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Data Sheet: Technical Data

P1013 QorlQ Integrated
Processor Hardware
Specifications

The following list provides an overview of the P1013 feature
set:
* One high-performance 32-bit e500v2 core that implements
the Power Architecture® technology:
 36-bit physical addressing
— Double-precision floating-point support
— 32-Kbyte L1 instruction cache and 32-Kbyte L1 data
cache for each core
— 400-MHz to 1067-MHz clock frequency
» 256-Kbyte L2 cache with ECC. Also configurable as
SRAM and stashing memory.
» e500 coherency module (ECM) manages core and
intrasystem transactions
* Integrated security engine (SEC)
— Protocol support includes ARC4, 3DES, AES,
RSA/ECC, RNG, single-pass SSL/TLS
— XOR acceleration
* 64-bit DDR2/DDR3 SDRAM memory controller with
ECC support
— 32/64 bit data interface
— DDR2/3 supported for data rate up to 667 MHz
— Four banks of memory supported, each up to 8 Gbytes
» Programmable interrupt controller (PIC) compliant with
OpenPIC standard
« Dual I°C controllers
» Enhanced secure digital host controller (SD/MMC)
» Enhanced Serial peripheral interface (eSPI)
» Enhanced local bus controller (eLBC)
 Display interface unit (DIU)
 |12S interface supported through synchronous serial
interface (SSI)
» DUART
» Two High-Speed USB controller (USB 2.0)
— Host and device support
— Enhanced host controller interface (EHCI)
— ULPI interface to PHY
» Two enhanced three-speed Ethernet controllers (eTSECs)
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WB-TePBGA 11—689
31 mm x 31 mm

TCP/IP acceleration, quality of service, and
classification capabilities

IEEE Std 1588™ support

Lossless flow control

— RGMII, RMII, SGMII

Two four-channel DMA controllers

87 general-purpose 1/0 signals

Three PCI Express controllers

Dual serial ATA (SATA) controllers

TDM Interface

Power management

System performance monitor

System access port

IEEE Std 1149.1™- compatible, JTAG boundary scan
Operating junction temperature (Tj) range: 0-105°C and
—40-125°C (industrial specification)

31 x 31 mm 689-pin WB-TePBGA Il (wire bond
temperature-enhanced plastic BGA)
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Pin Assignments and Reset States

1 Pin Assignments and Reset States

1.1  Ball Layout Diagrams
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Figure 2. P1013 Top View Ball Map
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Pin Assignments and Reset States
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Pin Assignments and Reset States
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Pin Assignments and Reset States
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Pin Assignments and Reset States
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1.2  Pinout Assignments

Table 1. P1013 Pinout Listing

Pin Assignments and Reset States

Signal Package Pin Number Pin Type | Power Supply | Note
DDR SDRAM Memory Interface
MAOO J1 o) GVpp —
MAO1 K5 o) GVpp —
MAO02 L6 o] GVpp —
MAO03 L4 o] GVop —
MAO4 M6 o) GVpp —
MAO5 M5 o) GVpp —
MA06 M2 o) GVpp —
MAO7 N1 o) GVpp —
MAO8 M3 o] GVpp —
MAO09 P1 o] GVop —
MA10 J4 o) GVpp —
MA11 N5 o) GVpp —
MA12 P2 o) GVpp —
MA13 F3 o) GVpp —
MA14 P4 o] GVpp —
MA15 P6 o] GVop —
MDQO0 AH7 /0 GVpp —
MDQO1 AG6 110 GVpp —
MDQO02 AH3 110 GVpp —
MDQO3 AG3 I/0 GVpp —
MDQO4 AJ7 /0 GVpp —
MDQO5 AH6 /0 GVpp —
MDQO6 AJ4 /0 GVpp —
MDQO7 AH4 110 GVpp —
MDQO8 AF4 110 GVpp —
MDQO09 AG2 I/0 GVpp —
MDQ10 AE3 110 GVpp —
MDQ11 AE2 /0 GVpp —
MDQ12 AF5 /0 GVpp —
MDQ13 AH2 110 GVpp —
MDQ14 AE6 110 GVpp —
MDQ15 AES5 110 GVpp —
P1013 QorlQ Integrated Processor Hardware Specifications, Rev. 0
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Pin Assignments and Reset States

Table 1. P1013 Pinout Listing (continued)

Signal Package Pin Number Pin Type | Power Supply | Note
MDQ16 AD1 /0 GVpp —
MDQ17 AC2 /0 GVpp —
MDQ18 AA1L 110 GVpp —
MDQ19 Y2 110 GVpp —
MDQ20 AD2 110 GVpp —
MDQ21 AC3 I/0 GVpp —
MDQ22 AA3 /0 GVpp —
MDQ23 AA2 /0 GVpp —
MDQ24 AD5 110 GVpp —
MDQ25 AC5 110 GVpp —
MDQ26 Y4 110 GVpp —
MDQ27 W5 110 GVpp —
MDQ28 AD4 110 GVpp —
MDQ29 AC6 /0 GVpp —
MDQ30 AA5 110 GVpp —
MDQ31 Y5 110 GVpp —
MDQ32 E5 110 GVpp —
MDQ33 D3 I/0 GVpp —
MDQ34 c4 /0 GVpp —
MDQ35 B4 /0 GVpp —
MDQ36 E4 /0 GVpp —
MDQ37 D2 110 GVpp —
MDQ38 B2 110 GVpp —
MDQ39 A3 I/0 GVpp —
MDQ40 C5 I/0 GVpp —
MDQ41 B5 /0 GVpp —
MDQ42 cs /0 GVpp —
MDQ43 B8 110 GVpp —
MDQ44 D4 110 GVpp —
MDQ45 D6 110 GVpp —
MDQ46 B7 /0 GVpp —
MDQ47 A7 /0 GVpp —
MDQ48 D7 /0 GVpp —
MDQ49 D8 110 GVpp —
MDQ50 F11 110 GVpp —

P1013 QorlQ Integrated Processor Hardware Specifications, Rev. 0
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Table 1. P1013 Pinout Listing (continued)

Pin Assignments and Reset States

Signal Package Pin Number Pin Type | Power Supply | Note
MDQ51 D11 /0 GVpp —
MDQ52 E7 /0 GVpp —
MDQ53 F8 110 GVpp —
MDQ54 A9 110 GVpp —
MDQ55 E10 110 GVpp —
MDQ56 B10 110 GVpp —
MDQ57 B11 /0 GVpp —
MDQ58 Cl4 /0 GVpp —
MDQ59 B14 110 GVpp —
MDQ60 C10 110 GVpp —
MDQ61 c11 110 GVpp —
MDQ62 B13 I/0 GVpp —
MDQ63 A13 /0 GVpp —
MBAO H5 o] GVpp —
MBA1 J5 o) GVpp —
MBA2 R6 o) GVpp —
MDQSO0 AG5 110 GVpp —
MDQS1 AF1 110 GVpp —
MDQS2 AB2 /0 GVpp —
MDQS3 AB5 /0 GVpp —
MDQS4 C2 /0 GVpp —
MDQS5 B6 110 GVpp —
MDQS6 c9 110 GVpp —
MDQS7 B12 110 GVpp —
MDQS0_B AH5 /0 GVpp —
MDQS1_B AG1 /0 GVpp —
MDQS2_B AB3 I/O GVpp —
MDQS3_B AB4 I/O GVpp —
MDQS4 B c1 110 GVpp —
MDQS5_B C6 I/0 GVpp —
MDQS6_B D9 110 GVpp —
MDQS7_B C12 /0 GVop —
MDMO AJ5 o) GVpp —
MDM1 AF3 o) GVpp —
MDM2 AC1 o) GVpp —
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Pin Assignments and Reset States

Table 1. P1013 Pinout Listing (continued)

Signal Package Pin Number Pin Type | Power Supply | Note
MDM3 AAG o] GVpp —
MDM4 C3 o) GVpp —
MDM5 A5 o) GVpp —
MDM6 F10 o) GVpp —
MDM?7 All o) GVpp —
MDM8 V1 o) GVpp —
MCS0_B G2 o] GVpp —
MCS1_B F5 o] GVpp —
MCS2_B G4 o) GVpp —
MCS3 B F6 o) GVpp —
MRAS_B H6 o) GVpp —
MCAS_B G6 ] GVpp —
MWE_B Gl o) GVpp —
MCKEOQ ueé ¢} GVpp 17
MCKE1 U4 o) GVpp 17
MCKE2 V4 o) GVpp 17
MCKE3 V6 o) GVpp 17
MCKO H3 (¢} GVpp 10
MCK1 R3 o) GVpp 10
MCK2 K2 o) GVpp 10
MCK3 L2 o) GVpp 10
MCK4 N3 o) GVpp 10
MCK5 T4 o) GVpp 10
MCKO_B H2 (e} GVpp 10
MCK1_B R4 o] GVpp 10
MCK2_B K3 o) GVpp 10
MCK3_B L1 o) GVpp 10
MCK4_B N4 o) GVpp 10
MCK5_B T5 o) GVpp 10
MODTO F1 o) GVpp —
MODT1 El o) GVpp —
MODT2 F2 o) GVpp —
MODT3 E2 o) GVpp —
MDICO E12 I/O GVpp 5
MDIC1 F12 I/O GVpp 5

P1013 QorlQ Integrated Processor Hardware Specifications, Rev. 0
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Table 1. P1013 Pinout Listing (continued)

Pin Assignments and Reset States

Signal Package Pin Number Pin Type | Power Supply | Note
MECCO W3 I/0 GVpp —
MECC1 V2 I/O GVpp —
MECC2 T1 I/O GVpp —
MECC3 R1 I/O GVpp —
MECC4 Y1 I/O GVpp —
MECC5 w2 I/0 GVpp —
MECC6 T2 le} GVpp —
MECC7 R2 I/0 GVpp —
MDQS8 U2 I/O GVpp —
MDQS8_B U3 I/O GVpp —
MVREF J7 I GVpp —

eLBC Controller Interface/DIU

LADOO E18 110 BVpp —
LADO1 A17 110 BVpp —
LADO2 B17 110 BVpp —
LADO3 c17 110 BVpp —
LADO4 A16 /0 BVpp —
LADO5 B16 /0 BVpp —
LADO6 C16 /0 BVpp —
LADO7 D16 110 BVpp —
LADO8/DIU_RO E1l7 I/O BVpp —
LADO9/DIU_R1 E16 I/0 BVpp 21
LAD10/DIU_R2 Al5 I/O BVpp —
LAD11/DIU_R3 B15 I/O BVpp 21
LAD12/DIU_R4 D15 I/O BVpp 14
LAD13/DIU_R5 D14 I/O BVpp 21
LAD14/DIU_R6 D13 I/O BVpp —
LAD15/DIU_R7 E13 I/0 BVpp 21

LDPO/DIU_HSYNC F17 I/O BVpp 16, 24

LDP1/DIU_VSYNC C18 1/0 BVpp 16, 21
LAD16/DIU_GO B21 I/O BVpp 27
LAD17/DIU_G1 A21 I/O BVpp 21
LAD18/DIU_G2 D20 I/O BVpp —
LAD19/DIU_G3 C20 110 BVpp —

P1013 QorlQ Integrated Processor Hardware Specifications, Rev. 0
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Pin Assignments and Reset States

Table 1. P1013 Pinout Listing (continued)

Signal Package Pin Number Pin Type | Power Supply | Note
LAD20/DIU_G4 A20 I/O BVpp —
LAD21/DIU_G5 E19 I/O BVpp —
LAD22/DIU_G6 C19 I/O BVpp —
LAD23/DIU_G7 Al9 I/O BVpp 27

LAD24/DIU_BO/LCS7_B B19 /0 BVpp 27
LAD25/DIU_B1/LCS6_B F18 I/0 BVpp 27
LAD26/DIU_B2/LCS5_B Al8 1/0 BVpp 27
LAD27/DIU_B3/LCS4_B D18 I/O BVpp 27

LCSO0_B A22 O BVpp 16

LCS1_B E20 O BVpp 16
LCS2_B/DIU_B5 c21 O BVpp 16

LCS3_B/DIU_B4/LDP3 F19 I/0 BVpp 16
LWEO_B E21 O BVpp 15
LWE1_B/DIU_B6 B23 O BVpp —
LBCTL/DIU_B7 D22 @) BVpp 15

LALE c23 o) BVpp 15

LGPLO c22 o) BVpp

LGPL1 F21 o) BVpp 14

LGPL2 E22 O BVpp 15

LGPL3 B24 o] BVpp —

LGPL4 Cc24 I/O BVpp 9

LGPL5/DIU_CLKOUT D24 @) BVpp —

LCLKO A24 o) BVpp —

LCLK1 A25 o) BVpp —

DIU_DE E23 @) BVpp 14

USBL1 Interface
USB1_NXT/GPIO2_0 u26 110 LVpp2 —
USB1_STP/GPIO2_1 V29 110 LVpp2 21
USB1_CLK/GPIO2_2 w27 I/O LVpp2 —
USB1_DIR/GPIO2_3 V28 I/O LVpp2 —
USB1_D7/GPIO2_4 Y24 I/O LVpp2 —
USB1_D6/GPIO2_5 Y25 I/O LVpp2 —
USB1_D5/GPIO2_6 W24 I/O LVpp2 —
USB1_D4/GPIO2_7 W26 110 LVpp2 —

P1013 QorlQ Integrated Processor Hardware Specifications, Rev. 0
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Table 1. P1013 Pinout Listing (continued)

Pin Assignments and Reset States

Signal Package Pin Number Pin Type | Power Supply | Note
USB1_D3/GPIO2_8 V24 /0 Vpp2 —
USB1_D2/GPIO2_9 W28 I/O LVpp2 —
USB1_D1/GPIO2_10 V25 I/O LVpp2 —
USB1_DO0/GPIO2_11 V26 I/O LVpp2 —

Ethernet 1 Interface (RGMII/RMII)
TSEC1_TX_EN/GPIO2_12 AA28 O LVpp2 22
TSEC1_TXDO0O/GPIO2_13 AB27 (0] LVpp2 27
TSEC1_TXD1/GPIO2_14 AB28 O LVpp2 —
TSEC1_TXD2/GPIO2_15 AB25 O LVpp2 27
TSEC1_TXD3/GPIO2_16 AA27 (0] LVpp2 21
TSEC1_GTX_CLK/ AD29 I/O LVpp2 —
TSEC1_TX_CLK/GPIO2_17
TSEC1_RX_DV/GPIO2_18 AA24 I/O LVpp2 —
TSEC1_RX_CLK/GPIO2_19 AB29 I/O LVpp2 —
TSEC1_RXDO0/GPIO2_20 AA26 I/O LVpp2 —
TSEC1_RXD1/GPIO2_21 Y28 I/O LVpp2 —
TSEC1_RXD2/GPIO02_22 Y26 1/0 LVpp2 —
TSEC1_RXD3/GPIO2_23 AA23 I/O LVpp2 —
TSEC1_GTX_CLK125/GPI02_24 Y29 I/O LVpp2 —
Ethernet 2 Interface (RGMII/RMII)/USB2
GPIO1_O0/TSEC2_TX_EN/ AE26 I/O LVpp 22
USB2_STP
GPIO1_1/TSEC2_TXDO0/USB2_D4 AC24 I/O LVpp —
GPIO1_2/TSEC2_TXD1/USB2_D5 AD25 I/O LVpp —
GPIO1_3/TSEC2_TXD2/USB2_D6 AH29 I/O LVpp —
GPIO1_4/TSEC2_TXD3/USB2_D7 AF27 I/0 LVpp —
GPIO1_5/TSEC2_GTX_CLK/ AC26 I/0 LVpp —
TSEC2_TX_CLK/USB2_CLK
GPIO1_6/TSEC2_RX_DV/ AC28 I/O LVpp —
USB2_NXT
GPIO1_7/TSEC2_RX_CLK/ AB24 I/O LVpp —
USB2_DIR
GPIO1_8/TSEC2_RXDO0/USB2_DO0O AF29 I/0 LVpp —
GPIO1_9/TSEC2_RXD1/USB2_D1 AE28 I/O LVpp —
GPIO1_10/TSEC2_RXD2/USB2_D2 AD27 I/O LVpp —
GPIO1_11/TSEC2_RXD3/USB2_D3 AC27 I/O LVpp —
P1013 QorlQ Integrated Processor Hardware Specifications, Rev. 0
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Pin Assignments and Reset States

Table 1. P1013 Pinout Listing (continued)

Signal Package Pin Number Pin Type | Power Supply | Note
Ethernet Ml
EC_MDC AG25 o) LVpp —
EC_MDIO AH25 I/O LVpp —
1588
TSEC_1588 CLK_IN/ AG28 110 LVpp —
USB1_PWRFAULT/GPIO1_12
TSEC_1588 TRIG_IN1/ AH27 I/O LVpp —
TSEC2_GTX_CLK125/
USB2_PWRFAULT/GPIO1_13
TSEC_1588 ALARM_OUT1/GPIO1_14 AF26 (0] LVpp —
TSEC_1588_CLK_OUT/GPIO1_15 AD24 (0] LVpp 21
TSEC_1588 PULSE_OUT1/GPIO1_16 AE24 O LVpp 24
eSPI/eSDHC
SPI_MOSI/LWE2_B/GPIO1_17 C25 I/O BVpp 1
SPI_MISO/LWE3_B/GPIO1_18 F23 Ie] BVpp 1
SPI_CLK/LDP2/GPIO1_19 D25 I/O BVpp 1
SPI_CS0_B/SDHC_DAT4/ B27 I/1O BVpp 1
LAD28/GPIO1_20
SPI_CS1_B/SDHC_DAT5/ B28 le] BVpp 1
LAD29/GPIO1_21
SPI_CS2_B/SDHC_DAT6/ c27 Ie] BVpp 1
LAD30/GPIO1_22
SPI_CS3_B/SDHC_DAT7/ E25 I/1O BVpp 1
LAD31/GPIO1_23
SDHC_CMD/GPIO1_24 F24 I/O OVpp —
SDHC_DATO0/GPIO1_25 D26 I/0 OVpp —
SDHC_DAT1 Cc28 I/O OVpp —
SDHC_DAT2 D27 I/O OVpp —
SDHC_DAT3/GPIO1_26 E26 I/O OVpp 28
SDHC_CLK/GPI01_27 C29 I/0 OVpp —
SDHC_CD/GPIO1_28 G24 I/0 OVpp —
SDHC_WP/GPIO1_29 F25 I/10 OVpp —
DUART/I?C/SSI
UART_SOUTO/DMA_DACKO_B/ F28 o] OVpp —
GPI101_30
UART_SINO/DMA_DREQOQ_B/ D28 I/0 OVpp —
GPIO1_31

P1013 QorlQ Integrated Processor Hardware Specifications, Rev. 0
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Table 1. P1013 Pinout Listing (continued)

Pin Assignments and Reset States

Signal Package Pin Number Pin Type | Power Supply | Note
UART_CTSO0_B/SSI_RCK/ K24 I/0 OVpp —
TDM_RCLK/GPIO3_0
UART_RTSO0_B/DMA_DDONEO_B/ F27 O OVpp 24
GPIO3 1
IIC1_SDA/SSI_RXD/TDM_RXD J24 I/O OVpp 13, 20
IIC1_SCL/SSI_RFS/TDM_RFS G28 I/0 OVpp 13, 20
UART_SOUT1/GPIO3_2 H24 o OVpp 15
UART_SIN1/GPIO3_3 E28 I/0 OVpp —
UART_CTS1_B/IIC2_SCL/GPIO3_4 J23 I/O OVpp 13, 20
UART_RTS1_B/IIC2_SDA/GPIO3_5 H26 I/O OVpp 13, 20
SSI_TCK/DMA_DACK1_B/ G26 I/O OVpp —
TDM_TCK/GPIO3_6
SSI_TFS/DMA_DDONE1_B/ F26 I/0 OVpp —
TDM_TFS/GPIO3_7
SSI_TXD/DMA_DREQ1_B/ E29 I/O OVpp —
TDM_TXD/GPIO3 8
Reset/System Control
HRESET_B P27 | OVpp2 —
HRESET_REQ B P28 o) OVpp2 21
SRESET_B J29 I OVpp —
CKSTP_INO_B H25 I OVpp 11
CKSTP_IN1_B G29 [ OVpp 11
CKSTP_OUTO_B H27 O OVpp 11,13
CKSTP_OUT1_B L24 O OVpp 11,13
Clocks
SYS_CLK_IN P29 | OVpp2 7
RTC_CLK T29 | OVpp2 —
DDRCLK AD7 | OVpp2 25
Interrupts
IRQO0/DMA_DREQ2_B/GPIO2_25 T26 110 OVpp2 —
IRQO1/DMA_DACK2_B/GPIO2_26 u28 I/0 OVpp2 —
IRQ02/DMA_DDONE2_B/GPIO2_27 u29 110 OVpp2 —
IRQO3/DMA_DREQ3_B/GPIO2_28 u24 I/O OVpp2 —
IRQO04/DMA_DACK3_B/GPIO2_29 T28 I/0 OVpp2 —
IRQO5/DMA_DDONE3_B/GPIO2_30 T24 I/O OVpp2 —
P1013 QorlQ Integrated Processor Hardware Specifications, Rev. 0
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Pin Assignments and Reset States

Table 1. P1013 Pinout Listing (continued)

Signal Package Pin Number Pin Type | Power Supply | Note
IRQO6/MSRCIDO/LB_MSRCIDO/ K27 I/0 OVpp —
GPIO2_31
IRQO7/MSRCID1/LB_MSRCID1/ N25 I/O OVpp —
GPIO3_ 9
IRQO8/MSRCID2/LB_MSRCID2/ K28 I/1O OVpp —
GPI103_10
IRQO9/MSRCID3/LB_MSRCID3/ L28 I/0 OVpp —
GPIO3_11
IRQ10/MSRCID4/LB_MSRCID4/ J26 I/O OVpp —
GPIO3_12
IRQ11/MDVAL/LB_MDVAL/ J27 I/O OVpp —
GPI103_13
MCPO_B/GPIO3_14 K26 I/0 OVpp —
MCP1_B/GPIO3_15 K25 110 OVpp —
UDEO_B/GPIO3_16 M24 I/O OVpp —
UDE1_B/GPIO3_17 H28 I/0 OVpp —
IRQ_OUT_B/GPIO3_18 J28 O OVpp 12,13,21
/0 VSEL
LVpp_VSEL R27 | OVpp2 26
BVpp_VSELO R26 I OVpp2 26
BVpp_VSEL1 P25 I OVpp2 26
JTAG
TCK N26 | OVppy2 —
TDI N28 [ OVpp2 18
TDO M28 o) OVpp2 17
T™S M26 [ OVpp2 18
TRST_B L29 [ OVpp2 18
Misc Debug/Power Management/DFT
SCAN_MODE_B P26 | OVpp2 29
TEST_SEL M27 [ OVpp2 2
ASLEEP T25 o) OVpp2 27
POWER_EN u27 o] OVppy2 —
POWER_OK/GPIO3_19 R24 I/O OVpp2 —
TRIG_IN/GPIO3_20 L25 I/O OVpp —
TRIG_OUT/READY_PO0/GPIO3_21 M25 O OVpp2 —
READY_P1/GPIO3_22 L27 o) OVpp2 15

