0
Each core supports 1 hardware thread
Each core has an L1 cache consisting of:
— 24-KB data, parity protected
— 32-KB instruction, parity protected
L2 (second-level) instruction/data cache, ECC protected:
— SoC with 2, 4 or 8 cores have 2-MB L2 per core
— SoC with 12 or 16 cores share a 2-MB L2 per 2 cores
3-wide Out-of-Order (O0O0) scheduler
Improved instruction fetch and decode functions
Improved branch prediction
Improvements to TLB and caching hierarchy
Hybrid OOO scheduling and OOO cache miss processing
Per core power gating support
Intel® Streaming SIMD Extensions 4.1 and 4.2 (SSE4.1 and SSE4.2)
Intel® 64 bit architecture
Support for IA-32 instruction set
Support for Intel® Advanced Encryption Standard New Instructions (Intel® AES-NI)
Secure Hash Algorithm New Instruction (SHA-NI)
Support for rd_rand and rd_seed instructions
Intel® Turbo Boost Technology (SKU dependent)
Supported CPU Power States (C-States): C0, C1, Cle, and C6.

Intel Atom® Processor C3000 Product Family

Datasheet
132

February 2018
Order Number: 337018-002



Volume 2—Intel Atom® Processor C3000 Product Family

] ®
Multi-Core Intel Atom® Processors
Features

2.2.1 Goldmont New Technologies and ISA Extensions

Goldmont is the codename for the next generation 64-bit Intel® Atom™ processor
cores in the SoC.

e EPT - Extended Page Tables (hardware virtualization of page tables).
e Hybrid Out-of Order (O0OO0) scheduling and OO0 cache miss processing.

o Intel® Secure Hash Algorithm Extensions - instruction extensions that target the
acceleration of the Secure Hash Algorithm (SHA).

¢ DRNG - Digital Random Number Generator Instructions:
— RDRAND
— RDSEED

e SMM Range Register - Full SMM range protection.

e Energy Efficient Turbo - Improved performance headroom.

e SMM external call trap execute disable - Security feature detects SMM code
accesses outside SMRR and causes a machine check.

e APIC Virtualization; x2 APIC - Better APIC handling in Intel® VT mode.
e Pause Loop Exiting - Better spin-lock handling in Intel® VT mode.

¢ VMCS shadowing - Better performance of VMREAD,VMWRTE under nested virtual
machine scenarios.

e CPUID Faulting - Better CPUID handling in VT mode.
e RTIT 2.0 - Improvements to make RTIT architectural.

e Memory Protection Extensions (MPX) + XSAVE - Security technology to detect
buffer overflow attacks.

e “Light” Machine Check Abort (MCA) - Corrected Machine Check error Interrupt
(CMCI), additional parity.

e Cache QOS - L2 cache partitioning for better real-time performance.
e Parity on IDI (Intra-Die Interconnect).
e 40-bit memory address (1,024 GB).
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2.2.2

2.2.3

Intel® Virtualization Technology

Intel® Virtualization Technology (Intel® VT) makes a single system appear as multiple
independent systems to the software. This allows multiple, independent operating
systems to run simultaneously on a single system. Intel VT comprises technology
components to support virtualization of platforms based on Intel® architecture
micr%Processors and chipsets. Intel® Virtualization Technology for IA-32, Intel® 64 and
Intel® Architecture (Intel® VT-x) added hardware support in the processor to improve
the virtualization performance and robustness. Intel® VT-x specifications and functional
descriptions are included in the Inte/® 64 and IA-32 Architectures Software Developer’s
Manual.

The first revision of this technology (Intel® VT-x) added hardware support in the
processor to improve the virtualization performance and robustness. The latest
revisions of this specification (Intel® VT-d), now called “Intel Virtualization Technology
for Directed I/0, v1.3"” adds direct chipset hardware hooks to improve I/O performance
and robustness through DMA remapping. The SoC incorporates the Input/Output
Memory Management Unit (IOMMU) (Intel® VT-d) block inside the System Agent to
facilitate the translation.