P1013 QorlQ Integrated Processor Hardware Specifications, Rev. 0
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Table 1. P1013 Pinout Listing (continued)

Pin Assignments and Reset States

Signal Package Pin Number Pin Type | Power Supply | Note
CLK_OuUT M29 (o] OVpp —
SerDes 1(x4)
SD1_TX0 P AD9 o} XVpp —
SD1_TX1 P AE10 o} XVpp —
SD1_TX2_P AE14 O XVpp —
SD1_TX3_P AD15 @) XVpp —
SD1_TXO_N AE9 O XVpp —
SD1_TX1_N AF10 @) XVpp —
SD1_TX2_N AF14 o XVpp —
SD1_TX3 N AE15 o} XVpp —
SD1_RXO0_P AH9 | SVpp —
SD1_RX1 P AH11 | SVpp —
SD1_RX2_P AH13 | SVpp —
SD1_RX3_P AH15 | SVpp —
SD1_RX0 N AJ9 [ SVpp —
SD1_RX1 N AJ11 [ SVpp —
SD1_RX2_N AJ13 | SVpp —
SD1_RX3_N AJ15 | SVpp —
SD1_REF_CLK AG12 | XVbp —
SD1_REF_CLK_B AF12 [ XVpp —
SD1 PLL_TPD AE12 (0] XVpp —
SD1_IMP_CAL_TX AF16 | XVpp 3
SD1_IMP_CAL_RX AG8 | XVpp 4
SD1_PLL_TPA AD13 (0] XVbp —
SerDes 2(x2)
SD2_TX0_P AE17 o) XVpp2 —
SD2_TX1_P AE21 o] XVpp2 —
SD2_TXO_N AF17 o) XVpp2 —
SD2_TX1_N AD21 o) XVpp2 —
SD2_RX0_P AG18 [ SVppo —
SD2_RX1_P AH21 [ SVppo —
SD2_RX0_N AH18 [ SVppo —
SD2_RX1_N AG21 [ SVppo —
SD2_REF_CLK AJ20 [ XVpp2 —
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Table 1. P1013 Pinout Listing (continued)

Signal Package Pin Number Pin Type | Power Supply | Note
SD2_REF_CLK_B AJ19 [ XVpp2 —
SD2_PLL_TPD AD18 o) XVpp2 —
SD2_IMP_CAL_TX AC20 I XVpp2 3
SD2_IMP_CAL_RX AJ17 | XVpp2 4
SD2_PLL_TPA AF19 o) XVpp2 —

Voltage Sense/Process
SENSEVDD F14 I/O — 6
SENSEVDDC R28 I/O — 6
SENSEVSS F15 I/O — 6
Power
AVpp_CORE1 G20 | — 19
AVpp_DDR Y10 [ — 19
AVpp_PLAT P24 [ — 19
GVpp A10, A4, A8, AA4, AB6, AD3, AF2, AF6, AJ6, B1, | — —
C7,D1, D10, D12, E6, E8, F9, G3, J3, J6, K1, K4,
L5, N2, N6, P3, R5, U5, W1, Y6, Y7

BVpp B20, B25, C15, D19, D23, E15, F16, F20, F22 I — —
OVpp E27, F29, G25, J25, K29, N27 | — 8
OVpp2 N24, R29, T27 | — 8
LVpp AC25, AE25, AE29, AG24, AG27, AH28 I — 8
LVpp2 AA25, V27, Y27 [ — 8
SVpp AG13, AH10, AH14, AJ12, AJ16, AJ8 | — —
SVpp2 AG22, AH17, AH19, AH20, AJ21 | — —
SDAVpp AD11 | — —
SDAVpp; AD19 | — —
XVpp AD10, AD14, AE16, AES8, AF11, AF13 | — —
XVpp2 AD22, AE18, AE22, AF20 | — —
VDDC P10, R10, T20, U20 | — 8
VDD K10, K11, K12, K13, K14, K15, K16, K17, K18, | — 8

K19, K20, L10, L20, M10, M20, N10, N20, P20,
R20, T10, U10, V10, V20, W10, W20, Y11, Y12,
Y16, Y18, Y19, Y20, G9

Ground
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Table 1. P1013 Pinout Listing (continued)

Pin Assignments and Reset States

Signal

Package Pin Number

Pin Type

Power Supply

Note

VSS

Al, A2, A6, Al12, Al4, A23, A26, A28, A29, AA29,
AA7, AB1, AB26, AC4, AC29, AD6, AD23, AEL,
AEA4, AE23, AE27, AF7, AF24, AF25, AF28, AG4,
AG7, AG29, AH1, AH24, AJ1, AJ2, AJ3, AJ25,
AJ28, AJ29, B3, B9, B18, B22, B29, C13, C26, D5,
D17, D21, D29, ES, E9, E11, E14, E24, F4, F7,
F13, G5, G10, G21, G27, H1, H4, H29, J2, K6, K7,
K23, L3, L11, L12, L13, L14, L15, L16, L17, L18,
L19, L26, M1, M4, M11, M12, M13, M14, M15,
M16, M17, M18, M19, N11, N12, N13, N14, N15,
N16, N17,N18, N19, N29, P5, P11, P12, P13, P14,
P15, P16, P17, P18, P19, R11, R12, R13, R14,
R15, R16, R17, R18, R19, R25, T3, T6, T11, T12,
T13,T14,T15,T16, T17,T18, T19, U1, Ul1, U12,
U13, Ul14, U15, U116, U17, U18, U19, U25, V3, V5,
V11,Vv12,V13,V14,V15,V16,V17,V18, V19, W4,
W6, W11, W12, Wi6, W18, W19, W25, W29, Y3,
Y23, AE7, AD28

SDAVSS

AD12

SDAVSS2

AE19

XVgg

AD16, AD8, AE11, AE13, AF15, AF8, AF9

XVsso

AC21, AD17, AD20, AE20, AF22

SVSS

AG9, AG10, AG11, AG14, AG15, AG16, AHS,
AH12, AH16, AJ10, AJ14,

SVSS2

AF18, AF21, AG17, AG19, AG20, AH22, AJ18,
AJ22

Not Connected

NC

AC10, AC9, AF23, AG23, AG26, AH23, AH26,
AJ23, AJ24, AJ26, AJ27, W13, W14, W15, W17,
Y13, Y14, Y15, Y17, AD26, B26, A27

NC
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Pin Assignments and Reset States

Table 1. P1013 Pinout Listing (continued)

Signal Package Pin Number Pin Type | Power Supply | Note

Note:

For eSDHC (8-bit), BVpp has to be 3.3V

This pin should be pulled down

Connect with 1000hm (£1%) to GND

Connect with 2000hm (£1%) to GND

In DDR2 mode, connect MDIC[0] to GND and MDIC[1] to GVDD through 18.2Q (full strength mode) or 36.4Q (half strength mode)

precision 1% resistors. In DDR3 mode these resistors should be 20x (full strength mode) or 40x (half strength mode). These pins are

used for automatic hardware calibration of DDR I/Os.

These pins can be left unconnected if they are not used.

Also referred to as SYSCLK in this document. This is the main system clock of the device.

8. Switchable supplies should be derived from their continuos counterparts as shown in Section “External Power Supply Requirements”
in the P1022 QorlQ Integrated Processor Reference Manual.

9. For systems which boot from Local Bus (GPCM)-controller NOR flash or (FCM)-controlled NAND flash, a pull up on LGPLA4 is required.

10.Disable the clocks that are not used via the DDRCLKDR register. By default, all clocks are enabled, but all clock signals might not be
used in an application. DDRCLKDR is in Section “Global Utilities” in the P1022 QorlQ Integrated Processor Reference Manual.

11.1t is recommended that a weak pull-up resistor (2-10ka) be placed on these pins to OVpp.

12.1f this pin is configured as IRQ_OUT, it is recommended that a weak pull-up resistor (2-10ka) be placed on this pin to OVpp.

13.These pins CKSTP_OUTO_B, CKSTP_OUT1_B, IRQ_OUT, IIC1_SDA, lIC1_SCL, lIC2_SDA, IIC2_SCL are open drain signals.
Further GPIO pins may be programmed to operate as open-drain signals.

14.The value of DIU_DE, LAD[12] and LGPLJ[1] during reset sets the CCB clock to SYSCLK PLL ratio. These pins require 4.7ka pull-up
or pull-down resistors. See P1022 QorlQ Integrated Processor Reference Manual for clock ratio settings.

15.The value of LBCTL, LALE, LGPL[02], LWE[00], UART_SOUT[01], and READY_P1, at reset set the e500 core clock to CCB Clock
PLL ratio. These pins require 4.7k pull-up or pull-down resistors. See P1022 QorlQ Integrated Processor Reference Manual for clock
ratio settings.

16.1f these pins are configured for local bus controller use, it is recommend that a weak pull-up resistor (2-10ka) be placed on these pins
to BVDD, to ensure that there is no random chip select assertion due to possible noise etc.

17.These outputs are actively driven during reset rather than being tristated during reset.

18.These JTAG pins have weak internal pull-ups that are always enabled.

19.Independent supplies derived from board Vpp.

20.When used as 1°C, it is recommended that an appropriate pull-up resistor be placed on these pins to OVpp.

21.These pins must NOT be pulled down by a resistor or the component they are connected to during power-on reset. When pulled low
during POR, the device behavior may be undefined.

22.When eTSEC1 and eTSEC2 are used as parallel interfaces, pins TSEC1_TX_EN and TSEC2_TX_EN require an external 4.7ko

pull-down resistor to prevent PHY from seeing a valid Transmit Enable before it is actively driven.

23.The value of UART_RTSO0, 1588_PULSE_OUT1 and LDPO, at reset set the DDR controller Clock PLL ratio. These pins require 4.7ka
pull-up or pull-down resistors. See P1022 QorlQ Integrated Processor Reference Manual for clock ratio settings.

24 .DDRCLK input is only required when the P1013 DDR controller is running in asynchronous mode. When the DDR controller is
configured to run in synchronous mode via reset configuration setting cfg_ddr_pll[0:2]= 111, the DDRCLK input is not required. It is
recommended to tie it off to GND when DDR controller is running in synchronous mode. See the P1022 QorlQ Integrated Processor
Reference Manual for more details.

25.Incorrect settings can lead to irreversible device damage.

26.These pins are all reset configuration pins. See the Chapter “Reset Configuration” in the P1022 QorlQ Integrated Processor Reference
Manual for details on what configuration is done by these pins. These pins require a 4.7ka pull-up or pull-down resistor.

27.100ka pull-down needed if SDHC_DAT3 signal used as CD pin for SD cards. This pull down is not needed for MMC cards.

28.This pin requires a 1 ka pull-up to OVpp,

aprwhE

N o
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2 Electrical Characteristics

This section provides the AC and DC electrical specifications for the P1013 device. The device is currently targeted to these

specifications. Some of these specifications are independent of the 1/0 cell, but are included for a more complete reference.

These are not purely 1/0 buffer design specifications.

2.1 Overall DC Electrical Characteristics

This section covers the ratings, conditions, and other characteristics.

2.1.1 Absolute Maximum Ratings

This table provides the absolute maximum ratings.

Table 2. Absolute Maximum Ratings?®

Electrical Characteristics

Characteristic Symbol Max Value Unit | Note
Supply voltage for DDR, eTSEC, ECM, and COP Vppe -0.3t0 1.05 \Y, —
Cores and Platform supply voltage (except the ones mentioned above) Vpp -0.3t0 1.05 \% —
PLL supply voltages AVpp_COREDO, -0.3t0 1.05 \% 2
AVpp_COREL,
AVpp_DDR,
AVpp_PLAT
SerDes Transceivers Core power supply SVpp, —-0.3t0 1.05 \% —
SVbp2
Pad power supply XVpp, -0.3t0 1.05 \% —
XVpp2
PLL Power Supply SDAVpp -0.3t0 1.05 —
SDAVpp,
DDR2/3 DRAM 1/O voltage GVpp -0.3t0 1.98 \Y, —
-0.3t0 1.65
Three-speed Ethernet I/O, MIl management voltage, USB LVpp -0.31t0 3.63 \% —
LVDDZ —-0.3t0 2.75
DUART, I2C, SSI, eSDHC, system control and power management, and JTAG /O OVpp, -0.31t0 3.63 \% —
voltage OVpp2
eSPI, eSDHC, DIU, and eLBC /O voltage BVpp —0.3 10 3.63 \ —
-0.3t0 2.75
-0.3t01.98
Input voltage DDR2/DDR3 DRAM signals MV -0.3t0(GVpp+0.3) | V | 3,6
DDR2/DDR3 DRAM reference MVRer -0.3t0 (GVpp/l2+0.3)| V 6
USB and Three-speed Ethernet signals LViN -0.3to (LVpp+0.3) | V | 5,6
eSPI, eSDHC, DIU, and eLBC signals BV|n -0.3to (BVpp +0.3) | — 7
DUART, SYSCLK, system control and power OVn -0.3t0o (OVpp+0.3) | V | 4,6
management, I2C, and JTAG signals
SerDes signals XV N -0.3to (XVpp + 0.3) 8
Storage temperature range Tsto -55to 150 °C| —
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Table 2. Absolute Maximum Ratings? (continued)

Characteristic Symbol Max Value Unit | Note

Note:

1.

Functional operating conditions are given in Table 3. Absolute maximum ratings are stress ratings only, and functional operation at
the maximums is not guaranteed. Stresses beyond those listed may affect device reliability or cause permanent damage to the
device.

. AVpp_COREO, AVpp_COREL, AVpp_PLAT and AVpp_DDR are measured at the input to the filter (as shown in AN4343) and not

at the pin of the device.

Caution: MV must not exceed GVpp by more than 0.3 V. This limit may be exceeded for a maximum of 20 ms during power-on
reset and power-down sequences.

Caution: OV,y must not exceed OVpp by more than 0.3 V. This limit may be exceeded for a maximum of 20 ms during power-on
reset and power-down sequences.

Caution: LV,y must not exceed LVpp by more than 0.3 V. This limit may be exceeded for a maximum of 20 ms during power-on reset
and power-down sequences.

(M,L,0O)V|y and MVgee may overshoot/undershoot to a voltage and for a maximum duration as shown in Figure 7.

Caution: BV, must not exceed BVpp by more than 0.3 V. This limit may be exceeded for a maximum of 20 ms during power-on reset
and power-down sequences.

Caution: XV, must not exceed XVpp by more than 0.3 V. This limit may be exceeded for a maximum of 20 ms during power-on reset
and power-down sequences.

2.1.2

This table provides the recommended operating conditions for this device. Note that the values in this table are the
recommended and tested operating conditions. Proper device operation outside these conditions is not guaranteed.

Recommended Operating Conditions

Table 3. Recommended Operating Conditions

Characteristic Symbol Recommended Value | Unit | Note
Supply voltage for DDR, eTSEC, ECM and COP Vppe 1.0+50 mV \% 1
Cores and Platform supply voltage Vop 1.0+ 50 mV Y, 1
PLL supply voltages AVpp_COREO 1.0+ 50 mV Y, —
AVpp_CORE1
AVpp_DDR
AVpp_PLAT
SerDes Transceivers |Core power supply SVpp 1.0+50 mV \% —
SVpp2
Pad power supply XVpp 1.0+ 50 mV Y, —
XVbp2
PLL Power Supply SDAVpp 1.0 £ 50 mV — —
SDAVpp2
DDR2/3 DRAM 1/O voltage GVpp 1.8V + 100 mV \% 2
15V+75mV
Three-speed Ethernet 1/0, MIl management voltage, USB LVpp 3.3V 165 mV — 2
LVpp2 25V +125mVv
DUART, IZC, SSI, eSDHC, system control and power management and JTAG OVpp 3.3V+165mV \Y 2
1/0 voltage OVpp2
eSPI, eSDHC, DIU, and eLBC 1/O voltage BVpp 3.3V £165mV \Y 2
25V +125mVv
1.8V =90 mV
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Electrical Characteristics

Table 3. Recommended Operating Conditions (continued)

Characteristic Symbol Recommended Value | Unit | Note
Input voltage DDR2/DDR3 DRAM signals MV N GND to GVpp \ —
DDR3 DRAM reference MVRer GVpp/2 £ 2% \Y —
DDR2 DRAM reference MVRer GVpp/2 £ 2% \% —
Three-speed Ethernet signals and USB LV|N GND to LVpp \% —
eSPI, eSDHC, DIU, and eLBC signals BV|n GND to BVpp \% —
DUART, SYSCLK, system control and power OV\ny GND to OVpp \Y —
management, 1°C, and JTAG signals
SerDes signals XViN GND to XVpp \ —
Junction Temperature range TAITS 0 to 105 Commercial °C 3
—40 to 125 Industrial
Note:
1. Caution: Until Vpp reaches its recommended operating voltage, Vpp may exceed L/B/G/OVpp by upto 0.7 V. If 0.7 V is exceeded, extra

arwbd

current will be drawn by the device.

Caution: Until Vpp reaches its recommended operating voltage, if L/IB/G/OVpp exceeds Vpp extra current may be drawn by the device.
Min temp is specified with Ta; Max temp is specified with TJ.

All /O pins should be interfaced with peripheral devices operating at the same voltage level.

In deep sleep power saving mode all switchable power supplies must be switched off to prevent damage to the device.

This figure shows the undershoot and overshoot voltages at the interfaces of the device.

B/G/LIOVpp + 20% — — — - _ _ o
B/G/LIOVpp + 5% — —

Vi B/G/L/OVpp I:
I
[
[
I
[
[
[
GND .- S e
GND-03V - — — — — — — — — — — — — —
Vi I
sND-07V L
| |- Not to Exceed 10%
I of terock’
Note:

1. tcock refers to the clock period associated with the respective interface:

For I°C and JTAG, tc ock references SYSCLK.
For DDR, tc| ock references MCLK.
For eTSEC, tc| ock references EC_GTX_CLK125.

For eLBC, tc ock references LCLK.

Figure 7. Overshoot/Undershoot Voltage for BVpp/GVpp/LVpp/OVpp
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The core voltage must always be provided at nominal rated VDD (see Table 3 for actual recommended core voltage). Voltage
to the processor interface 1/Os are provided through separate sets of supply pins and must be provided at the voltages shown in
Table 3. The input voltage threshold scales with respect to the associated 1/0 supply voltage. OVpp and LVpp based receivers
are simple CMOS 1/0 circuits and satisfy appropriate LVCMOS type specifications. The DDR2/3 SDRAM interface uses a
differential receiver referenced the externally supplied MVggg signal (nominally set to GVpp/2).

2.1.3 Output Driver Characteristics

This table provides information on the characteristics of the output driver strengths. The values are preliminary estimates.
Table 4. Output Drive Capability

. Output Impedance Supply
Driver Type @) Voltage Note

eSPI, eSDHC, DIU, and eLBC interface 45 BVpp=3.3V 2
45 BVpp =25V
45 BVpp =18V

DDR2/3 signal (Programmable) 16 GVpp =1.8 VDDR2 1

32 (half strength mode) GVpp =1.5V DDR3
USB and eTSEC signals 45 LVpp = 2.5/3.3V 2
LVDDZ =25/3.3V

DUART, I°C, SSI, eSDHC, system control, JTAG 45 OVpp=3.3V 2

OVDD2 =33.V

Note:

1. The drive strength of the DDR2/3 interface in half-strength mode is at T; = 105°C and at GVpp (min)
2. For GPIOs multiplexed with pins on these power supplies the drive capabilities are similar to those of the primary functions
of the pins.

2.2 Power Sequencing

The device requires its power rails to be applied in a specific sequence in order to ensure proper device operation. These
requirements are as follows for power up when POWER_EN is not used to control switchable supplies:

1. Vppe Voo AVpp_PLAT, AVpp_DDR, LVppa OVppz AVpp_COREO, AVpp_COREL, BVpp, LVpp, OVpp,
SVbp: SVpb2: XVop: XVpp2: SDAVpp, SDAVp,
2. GVpp

The requirements are as follows for power up when POWER_EN is used to control switchable supplies:
1. Always ON core supply: Vppc, AVpp_PLAT, AVpp_DDR
2. Always ON 1I/O supply: LVpp2, OVpp2, GVpp
— Wait for POWER_EN to assert
3. Switchable core supply: Vpp, AVpp_COREO, AVpp_CORE1
4. Switchable 1/0 supply: BVpp, LVpp, OVpp, SVpp: SVpp2, XVpp: XVpp2, SDAVpp and SDAVpp,

All supplies must be at their stable values within 50 ms.

Items on the same line have no ordering requirement with respect to one another. Items on separate lines must be ordered
sequentially such that voltage rails on a previous step must reach 90% of their value before the voltage rails on the current step
reach 10% of theirs.

In order to guarantee MCKE low during power-up, the above sequencing for GV pp is required. If there is no concern about any
of the DDR signals being in an indeterminate state during power-up, then the sequencing for GVpp is not required.
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NOTE

From a system standpoint, if any of the I/O power supplies ramp prior to the VDD core
supply, the 1/0s associated with that 1/0 supply may drive a logic one or zero during
power-up, and extra current may be drawn by the device.

2.3 Power Down Requirements

The power-down cycle must complete such that power supply values are below 0.4 V before a new power-up cycle can be
started.

2.4 RESET Initialization

This section describes the AC electrical specifications for the RESET initialization timing requirements. This table provides the
RESET initialization AC timing specifications.