Intel® VT-x Objectives

o Intel® Xeon® series processor Instruction Set Architecture (ISA) compatibility

e Robust - Virtual Machine Monitors (VMMs) no longer need to use paravirtualization
or binary translation. This means that they run off-the-shelf operating systems and
applications without any special steps.

e Enhanced - Intel® VT enables VMMs to run 64-bit guest operating systems on IA
Xx86 processors.

e More Reliable - Due to the hardware support, VMMs are now smaller, less complex,
and more efficient. This improves reliability and availability and reduces the
potential for software conflicts.

e More Secure - Use of hardware transitions in the VMM strengthens the isolation of
VMs and further prevents corruption of one VM from affecting others on the same
system. Intel VT-x provides hardware acceleration for virtualization of IA platforms.
VMMs use Intel VT-x features to provide improved reliable virtualized platform.
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2.2.4
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Intel® VT-x Features
e Extended Page Tables (EPT):

— An EPT is hardware-assisted page table physical memory virtualization
— EPT supports guest VM execution in unpaged protected / real address mode

— EPT eliminates VM exits from guest OS to the VMM for shadow page-table
Maintenance

Virtual Processor IDs (VPID):
— The ability to use an assigned VM Virtual Processor ID to tag processor core

Hardware structures (such as TLBs) allowing a logic processor to cache information
(such as TLBs) for multiple-linear address spaces:

— This avoids flushes on VM transitions to give a lower-cost VM transition time
Overall reduction in virtualization overhead
Guest Preemption Timer:

— A mechanism for a VMM to preempt the execution of a guest OS VM after an
amount of time specified by the VMM. The VMM sets a timer value before
entering a guest.

— The feature aids VMM developers in flexibility and Quality of Service (QoS)
guarantees flexibility in guest VM scheduling and building QoS schemes.

Descriptor-Table Exiting:

— Descriptor-table exiting allows a VMM to protect a guest OS from internal
(malicious software based) attack by preventing relocation of key system data
structures like Interrupt Descriptor Table (IDT), Global Descriptor Table (GDT)

Local Descriptor Table (LDT), and Task Segment Selector (TSS):

— A VMM using this feature intercepts (by a VM exit) attempts to relocate these
data structures and prevent them from being tampered by malicious software

VM Functions:

— A VM function is an operation provided by the processor that is invoked using
the VMFUNC instruction from guest VM without a VM exit

— A VM function to perform EPTP switching is supported and allows guest VM to
load a new value for the EPT pointer, thereby establishing a different EPT

Intel Atom® Processor C3000 Product Family
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2.2.5

2.2.5.1

Security and Cryptography Technologies

Intel® Advanced Encryption Standard New Instructions
(Intel® AES-NI)

The processor supports Advanced Encryption Standard New Instructions
(Intel®AES-NI) that are a set of Single Instruction Multiple Data (SIMD) instructions
that enable fast and secure data encryption and decryption based on the Advanced
Encryption Standard (AES). Intel® AES-NI are valuable for a wide range of
cryptographic applications, for example:

e applications that perform bulk encryption/decryption

¢ authentication, random number generation

e authenticated encryption
AES is br_oadly accepted_ as thg standard for both %overnment an_cl indust_ry appli@c):ations,
gand is vyldely deployed in various protocols. Intel®™ AES-NI consists of six Intel®™ SSE
instructions.
Four instructions facilitate high performance AES encryption and decryption:

e AESENC

o AESENCLAST

e AESDEC

e AESDELAST

The other two, support the AES key expansion procedure.
e AESIMC
o AESKEYGENASSIST

Together, these instructions provide a full hardware AES support, offering security, high
performance, and a great deal of flexibility.
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2.2.5.2 Intel® Secure Hash Algorithm Extensions (Intel® SHA Extensions)

The Secure Hash Algorithm (SHA) is one of the most commonly employed
cryptographic algorithms. Primary usages of SHA include data integrity, message
authentication, digital signatures, and data de-duplication. As the pervasive use of
security solutions continues to grow, SHA can be seen in more applications now than
ever. The Intel® SHA Extensions are designed to improve the performance of these
compute-intensive algorithms on Intel® architecture-based processors.

The Intel® SHA Extensions are a family of seven instructions based on the Intel®
Streaming SIMD Extensions (Intel® SSE) that are used together to accelerate the
performance of processing SHA-1 and SHA-256 on Intel architecture-based processors.

e SHA1RNDS4—Perform Four Rounds of SHA1 Operation
e SHA1NEXTE—Calculate SHA1 State Variable E after Four Rounds

e SHA1MSG1—Perform an Intermediate Calculation for the Next Four SHA1 Message
Dwords

e SHA1MSG2—Perform a Final Calculation for the Next Four SHA1 Message Dwords
¢ SHA256RNDS2—Perform Two Rounds of SHA256 Operation

e SHA256MSG1—Perform an Intermediate Calculation for the Next Four SHA256
Message Dwords

e SHA256MSG2—Perform a Final Calculation for the Next Four SHA256 Message
Dwords

A processor supports Intel® SHA Extensions if CPUID.(EAX=07H, ECX=0):EBX.SHA
[bit 29] = 1. The Intel® SHA Extensions require only Intel® XMM™ Technology state
support on operating systems, similar to SSE2 instructions.