Table 5. RESET Initialization Timing Specifications

Parameter Min Max Unit Note
Required assertion time of HRESET 25 — us 1,2
Minimum assertion time of TRESET simultaneous to HRESET assertion 25 — ns 3
Maximum rise/fall time of HRESET — 1 tavscLk —
Minimum assertion time for SRESET 3 — tavscLk 4
PLL input setup time with stable SYSCLK before HRESET negation 100 — us —
Input setup time for POR configurations (other than PLL configuration) 4 — tsyscLk 4

with respect to negation of HRESET

Input hold time for all POR configurations (including PLL configuration) 8 — tsyscLk 4
with respect to negation of HRESET

Maximum valid-to-high impedance time for actively driven POR — 12 tsyscLk 4
configurations with respect to negation of HRESET

Note:

1. There may be some extra current leakage when driving signals high during this time.

2. Reset assertion timing requirements for DDR3 DRAMs may differ.

3. TRST is an asynchronous level sensitive signal. For guidance on how this requirement can be met, refer to the JTAG signal
termination guidelines in Section 2.24, “JTAG Controller.”

4. SYSCLK is the primary clock input for the device. It must be ensured that SYSCLK is stable during HRESET assertion.

This table provides the PLL lock times.
Table 6. PLL Lock Times

Parameter Min Max Unit Note

PLL lock times — 100 us —
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2.5 Power-on Ramp Rate

This section describes the AC electrical specifications for the power-on ramp rate requirements. Controlling the maximum
Power-On Ramp Rate is required to avoid falsely triggering the ESD circuitry. This table provides the power supply ramp rate
specifications.

Table 7. Power Supply Ramp Rate

Parameter Min Max Unit Note

Required ramp rate for all voltage supplies (including OVpp/OVpp2 — 36000 Volts/s 1,2
GVDD/BVDD/SVDD/LVDD/LVDDZ1 All VDD SUpp”eS, MVREF and all AVDD SUpplieS.)

Note:

1. Ramp rate is specified as a linear ramp from 10 to 90%. If non-linear (e.g. exponential), the maximum rate of change from
200 to 500 mV is the most critical as this range might falsely trigger the ESD circuitry.
2. Over full recommended operating temperature range (see Table 3).

2.6 Power Characteristics

During deep sleep, the maximum power consumption of the device is expected to be below 300mW. This includes 260mW
consumed by core as shown in the table below and ~40mW by 1/0s on GVpp, OVpp, and LVpp, power supplies.

This table hows the power dissipations of the VDD, VDDC, and SVDD supply for various operating platform clock frequencies
versus the core and DDR clock frequencies.

Table 8. P1013 Core Power Dissipation

Core Platform |DDR Data \YDD’ Junction F,:;’g\éeer Power (W) aggts:act:f%rﬁn
Frequency | Frequency| Rate SDDC’ Temp Power Note
(MHz) (MHz) (MHz) (\</D)D °C) vDD2 | vDDC | SvDD12 W)L
1067 533 667 1.0 65 Typical 1.89 0.57 0.19 2.65 2,3
105 Thermal 2.80 0.84 0.19 3.83 57
Maximum 3.06 0.91 0.19 4.17 4,6,7
125 Thermal 3.34 1.00 0.20 4.53 57
Maximum 3.48 1.04 0.20 4.72 4,6,7
65 Doze 1.54 0.64 0.19 2.36 8,11
Nap 1.37 0.67 0.19 2.22 8,11
Sleep 1.18 0.63 0.08 1.89 8,11
35 Deep Sleep | 0.00 0.26 0.00 0.26 8,9,10
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Table 8. P1013 Core Power Dissipation (continued)

Core Platform |DDRData| .YP® | Junction Power Power (W) Total Core
Vppe Mode and Platform
Frequency | Frequency Rate s Temp Power Note
VDD °
800 400 667 1.0 65 Typical 1.66 0.50 0.19 2.34 2,3
105 Thermal 2.56 0.77 0.19 3.52 57
Maximum 2.62 0.78 0.19 3.60 4,6,7
125 Thermal 2.90 0.83 0.20 3.93 57
Maximum 2.99 0.89 0.20 4.08 4,6,7
65 Doze 144 0.58 0.19 2.21 8,11
Nap 1.33 0.61 0.19 2.13 8,11
Sleep 1.16 0.56 0.08 1.80 8,11
35 Deep Sleep | 0.00 0.26 0.00 0.26 8,9,10
600 400 667 1.0 65 Typical 1.54 0.46 0.19 2.19 2,3
105 Thermal 2.45 0.73 0.19 3.37 57
Maximum 2.66 0.80 0.19 3.65 4,6,7
125 Thermal 2.84 0.83 0.20 3.87 57
Maximum 2933 | 0.89 0.20 4.02 4,6,7
65 Doze 1.37 0.55 0.19 2.10 8,11
Nap 1.28 0.57 0.19 2.03 8,11
Sleep 1.16 0.54 0.08 1.78 8,11
35 Deep Sleep | 0.00 0.26 0.00 0.26 8,9, 10
Note:
1. Combined power of VDDC, VDD and SVDDx with DDR Controller and all SerDes banks active. Does not include 1/0O power.
2. Typical power assumes Dhrystone running with activity factor of 80% (on all cores) and executing DMA on the platform with
90% activity factor.
3. Typical power is based on nominal processed device.
4. Maximum power assumes Multicore Dhrystone activity factor at 100% and executing DMA on the platform at 100% activity
factor.
5. Thermal power assumes Multicore Dhrystone activity factor of 80% and executing DMA on the platform with 90% activity factor.
6. Maximum power is provided for power supply design sizing.
7. Thermal and Maximum power are based on worst case processed device.
8. All low power mode numbers are based on worst case processed device.
9. Deep Sleep power is the maximum number measured with USB1, eTSEC1 and DDR blocks enabled. It is characterized at

105°C.

10.Deep Sleep power is measured with DDR PLL disabled using DSCR[DDR_pll_disable].
11.These values specify the power consumption at nominal voltage and are meant for reference only.
12.VbDp and SVDD are switchable core supplies.
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2.6.1 I/O DC Power Supply Recommendation

This table provides estimated 1/O power numbers for each block: DDR, PCI Express, eLBC, eTSEC, SGMII, eSDHC, USB,
eSPI, DUART, I°C, DIU, SSI, SATA, and GPIO.

Table 9. /0 Power Supply Estimated Values

7

Interface Parameter Symbol Typicall Maximum' | Deep Sleep | Unit Note
DDR2 400MHz data rate GVpp (1.8V) 0.700 1.000 — w 2,6
DDR3 600 MHz data rate GVpp (1.5V) 0.600 1.050 0.003 w 2,6,8

667 MHz data rate GVpp (1.5V) 0.700 1.100 0.003 w 2,6,8
PCI Express x1, 2.5 G-baud XVpp (1.0 V) 0.020 0.020 — w —
x2, 2.5 G-baud XVpp (1.0 V) 0.037 0.037 — W —
x4, 2.5 G-baud XVpp (1.0V) 0.075 0.075 — w —
SGMII x1, 1.25G-baud XVpp (1.0V) 0.014 0.014 — w —
SATA 3.0G-baud XVpp2 (1.0 V) 0.022 0.022 — w —
eLBC 32-bit, 83MHz BVpp (1.8 V) 0.040 0.100 — w 3
BVpp (2.5V) 0.060 0.160 — W 3
BVpp (3.3V) 0.100 0.230 — W 3
eLBC 16-bit, 83MHz BVpp (1.8 V) 0.017 0.025 — w 3
BVpp (2.5 V) 0.030 0.038 — w 3
BVpp (3.3V) 0.047 0.063 — w 3
eTSEC1 RGMII LVppz (2.5 V) 0.075 0.100 0.015 w 3
LVpp2 (3:3V) 0.124 0.150 — w 3
eTSEC2 RGMII LVpp (2.5V) 0.075 0.100 — w 3
LVpp (3.3V) 0.124 0.150 — W 3

eSDHC — O/BVpp (3.3 V) 0.014 0.018 — w 3

USB1 — LVpp2 (3.3V) 0.012 0.015 — w 3
LVpp2 (2.5V) 0.008 0.010 0.005 w 3

USB2 — LVpp (3.3V) 0.012 0.015 — W 3
LVpp (2.5V) 0.008 0.010 — W 3

eSPI — BVpp (1.8 V) 0.004 0.005 — w 3
BVpp (2.5V) 0.006 0.008 — w 3

BVpp (3.3 V) 0.010 0.013 — w 3

DIU — BVpp (3.3 V) 0.180 0.225 — w 3
1’C — OVpp (3.3 V) 0.002 0.003 — W 3
DUART — OVpp (3.3 V) 0.006 0.008 — W 3
SSI — OVpp (3.3V) 0.005 0.006 — W 3
TDM — OVpp (3.3V) 0.004 0.005 — W 3
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Table 9. /0 Power Supply Estimated Values (continued)

Interface Parameter Symbol Typicall Maximum’ Deep Sleep | Unit Note
IEEE1588 — LVpp (2.5V) 0.004 0.005 — w 3
LVpp (3.3V) 0.007 0.009 — w 3
GPIO x8 3.3V 0.009 0.011 — w 3,5
x8 25V 0.007 0.009 — w 3,5
x8 18V 0.005 0.006 — w 3,5
Others — OVpp2 (3.3V) 0.030 0.036 0.015 w 3,5
(Reset, System
Clock, JTAG and
Misc)
Note:
1. Typical values are estimates based on simulations at 65°C
2. Typical DDR power numbers are based on 1Rank DIMM with 40% utilization.
3. Assuming 15 pF total capacitance load per pin.
4. GPIOs are supported on OVppy, OVpp, LVpp, LVpp, and BVpp power rails.
5. Maximum DDR power numbers are based on 2 Rank DIMM with 75% utilization.
6. Maximum values are estimates based on simulations at 105 °C.
7. Assuming DDR I/Os tristated in deep sleep.

2.7 Input Clocks

This table provides the system clock (SYSCLK) and DDR clock (DDRCLK) DC specifications for the device.
Table 10. SYSCLK/DDRCLK DC Electrical Characteristics (OVpp, = 3.3 V + 165 mV)

Parameter Symbol Min Typical Max Unit Note
High-level input voltage ViH 2.0 — — \% 1
Low-level input voltage Vi — — 0.8 \Y 1
Input Capacitance CiN — 7 15 pf —
Input current (ViN= 0V or Viy = Vpp N — — +50 pA 2

Note:

1. The max V4, and min V,_values can be found in Table 3.
2. The symbol V|, in this case, represents the OV symbol referenced in Table 3.

This table provides the system clock (SYSCLK) and DDR clock (DDRCLK) AC timing specifications for the device.

Table 11. SYSCLK/DDRCLK AC Timing Specifications
At recommended operating conditions (see Table 3) with OVpp, = 3.3 V = 165 mV.

Parameter/Condition Symbol Min Typ Max Unit Note
SYSCLK frequency fsyscLk 66 — 133 MHz 1,2
SYSCLK cycle time tsyscLk 7.5 — 15 ns 1,2
DDRCLK frequency foDRCLK 66 — 133 MHz 1,2
DDRCLK cycle time tbDRCLK 7.5 — 15 ns 1,2
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Table 11. SYSCLK/DDRCLK AC Timing Specifications (continued)

At recommended operating conditions (see Table 3) with OVpp, = 3.3 V + 165 mV.

Parameter/Condition Symbol Min Typ Max Unit Note
SYSCLK/DDRCLK duty cycle tkpk! 40 — 60 % 2
lSYSCLK/DDRCLK

SYSCLK/DDRCLK slew rate — 1 — 4 Vins 3
SYSCLK/DDRCLK peak period jitter — — — + 150 ps —
SYSCLK/DDRCLK jitter phase noise — — — 500 KHz 4
at — 56dBc

AC Input Swing Limits at 3.3 V OVpp, AVpc 1.9 — — \Y —
Note:

1. Caution: The relevant clock ratio settings must be chosen such that the resulting SYSCLK/DDRCLK frequency, do not
exceed their respective maximum or minimum operating frequencies.

2. Measured at the rising edge and/or the falling edge at OVpp,/2.

3. Slew rate as measured from £0.3 AV ¢ at center of peak to peak voltage at clock input.

4. Phase noise is calculated as FFT of TIE jitter.

2.7.1

Spread spectrum clock sources are an increasingly popular way to control electromagnetic interference emissions (EMI) by
spreading the emitted noise to a wider spectrum and reducing the peak noise magnitude in order to meet industry and
government requirements. These clock sources intentionally add long-term jitter in order to diffuse the EMI spectral content.
The jitter specification given in Table 11 considers short-term (cycle-to-cycle) jitter only and the clock generator’s
cycle-to-cycle output jitter should meet P1013’s input cycle-to-cycle jitter requirement. Frequency modulation and spread are

separate concerns, and P1013 is compatible with spread spectrum sources if the recommendations listed in Table 11 are
observed.

Spread Spectrum Sources

Table 12. Spread Spectrum Clock Source Recommendations
At recommended operating conditions (see Table 3) with OVpp, = 3.3V + 165 mV.

Parameter Min Max Unit Note
Frequency modulation — 60 kHz —
Frequency spread — 1.0 % 1,2

Note:

1. SYSCLK frequencies resulting from frequency spreading, and the resulting core frequency, must meet the minimum and
maximum specifications given in Table 11.

2. Maximum spread spectrum frequency may not result in exceeding any maximum operating frequency of the device

CAUTION

The processor’s minimum and maximum SYSCLK/DDRCLK and core/DDR memory
frequencies must not be exceeded regardless of the type of clock source. Therefore, systems
in which the processor is operated at its maximum rated core/DDR memory frequency
should avoid violating the stated limits by using down-spreading only.

P1013 QorlQ Integrated Processor Hardware Specifications, Rev. 0

32 Freescale Semiconductor




Electrical Characteristics

2.7.2 Real Time Clock Timing

The real time clock timing (RTC_CLK) input is sampled by the core complex bus clock (CCB_clk). The output of the sampling
latch is then used as an input to the counters of the PIC and the time base unit of the e500; there is no need for jitter specification.
The minimum pulse width of RTC_CLK should be greater than 16x of the CCB clock. That is minimum clock high time is
16 x tcep ik @nd minimum clock low time is 16 x tocg k- There is no minimum RTC_CLK frequency; RTC_CLK may be
grounded if not needed. If used the edge rate for RTC_CLK should be within 10ns + 2%.

2.7.3 eTSEC Gigabit Reference Clock Timing

This table provides the eTSEC gigabit reference clocks (EC_GTX_CLK125) AC timing specifications for the device.

Table 13. EC_GTX_CLK125 AC Timing Specifications
At recommended operating conditions with LVDD = 2.5 £ 0.125 mV/ 3.3 V £ 165 mV

Parameter/Condition Symbol Min Typical Max Unit Note
EC_GTX_CLK125 frequency tg125 — 125 — MHz —
EC_GTX_CLK125 cycle time tg125 — 8 — ns —
EC_GTX_CLK125 rise and fall time tGlZSR/tGlZ5F — — ns 1

LVDD =25V 0.75
LVpp=3.3V 1.0
EC_GTX_CLK125 duty cycle tg1osn/te1osL 47 — 53 % 2
EC_GTX_CLK125 total jitter — — — +150 ps 2
Note:
1. Rise and fall times for EC_GTX_CLK125 are measured from 0.5 and 2.0 V for LVpp = 2.5V, and from 0.6 and 2.7 V for
LVDD =33V

2. EC_GTX_CLK125 is used to generate the GTX clock for the eTSEC transmitter with 2% degradation. EC_GTX_CLK125
duty cycle can be loosened from 47%/53% as long as the PHY device can tolerate the duty cycle generated by the eTSEC
GTX_CLK. See Table 34 for duty cycle for 10Base-T and 100Base-T reference clock.

2.7.4 Other Input Clocks

A description of the overall clocking of this device is available in the P1022 QorlQ Integrated Processor Reference Manual in
the form of a Clock Subsystem Block Diagram. For information on the input clock requirements of functional blocks sourced
external of the device, such as SerDes, Ethernet Management, eSDHC, enhanced Local Bus, see the specific interface section.

2.8 DDR2 and DDR3 SDRAM Controller

This section describes the DC and AC electrical specifications for the DDR2 and DDR3 SDRAM controller interface of the
device. Note that the required GVpp(typ) voltage is 1.8V or 1.5V when interfacing to DDR2 or DDR3 SDRAM respectively.

2.8.1 DDR2 and DDR3 SDRAM Interface DC Electrical Characteristics

This table provides the recommended operating conditions for the DDR SDRAM Controller of the device when interfacing to
DDR2 SDRAM.

Table 14. DDR2 SDRAM Interface DC Electrical Characteristics for GVpp(typ) = 1.8 vi

Parameter/Condition Symbol Min Max Unit Note

I/O reference voltage MVREFn 0.49 x GVpp 0.51 x GVpp \Y 2,3,4
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Table 14. DDR2 SDRAM Interface DC Electrical Characteristics for GVpp(typ) = 1.8 V1 (continued)

Parameter/Condition Symbol Min Max Unit Note
Input high voltage ViH MVREFn + 0.125 — \% 5
Input low voltage Vi — MVREFn - 0.125 \Y 5
I/O leakage current loz -50 50 pA 8
Output high current (Voyt = 1.370 V) loH — -13.4 mA 6,7
Output low current (Voyt = 0.330 V) loL 13.4 — mA 6,7
Note:
1. GVppis expected to be within 50 mV of the DRAM's voltage supply at all times.The DRAM’s and memory controller’s voltage

2.

© N agA

supply may or may not be from the same source.

MVREFn is expected to be equal to 0.5 x GVpp, and to track GVpp DC variations as measured at the receiver. Peak-to-peak
noise on MVREFn may not exceed +2% of the DC value.

V1t is not applied directly to the device. It is the supply to which far end signal termination is made and is expected to be
equal to MVREFn with min value of MVREFn — 0.04, and max value of MVREFn + 0.04. This rail should track variations in
the DC level of MVREFN.

The voltage regulator for MVREFN must meet the specifications stated in Table 17.

Input capacitance load for DQ, DQS and DQS are available in the IBIS models,

IOH and IOL are measured at GVDD =1.7 V

Refer to the IBIS model for the complete output IV curve characteristics.

Output leakage is measured with all outputs disabled, 0 V < Vg1 < GVpp

This table provides the recommended operating conditions for the DDR SDRAM Controller of the device when interfacing to

DDR3 SDRAM.
Table 15. DDR3 SDRAM Interface DC Electrical Characteristics for GVpp(typ) = 1.5 vi
Parameter/Condition Symbol Min Max Unit Note

I/O reference voltage MVREFn 0.49 x GVpp 0.51 x GVpp \Y 2,3,4
Input high voltage V4 MVREFn + 0.100 GVpp \Y, 5
Input low voltage Vi GND MVREFn - 0.100 \Y 5
I/O leakage current loz -50 50 pA 6
Note:

1. GVpp is expected to be within 50 mV of the DRAM’s voltage supply at all times. The DRAM’s and memory controller’s

2.

o s

voltage supply may or may not be from the same source.

MVREFn is expected to be equal to 0.5 x GVpp, and to track GVpp DC variations as measured at the receiver. Peak-to-peak
noise on MVREFNn may not exceed +1% of the DC value.

V1t is not applied directly to the device. It is the supply to which far end signal termination is made and is expected to be
equal to MVREFn with min value of MVREFNn — 0.04, and max value of MVREFn + 0.04. This rail should track variations in
the DC level of MVREFnN.

The voltage regulator for MVREFN must meet the specifications stated in Table 17.

Input capacitance load for DQ, DQS and DQS are available in the IBIS models

Output leakage is measured with all outputs disabled, 0 V < Vg1 < GVpp.
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This table provides the DDR Controller interface capacitance for DDR2 and DDRS3.
Table 16. DDR2/DDR3 SDRAM Capacitance for GVpp(typ) = 1.8 Vand 1.5V

Parameter/Condition Symbol Min Max Unit Note
Input/output capacitance: DQ, DQS, DQS Cpo 6 8 pF 1,2
Delta input/output capacitance: DQ, DQS, DQS Coio — 0.5 pF 1,2

Note:

1. This parameter is sampled. GVpp = 1.8 V£ 0.1V (for DDR2), f = 1 MHz, Tp = 25°C, Vout = GVpp/2, VouTt
(peak-to-peak) = 0.2 V.

2. This parameter is sampled. GVpp = 1.5V = 0.075 V (for DDR3), f = 1 MHz, Ty = 25°C, Voyut = GVpp/2, Vour
(peak-to-peak) = 0.150V.

This table provides the current draw characteristics for MVREFnN.
Table 17. Current Draw Characteristics for MVREFn

Parameter/Condition Symbol Min Max Unit Note
Current draw for DDR2 SDRAM for MVREFn MVREFn — 1500 pA —
Current draw for DDR3 SDRAM for MVREFN MVREFnN — 1250 pA

2.8.2 DDR2 and DDR3 SDRAM Interface AC Electrical Characteristics

This section provides the AC electrical characteristics for the DDR SDRAM Controller interface. The DDR controller supports
both DDR2 and DDR3 memories.

2.8.3 DDR2 and DDR3 SDRAM Interface Input AC Timing Specifications

This table provides the input AC timing specifications for the DDR controller when interfacing to DDR2 SDRAM.

Table 18. DDR2 SDRAM Interface Input AC Timing Specifications
At recommended operating conditions with GVDD of 1.8 V + 5%

Parameter Symbol Min Max Unit Note
AC input low voltage > 533 MHz data rate ViLac — MVREFn - 0.20 \Y —
<533 MHz data rate — MVREFn - 0.25
AC input high voltage > 533 MHz data rate ViHac MVREFn + 0.20 — \Y —
<533 MHz data rate MVREFn + 0.25 —

This table provides the input AC timing specifications for the DDR controller when interfacing to DDR3 SDRAM.
Table 19. DDR3 SDRAM Interface Input AC Timing Specifications
At recommended operating conditions with GVDD of 1.5V + 5%

Parameter Symbol Min Max Unit Note
AC input low voltage ViLac — MVREFn - 0.175 \Y, —
AC input high voltage ViHAC MVREFn + 0.175 — \Y, —

This table provides the input AC timing specifications for the DDR controller when interfacing to DDR2 and DDR3 SDRAM.
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Table 20. DDR2 and DDR3 SDRAM Interface Input AC Timing Specifications
At recommended operating conditions with GVpp of 1.8 V + 5% for DDR2 or 1.5 V * 5% for DDR3.

Parameter Symbol Min Max Unit Note
Controller Skew for MDQS—MDQ/MECC tciskew — — ps 1
667 MHz data rate -390 390 — —
Tolerated Skew for MDQS—MDQ/MECC tDISkEW — — ps 2
667 MHz data rate -360 360 — —

Note:

1. tciskew represents the total amount of skew consumed by the controller between MDQS[n] and any corresponding bit that will
be captured with MDQSIn]. This should be subtracted from the total timing budget.