Details of the seven instructions are in a PDF file Inte/® Architecture Instruction Set
Extensions Programming Reference available here:
https://software.intel.com/en-us/isa-extensions.

2.2.5.3 PCLMULQDQ Instruction

The processor supports the carry-less multiplication instruction, PCLMULQDQ.
PCLMULQDQ is a Single Instruction Multiple Data (SIMD) instruction that computes:

e The 128-bit carry-less multiplication of two 64-bit operands without generating
Propagating carries

Carry-less multiplication is an essential processing component of several cryptographic
systems and standards. Accelerating carry-less multiplication significantly contributes
to achieving high-speed secure computing and communication.

2.2.5.4 Digital Random Number Generator

The processor introduces a software visible digital random number generation
mechanism supported by a high-quality entropy source. This capability is available to
programmers through the RDRAND and RDSEED instructions. The instruction is
described as RDRAND—Read Random Number in Volume 2 of the Inte/® 64 and IA-32
Architectures Software Developer’s Manual.

Some uses of the RDRAND instruction include cryptographic key generation as used in
a variety of applications including communication, digital signatures, secure storage,
etc.
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2.2.6

2.2.6.1

2.2.7

Intel® Turbo Boost Technology

Intel® Turbo Boost Technology is available on some of the SoC product SKUs. Refer to
the following:

e Table 1-1, “Features by product SKU - Server and Cloud Storage SKUs 0 through 4”

e Table 1-2, “Features by Product SKU - Network and Enterprise Storage
SKUs 5 through 10”

e Table 1-3, “Features by Product SKU - Extended Temperature SKUs 11 through 14",

Intel® Turbo Boost Technology is a feature that allows the processor to
opportunistically and automatically run faster than its rated operating core and/or
render clock frequency when there is sufficient power headroom, and the product is
within specified temperature and current limits.

The Intel® Turbo Boost Technology feature increases performance of both
multi-threaded and single-threaded workloads. The processor supports a turbo mode
where the processor uses the thermal capacity associated with the package and core
current being drawn to determine the higher core frequencies/power levels resulting in
exceeding the SoCs TDP power for short durations.

For the processor to operate with maximum performance, the turbo feature needs to
be properly enabled by the BIOS and the platform must have the correct
implementation of SVID IMON. Since the turbo feature is configurable and dependent
on many platform design limits outside of the processor control, the maximum
performance cannot be guaranteed.

Turbo mode availability is independent of the number of active cores; however, the
turbo mode frequency is dynamic and dependent on the instantaneous application
power load, the number of active cores, user configurable settings, operating
environment, and system design.

Intel® Turbo Boost Technology Frequency

The processor-rated frequency assumes that all execution cores are active and are at
the sustained Thermal Design Power (TDP). However, under a typical operation not all
cores are active or executing a high-power workload. Most applications are consuming
less than the TDP at the rated frequency. Intel Turbo Boost Technology takes advantage
of the available TDP headroom and active cores are able to increase their operating
frequency. To determine the highest performance frequency amongst active cores, the
processor takes the following into consideration to recalculate turbo frequency during
runtime:

e Number of cores operating in the CO state

e Estimated core current consumption

e Estimated package prior and present power consumption

e Package temperature
Any of these factors affect the maximum frequency for a given workload. If the power,
current, or thermal limit is reached, the processor automatically reduces the frequency

to stay within its TDP limit. Turbo processor frequencies are only active if the operating
system is requesting the PO state Section 34.10, “Performance States”.

CPUID Instruction

The CPU Identification (CPUID) instruction returns processor identification and feature
information to the EAX, EBX, ECX, and EDX registers, as determined by input entered
in EAX (and in some cases, ECX as well).
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Figure 2-2.

Note:

February 2018

Details of the instruction can be found in the Instruction Set Reference portion of the
Intel® 64 and IA-32 Architectures Software Developer’s Manual.

When CPUID executes with EAX set to 01h, the SoC version information is returned in
EAX. See Figure 2-2, “Version Information Returned by CPUID in EAX".

Version Information Returned by CPUID in EAX

31------- 28 27------mmm