2. The amount of skew that can be tolerated from MDQS to a corresponding MDQ signal is called tDISKEW.This can be
determined by the following equation: tDISKEW = £(T/4 — abs(tCISKEW)) where T is the clock period and abs(tCISKEW) is
the absolute value of tCISKEW.

This figure shows the DDR2 and DDR3 SDRAM interface input timing diagram.
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Figure 8. DDR SDRAM Interface Input Timing Diagram
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This table contains the output AC timing targets for the DDR2 and DDR3 SDRAM interface.

Table 21. DDR2 and DDR3 SDRAM Interface Output AC Timing Specifications
At recommended operating conditions with GVpp of 1.8 V + 5% for DDR2 or 1.5 V + 5% for DDR3.

DDR2 and DDR3 SDRAM Interface Output AC Timing Specifications

Parameter Symbol ! Min Max Unit Note
MCK][n] cycle time tmck 3 5 ns 2
ADDR/CMD output setup with respect to MCK tDDKHAS ns 3
667 MHz data rate 0.95 —
ADDR/CMD output hold with respect to MCK {DDKHAX ns 3
667 MHz data rate 0.95 —
MCSJn] output setup with respect to MCK tDDKHCS ns 3
667 MHz data rate 0.95 —
MCSIn] output hold with respect to MCK tDDKHCX ns 3
667 MHz data rate 0.95 —
MCK to MDQS Skew tDDKHMH ns 4
667 MHz data rate -0.6 0.6
MDQ/MECC/MDM output setup with respect to toDKHDS, ps 5
MDQS bDKLDS
667 MHz data rate 325 —
MDQ/MECC/MDM output hold with respect to tDDKHDX, ps 5
MDQS bpKLDX
667 MHz data rate 325 —
MDQS preamble tDDKHMP 0.9 x tyck — ns
MDQS postamble tDDKHME 0.4 x tyck 0.6 X tyck ns
Note:
1.

wn

The symbols used for timing specifications follow the pattern of t(srst two letters of functional block)(signal)(state) (reference)(state) O
inputs and trst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. Output hold time can be read as DDR timing (DD)
from the rising or falling edge of the reference clock (KH or KL) until the output went invalid (AX or DX). For example, tppkHas
symbolizes DDR timing (DD) for the time ty,cx memory clock reference (K) goes from the high (H) state until outputs (A) are
setup (S) or output valid time. Also, tppk px Symbolizes DDR timing (DD) for the time tyy,cx memory clock reference (K) goes
low (L) until data outputs (D) are invalid (X) or data output hold time.

All MCK/MCK referenced measurements are made from the crossing of the two signals.

ADDR/CMD includes all DDR SDRAM output signals except MCK/MCK, MCS, and MDQ/MECC/MDM/MDQS.

Note that tppkymn follows the symbol conventions described in note 1. For example, tppkymn describes the DDR timing (DD)
from the rising edge of the MCK[n] clock (KH) until the MDQS signal is valid (MH). tppknmn Can be modified through control
of the MDQS override bits (called WR_DATA_DELAY) in the TIMING_CFG_2 register. This will typically be set to the same
delay as in DDR_SDRAM_CLK_CNTL[CLK_ADJUST]. The timing parameters listed in the table assume that these 2
parameters have been set to the same adjustment value. See the P1022 QorlQ Integrated Processor Reference Manual for a
description and understanding of the timing modifications enabled by use of these bits.

Determined by maximum possible skew between a data strobe (MDQS) and any corresponding bit of data (MDQ), ECC
(MECC), or data mask (MDM). The data strobe should be centered inside of the data eye at the pins of the microprocessor.
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NOTE

For the ADDR/CMD setup and hold specifications in Table 21, it is assumed that the clock
control register is set to adjust the memory clocks by 1/2 applied cycle.

This figure shows the DDR2 and DDR3 SDRAM Interface output timing for the MCK to MDQS skew measurement
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Figure 9. Timing Diagram for tppkHmH

This figure shows the DDR2 and DDR3 SDRAM output timing diagram.
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Figure 10. DDR2 and DDR3 SDRAM Output Timing Diagram
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This figure provides the AC test load for the DDR2 and DDR3 Controller bus.

&mm_{) Zo=500Q () {Y&E GVpp/2
il 1

Figure 11. DDR2 and DDR3 Controller bus AC Test Load

2.8.5 DDR2 and DDR3 SDRAM Differential Timing Specifications

This section describes the DC and AC differential electrical specifications for the DDR2 and DDR3SDRAM controller interface
of the device.

Figure 12. DDR2 and DDR3 SDRAM Differential Timing Specifications

NOTE

VTR specifies the true input signal (such as MCK or MDQS) and VCP is the
complementary input signal (such as MCK or MDQS).

This table provides the differential specifications for P1013 differential signals MDQS/MDQS and MCK/MCK in DDR2 mode.
Table 22. DDR2 SDRAM Differential Electrical Characteristics

Parameter/Condition Symbol Min Max Unit Note
Input AC Differential Cross-point Voltage Vixac 0.5 x GVpp —0.175 0.5 x GVpp +0.175 \ 1
Output AC Differential Cross-point Voltage Voxac 0.5 x GVpp —0.125 0.5 x GVpp — 0.125 \Y 1

Note:
1. 1/O drivers are calibrated before making measurements.

This table provides the differential specifications for the differential signals MDQS/MDQS and MCK/MCK in DDR3 mode.
Table 23. DDR3 SDRAM Differential Electrical Characteristics

Parameter/Condition Symbol Min Max Unit Note
Input AC Differential Cross-point Voltage Vixac | 0.5x GVpp—0.150 | 0.5 x GVpp + 0.150 \Y 1
Output AC Differential Cross-point Voltage Voxac | 0.5x GVpp—0.115 | 0.5 x GVpp —0.115 \Y 1
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Table 23. DDR3 SDRAM Differential Electrical Characteristics (continued)

Parameter/Condition Symbol Min Max Unit Note
Note:
1. 1/O drivers are calibrated before making measurements.
2.9 eSPI
This section describes the DC and AC electrical specifications for the eSPI of the device.
2.9.1 eSPI DC Electrical Characteristics
This table provides the DC electrical characteristics for the eSPI interface operating at 3.3 V.
Table 24. eSPI DC Electrical Characteristics (3.3 V)
Characteristic Symbol Condition Min Max Unit Note
Input high voltage Vi — 2.0 — \% 1
Input low voltage Vi — — 0.8 \ 1
Input current N ViN=0VorV,y=BVpp - +40 pA 2
Output high voltage VoH lon =—2.0 mA 2.4 — \% —
Output low voltage VoL loL =2.0 mA — 0.4 \Y —
Note:
1. The min V,_and max V| values are based on the respective min and max BVpp values found in Table 2.
2. The symbol V|, represents BVpp referenced in Table 2.
This table provides the DC electrical characteristics for the eSPI interface operating at 2.5 V.
Table 25. eSPI DC Electrical Characteristics (2.5 V)
Characteristic Symbol Condition Min Max Unit Note
Input high voltage ViH — 1.7 — \% 1
Input low voltage VL — — 0.7 \Y 1
Input current Iin ViN=0VorVy=BVpp - +40 pA 2
Output high voltage VoH lop=-1.0 mA 2.0 — \Y —
Output low voltage VoL lo. =1.0 mA — 0.4 \Y —

Note:

1. The min V|_and max V4 values are based on the respective min and max BVpp values found in Table 2.
2. The symbol V|, represents BVpp referenced in Table 2.

This table provides the DC electrical characteristics for the eSPI interface operating at 1.8 V.
Table 26. eSPI DC Electrical Characteristics (1.8 V)

Characteristic Symbol Condition Min Max Unit Note
Input high voltage Vi — 1.25 — \% 1
Input low voltage i — — 0.6 \% 1
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Table 26. eSPI DC Electrical Characteristics (1.8 V) (continued)

Characteristic Symbol Condition Min Max Unit Note
Input current N ViN=0VorV,y=BVpp - +40 RA 2
Output high voltage VoH loy=-0.5mA 1.35 — \Y —
Output low voltage VoL oL =0.5mA — 0.4 \ —

Note:

1. The min V,_and max V| values are based on the respective min and max BVpp values found in Table 2.
2. The symbol V|, represents BVpp referenced in Table 2.

2.9.2 eSPI AC Timing Specifications

This table and provide the eSPI input and output AC timing specifications.
Table 27. eSPI AC Timing Specifications?®

Characteristic Symbol 2 Min Max Unit Note
SPI_MOSI output—Master data (internal clock) hold time tNIKHOX 0.5+(tp ATFORM — ns 1,3
_CLK
*SPMODE[HO_
ADJ])
SPI_MOSI output—Master data (internal clock) delay INIKHOV — 5.5+(tp ATFORM_ ns 1,3
CLK
*SPMODE[HO_
ADJ])
SPI_CS outputs—Master data (internal clock) hold time tNIKHOX2 0 — ns 1
SPI_CS outputs—Master data (internal clock) delay tNIKHOV2 — 5.5 ns 1
SPI inputs—Master data (internal clock) input setup time INIVKH 5 — ns —
SPI inputs—Master data (internal clock) input hold time tNIIXKH 0 — ns —

Note:

1. Output specifications are measured from the 50% level of the rising edge of CLKIN to the 50% level of the signal. Timings are
measured at the pin.

2. The symbols used for timing specifications follow the pattern of tfist wo letters of functional block)(signal)(state) (reference)(state) fOr inputs
and tirst two letters of functional block)(reference) (state)(signal)(state) fOr outputs. For example, ty oy Symbolizes the NMSI outputs internal
timing (NI) for the time tgp; memory clock reference (K) goes from the high state (H) until outputs (O) are valid (V).

3. See P1022 QorlQ Integrated Processor Reference Manual for detail about the register SPMODE.

This figure provides the AC test load for the eSPI.
Output 4€> Z5=50Q ()—\/V\/\—BVDD/Z
R, =50Q

Figure 13. eSPI AC Test Load
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This figure represents the AC timing from Table 27 in master mode (internal clock). (It apply when SPMODEX[CIx] = 0,
SPMODEX[CPx] = 0.) Note that the clock edge is selectable on SPI.

- — N — .
SPICLK?! (output)
L — — 1
I > ! I
! - ! tNIIXKH !
Input Signals: ' , NIVKH | :
SPIMISOY - ----i-----momeee e AEEEEEE U R et oo
|
: | : _): INIKHOX |
_ | '<«— tNiKHOV I o< I
Output Signals: | ! " ! I
SPIMOSI? - - - - - - oo R | D s -
: | | | |
| | | | |
|t ! ! tNIKHOX2 !
_ 1 INIKHOV2 ! [ 3 |
Output Signals: | ! : " I
SPI_cs[o:3] : | S Lo
|
| | | |
| | | |
| | | |
Note: ! ! ! |
1. SPICLK appears on the interface only after CS assertion.
Figure 14. SPI AC Timing in Master Mode (Internal Clock) Diagram
2.10 DUART
This section describes the DC and AC electrical specifications for the DUART interface of the device.
2.10.1 DUART DC Electrical Characteristics
This table provides the DC electrical characteristics for the DUART interface.
Table 28. DUART DC Electrical Characteristics
Parameter Symbol Min Max Unit Note
High-level input voltage \m 2 — \% 1
Low-level input voltage VL — 0.8 \Y, 1
Input current (OV, =0V or OV,y = OVpp) N — +40 pA 2
High-level output voltage (OVpp = min, gy = -2 mA) VoH 24 — \Y —
Low-level output voltage (OVpp = min, I, =2 mA) VoL — 0.4 \Y, —

Note:

1. The min V, .and max V|4 values are based on the min and max OV respective values found in Table 3.
2. The symbol V,y, in this case, represents the OV,\ symbol referenced in Table 3.
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2.10.2

DUART AC Electrical Specifications
This table provides the AC timing parameters for the DUART interface.

Table 29. DUART AC Timing Specifications

Electrical Characteristics

Parameter Value Unit Note
Minimum baud rate fccp/1,048,576 baud 1
Maximum baud rate fccp/16 baud 1,2
Oversample rate 16 — 3

Note:
1. fccp refers to the internal platform clock.

2. Actual attainable baud rate will be limited by the latency of interrupt processing.
3. The middle of a start bit is detected as the 8 sampled 0 after the 1-to-0 transition of the start bit. Subsequent bit values are

sampled each 16M sample.

2.11 Ethernet: Enhanced Three-Speed Ethernet (eTSEC),

MII Management

This section provides the AC and DC electrical characteristics for enhanced three-speed Ethernet controller and the MII

management interface.

2111

RMII/RGMII DC Electrical Characteristics

All RMII/RGMII drivers and receivers comply with the DC parametric attributes specified in Table 30 and Table 31.
Table 30. RMII DC Electrical Characteristics @ LVpp =3.3V

Parameter Symbol Min Max Unit Note
Supply voltage, 3.3 V LVpp 3.13 3.47 \% —
Output high voltage (LVpp = min, Igy = —4.0 mA) Von 21 LVpp + 0.3 —
Output low voltage (LVpp = min, Ig; = 4.0 mA) VoL GND 0.50 \Y —
Input high voltage RMII ViH 2.0 — \% —
Input low voltage Vi — 0.90 \Y —
Input high current (V,y = LVpp) A — 40 pA 1
Input low current (V,y = GND) I —-600 — pA 1
Note:
1. The symbol V,y, in this case, represents the LV symbols referenced iin Table 2 and Table 3.

Table 31. RMII/RGMII DC Electrical Characteristics @ LVpp = 2.5V

Parameters Symbol Min Max Unit Note
Supply voltage, 2.5 V LVpp 2.37 2.63 \% 1
Output high voltage (LVpp = min, loy = —1.0 mA) Vo 2.00 LVpp + 0.3 \Y, —
Output low voltage (LVpp_= min, Ig. = 1.0 mA) VoL GND -0.3 0.40 \Y —
Input high voltage V4 1.70 — \% —
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Table 31. RMII/RGMII DC Electrical Characteristics (continued)@ LVpp =25V

Parameters Symbol Min Max Unit Note
Input low voltage Vi — 0.70 \ —
Input high current (V,y = LVpp) hH — 10 pA —
Input low current (V,y = GND) m -15 — pA 1

Note:
1. The symbol Vy, in this case, represents the LVy symbols referenced in Table 2 and Table 3.

2.11.2 RMII/RGMII AC Timing Specifications

This section describes the RMII transmit and receive AC timing specifications and then the RGMII AC timing specifications

2.11.2.1 RMIl Transmit AC Timing Specifications

The RMII transmit AC timing specifications are in this table.
Table 32. RMIl Transmit AC Timing Specifications

For recommended operating conditions, ses Table 3.

Parameter/Condition Symbol Min Typ Max Unit
TSECn_TX_CLK clock period tRMT — 20.0 — ns
TSECn_TX_CLK duty cycle tRMTH 35 — 65 %
TSECn_TX_CLK peak-to-peak jitter trmTI — — 250 ps
Rise time TSECn_TX_CLK (20%-80%) tRMTR 1.0 — 5.0 ns
Fall ime TSECn_TX_CLK (80%-20%) teMTE 1.0 — 5.0 ns
TSECn_TX_CLK to RMII data TXD[1:0], TX_EN delay tRMTDX 2.0 — 10.0 ns

This figure shows the RMII transmit AC timing diagram.

< tRmT > tRMTR —>
TSECn_TX_CLK
<—IRMTH tRMTF
TXD[1:0]
TX_EN ><
TX_ER
—>| trRMTDX

Figure 15. RMII Transmit AC Timing Diagram
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2.11.2.2 RMIl Receive AC Timing Specifications

This table lists the RMII receive AC timing specifications. In RMII mode the reference clock should be fed to
TSECn_TX_CLK. The reference clock is used for both transmit and receive.

Table 33. RMII Receive AC Timing Specifications

Electrical Characteristics

Parameter/Condition Symbol Min Typ Max Unit
TSECn_TX_CLK clock period tRMR — 20.0 — ns
TSECn_TX_CLK duty cycle tRMRH 35 — 65 %
TSECn_TX_CLK peak-to-peak jitter tRMRJ — — 250 ps
Rise time TSECn_TX_CLK (20%—-80%) tRMRR 1.0 — 5.0 ns
Fall time TSECn_TX_CLK (80%—20%) tRMRE 1.0 — 5.0 ns
RXD[1:0], CRS_DV, RX_ER setup time to TSECn_TX_CLK rising edge | trmrDV 4.0 — — ns
RXD[1:0], CRS_DV, RX_ER hold time to TSECn_TX_CLK rising edge tRMRDX 2.0 — — ns
This figure provides the AC test load for eTSEC.
Output %) Z,=500Q <\ AN LVpp/2
} R_ =500
Figure 16. eTSEC AC Test Load
This figure shows the RMII receive AC timing diagram.
<« tRMR———>
TSECn_TX_CLK
< RMRH
RXD[1:0]
CRS_DV Valid Data
RX_ER
tRMRDV <
—> tRMRDX
Figure 17. RMII Receive AC Timing Diagram
2.11.2.3 RGMII AC Timing Specifications
This table presents the RGMII AC timing specifications.
Table 34. RGMII AC Timing Specification
Parameter/Condition Symbol1 Min Typ Max Unit Note
Data to clock output skew (at transmitter) tSkRGT_TX -500 0 500 ps 5
Data to clock input skew (at receiver) tSKRGT _RX 1.0 — 2.8 ns 2
Clock period duration trRaT 7.2 8.0 8.8 ns 3
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Table 34. RGMII AC Timing Specification (continued)

Parameter/Condition Symbol* Min Typ Max Unit Note
Duty cycle for 10BASE-T and 100BASE-TX treTHtRGT 40 50 60 % 3,4
Duty cycle for Gigabit treTH/tRGT 45 50 55 % —
Rise time (20%—80%) trReTR — — 0.75 ns —
Fall time (20%-80%) treTE — — 0.75 ns —

Note:

1. In general, the clock reference symbol representation for this section is based on the symbols RGT to represent RGMII timing. For

example, the subscript of tggT represents the receive (RX) clock. Note also that the notation for rise (R) and fall (F) times follows

the clock symbol that is being represented. For symbols representing skews, the subscript is skew (SK) followed by the clock that

is being skewed (RGT).

This implies that PC board design will require clocks to be routed such that an additional trace delay of greater than 1.5 ns will be

added to the associated clock signal. Many PHY vendors already incorporate the necessary delay inside their chip. If so, additional

PCB delay is probably not needed.

For 10 and 100 Mbps, tggT Scales to 400 ns + 40 ns and 40 ns * 4 ns, respectively.

4. Duty cycle may be stretched/shrunk during speed changes or while transitioning to a received packet's clock domains as long as
the minimum duty cycle is not violated and stretching occurs for no more than three tggt of the lowest speed transitioned between.

5. The frequency of RX_CLK should not exceed the frequency of GTX_CLK125 by more than 300 ppm.

n

w

This figure shows the RGMII AC timing and multiplexing diagrams.

<— (RGT
tRGTH —] <—
GTX_CLK /] \
(At MAC, output) \
ISKkRGT TX —>| [«— — ¥ |4 —tsKraT TX
TXD[8:5][3:0] \/TXD[8:5]
TXD[7:4][3:0] TXD[3:0] \1Xp[7:4
(At MAC, output)
TXD[4] TXDp]>< >< < < ><
TX CTL ><
(At MAC, dutput) TXEN /\TXERR :
PHY equivalent to tskraT_rx —p PHY equivalent to tskraT RX
TX_CLK

(At PHY, input)

tRGTH _4| <
RX_CLK / \
(At PHY, output)
RXD[8:5][3:0] ~\/RXD[8:5
RXD[7:4][3:0] ><RXD[3-0] RXD[7:4 >< < \ ><
(At PHY, output) PHY equivalent 0 tskreT TX 3| l— —p| |¢—— PHY equivalent to tsxrar Tx
RXDI[4] Rxop]>< >< < < ><
RX_CTL ><
(At PHY, output) RXDV RXERR

ISKRGT_RX

tSKRGT RX —p

RX_CLK
(At MAC, input)

Figure 18. RGMII AC Timing and Multiplexing Diagrams
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WARNING

Freescale guarantees timings generated from the MAC. Board designers must ensure
delays needed at the PHY or the MAC.

2.11.3 Mll Management DC Electrical Characteristics

The MDC and MDIO are defined to operate at a supply voltage of 3.3 V. The DC electrical characteristics for MDIO and MDC

are provided in this table.
Table 35. MIl Management DC Electrical Characteristics (LVpp= 3.3V)

Parameter Symbol Min Max Unit Note
Input high voltage ViH 2.0 — \% 1
Input low voltage VL — 0.90 \Y 1
Input high current (LVpp = Max, Viy = 2.1V) I — 40 pA 2
Input low current (LVpp = Max, V|y=0.5V) I -600 — pA —
Output high voltage (LVpp = Min, lgy =—1.0 mA) VoH 2.10 — \% —
Output low voltage (LVpp = Min, Ig, = 1.0 mA) VoL — 0.50 \Y —

Note:

1. The min V,_and max V4 values are based on the respective min and max LV values found in Table 3.

2. The symbol V, in this case, represents the LV,y symbol referenced in Table 2.

The MDC and MDIO are defined to operate at a supply voltage of 2.5 V. The DC electrical characteristics for MDIO and MDC

are provided in this table.
Table 36. MIl Management DC Electrical Characteristics (LVpp = 2.5V)

Parameters Symbol Min Max Unit Note
Input high voltage Vi 1.70 — \% 1
Input low voltage Vi — 0.70 \Y 1
Input high current (Viy = LVpp,) I — 10 uA 2
Input low current (V,y = GND) I -15 — pA —
Output high voltage (LVpp = Min, lgy = -1.0 mA) VoH 2.00 — \Y, —
Output low voltage (LVpp = Min, g = 1.0 mA) VoL — 0.40 \ —
Note:
1. The min V,_and max V,y values are based on the respective min and max LV, values found in Table 3.
2. The symbol Vy, in this case, represents the LV,y symbol referenced in Table 2.
2.11.4 MIl Management AC Electrical Specifications
This table provides the MIl management AC timing specifications.
Table 37. MIl Management AC Timing Specifications
At recommended operating conditions with LVpp is 3.3 V + 5%.
Parameter/Condition Symboll Min Typ Max Unit Note
MDC frequency fvbe — 25 — MHz 2
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Table 37. MIl Management AC Timing Specifications (continued)

At recommended operating conditions with LVpp is 3.3 V + 5%.

Parameter/Condition Symbolt Min Typ Max Unit Note
MDC period tvpe — 400 — ns —
MDC clock pulse width high tMDCH 32 — — ns —
MDC to MDIO delay {MDKHDX (16 x tyip i) — 3 — (16 x to ci) +3 ns 3,4
MDIO to MDC setup time t\MDDVKH 6 — — ns —
MDIO to MDC hold time tMDDXKH 0 — — ns —
MDC rise time tmMDCR — — 10 ns —
MDC fall time tMDHE — — 10 ns —
Note:

1. The symbols used for timing specifications follow the pattern of tist wo letters of functional black)(signal)(state)(reference)(state) fOr

inputs and tfirst two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, typkHpx Symbolizes

management data timing (MD) for the time ty;pc from clock reference (K) high (H) until data outputs (D) are invalid (X) or
data hold time. Also, ty;ppykH Symbolizes management data timing (MD) with respect to the time data input signals (D) reach
the valid state (V) relative to the tyypc clock reference (K) going to the high (H) state or setup time. For rise and fall times,
the latter convention is used with the appropriate letter: R (rise) or F (fall).
2. This parameter is dependent on the platform clock frequency (MIIMCFG [MgmtCIK] field determines the clock frequency of
the MgmtClk Clock EC_MDC).
3. This parameter is dependent on the platform clock frequency. The delay is equal to 16 platform clock periods +3 ns. For
example, with a platform clock of 333 MHz, the min/max delay is 48 ns + 3 ns. Similarly, if the platform clock is 400 MHz, the

min/max delay is 40 ns £ 3 ns).
4. toip_cik is the platform (CCB) clock.

This figure shows the MII management interface timing diagram.

tMDC —_— tMDCR
MDC
tmbcH tMbcF —>

Input) X | 777 N\

(Input)
tMDDVKH <
—> <— tvDDXKH
MDIO \
(Output) \
tMDKHDX —>

Figure 19. MIl Management Interface Timing Diagram
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2.11.5 eTSEC IEEE Std 1588™ Timing Specifications

Table 38 provides the IEEE 1588 AC timing specifications.
This figure shows the data and command output AC timing diagram.

l«——1t11588CLKOUT—— >
tT1588CLKOUTH
TSEC_1588_CLK_OUT éé %é %
< tris880V
TSEC_1588_PULSE_OUT ><
TSEC_1588 TRIG_OUT

Note: The output delay is counted starting at the rising edge if tr1585cLkouT IS NONinverting. Otherwise, it
is counted starting at the falling edge.

Figure 20. eTSEC IEEE 1588 Output AC Timing
This figure shows the data and command input AC timing diagram.

<— tr1588CLK —>

< > 1T1588CLKH

TSEC_1588_CLK _k [ _ﬁj

TSEC_1588_TRIG_IN

< tr1588TRIGH

Figure 21. eTSEC IEEE 1588 Input AC Timing

Y

2.11.5.1 eTSEC IEEE Std 1588 AC Electrical Characteristics
This table provides the IEEE 1588 AC timing specifications.
Table 38. eTSEC IEEE 1588 AC Timing Specifications

Parameter/Condition Symbol Min Typ Max Unit Note
TSEC_1588_CLK clock period tris88cLK 3.3 — Trx_cLk x 7 ns |1,2,3,4
TSEC_1588_CLK duty cycle trissscLiH 40 50 60 % —

tr1s88CLK
TSEC_1588_CLK peak-to-peak jitter tT1588CLKINI — — 250 ps —
Rise time eTSEC_1588_CLK (20%—80%) | tr1588CLKINR 1.0 — 2.0 ns —
Fall time eTSEC_1588_CLK (80%—20%) t11588CLKINE 1.0 — 2.0 ns —
TSEC_1588_CLK_OUT clock period tr1s88CLKOUT 2 x tr1588CLK — — ns —
TSEC_1588_CLK_OUT duty cycle trisescLkoTH/ 30 50 70 % —
trisgscLkouT
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Table 38. eTSEC IEEE 1588 AC Timing Specifications (continued)

Parameter/Condition Symbol Min Typ Max Unit Note
TSEC_1588_PULSE_OUT tr15880V 0.5 — 3.0 ns —

Note:

1. Trx_cLk is the maximum clock period of eTSEC receiving clock selected by TMR_CTRL[CKSEL]. See the P1022 QorlQ

Integrated Processor Reference Manual, for a description of TMR_CTRL registers.

2. It needs to be at least two times the clock period of the clock selected by TMR_CTRL[CKSEL]. See the P1022 QorlQ

Integrated Processor Reference Manual, for a description of TMR_CTRL registers.

3. The maximum value of tr1sggck is not only defined by the value of Trx ¢k, but also defined by the recovered clock. For
example, for 10/100/1000 Mbps modes, the maximum value of t11555¢c Kk Will be 2800, 280, and 56 ns, respectively.
4. Itneeds to be greater than half of the platform (CCB) clock period. This places a higher minimum value of the tt15ggc k When

operating at higher platform frequencies.

2.11.5.2

eTSEC IEEE Std 1588 DC Electrical Characteristics

This table shows eTSEC IEEE Std 1588 DC electrical characteristics when operating at LVpp = 3.3 V supply.
Table 39. eTSEC IEEE 1588 DC Electrical Characteristics (LVpp = 3.3 V)

For recommended operating conditions with LVpp = 3.3 V.

Parameter Symbol Min Max Unit Note
Input high voltage ViH 2.0 — \% 2
Input low voltage Vi — 0.9 \ 2
Input high current (LVpp = Max, V,y = 2.1 V) IH — 40 pA 1
Input low current (LVpp = Max, Vi =0.5V) m —600 — pA 1
Output high voltage (LVpp = Min, Igy = -1.0 mA) VoH 2.4 — \Y, —
Output low voltage (LVpp = Min, Ig; = 1.0 mA) VoL — 0.4 \Y,
Note:
1. Note that the symbol V,y, in this case, represents the LV symbol referenced in Table 2 and Table 3.
2. The min V,_and max V| values are based on the respective LV y values found in Table 3.
This table shows the IEEE 1588 DC electrical characteristics when operating at LVpp = 2.5 V supply.
Table 40. eTSEC IEEE 1588 DC Electrical Characteristics (LVpp =2.5V)
For recommended operating conditions with LVpp =2.5V
Parameter Symbol Min Max Unit Note
Input high voltage ViH 1.70 — \% —
Input low voltage Vi — 0.70 \Y, —
Input current (LV,;y =0V or LV|y = LVpp) hH — +40 pA 2
Output high voltage (LVpp = min, lgy = —1.0 mA) VoH 2.00 — \% —
Output low voltage (LVpp = min, Ig. = 1.0 mA) VoL — 0.40 \Y —

Note:

1. The min V, .and max V| values are based on the respective min and max LV,y values found in Table 3.
2. The symbol V|, in this case, represents the LV,y symbols referenced in Table 2 and Table 3.
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2.11.6 SGMIl Interface Electrical Characteristics

Each SGMII port features a 4-wire AC-Coupled serial link from the SerDes interface of the P1013, as shown in Figure 22,
where Cty is the external (on board) AC-Coupled capacitor. Each output pin of the SerDes transmitter differential pair features
50-Q output impedance. Each input of the SerDes receiver differential pair features 50-Q on-die termination to the ground. The
reference circuit of the SerDes transmitter and receiver is shown in Figure 50.

2.11.6.1 DC Requirements for SGMIl SDn_REF_CLK and SDn_REF_CLK

The characteristics and DC requirements of the separate SerDes reference clock are described in Section 2.21.3, “DC Level
Requirement for SerDes Reference Clocks.”

2.11.6.2 AC Requirements for SGMII SDn_REF_CLK and SDn_REF_CLK

Note that the SGMII clock requirements for SDn_REF_CLK and SDn_REF_CLK are intended to be used within the clocking
guidelines specified by Section 2.21.3.1, “AC Requirements for SerDes Reference Clocks.”

2.11.6.3 SGMIl Transmitter Electrical Characteristics

This section contains the following subsections:
e Section 2.11.6.3.1, “SGMII Transmit DC Timing Specifications”
e Section 2.11.6.3.2, “SGMII Transmit AC Timing Specifications”

2.11.6.3.1 SGMII Transmit DC Timing Specifications

Table 41 and Table 43 describe the SGMII SerDes transmitter and receiver AC-Coupled DC electrical characteristics.
Transmitter DC characteristics are measured at the transmitter outputs (SDn_TX[n] and SDn_TX[n]) as shown in Figure 23.

Table 41. SGMII DC Transmitter Electrical Characteristics

Parameter Symbol Min Typ Max Unit Note
Output high voltage VoH — — XVpp-Typ/2 + mV 1
[Vopl-max/2
Output low voltage VoL XVpp-Typ/2 - — — mV 1
|VOD|'maX/2
320 500 725 Equalization setting: 1.0x.
294 459 665 Equalization setting: 1.09x
267 417 604 Equalization setting: 1.2x
241 376 545 Equalization setting: 1.33x
213 333 483 Equalization setting: 1.5x
Output differential voltage® 34| Vool 187 292 424 myv | Equalization setting: 1.71x
(XVpp-Typ at 1.0V) 160 250 362 Equalization setting: 2.0x
Output impedance Ro 40 50 60 Q —
(single-ended)
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Table 41. SGMII DC Transmitter Electrical Characteristics (continued)

Parameter

Symbol Min

Typ

Max

Unit Note

Note:
This does not align to DC-coupled SGMII.
IVobl = [Vspn_txn— VSBn_Txnl- [Vopl is also referred to as output differential peak voltage. Vrx.pirrp-p = 2*[Vopl.

The [Vop| value shown in the table assumes the following transmit equalization setting in the TXEQO, TXEQL1 (for SerDes lanes
0 and 1) or TXEQ2, TXEQS3 (for SerDes lanes 2 and 3) bit field of P1013SerDes 0,1control register:

e The LSB (bit [1:3]) of the above bit field is set based on the equalization setting shown in table.

The |Vgp| value shown in the Typ column is based on the condition of XVpp-Typ = 1.0V, no common mode offset variation,
SerDes transmitter is terminated with 100-Q differential load between SD_TX[n] andSD_TX[n].

1.
2.
3.

r—-——-------- - - |
[
5\5\)/\9 SD%_TX || (O SDn_RX
'l X
. | 50 Q .
Transmitter | Receiver
50 Q [ N
W—K I X !
SDn_TX TX  SDn_RX 50 O
P1013SGMII |
SerDes Interface
SDn_RX
- | CTX|| SDn_TX 50Q
—N | || AN
Receiver : Transmitter
[ ] 50 Q
50 Q < SDn_RX SDn_TX
[
L e e e e e e e A

P1013 SGMII
SerDes Interface

50 Q SDn_TXn

AN X

Transmitter

50 Q

AV X

SDn_TXn

Figure 23. SGMII Transmitter DC Measurement Circuit
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2.11.6.3.2

This table provides the SGMII transmit AC timing specifications. A source synchronous clock is not supported. The AC timing
specifications do not include RefCIk jitter.

SGMII Transmit AC Timing Specifications

Table 42. SGMII Transmit AC Timing Specifications
At recommended operating conditions with XVpp = 1.0 V * 5%.

Parameter Symbol Min Typ Max Unit Note
Deterministic Jitter JD — — 0.17 Ul p-p —
Total Jitter JT — — 0.35 Ul p-p 2
Unit Interval ul 799.92 800 800.08 ps 1
AC coupling capacitor Crx 5 100 200 nF 3

Note:

1. Each Ul is 800 ps + 100 ppm.
2. See Figure 25 for single frequency sinusoidal jitter limits.
3. The external AC coupling capacitor is required. It is recommended that it be placed near the device transmitter outputs.

2.11.6.4 SGMIlI AC Measurement Details

Transmitter and receiver AC characteristics are measured at the transmitter outputs (SD_TX[n] and SD_TX[n]) or at the
receiver inputs (SD_RX[n] and SD_RX[n]) as depicted in this figure, respectively.

O+ Packags Fm = e e e e
Pin

TX
Silizon

+ Package

1 I
! I
| I
! |
| |
| |
I 1
A !
D- Package _/i C=Cy - i
| |
I I
1 I
! I
| |
i I

Fin

Figure 24. SGMII AC Test/Measurement Load

2.11.7

Table 43 and Table 44 provide the SGMII receive DC and AC timing specifications. Source synchronous clocking is not
supported. Clock is recovered from the data.

SGMII Receiver Timing Specifications
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2.11.7.1 SGMII DC Receiver Timing Specification
This table lists the SGMII DC receiver electrical characteristics.

Table 43. SGMII DC Receiver Electrical Characteristics®

Parameter Symbol Min Typ Max Unit Note
DC Input voltage range — N/A — 1
Input differential voltage LSTS=0 | Vrx piFFp-p 100 — 1200 mVv 2,4
LSTS=1 175 —
Loss of signal threshold LSTS=0 VLOS 30 — 100 mV 3,4
LSTS=1 65 — 175
Receiver differential input impedance ZRX_DIFF 80 — 120 Q —

Note:

1. Input must be externally AC-coupled.

2. VRx_pIFFpp IS also referred to as peak-to-peak input differential voltage.

3. The concept of this parameter is equivalent to the Electrical Idle Detect Threshold parameter in PCI Express. Refer to
PCI Express Differential Receiver (RX) Input Specifications section for further explanation.

4. The LSTS shown in the table refers to the LSTSAB or LSTSEF bit field of P1013’'s SerDes Control Register.

5. The supply voltage is 1.0 V.

2.11.7.2 SGMII Receiver AC Timing Specification

This table provides the SGMII receiver AC timing specifications. The AC timing specifications do not include RefClIk jitter.
ource synchronous clocking is not supported. Clock is recovered from the data.

Table 44. SGMII Receive AC Timing Specifications
At recommended operating conditions with XVpp = 1.0 V * 5%.

Parameter Symbol Min Typ Max Unit Note
Deterministic Jitter Tolerance JD 0.37 — — Ul p-p 1,3
Combined Deterministic and Random Jitter Tolerance JDR 0.55 — — Ul p-p 1,3
Total Jitter Tolerance JT 0.65 — — Ul p-p 1,3
Bit Error Ratio BER — — 1012 — —
Unit Interval ul 799.92 800.00 800.08 ps 2

Note:

1. Measured at receiver.
2. Each Ul is 800 ps + 100 ppm.
3. Refer to RapidlO™ 1x/4x LP Serial Physical Layer Specification for interpretation of jitter specifications.
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The sinusoidal jitter in the total jitter tolerance may have any amplitude and frequency in the unshaded region of this figure.

8.5 Ul p-p

Sinusoidal
Jitter
Amplitude

0.10 Ul p-p

22.1 kHz Frequency 1.875 MHz 20 MHz

Figure 25. Single Frequency Sinusoidal Jitter Limits

212 USB

This section provides the AC and DC electrical specifications for the USB interfaces of the device.
This table provides the DC electrical characteristics for the ULPI interface when operating at 3.3 V.
Table 45. USB DC Electrical Characteristics (3.3 V)

For recommended operating conditions refer to Table 3.

Parameter Symbol Min Max Unit Note
Input high voltage ViH 2 — \% 1
Input low voltage Vi — 0.8 \Y 1
Input current (V;y =0V or V|y = OVpp) Iin — +40 pA 2
Output high voltage (LVpp = min, lgy = -2 mA) VoH 2.8 — \Y —
Output low voltage (LVpp = min, Ig. = 2 mA) VoL — 0.3 \Y —

Note:

1. The min V| and max V|4 values are based on the respective min and max LV, values found in Table 3.
2. The symbol LV, represents the input voltage of the supply, and is referenced in Table 3.
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This table provides the DC electrical characteristics for the ULPI interface when operating at 2.5 V.

Table 46. USB DC Electrical Characteristics (2.5 V)

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Note
Input high voltage \m 1.7 — \% 1
Input low voltage Vi — 0.7 \ 1
Input current (V=0 V or V| = LVpp) N — *+40 pA 2
Output high voltage (LVpp = min, loy = -1 mA) Vo 2.0 — \% —
Output low voltage (OVpp = min, Ig. = 1 mA) VoL — 0.4 \Y —

Note:

1. The min V, .and max V| values are based on the respective min and max LV, values found in Table 3.
2. The symbol LV represents the input voltage of the supply, and is referenced in Table 3.

2.12.1 USB AC Electrical Specifications

This table describes the general timing parameters of the USB interface of the device.

Table 47. USB General Timing Parameters

Parameter Symbol Min Max Unit Note

USB clock cycle time tusck 15 — ns 2,3,4,5
Input setup to USB clock—all inputs tusIVKH 4 — ns 2,3,4,5
input hold to USB clock—all inputs tUSIXKH 1 — ns 2,3,4,5
USB clock to output valid— all outputs tuskHoOV — 7 ns 2,3,4,5
Output hold from USB clock—all outputs tuskHOX 2 — ns 2,3,4,5
Note:

1.

The symbols for timing specifications follow the pattern of tFirst two letters of functional block)(signal)(state) (reference)(state) for inputs and
t(First two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tysxkn symbolizes USB timing (US) for the
input (I) to go invalid (X) with respect to the time the USB clock reference (K) goes high (H). Also, tysknox Symbolizes USB
timing (US) for the USB clock reference (K) to go high (H) with respect to the output (O) going invalid (X) or output hold time.
All timings are in reference to USB clock.

All signals are measured from LVpp/2 of the rising edge of the USB clock to 0.4 x LVpp of the signal in question for 3.3 V
signaling levels.

Input timings are measured at the pin.

For active/float timing measurements, the Hi-Z or off state is defined to be when the total current delivered through the
component pin is less than or equal to that of the leakage current specification.

When switching the data pins from outputs to inputs using the USBn_DIR pin, the output timings will be violated on that cycle
because the output buffers are tristated asynchronously. This should not be a problem, because the PHY should not be
functionally looking at these signals on that cycle as per ULPI specifications.

The following two figures provide the AC test load and signals for the USB.

Output —é) Zp=500 <>_\/\/\/;OVDD/2
R.=500

Figure 26. USB AC Test Load
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Electrical Characteristics

Input Signals

|
< tuskHov

|
tyskHoX ——>

—> < tysixkH

Output Signals: | - - - - - - ..

Figure 27. USB Signals

This table provides the USB clock input (USB_CLK_IN) AC timing specifications.

Table 48. USB_CLK_IN AC Timing Specifications

Parameter Condition Symbol Min Typ Max | Unit
Frequency range Steady state fuse_cLk_in| 59.97 60 60.03 | MHz
Clock frequency tolerance |— tcik_ToL | —0.05 0 0.05 %
Reference clock duty cycle |Measured at 1.6 V tcik_puTy 40 50 60 %
Total input jitter/time Peak-to-peak value measured with a second-order, tcik pa — — 200 ps
interval error high-pass filter of 500 kHz bandwidth
2.13 Enhanced Local Bus Interface
This section describes the DC and AC electrical specifications for the eLBC interface of the device.

2.13.1 Enhanced Local Bus DC Electrical Specifications

This table provides the DC electrical characteristics for the eLBC interface operating at BVpp = 3.3V DC.

Table 49. Enhanced Local Bus DC Electrical Specifications (3.3 V DC)
Parameter Symbol Min Max Unit
High-level input voltage ViH 2 — \%
Low-level input voltage Vi — 0.8 \Y
Input current (V,y =0V or Vi = BVpp, N — +40 pA
High-level output voltage VoH 2.4 — \%
(BVpp = min, loy = —2 mA)
P1013 QorlQ Integrated Processor Hardware Specifications, Rev. 0
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Table 49. Enhanced Local Bus DC Electrical Specifications (3.3 V DC) (continued)

Parameter Symbol Min Max Unit

Low-level output voltage VoL — 0.4 \Y
(BVDD = min, loL = 2mA)

This table provides the DC electrical characteristics for the eLBC interface operating at BVpp = 2.5V DC.
Table 50. Enhanced Local Bus DC Electrical Specifications (2.5 V DC)

Parameter Symbol Min Max Unit
High-level input voltage ViH 1.7 — \%
Low-level input voltage Vi — 0.7 \
Input current (V;y =0V or V|y = BVpp, N — +40 pA
High-level output voltage VoH 2.0 — \%
(BVDD = min, IOH =-1 mA)
Low-level output voltage VoL — 0.4 \%
(BVDD = min, IOL =1 mA)

This table provides the DC electrical characteristics for the eLBC interface operating at BVpp = 1.8 V DC.
Table 51. Enhanced Local Bus DC Electrical Specifications (1.8 V DC)

Parameter Symbol Min Max Unit
High-level input voltage Vi 1.25 — \%
Low-level input voltage VL — 0.6 \Y
Input current (V;y =0V or V| = BVpp, N — +40 pA
High-level output voltage VoH 1.35 — \%

(BVDD = min, IOH =-05 mA)

Low-level output voltage VoL — 0.4 \Y
(BVDD = min, IOL =05 mA)

2.13.2 Enhanced Local Bus AC Electrical Specifications

2.13.3 Test Condition

This figure provides the AC test load for the enhanced local bus.
Output —é) Zp=500 (WBVDD/Z
R, =50 Q

Figure 28. Enhanced Local Bus AC Test Load
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2.13.4 Local Bus AC Electrical Specification

All the output signal timings are relative to the falling edge of any LCLKSs for PLL bypass mode. The external circuit must use
the rising edge of the LCLKSs to latch the data.

All the input timings except LGTA/LUPWAIT/LFRB are relative to the rising edge of LCLKs. LGTA/LUPWAIT/LFRB are
relative to the falling edge of LCLKs.

This table describes the timing parameters of the local bus interface.
Table 52. Enhanced Local Bus Timing Parameters (BVpp = 3.3V, 2.5V and 1.8V)

Parameter Symbol Min Max Unit Note
Local bus cycle time t K 12 — ns —
Local bus duty cycle t BKkHALBK 45 55 % —
LCLK[n] skew to LCLK[m] {L BKSKEW — 150 ps 2
Input setup tLBIVKH 6 — ns —

(except LGTA/LUPWAIT/LFRB)

Input hold tLB|XKH 1 — ns —_—
(except LGTA/LUPWAIT/LFRB)

Input setup L BIVKL 6 — ns —
(for LGTA/LUPWAIT/LFRB)

Input hold tLBlXKL 1 — ns —_—
(for LGTA/LUPWAIT/LFRB)

Output delay t BKLOV — 15 ns —
(Except LALE)

OUtpUt hold tLBKLOX -3.5 — ns 5
(Except LALE)

Local bus clock to output high impedance for tLBKLOZ — 2 ns 3
LAD/LDP

LALE output negation to LAD/LDP output t BoNnOT 1/2 1 eLBC controller 4
transition (LATCH hold time) (LBCR[AHD]=1) |(LBCR[AHD] = 0) clock

Note:

1. All signals are measured from BVpp/2 of rising/falling edge of LCLK to BVpp/2 of the signal in question

2. Skew measured between complementary signals at BVpp/2.

3. For purposes of active/float timing measurements, the Hi-Z or off state is defined to be when the total current delivered through
the component pin is less than or equal to the leakage current specification.

4. t gonoT IS @ measurement of the minimum time between the negation of LALE and any change in LAD. t; gonoT IS determined
by LBCR[AHD]. The unitis the eLBC controller clock. The ratio between the platform clock and eLBC controller clock is 1:1. After
power on reset, LBCR[AHD] defaults to 0, eLBC runs at maximum hold time.

5. Output hold is negative. This means that output transition happens earlier than the falling edge of LCLK.
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This figure shows the AC timing diagram.

LCLK[m]

! ! —> WBIXKH ! !

: | WBivkH < : |

Input Signals | I [ I

(Except LGTA/LUPWAIT/LFRB)

|
|
|
|
Input Signal __ _ _ __ R K
(LGTA/LUPWAIT/LFRB) |
|
|
| .
i t gkLOV
| |
[ >
Output Signals | I
(Except LALE) 1' ____________ 1' ____________
LAD
(addressphase). - - - - - .. ______ < _____

LALE

LAD/LDP
(data phase). - - - - - .

Figure 29. Enhanced Local Bus Signals
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Figure 29 AC timing diagram applies to all three controllers that eLBC supports: GPCM, UPM and FCM. For input signals, the
AC timings data are used directly for all three controllers.

For output signals, each type of controller provides its own unique method to control the timing of the signals.The final signal
delay value for output signals will be the programmed delay plus the AC timing delay. For example, for GPCM, LCS can be

programmed to delay by t, (0, 1/4, 1/2, 1, 1+1/4, 1+1/2, 2, 3 cycles), so the final delay will be t,. + t gk oV

This figure shows how the AC timing diagram applies to GPCM in PLL bypass mode. Same principle applies to UPM and FCM.

—>

LAD[0:31]

LCS_B

I<address :

tadar :4—:

read data

‘<« gonoT

—> lagdr <—

I,\address .'\ :

write data

tarcstiiBkHov

' <t gonoT

 tacettLBKHOV

L BKHOX
—> | '

v t‘ tawcsttLBKHOV

tI‘C

LGPL2/LOE_B
»I
: e

LWE_B

toen

—>>

> \L« tawettLBKHOV |

'
|
'
'
'

—

read

> | <
> <<

Figure 30. GPCM Timing Diagram

1 tagadr iS programmable and determined by LCRR[EADC] and ORX[EAD].
2 tares tawes: tacer trer toen: tawe: twe: twen are determined by ORXx. See the P1022 QorlQ Integrated Processor Reference Manual.

2.14 Enhanced Secure Digital Host Controller (eSDHC)

This section describes the DC and AC electrical specifications for the eSDHC (SDIO) interface of the device.

2.14.1 eSDHC DC Electrical Characteristics

This table provides the DC electrical characteristics for the eSDHC interface of the device.
Table 53. eSDHC interface DC Electrical Characteristics

Characteristic Symbol Condition Min Max Unit Note
Input high voltage Viy — 0.625 x OVpp — \Y 1
Input low voltage VL — — 0.25 x OVpp \Y, 1
Input/Output leakage current Iinloz — -50 50 UuA —
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Table 53. eSDHC interface DC Electrical Characteristics (continued)

Characteristic Symbol Condition Min Max Unit Note
Output high voltage VoH lon = -100 UA 0.75 x OVpp — \ —
@OVppmin
Output low voltage VoL loL = 100uA — 0.125 x OVpp \Y —
@OVppmin
Output high voltage VoH lop =—100 uA OVpp—0.2 — \Y, 2
Output low voltage VoL loL=2mA — 0.3 \Y, 2

Note:

1. Note that the min V| and max V4 values are based on the respective min and max OV values found in Figure 3.
2. Open drain mode for MMC cards only.

2.14.2 eSDHC AC Timing Specifications
This table provides the eSDHC AC timing specifications as defined in Figure 31 and Figure 32.

Table 54. eSDHC AC Timing Specifications

Parameter Symbol1 Min Max Unit Note
SD_CLK clock frequency: fsHsck MHz 2,4
SD/SDIO Full speed/high speed mode 0 25/50
MMC Full speed/high speed mode 20/52
SD_CLK clock low time - High speed/Full speed mode tsHsCKL 7/10 — ns 4
SD_CLK clock high time - High speed/Full speed mode tsHsCKH 7/10 — ns 4
SD_CLK clock rise and fall times tsHSCKR/ — 3 ns 4
lsHsCKF
Input setup time: SD_CMD, SD_DATx, SD_CD to SD_CLK tSHSIVKH 5 — ns 4
Input hold time: SD_CMD, SD_DATX, SD_CD to SD_CLK tSHSIXKH 25 — ns 3,4
Output delay time: SD_CLK to SD_CMD, SD_DATXx valid tsSHSKHOV -3 3 ns 4
Note:
1.

2.

3.
4.

The symbols used for timing specifications herein follow the pattern of ts; three letters of functional block)(signal)(state)
(reference)(state) fOT INPULS and tfirst three letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tryskHoy
symbolizes eSDHC high speed mode device timing (SHS) clock reference (K) going to the high (H) state, with respect to
the output (O) reaching the invalid state (X) or output hold time. Note that, in general, the clock reference symbol
representation is based on five letters representing the clock of a particular functional. For rise and fall times, the latter
convention is used with the appropriate letter: R (rise) or F (fall).

In full speed mode, clock frequency value can be 0 - 25 MHz for a SD/SDIO card and 0 - 20 MHz for a MMC card. In high
speed mode, clock frequency value can be 0 - 50 MHz for a SD/SDIO card and 0 - 52MHz for a MMC card.

To satisfy hold timing, the delay difference between clock input and cmd/data input must not exceed 2ns.

Ccarp <10 pF, (1 card), and C| = Cgys + Crost+CcarDp < 40 pF
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This figure provides the eSDHC clock input timing diagram.

eSDHC
External Clock
operational mode

tsHsckL

tSHSCKR tSHSCKF

VM = Midpoint Voltage (OVpp/2)
Figure 31. eSDHC Clock Input Timing Diagram

This figure provides the data and command input/output timing diagram.

VM
ST S — AL I U
External Clock Y—i

ISHSIVKH tSHSIXKH

<>
<>

SD_DAT/CMD > ><
Inputs

Y

SD_DAT/CMD
Outputs >

< >,
>

tsHskHOV

VM = Midpoint Voltage (OVpp/2)
Figure 32. eSDHC Data and Command Input/Output Timing Diagram Referenced to Clock

2.15 Display Interface Unit

This section describes the DIU DC and AC electrical specifications.

2.15.1 DIU DC Electrical Characteristics

This table provides the DIU DC electrical characteristics.
Table 55. DIU DC Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage ViH 2 — \%
Low-level input voltage VL — 0.8 \Y,
Input current (Viy' =0V or Vy = BVpp, In — +40 uA
High-level output voltage (BVpp = min, lgy = —100 pA) VoH BVpp—0.2 — \
Low-level output voltage (BVpp = min, I = 100 pA) VoL — 0.2 \Y

Note:
1. The symbol Vy, in this case, represents the BV,y symbol referenced in Table 2 and Table 3.
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2.15.2

eristics

DIU AC Timing Specifications

This figure depicts the horizontal timing (timing of one line), including both the horizontal sync pulse and the data. All
parameters shown in the diagram are programmable. This timing diagram corresponds to positive polarity of the
DIU_CLK_OUT signal and active-high polarity of the DIU_HSYNC, DIU_VSYNC, and DIU_DE signals. By default, all
control signals and the display data are generated at the rising edge of the internal pixel clock, and the DIU_CLK_OUT output
to drive the panel has the same polarity with the internal pixel clock. User can select the polarity of the DIU_HSYNC and
DIU_VSYNC signal (via the SYN_POL register), whether active-high or active-low, the default is active-high. The DIU_DE
signal is always active-high.

P thsp =
- tpwH tgpH tsw trpH
Start of Line | ¢ > < > |<
RN
V> —trcp
r "
DIU_CLK_OuUT \_ r |
N 7
DIU_LD Invalid| Data 1X 2 X 3 X X XDELTA_XX  Invalid Data
~ =
DIU_HSYNC_| N N N
DIU_DE N N N

Figure 33. TFT DIU/LCD Interface Timing Diagram—Horizontal Sync Pulse

This figure depicts the vertical timing (timing of one frame), including both the vertical sync pulse and the data. All parameters
shown in the diagram are programmable.
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N I
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Figure 34. TFT DIU/LCD Interface Timing Diagram—Vertical Sync Pulse
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This table shows timing parameters of signals presented in Figure 33 and Figure 34.

Table 56. DIU Interface AC Timing Parameters—Pixel Level

Parameter Symbol Value Unit Note
Display pixel clock period tpcp 7.5 (minimum) ns 1
HSYNC width trwH PW_H x tpcp ns —
HSYNC back porch width tepH BP_H x tpcp ns —
HSYNC front porch width tEPH FP_H x tpcp ns —
Screen width tsw DELTA_X x tpcp ns —
HSYNC (line) period thsp (PW_H + BP_H + DELTA_X + FP_H) x tpcp ns —
VSYNC width towy  |PW_V x tygp ns —
VSYNC back porch width tepv BP_V x tysp ns —
VSYNC front porch width tepy FP_V x tysp ns —
Screen height tsH DELTA_Y x tygp ns —
VSYNC (frame) period tysp (PW_V + BP_V + DELTA_Y + FP_H) x tygp ns —

Note:

1. Display pixel clock frequency must also be less than or equal to 1/3 of the platform clock

The DELTA_X and DELTA_Y parameters are programmed via the DISP_SIZE register. The PW_H, BP_H, and FP_H
parameters are programmed via the HSYN_PARA register; and the PW_V, BP_V, and FP_V parameters are programmed via

the VSYN_PARA register.

This figure depicts the synchronous display interface timing for access level, and Table 57 lists the timing parameters.

DIU_HSYNC
DIU_VSYNC
DIU_DE
DIU_LD

DIU_CLK_OUT

tpiukHOV
<—IDIUKHOX

T R R

R R

i

Figure 35. LCD Interface Timing Diagram—Access Level

NOTE

The DIU_OUT_CLK edge and phase delay is selectable via the Global Utilities
CLKDVDR register.
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Table 57. LCD Interface Timing Parameters—Access Level

Parameter Symbol Min Typ Max Unit
LCD interface pixel clock high time tekH 0.35 x tpcp 0.5 x tpcp 0.65 x tpcp ns
LCD interface pixel clock low time tekL 0.35 x tpcp 0.5 x tpcp 0.65 x tpcp ns
LCD interface pixel clock to output valid tDjuKHOV — — 2 ns
LCD interface output hold from pixel clock tDIUKHOX tpcp — 2 — — ns

2.16 Synchronous Serial Interface (SSI)

This section describes the DC and AC electrical specifications for the SSI interface of the device.

2.16.1 SSI DC Electrical Characteristics

The following table provides SSI DC electrical characteristics.
Table 58. SSI DC Electrical Characteristics

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Note
High-level input voltage ViH 2 — \Y, 1
Low-level input voltage VL — 0.8 \% 1
Input current (OV,y = 0 V or OV = OVpp) Iin — +40 pA 2
High-level output voltage (OVpp = min, gy =—2 mA) VoH 2.4 — \% —
Low-level output voltage (OVpp = min, Ig, =2 mA) VoL — 0.4 \Y —

Note:
1. The min V| and max V4 values are based on the respective min and max OV values found in Table 3.
2. The symbol OV represents the input voltage of the supply. It is referenced in Table 3.

2.16.2 SSI AC Timing Specifications

All timings for the SSI are given:
»  for a noninverted serial clock polarity (STCR[TSCKP] = 0, SRCR[RSCKP] = 1) and
» for anoninverted frame sync (STCR[TFSI], SRCR[RFSI] = 1).

If the polarity of the clock and/or the frame sync have been inverted, all the timing remains valid by inverting the clock signal
STCK, SRCK and/or the frame sync STFS, SRFS shown in the following tables and figures. See the P1022 QorlQ Integrated
Processor Reference Manual for more information.

2.16.2.1 SSI Transmitter Timing

This table provides the transmitter timing parameters.
Table 59. SSI Transmitter Timing Parameters

Parameter Symbol Min Max Unit Note

STCK clock period tsg) 81.4 — ns —
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Table 59. SSI Transmitter Timing Parameters (continued)

Parameter Symbol Min Max Unit Note
STCK clock hlgh period tSSI_HlGH 36.0 — ns —
STCK clock rise time tssikH — 6.0 ns —
STCK clock low period tssi Low 36.0 — ns —
STCK clock fall time tssikL — 6.0 ns —
STCK hlgh to STFS valid tSS|FSKHOV — 12.0 ns 1
STFS hold time tSS”:SKHOX -3.0 -- ns 1
STCK high to STXD valid from high impedance tSSITXKHOV — 12.0 ns 1
STFS input setup time tsSIESIVKH 10.0 ns —
STFS input hold time tsSIESIXKH 15.0 ns —
Synchronous Clock Operation —
SRXD setup time tSSIRXIVKH 10.0 — ns —
SRXD hold time tSSIRXIXKH 2.0 — ns —
Note:
1. Output values are based on 25pF capacitive load.
This figure shows the SSI transmit signal timing.
. tss J
tssi_HIGH tssi_Low T
STCK < <
(Internal/External)
ISSITXKHOY tSSITXKHOX
STXD e mm el e o - - -< ——--
ISSIFSKHOV tSSIFSKHOX
STFS < >
(outputy — — T T T — —| |
¢ tSSIFSIXKH
SSIFSIVKY, Plg
IS L1 [ N
(input)
LSSIRXIXKH

SRXD

Note:

tsSIRXIVKH «

1) All timings shown are with respect to STCK
2) SRXD input shown for synchronous mode

Figure 36. SSI Transmitter Timing Diagram
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2.16.2.2 SSI Receiver Timing

This table provides the receiver timing parameters.

Table 60. SSI Receiver Timing Parameters

Parameter Symbol Min Max Unit Note
SRCK clock period tss 81.4 — ns —
SRCK clock high period tssi_HIGH 36.0 — ns —
SRCK clock rise time tssiKH — 6.0 ns —
SRCK clock low period tssi Low 36.0 — ns —
SRCK clock fall time tssikL — 6.0 ns —
SRCK high to SRFS valid tSSIFSKHOV — 12.0 ns 1
SRFS hold time tssIESKHOX -3.0 ns 1
SRXD setup time tsSIRXIVKH 10.0 — ns —
SRXD hold time tSSIRXIXKH 2.0 — ns —
SRFS input setup time tsSIESIVKH 10.0 — ns —
SRFS input hold time tsSIESIXKH 15.0 — ns —
Note:
1. Output values are based on 25pF capacitive load.
This figure shows the SSI receiver timing.
P tssi N
: tss|_HIGH tssi Low |

SRCK
(Internal/External)

(input)

SRFS
(output)

t —»
SSIFSIVK
SRFS ._____ i

tsSIFSIXKH

tssiFskHOV
<t“—>

]

LsSIFSKHEX
N

Note: All timings shown are with respect to SRCK

Figure 37. SSI Receiver Timing Diagram
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2.17 Programmable Interrupt Controller (PIC) Specifications

This section describes the DC and AC electrical specifications for PIC on the device.

2.17.1 PIC DC specifications

This table provides the DC electrical characteristics for the PIC interface.
Table 61. PIC DC Electrical Characteristics

Parameter Symbol Min Max Unit Note

High-level input voltage V4 2 — \% 1
Low-level input voltage Vi — 0.8 \ 1
Input current (OV,y =0 V or OV|y = OVpp/OVppy) N — +40 pA 2
High-level output voltage (OVpp/OVppy = min, loy = VoH 2.4 — \Y —
-2 mA)

Low-level output voltage (OVpp = min, lg. =2 mA) VoL — 0.4 \Y —
Note:

1. The min V, . and max V4 values are based on the min and max OV, respective values found in Table 2.
2. The symbol V|, in this case, represents the OV,\ symbol referenced in Table 3.

2.17.2 PIC AC Timing Specifications

This table provides the PIC input and output AC timing specifications.
Table 62. PIC Input AC Timing Specifications

Characteristic Symbol Min Max Unit Note

3 — SYSCLKs 1

PIC inputs—minimum pulse width tPiwiD

Note:
1. PIC inputs and outputs are asynchronous to any visible clock. IPIC outputs should be synchronized before use by any

external synchronous logic. IPIC inputs are required to be valid for at least tpyp NS to ensure proper operation when
working in edge triggered mode

2.18 12C

This section describes the DC and AC electrical characteristics for the 12C interfaces of the device.

2.18.1 12C DC Electrical Characteristics

This table provides the DC electrical characteristics for the 1°C interfaces.
Table 63. I°C DC Electrical Characteristics

Parameter Symbol Min Max Unit Note
High-level input voltage ViH 2 — \% 1
Low-level input voltage Vi — 0.8 \Y 1
Low-level output voltage (OVpp = min, lg; =2 mA) VoL 0 0.4 \Y, 2
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Table 63. I2C DC Electrical Characteristics (continued)

Pulse width of spikes which must be suppressed by the toKHKL 0 50 ns
input filter

Input current each 1/O pin (input voltage is between I -10 10 pA
0.1 x OVpp and 0.9 x OVpp(max)

Capacitance for each I/O pin C — 10 pF

Note:

1. Note that the min V, and max V| values are based on the min and max OV, respective values found in Table 2.

2. Output voltage (open drain or open collector) condition = 3 mA sink current.
3. See the P1022 QorlQ Integrated Processor Reference Manual for information on the digital filter used.
4. 1/O pins will obstruct the SDA and SCL lines if OVpp is switched off.

2.18.2 I1°C AC Electrical Specifications

This table provides the AC timing parameters for the 12C interfaces.

Table 64. 12C AC Electrical Specifications

At recommended operating conditions with OVpp of 3.3 V = 5%. All values refer to V|4 (min) and V|_(max) levels (see Table 63)

Parameter Symboll Min Max Unit
SCL clock frequency floc 0 400 kHz*
Low period of the SCL clock tiocL 13 — us
High period of the SCL clock tiocH 0.6 — us
Setup time for a repeated START condition t2sVKH 0.6 — us
Hold time (repeated) START condition (after this period, the first clock tiosxKL 0.6 — us
pulse is generated)
Data setup time t2DVKH 100 — ns
Data input hold time: fI2DXKL us
CBUS compatible masters — —
I°C bus devices 0? —
Data output delay time tovKL — 0.9° us
Setup time for STOP condition tiopVKH 0.6 — us
Bus free time between a STOP and START condition floKHDX 13 — us
Noise margin at the LOW level for each connected device (including VL 0.1 x OVpp — \%
hysteresis)
Noise margin at the HIGH level for each connected device (including VNH 0.2 x OVpp — \Y
hysteresis)
Capacitive load for each bus line Cb — 400 pF
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Table 64. 12C AC Electrical Specifications (continued)
At recommended operating conditions with OVpp of 3.3 V + 5%. All values refer to V| (min) and V,_(max) levels (see Table 63)

Parameter Symboll Min Max Unit

Note:

1. The symbols used for timing specifications herein follow the pattern tst o letters of functional block)(signal)(state)(reference)(state) for inputs
and Yirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tj,pykH Symbolizes I°C timing (12) with respect
to the time data input signals (D) reach the valid state (V) relative to the t),¢ clock reference (K) going to the high (H) state or setup
time. Also, tjogxk Symbolizes 1°C timing (12) for the time that the data with respect to the START condition (S) went invalid (X) relative
to the t;,c clock reference (K) going to the low (L) state or hold time. Also, t;opykH Symbolizes I2C timing (12) for the time that the data
with respect to the STOP condition (P) reaching the valid state (V) relative to the t;,c clock reference (K) going to the high (H) state
or setup time.

2. As atransmitter, the device provides a delay time of at least 300 ns for the SDA signal (referred to the V,ymin of the SCL signal) to
bridge the undefined region of the falling edge of SCL to avoid unintended generation of START or STOP condition. When the device
acts as the 1°C bus master while transmitting, the device drives both SCL and SDA. As long as the load on SCL and SDA are
balanced, the device would not cause unintended generation of START or STOP condition. Therefore, the 300 ns SDA output delay
time is not a concern. If, under some rare condition, the 300 ns SDA output delay time is required for the device as transmitter,
application note AN2919 referred to in note 4 below is recommended.

3. The maximum t,oyk has only to be met if the device does not stretch the LOW period (t)»¢ ) of the SCL signal.

4. The requirements for 1’c frequency calculation must be followed. Refer to Freescale application note AN2919, Determining the 1’c
Frequency Divider Ratio for SCL.

This figure provides the AC test load for the 12C.

Output 4<> Zy=500Q () AN OVpp/2
R =50Q
L

Figure 38. I2C AC Test Load

This figure shows the AC timing diagram for the 12C bus.

- - —L
son [\ X / /1IN
. BE _ —
t2DVKH t2KHKL
|— t|2:3><|<|_I—a>
SCL \—
> tiacH <t~ li2svkH -
s <—Li2DXKL Sr P s
Figure 39. I°C Bus AC Timing Diagram
2.19 GPIO

This section describes the DC and AC electrical characteristics for the GP10O interface of the device. There are GPIO pins on
various power supplies in this device. For the rest of this section, BV\ and BV pp would stand in for any power supply that the
GPIO is running off.
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2.19.1 GPIO DC Electrical Characteristics

This table provides the DC electrical characteristics for the GPIO interface when operating from a 3.3 V supply.
Table 65. GPIO DC Electrical Characteristics (3.3 V)

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Note
Input high voltage ViH 2 — \% 1
Input low voltage Vi — 0.8 \ 1
Input current (BV|y = 0 V or BV )y = BVpp, N — +40 pHA 2
Output high voltage (BVpp = min, Igy = -2 mA) VoH 2.4 — \% —
Output low voltage (BVpp = min, Ig. =2 mA) VoL — 0.4 \Y —
Note:
1. The min V, .and max V| values are based on the min and max BV, respective values found in Table 3.
2. The symbol BV, represents the input voltage of the supply. It is referenced in Table 3.
This table provides the DC electrical characteristics for the GPIO interface when operating from a 2.5 V supply.
Table 66. GPIO DC Electrical Characteristics (2.5 V)
For recommended operating conditions, see Table 3.
Parameter Symbol Min Max Unit Note
High-level input voltage \m 1.7 — \Y, 1
Low-level input voltage VL — 0.7 \Y, 1
Input current (V;y = 0 V or V|y = BVpp N — +40 pA 2
High-level output voltage (BVpp = min, lgy = -2 mA) VoH 1.7 — \ —
Low-level output voltage (BVpp = min, Ig. = 2 mA) VoL — 0.7 \Y —
Note:
1. The min V| and max V4 values are based on the min and max BV, respective values found in Table 3.
2. The symbol BV, represents the input voltage of the supply. It is referenced in Table 3.
This table provides the DC electrical characteristics for the GPIO interface when operating from a 1.8 V supply.
Table 67. GPIO DC Electrical Characteristics (1.8 V)
For recommended operating conditions, see Table 3.
Parameter Symbol Min Max Unit Note
High-level input voltage V4 1.2 — \% 1
Low-level input voltage Vi — 0.6 \Y 1
Input current (BVy =0 V or BV|y = BVpp) N — +40 A 2
High-level output voltage (BVpp = min, lgy =-0.5 mA) VoH 1.35 — \Y, —
Low-level output voltage (BVpp = min, Ig. = 0.5 mA) VoL — 0.4 \ —

Note:

1. The min V| and max V4 values are based on the min and max BV, respective values found in Table 3.
2. The symbol BV, represents the input voltage of the supply. It is referenced in Table 3.
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2.19.2 GPIO AC Electrical Specifications

This table provides the GP1O input and output AC timing specifications.
Table 68. GPIO Input AC Timing Specifications

Parameter Symbol Min Unit Note

GPIO inputs—minimum pulse width tpiwiD 20 ns 1

Note:

1. GPIO inputs and outputs are asynchronous to any visible clock. GPIO outputs should be synchronized before use by any
external synchronous logic. GPIO inputs are required to be valid for at least tpyp t0 €nsure proper operation.

This figure provides the AC test load for the GPIO.

Output {) Zy=50Q () AN OVpp/2
R . =50Q

Figure 40. AC test load for GPIO

2.20 TDM

This section describes the DC and AC electrical specifications for the TDM of the device.

2.20.1 TDM DC Timing Specifications

This table provides the DC electrical characteristics for the TDM interface.
Table 69. TDM DC Electrical Characteristics

Parameter Symbol Min Max Unit Note
High-level input voltage \m 2 — \% 1
Low-level input voltage Vi — 0.8 \ 1
Input current (OV, =0V or OV,y = OVpp) N — +40 pA 2
High-level output voltage (OVpp = min, oy = -2 MA) Vo 2.4 — \% —
Low-level output voltage (OVpp = min, Ig; =2 mA) VoL — 0.4 \Y —

Note:

1. Note that the min V| and max V| values are based on the min and max OV respective values found in Table 2.
2. Note that the symbol V,y, in this case, represents the OV, symbol referenced in Table 3.

2.20.2 TDM AC Timing Specifications

This table provides the input and output AC timing specifications for the TDM interface.
Table 70. TDM AC Timing Specifications

Characteristic Symbol Min Max Unit Note

TDMxXRCK/TDMXTCK tom 62.5 — ns 5
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Table 70. TDM AC Timing Specifications (continued)

Characteristic Symbol Min Max Unit Note
TDMxRCK/TDMXTCK high pulse width {DM_HIGH 8.0 — ns —
TDMxRCK/TDMXTCK low pulse width tDm_Low 8.0 — ns —
TDM all input setup time tDMIVKH 3.0 — ns —
TDMxRD hold time tDMRDIXKH 35 — ns —
TDMXTFS/TDMxRFS input hold time {DMFSIXKH 2.0 — ns —
TDMXTCK High to TDMxTD output active tDM_OUTAC 4.0 — ns —
TDMXTCK High to TDMXTD output valid tDMTKHOV — 14.0 ns —
TDMXTD hold time tDMTKHOX 2.0 ns —
TDMXTCK High to TDMxTD output high impedance tDM_OUTHI — 10.0 ns —
TDMXTFS/TDMxRFS output valid {DMFSKHOV — 135 ns —
TDMXTFS/TDMxRFS output hold time {DMFSKHOX 25 — ns —

Note:

1. The symbols used for timing specifications follow the pattern tfist wo letters of functional block)(signal)(state)(reference)(state) fOr inputs and
(first two letters of functional block)(reference)(state)(signal)(state) fOr OUtputs. For example, tykpox symbolizes the outputs internal timing
(HI) for the time tggriq memory clock reference (K) goes from the high state (H) until outputs (O) are invalid (X).

Output values are based on 30 pF capacitive load.

3. Inputs are referenced to the sampling that the TDM is programmed to use. Outputs are referenced to the programming edge they
are programmed to use. Use of the rising edge or falling edge as a reference is programmable. TDMxTCK and TDMxRCK are
shown using the rising edge.

4. All values are based on a maximum TDM interface frequency of 50 MHz.

5. The rise / fall time on TDM clock inputs should not exceed 5ns. Rise time refers to signal transitions from 10% to 90% of Vcc; fall
time refers to transitions from 90% to 10% of Vcc.

N

This figure shows the TDM receive signal timing.

tom

A

oM _HIGH tom_Low
P _

A
4
A 4

TDMxRCK
t tDMRDIXKH
DMIVKH
TOMXRD ~--- - | oo
tDMFSIXKH
tomIvkH
TDMxRFS _ _ _ _ _ _ ¢ [ N _________._

tbMFsKkHOV > 1« bmFSKHOX

TDMXRFS (output) — )

Figure 41. TDM Receive Signhals
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This figure shows the TDM transmit signal timing.

tom
<
tbM_HIGH tom_Low
« o
hl <
TDMXTCK IDM_ouTHI
tomTKHOV
t toMTKHOX
DM_OUTAC >
TDMXTD - - - - ——————f -4 ’ ) o
TDMxRCK
> {pMFSKHOV
> <« IDMFSKHOX
TDMXTFS (outputy | l — =
t IDMFSIXKH l
DMIVKH
TDMXTFS (input) . _ _ S N

Figure 42. TDM Transmit Signals

2.21 High-Speed Serial Interfaces (HSSI)

The device features two serializer/deserializer (SerDes) interfaces to be used for high-speed serial interconnect applications.
The two SerDes can be configured as various combinations of PCI Express, SATA and SGMII.

This section describes the common portion of SerDes DC electrical specifications, which is the DC requirement for SerDes
Reference Clocks. The SerDes data lane’s transmitter and receiver reference circuits are also shown.

2.21.1 Signal Terms Definition

The SerDes utilizes differential signaling to transfer data across the serial link. This section defines terms used in the description
and specification of differential signals.

Figure 43 shows how the signals are defined. For illustration purposes, only one SerDes lane is used for description. Figure 43
shows the waveform for either a transmitter output (SDn_TX and SDn_TX) or a receiver input (SDn_RX and SDn_RX). Each
signal swings between A \Volts and B Volts where A > B.

Using this waveform, the definitions are as follows. To simplify the illustration, the following definitions assume that the
SerDes transmitter and receiver operate in a fully symmetrical differential signaling environment:

1. Single-Ended Swing: The transmitter output signals and the receiver input signals SDn_TX, SDn_TX, SDn_RX and
SDn_RX each have a peak-to-peak swing of A — B Volts. This is also referred as each signal wire’s Single-Ended
Swing.

2. Differential Output Voltage, Vgp (or Differential Output Swing): The Differential Output Voltage (or Swing) of
the transmitter, Vqp, is defined as the difference of the two complimentary output voltages: Vspn tx — Vapr Tx. The
Vop Vvalue can be either positive or negative. - -

3. Differential Input Voltage, V,p (or Differential Input Swing): The Differential Input Voltage (or Swing) of the
receiver, V|p, is defined as the difference of the two complimentary input voltages: Vsp, rx — Vsbn rx. The Vip
value can be either positive or negative. - -

4. Differential Peak Voltage, Vp rpp: The peak value of the differential transmitter output signal or the differential
receiver input signal is defined as Differential Peak Voltage, Vp rr, = |A — B| Volts.
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5. Differential Peak-to-Peak, Vprpp.p: Since the differential output signal of the transmitter and the differential input
signal of the receiver each range from A — B to —(A — B) Wolts, the peak-to-peak value of the differential transmitter
output signal or the differential receiver input signal is defined as Differential Peak-to-Peak Voltage, Vprpp.p =
2*Vpiprp = 2 * |(A - B)| Volts, which is twice of differential swing in amplitude, or twice of the differential peak. For
example, the output differential peak-peak voltage can also be calculated as Vrx_prrp.p = 2*[Vopl-

6. Differential Waveform: The differential waveform is constructed by subtracting the inverting signal (SDn_TX, for
example) from the non-inverting signal (SDn_TX, for example) within a differential pair. There is only one signal trace
curve in a differential waveform. The voltage represented in the differential waveform is not referenced to ground.
Refer to Figure 43 as an example for differential waveform.

7. Common Mode Voltage V.,: The Common Mode Voltage is equal to one half of the sum of the voltages between
each conductor of a balanced interchange circuit and ground. In this example, for SerDes output, V. out = (Vspn Tx
+Vgpr7%)/2 = (A + B)/2, which is the arithmetic mean of the two complimentary output voltages within a differential
pair. In a system, the common mode voltage may often differ from one component’s output to the other’s input. It may
be different between the receiver input and driver output circuits within the same component. It is also referred to as
the DC offset on some occasions.

SDn_TX or
SDn_RX
A \Volts - — -
_____ - Vem=(A+B)/2
SDn_TX or
SDn_RX
BWolts - — -

Differential Swing, V|p or Vop = A-B
Differential Peak Voltage, Vpjrrp = |A — B|

Differential Peak-Peak Voltage, Vprrpp = 2*Vpirrp (NOt shown)

Figure 43. Differential Voltage Definitions for Transmitter or Receiver

To illustrate these definitions using real values, consider the case of a current mode logic (CML) transmitter that has a common
mode voltage of 2.25 V and each of its outputs, TD and TD, has a swing that goes between 2.5 V and 2.0 V. Using these values,
the peak-to-peak voltage swing of each signal (TD or TD) is 500 mV p-p, which is referred to as the single-ended swing for
each signal. In this example, because the differential signaling environment is fully symmetrical, the transmitter output’s
differential swing (Vgp) has the same amplitude as each signal’s single-ended swing. The differential output signal ranges
between 500 mV and 500 mV. In other words, Vgp is 500 mV in one phase and -500 mV in the other phase. The peak
differential voltage (Vprgp) is 500 mV. The peak-to-peak differential voltage (Vprrp.p) is 1000 mV p-p.

2.21.2 SerDes Reference Clocks

The SerDes reference clock inputs are applied to an internal PLL whose output creates the clock used by the corresponding
SerDes lanes. The SerDes reference clock inputs are SD1_REF_CLK and SD2_REF_CLK for the two SerDes on P1013. These
can be configured to be used by PCI Express, SATA the SGMI|I interface. See the P1022 QorlQ Integrated Processor Reference
Manual for configuration details.

The following sections describe the SerDes reference clock requirements and some application information.
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2.21.2.1 SerDes Reference Clock Receiver Characteristics

This figure shows a receiver reference diagram of the SerDes reference clocks.

!
J.SQ

SDn_REF_CLK ’_ﬂ
50 Q

Figure 44. Receiver of SerDes Reference Clocks

SDn_REF _CLK [X

Input
Amp

The characteristics are as follows:
*  The supply voltage requirements for XVpp and XVpp, are specified in Table 2 and Table 3.
»  SerDes Reference Clock Receiver Reference Circuit Structure

— The SDn_REF_CLK and SDn_REF_CLK are internally AC-coupled differential inputs as shown in Figure 44.
Each differential clock input (SDn_REF_CLK or SDn_REF_CLK) has on-chip 50-Q termination to SVggn
followed by on-chip AC-coupling.

— The external reference clock driver must be able to drive this termination.

— The SerDes reference clock input can be either differential or single-ended. Refer to the Differential Mode and
Single-ended Mode description below for further detailed requirements.

e The maximum average current requirement that also determines the common mode voltage range.

— When the SerDes reference clock differential inputs are DC coupled externally with the clock driver chip, the
maximum average current allowed for each input pin is 8 mA. In this case, the exact common mode input voltage
is not critical as long as it is within the range allowed by the maximum average current of 8 mA (refer to the
following bullet for more detail), because the input is AC-coupled on-chip.

— This current limitation sets the maximum common mode input voltage to be less than 0.4 V (0.4 V/50 = 8 mA)
while the minimum common mode input level is 0.1 V above SVggn. For example, a clock with a 50/50 duty cycle
can be produced by a clock driver with output driven by its current source from 0 mA to 16 mA (0-0.8 V), such
that each phase of the differential input has a single-ended swing from 0 V to 800 mV with the common mode
voltage at 400 mV.

— If the device driving the SDn_REF_CLK and SDn_REF_CLK inputs cannot drive 50 Q to SVggn DC, or it
exceeds the maximum input current limitations, then it must be AC-coupled off-chip.

*  The input amplitude requirement is as follows:

— This requirement is described in detail in the following sections.

2.21.3 DC Level Requirement for SerDes Reference Clocks
The DC level requirement for the P1013 SerDes reference clock inputs is different depending on the signaling mode used to
connect the clock driver chip and SerDes reference clock inputs as described below:

+ Differential Mode

— The input amplitude of the differential clock must be between 400 mV and 1600 mV differential peak-peak (or
between 200 mV and 800 mV differential peak). In other words, each signal wire of the differential pair must have
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a single-ended swing less than 800 mV and greater than 200 mV. This requirement is the same for both external
DC-coupled or AC-coupled connection.

— For external DC-coupled connection, as described in Section 2.21.2.1, “SerDes Reference Clock Receiver
Characteristics,” the maximum average current requirements sets the requirement for average voltage (common
mode voltage) to be between 100 mV and 400 mV. Figure 45 shows the SerDes reference clock input requirement
for DC-coupled connection scheme.

— For external AC-coupled connection, there is no common mode voltage requirement for the clock driver. Since
the external AC-coupling capacitor blocks the DC level, the clock driver and the SerDes reference clock receiver
operate in different command mode voltages. The SerDes reference clock receiver in this connection scheme has
its common mode voltage set to SVggn. Each signal wire of the differential inputs is allowed to swing below and
above the command mode voltage (SVggn). Figure 46 shows the SerDes reference clock input requirement for
AC-coupled connection scheme.

» Single-ended Mode

— The reference clock can also be single-ended. The SDn_REF_CLK input amplitude (single-ended swing) must be
between 400 mV and 800 mV peak-peak (from Vyn to Vpax) With SDn_REF_CLK either left unconnected or
tied to ground.

— The SDn_REF_CLK input average voltage must be between 200 and 400 mV. Figure 47 shows the SerDes
reference clock input requirement for single-ended signaling mode.

— To meet the input amplitude requirement, the reference clock inputs might need to be DC or AC-coupled
externally. For the best noise performance, the reference of the clock could be DC or AC-coupled into the unused
phase (SDn_REF_CLK) through the same source impedance as the clock input (SDn_REF_CLK) in use.

200 mV < Input Amplitude or Differential Peak < 800 mV
/ Vmax < 800 mV

L

SDn_REF_CLK

100 mV < Vem < 400 mV

SDn_REF_CLK Vmin > 0V

Figure 45. Differential Reference Clock Input DC Requirements (External DC-Coupled)

200 mV < Input Amplitude or Differential Peak < 800 mV
Sbn_REF_CLK /

L/

Vmax < Vcm + 400 mV

Vcm

SDn_REF_CLK Vmin 2 Vcm — 400 mV
Figure 46. Differential Reference Clock Input DC Requirements (External AC-Coupled)
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400 mV < SDn_REF_CLK Input Amplitude < 800 mV
|

SDn_REF_CLK

ov

SDn_REF_CLK /

Figure 47. Single-Ended Reference Clock Input DC Requirements

2.21.3.1 AC Requirements for SerDes Reference Clocks

This table lists AC requirements for the PCI Express and SGMII SerDes reference clocks to be guaranteed by the customer’s
application design.

Table 71. SD_REF_CLK and SD_REF_CLK Input Clock Requirements

Parameter Symbol Min Typical Max Unit | Note
SD_REF_CLK/ SD_REF_CLK frequency range tcLk_REF — 100/125 — MHz 1
SD_REF_CLK/ SD_REF_CLK clock frequency tolerance tcik_ToL -350 — +350 ppm —
SD_REF_CLK/ SD_REF_CLK reference clock duty cycle tcLk_puTy 40 50 60 % 4
SD_REF_CLK/ SD_REF_CLK max deterministic tcik by — — 42 ps —

peak-peak Jitter at 10 BER

SD_REF_CLK/SD_REF_CLK total reference clock jitter at telk T3 — — 86 ps 2
10°BER (Peak-to-peak jitter at refClk input)

SD_REF_CLK/ SD_REF_CLK rising/falling edge rate tcLkRR/tCLKER 1 — 4 Vins 3

Note:

1. Only 100/125 have been tested, other in between values will not work correctly with the rest of the system.

2. Limits from PCI Express CEM Rev 2.0

3. Measured from —200 mV to +200 mV on the differential waveform (derived from SDn_REF_CLK minus SDn_REF_CLK).
The signal must be monotonic through the measurement region for rise and fall time. The 400 mV measurement window is
centered on the differential zero crossing. See Figure 48.

4. Measurement taken from differential waveform

Measurement taken from single-ended waveform

6. Matching applies to rising edge for SDn_REF_CLK and falling edge rate for SDn_REF_CLK. It is measured using a 200 mV
window centered on the median cross point where SDn_REF_CLK rising meets SDn_REF_CLK falling. The median cross
point is used to calculate the voltage thresholds that the oscilloscope uses for the edge rate calculations. The rise edge rate
of SDn_REF_CLK should be compared to the fall edge rate of SDn_REF_CLK, the maximum allowed difference should not
exceed 20% of the slowest edge rate. See Figure 49.

o
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Rise Edge Rate Fall Edge Rate

V|H =+200 mV
0.0V
V||_ =-200 mVvV

SDn_REF_CLK —
SDn_REF_CLK

Figure 48. Differential Measurement Points for Rise and Fall Time

Teawe Trise

£ b /
Veross Mepian +100 mV----=---X- VA
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VeRoSS MEDIAN

0

Veross vepian 100 mV

Figure 49. Single-Ended Measurement Points for Rise and Fall Time Matching

2.21.4 SerDes Transmitter and Receiver Reference Circuits

This figure shows the reference circuits for SerDes data lane’s transmitter and receiver.

SDn_TXn SDn_RXn
50 Q

X

Transmitter Receiver

50 Q

50 O
AN X
SDn_TXn SDn_RXn % 50 O

Figure 50. SerDes Transmitter and Receiver Reference Circuits

The DC and AC specification of SerDes data lanes are defined in each interface protocol section below (PCI Express, SGMII
and SATA) in this document based on the application usage:

e Section 2.11.6, “SGMII Interface Electrical Characteristics”
e Section 2.22, “PCI Express”
e Section 2.23, “Serial ATA (SATA)”

Note that external AC Coupling capacitor is required for the above three serial transmission protocols per the protocol’s standard
requirements.
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2.21.5 Clocking Dependencies

The ports on the two ends of a link must transmit data at a rate that is within 600 parts per million (ppm) of each other at all
times. This is specified to allow bit rate clock sources with a £300 ppm tolerance.

2.22 PCIl Express

This section describes the DC and AC electrical specifications for the PCI Express bus of the device.

2.22.1 DC Requirements for PCI Express SerDes Reference Clocks
For more information, see Section 2.21.3, “DC Level Requirement for SerDes Reference Clocks.”

2.22.2 AC Requirements for PCIl Express SerDes Reference Clocks
For more information, see Section 2.21.3.1, “AC Requirements for SerDes Reference Clocks.”

2.22.2.1 PCIl Express Physical Layer Transmitter Specifications
The following is a summary of the specifications for the physical layer of PCI Express on this device.

2.22.21.1 PCI Express (2.5Gb/s) Differential Transmitter (TX) Output

This table defines the PCI Express (2.5 Gb/s) DC specifications for the differential output at all transmitters (TXs). The
parameters are specified at the component pins.

Table 72. PCI Express (2.5Gb/s) Differential Transmitter (TX) Output DC Specifications

Symbol Parameter Min | Typical | Max | Unit Comments
VTX-DIFFp-p Differential Peak-to-Peak 800 1000 1200 mV VTX-DIFFp-p = 2*|VTX-D+ - VTX-D-l See Note 1.
Output Voltage
V1x.pe-raTi |D€- Emphasized Differential | 3.0 35 4.0 dB |Ratio of the Vry_pjrrp.p Of the second and
o Output Voltage (Ratio) following bits after a transition divided by the
Vrx-pippp-p Of the first bit after a transition. See
Note 1.
Z1x.piee-pe | DC Differential TX 80 100 120 Q |TX DC Differential mode Low Impedance
Impedance
Z1x.DC Transmitter DC Impedance | 40 50 60 Q |Required TX D+ as well as D- DC Impedance
during all states

Note:

1. Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 51 and measured
over any 250 consecutive TX Uls.
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This table defines the PCI Express (2.5Gb/s) AC specifications for the differential output at all transmitters (TXs). The
parameters are specified at the component pins. The AC timing specifications do not include RefClIk jitter.

Table 73. PCI Express (2.5Gb/s) Differential Transmitter (TX) Output AC Specifications

Symbol Parameter Typical | Max | Unit Comments
ul Unit Interval 399.88 | 400.00 {400.1| ps |Each Ulis 400 ps + 300 ppm. Ul does not account for
2 Spread Spectrum Clock dictated variations. See Note 1.
TTx-EYE Minimum TX 0.70 — — Ul | The maximum Transmitter jitter can be derived as
Eye Width Trx-Max-aITTER = 1 - Trx-ye= 0.3 UL
See Notes 2 and 3.
TTX-EYE-MEDIAN-to- | Maximum time — 0.15 | Ul |Jitter is defined as the measurement variation of the
MAX-JITTER between the crossing points (Vyx.pirrp-p = 0 V) in relation to a
jitter median recovered TX Ul. A recovered TX Ul is calculated over
and maximum 3500 consecutive unit intervals of sample data. Jitter is
deviation from measured using all edges of the 250 consecutive Ul in the
the median. center of the 3500 Ul used for calculating the TX Ul. See
Notes 2 and 3.
Crx AC Coupling — 200 | nF |All Transmitters shall be AC coupled. The AC coupling is
Capacitor required either within the media or within the transmitting
component itself. See Note 4.
Note:

1. No test load is necessarily associated with this value.

2. Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 51 and measured over
any 250 consecutive TX Uls.

3. A Trx.eye = 0.70 Ul provides for a total sum of deterministic and random jitter budget of Ttx_j7TER-MAX = 0.30 Ul for the
Transmitter collected over any 250 consecutive TX Uls. The Ttx.eyE-MEDIAN-to-MAX-JITTER Median is less than half of the total
TX jitter budget collected over any 250 consecutive TX Uls. It should be noted that the median is not the same as the mean.
The jitter median describes the point in time where the number of jitter points on either side is approximately equal as

opposed to the averaged time value.

4. P1013 SerDes transmitter does not have CTX built-in. An external AC Coupling capacitor is required.

2.22.3

This section contains the following subsections:
e Section 2.22.3.1, “PCI Express (2.5 Gb/s) Differential Receiver (RX) Input Specifications”
e Section 2.22.4, “Compliance Test and Measurement Load”

22231

PCI Express Physical Layer Receiver Specifications

PCI Express (2.5 Gb/s) Differential Receiver (RX) Input Specifications

This table defines the DC specifications for the PCI Express (2.5 Gb/s) differential input at all receivers (RXs). The parameters

are specified at the component pins.

Table 74. PCI Express (2.5 Gb/s) Differential Receiver (RX) Input DC Specifications

Symbol Parameter Min | Typical Max Unit Comments
VRX—DIFFp—p Differential Input 235 — 1200 mV VRX—DIFFp—p = Z*IVRX-D+ - VRX-D-I
Peak-to-Peak Voltage See Note 1.
ZRX-DIFE-DC DC Differential Input 80 100 120 Q RX DC Differential mode impedance. See Note 2
Impedance
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Table 74. PCI Express (2.5 Gb/s) Differential Receiver (RX) Input DC Specifications (continued)

Symbol Parameter Min | Typical Max Unit Comments
ZRx-DC DC Input Impedance | 40 60 Q Required RX D+ as well as D- DC Impedance (50
+ 20% tolerance). See Notes 1 and 2.
ZRX-HIGH-IMP-DC Powered Down DC 50 k — Q Required RX D+ as well as D- DC Impedance
Input Impedance when the Receiver terminations do not have
power. See Note 3.
VRx-IDLE-DET-DIFFp-p  |Electrical Idle Detect | 65 235 MV | Vrx-bLE-DET-DIFFp-p = 2*IVRx-D+ “VRX-D-|
Threshold Measured at the package pins of the Receiver

Note:

1. Specified at the measurement point and measured over any 250 consecutive Uls. The test load in Figure 51 should be used as the
RX device when taking measurements. If the clocks to the RX and TX are not derived from the same reference clock, the TX Ul
recovered from 3500 consecutive Ul must be used as a reference for the eye diagram.

Impedance during all LTSSM states. When transitioning from a Fundamental Reset to Detect (the initial state of the LTSSM) there is
a 5 ms transition time before Receiver termination values must be met on all un-configured Lanes of a Port.

. The RX DC Common Mode Impedance that exists when no power is present or Fundamental Reset is asserted. This helps ensure

that the Receiver Detect circuit will not falsely assume a Receiver is powered on when it is not. This term must be measured at 300
mV above the RX ground.

This table defines the AC specifications for the PCI Express (2.5 Gb/s) differential input at all receivers (RXs). The parameters
are specified at the component pins. The AC timing specifications do not include RefClIk jitter.

Table 75. PCI Express (2.5 Gb/s) Differential Receiver (RX) Input AC Specifications

Symbol Parameter Min | Typical Max Unit Comments

ul Unit Interval 399.88| 400.00 | 400.12 ps |Each Ulis 400 ps + 300 ppm. Ul does not account for
Spread Spectrum Clock dictated variations. See Note 1.

TrRx-EVE Minimum Receiver 0.4 — — Ul | The maximum interconnect media and Transmitter jitter

Eye Width that can be tolerated by the Receiver can be derived as

Trx-MAX-JITTER = 1 - Trx-gvg= 0.6 Ul.
See Notes 2 and 3.

TRX-EYE-MEDIAN-to | Maximum time — — 0.3 Ul |Jitter is defined as the measurement variation of the

-MAX-JITTER

between the jitter
median and
maximum deviation
from the median.

crossing points (Vrx-pirrp-p = 0 V) in relation to a
recovered TX Ul. A recovered TX Ul is calculated over
3500 consecutive unit intervals of sample data. Jitter is
measured using all edges of the 250 consecutive Ul in
the center of the 3500 Ul used for calculating the TX UI.
See Notes 2, 3 and 4.
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Table 75. PCI Express (2.5 Gb/s) Differential Receiver (RX) Input AC Specifications (continued)

Symbol Parameter Min | Typical Max Unit Comments

Note:

1. No testload is necessarily associated with this value.

2. Specified at the measurement point and measured over any 250 consecutive Uls. The test load in Figure 51 should be used as the
RX device when taking measurements. If the clocks to the RX and TX are not derived from the same reference clock, the TX Ul
recovered from 3500 consecutive Ul must be used as a reference for the eye diagram.

3. A Trx.eye = 0.40 Ul provides for a total sum of 0.60 Ul deterministic and random jitter budget for the Transmitter and interconnect
collected any 250 consecutive Uls. The TRX-EYE-MEDIAN-to-MAX-JITTER specification ensures a jitter distribution in which the
median and the maximum deviation from the median is less than half of the total. Ul jitter budget collected over any 250 consecutive
TX Uls. It should be noted that the median is not the same as the mean. The jitter median describes the point in time where the
number of jitter points on either side is approximately equal as opposed to the averaged time value. If the clocks to the RX and TX
are not derived from the same reference clock, the TX Ul recovered from 3500 consecutive Ul must be used as the reference for the
eye diagram.

4. Itis recommended that the recovered TX Ul is calculated using all edges in the 3500 consecutive Ul interval with a fit algorithm using
a minimization merit function. Least squares and median deviation fits have worked well with experimental and simulated data.

2.22.4 Compliance Test and Measurement Load

The AC timing and voltage parameters must be verified at the measurement point, as specified within 0.2 inches of the package
pins, into a test/measurement load shown in Figure 51.

NOTE

The allowance of the measurement point to be within 0.2 inches of the package pins is
meant to acknowledge that package/board routing may benefit from D+ and D- not being
exactly matched in length at the package pin boundary. If the vendor does not explicitly
state where the measurement point is located, the measurement point is assumed to be the
D+ and D- package pins.
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Figure 51. Compliance Test/Measurement Load

2.23 Serial ATA (SATA)

This section describes the DC and AC electrical specifications for the serial ATA (SATA) of the device. External cabled
applications or long backplane applications (Genlx & Gen2x) are not supported for the device.
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2.23.1 AC Requirements for SATA Reference Clock

The AC requirements for the SATA reference clock are listed in the Table 76 to be guaranteed by the customer’s application
design.

Table 76. SATA Reference Clock Input Requirements

Parameter Symbol Conditions Min | Typical | Max [Unit| Note

SD_REF_CLK/ SD_REF_CLK frequency range tcik REF — — ]100/225| — |[MH| 1
z
SD_REF_CLK/ SD_REF_CLK clock frequency tolerance tcLk_ToL — -350 — +350 [ppm| —
SD_REF_CLK/ SD_REF_CLK reference clock duty cycle tcik puty| Measured at 40 50 60 | % | —
- 16V

SD_REF_CLK/ SD_REF_CLK cycle to cycle Clock jitter tcik ¢y | Cycletocycleat | — — 100 | ps | —
(period jitter) RefClk input
SD_REF_CLK/ SD_REF_CLK total reference clock jitter, tcik_py | Peak-to-peakijitter | —50 — +50 | ps | 2,3
phase jitter (peak-peak) at refClk input

Note:

1. Only 100/125 MHz have been tested; other in-between values do not work correctly with the rest of the system.
2. In a frequency band from 150 kHz to 15 MHz at BER of 1012
3. Total peak to peak Deterministic Jitter “DJ” should be less than or equal to 50ps.

2.23.2 Transmitter (TX) Output Characteristics

2.23.3 Genli/1.5G Transmitter (TX) Specifications

This table provides the DC differential transmitter (TX) output DC characteristics for the SATA interface at Genli or 1.5 Gbits/s
transmission.

Table 77. Genli/1.5G Transmitter (TX) DC Specifications

Parameter Symbol Min Typical Max Unit Note
TX Diff Output Voltage VSATA_TXDlFF 400 500 600 mV p-p 1
TX Differential pair impedance ZSATA_TXDIFFIM 85 100 115 Q 2

Note:

1. Terminated by 50 Q load.
2. DC Impedance

This table provides the differential transmitter (TX) output AC characteristics for the SATA interface at Genli or 1.5 Gbits/s
transmission. The AC timing specifications do not include RefClIk jitter.

Table 78. Genli/1.5G Transmitter (TX) AC Specifications

Parameter Symbol Min Typical Max Unit Note
Channel Speed tcH_speeD — 15 — Gbps —
Unit Interval Tul 666.4333 666.6667 670.2333 ps —
Total Jitter Data-Data 5Ul Usata_TXTI5UI — — 0.355 Ul p-p 1
Total Jitter, Data-Data 250Ul UsaTa_TXTJ250U1 — — 0.47 Ul p-p 1
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Table 78. Gen1li/1.5G Transmitter (TX) AC Specifications

Parameter Symbol Min Typical Max Unit Note
Deterministic jitter, Data-Data 5UlI Usata_TXDJsUI — — 0.175 Ul p-p 1
Deterministic jitter, Data-Data 250Ul UsaTa_TXDJ250UI — — 0.22 Ul p-p 1

Note:

1. Measured at Tx output pins peak to peak phase variation, Random data pattern

2.23.4 Gen2i/3G Transmitter (TX) Specifications
This table provides the differential transmitter (TX) output DC characteristics for the SATA interface at Gen2i or 3.0 Gbhits/s

transmission.

Table 79. Gen 2i/3G Transmitter (TX) DC Specifications

Parameter Symbol Min Typical Max Unit Note
TX Diff Output Voltage VSATA_TXD”:F 400 550 700 mV pP-p 1
TX Differential pair impedance ZSATA_TXDIFFIM 85 100 115 Q —

Note:
1. Terminated by 50 Q load.

This table provides the differential transmitter (TX) output AC characteristics for the SATA interface at Gen2i or 3.0 Gbits/s

transmission. The AC timing specifications do not include RefCIk jitter.

Table 80. Gen 2i/3G Transmitter (TX) AC Specifications

fC3dB=fBAUD/1667

Parameter Symbol Min Typical Max Unit Note

Channel Speed tcH_SPEED — 3.0 — Gbps —
Unit Interval Tul 333.2167 333.3333 335.1167 ps —
Total Jitter {C3dB=fBAUD/10 UsaTA_TXTIfB/10 — — 0.3 Ul p-p 1
Total Jitter {C3dB=fBAUD/500 UsATA_TXTJfBI500 — — 0.37 Ul p-p 1
Total Jitter {C3dB=fBAUD/1667 UsaTa_TXTIfB/1667 — — 0.55 Ul p-p 1
Deterministic jitter, UsaTa_TXDJfB/10 — — 0.17 Ul p-p 1
fC3dB=fBAUD/10

Deterministic jitter, UsaTA_TXDJfB/500 — — 0.19 Ul p-p 1
fC3dB=fBAUD/500

Deterministic jitter, UsaTA_TXDJfB/1667 — — 0.35 Ul p-p 1

Note:

1. Measured at Tx output pins peak to peak phase variation, Random data pattern

2.23.5

2.235.1

Genli/1.5G Receiver (RX) Specifications

Differential Receiver (RX) Input Characteristics

This table provides the Genli or 1.5Gbits/s differential receiver (RX) input DC characteristics for the SATA interface.
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Table 81. Genli/1.5G Receiver (RX) Input DC Specifications

Parameter Symbol Min Typical Max Unit Note
Differential Input Voltage VSATA_RXDIFF 240 500 600 mV p-p 1
Differential RX Input impedance | Zsara RXSEIM 85 100 115 Q —
OOB Signal Detection Threshold VsaTa_ooB 50 120 240 mV p-p —

Note:
1. Voltage relative to common of either signal comprising a differential pair

This table provides the Genli or 1.5 Gbits/s differential receiver (RX) input AC characteristics for the SATA interface. The AC
timing specifications do not include RefCIk jitter.

Table 82. Gen 1i/1.5G Receiver (RX) AC Specifications

Parameter Symbol Min Typical Max Unit Note
Unit Interval Tul 666.4333 666.6667 670.2333 ps —
Total Jitter Data-Data 5UlI UsaTAa_TXTJI5UI — — 0.43 Ul p-p 1
Total Jitter, Data-Data 250Ul UsaTA_TXTJ250UI — — 0.60 Ul p-p 1
Deterministic jitter, Data-Data 5Ul UsaTa_TXDJ5UI — — 0.25 Ul p-p 1
Deterministic jitter, Data-Data 250Ul UsaTa_TXDJ250U1 — — 0.35 Ul p-p 1

Note:
1. Measured at Receiver

2.23.5.2 Gen2i/3G Receiver (RX) Specifications
This table provides the Gen2i or 3Gbits/s differential receiver (RX) input DC characteristics for the SATA interface.
Table 83. Gen2i/3G Receiver (RX) Input DC Specifications

Parameter Symbol Min Typical Max Unit Note
Differential Input Voltage VsATA RXDIFF 275 500 750 mV p-p 1
Differential RX Input impedance ZSATA_RXSEIM 85 100 115 ohm 2
OOB Signal Detection Threshold Vsata_ooB 75 120 275 mV p-p 3

Note:

1. Voltage relative to common of either signal comprising a differential pair
2. DC Impedance
3. Measured at package pins of the receiver

This table provides the differential receiver (RX) input AC characteristics for the SATA interface at Gen2i or 3.0 Gbits/s
transmission. The AC timing specifications do not include RefClIk jitter.

Table 84. Gen 2i/3G Receiver (RX) AC Specifications

Parameter Symbol Min Typical Max Unit Note
Unit Interval Tul 333.2167 333.3333 335.1167 ps —
Total Jitter {C3dB=fBAUD/10 Usata TXTIfBIL0 — — 0.46 Ul p-p 1

P1013 QorlQ Integrated Processor Hardware Specifications, Rev. 0

Freescale Semiconductor 87




Electrical Characteristics

Table 84. Gen 2i/3G Receiver (RX) AC Specifications (continued)

Parameter Symbol Min Typical Max Unit Note
Total Jitter {C3dB=fBAUD/500 Usata_TXTIfB/500 — — 0.60 Ul p-p 1
Total Jitter fC3dB=fBAUD/1667 USATA_TXTJfB/1667 — — 0.65 Ul p-p 1
Deterministic jitter, f{C3dB=fBAUD/10 UsaTA TXDJfB/10 — — 0.35 Ul p-p 1
Deterministic jitter, f{C3dB=fBAUD/500 UsATA_TXDJfB/500 — — 0.42 Ul p-p 1
Deterministic jitter, {C3dB=fBAUD/1667 | Usata TxDJfB/1667 — — 0.35 Ul p-p 1

Note:
1. Measured at Receiver

2.24 JTAG Controller

This section describes the AC electrical specifications for the IEEE 1149.1 (JTAG) interface of the device. Table 86 provides
the JTAG AC timing specifications as defined in Figure 52 through Figure 55.

2.24.1 JTAG DC Electrical Characteristics

This table provides the JTAG DC electrical characteristics.
Table 85. JTAG DC Electrical Characteristics

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Note
Input high voltage V4 2 — \% 1
Input low voltage i — 0.8 \Y 1
Input current (OV;y = OV or OV = OVpp) I — +40 pA 2
Output high voltage (OVpp = min, lgy = -2 MA) VoH 24 — \Y, —
Output low voltage (OVpp = min, I =2 mA) VoL — 0.4 \ —

Note:

1. Note that the min V, and max V| values are based on the respective min and max OV, values found in Table 3.
2. Note that the symbol OV represents the input voltage of the supply. It is referenced in Table 3.

2.24.2 JTAG AC Timing Specifications

This table provides the JTAG AC timing specifications as defined in Figure 52 through Figure 55.
Table 86. JTAG AC Timing Specifications *

At recommended operating conditions (see Table 3).

Parameter Symbol2 Min Max Unit Note
JTAG external clock frequency of operation fire 0 33.3 MHz —
JTAG external clock cycle time ti7G 30 — ns —
JTAG external clock pulse width measured at 1.4V tITKHKL 15 — ns —
JTAG external clock rise and fall times tiTor & tiToR 0 2 ns —
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Table 86. JTAG AC Timing Specifications (continued)?!

At recommended operating conditions (see Table 3).

Parameter Symbol? Min Max Unit Note
TRST assert time trrsT 25 — ns 3
Input setup times t3TDVKH 4 — ns —
Input hold times t3TDXKH 10 — ns —
Output valid times tyTKLDV — 10 ns 1
Output hold times tyTKLDX 0 — ns 1

Note:

1. All outputs are measured from the midpoint voltage of the falling edge of ty¢ k to the midpoint of the signal in question. The
output timings are measured at the pins. All output timings assume a purely resistive 50-Q load. Time-of-flight delays must
be added for trace lengths, vias, and connectors in the system.

2. The symbols used for timing specifications follow the pattern tirst two letters of functional block)(signal)(state)(reference)(state) fOr inputs
and t(first two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tyrpyky Symbolizes JTAG device timing
(JT) with respect to the time data input signals (D) reaching the valid state (V) relative to the t;1g clock reference (K) going
to the high (H) state or setup time. Also, tyrpxky Symbolizes JTAG timing (JT) with respect to the time data input signals (D)
went invalid (X) relative to the tyrg clock reference (K) going to the high (H) state. Note that, in general, the clock reference
symbol representation is based on three letters representing the clock of a particular functional. For rise and fall times, the
latter convention is used with the appropriate letter: R (rise) or F (fall).

3. TRST is an asynchronous level sensitive signal. The setup time is for test purposes only.

This figure provides the AC test load for TDO and the boundary-scan outputs of the device.

Output 4{) Zp=50Q <> AN OVpp2/2
R, =50 Q
il 1

Figure 52. AC Test Load for the JTAG Interface
This figure provides the JTAG clock input timing diagram.

JTAG
External Clock

< LT > Spgels
VM = Midpoint Voltage (OVpp,/2)

Figure 53. JTAG Clock Input Timing Diagram

This figure provides the TRST timing diagram.

TRST VM VM

>
>

[< trRsT
VM = Midpoint Voltage (OVpp,/2)

Figure 54. TRST Timing Diagram
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This figure provides the boundary-scan timing diagram.
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3 Thermal

VM = Midpoint Voltage (OVpp,/2)

This section describes the thermal specifications of the device.

3.1

Thermal Characteristics

This table provides the package thermal characteristics.

Figure 55. Boundary-Scan Timing Diagram

Table 87. Package Thermal Characteristics

Characteristic JEDEC Board Symbol Value Unit Note
Junction-to-ambient Natural Convection Single layer board (1s) Rgia 22 °CIW 1,2
Junction-to-ambient Natural Convection Four layer board (2s2p) Rgia 17 °CIW 1,2,3
Junction-to-ambient (at 200 ft/min) Single layer board (1s) Rgia 16 °CIW 1,3
Junction-to-ambient (at 200 ft/min) Four layer board (2s2p) Roia 13 °C/IW 1,3
Junction-to-board thermal — ReJs 9 °C/W 4
Junction-to-case thermal — Rgic 6 °C/W 5
Junction-to-package top thermal Natural Convection Yir 6 °CIW 6

Note:

1. Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site (board)
temperature, ambient temperature, air flow, power dissipation of other components on the board, and board thermal resistance.

2. Per JEDEC JESD51-2 with the single layer board horizontal. Board meets JESD51-9 specification.

3. Per JEDEC JESD51-6 with the board horizontal.

4. Thermal resistance between the die and the printed-circuit board per JEDEC JESD51-8. Board temperature is measured on the

top surface of the board near the package.

5. Thermal resistance between the active surface of the die and the case top surface determined by the cold plate method (MIL

SPEC-883 Method 1012.1).

6. Thermal characterization parameter indicating the temperature difference between package top and the junction temperature per

JEDEC JESD51-2.
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This table provides the thermal resistance with heat sink in open flow.

Table 88. Thermal Resistance with Heat Sink in Open Flow

Heat Sink with Thermal Grease Air Flow Thermal Resistance (°C/W)

Wakefield 53 x 53 x 25 mm Pin Fin | Natural Convection 10.3
0.5 m/s 8.3

1m/s 7.4

2m/s 7.0

4 m/s 6.7

Aavid 35 x 31 x 23 mm Pin Fin Natural Convection 11.7
0.5 m/s 9.1

1m/s 8.3

2m/s 7.8

4 mis 7.4

Aavid 30 x 30 x 9.4 mm Pin Fin Natural Convection 13.7
0.5 m/s 11.2

1m/s 9.9

2m/s 8.8

4 mis 8.1

Aavid 43 x 41 x 16.5 mm Pin Fin | Natural Convection 12.0
0.5m/s 9.6

1m/s 8.4

2m/s 7.6

4 mis 7.1

Thermal

Simulations with heat sinks were done with the package mounted on the 2s2p thermal test board. A power value of 4.5 W was
used for the heat sink simulations.The thermal interface material was a typical thermal grease such as Dow Corning 340 or

Wakefield 120 grease.
Simulation Details:

The 1/8 symmetry model included the following package parameters:

Four layer Substrate
Substrate solder mask thickness: 0.030 mm

Substrate metal thicknesses: 0.030mm, 0.064mm, 0.064mm, 0.030 mm
Substrate core thickness: 0.115mm, 0.100mm, 0.115 mm
Core via 1.D: 0.118 mm, Core via plating 0.016 mm

Flag: trace style with ground balls under the die connected to the flag
Die Attach: 0.033 mm conductive die attach, k = 1.5 W/m K

Mold Compound: generic mold compound, k =

0.9 W/m K
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4 Package Information

This section provides the package parameters and ordering information.

4.1  Package Parameters for the P1013WB-TePBGA Il

The package parameters are provided in the following list. The package type is 31 mm x 31 mm, 689 plastic ball grid array
(WB-TePBGA).

Package outline 31 mm x 31 mm
Interconnects 689
Pitch 1.00 mm
Module height (typical) 2.0 mm to 2.46 mm (Maximum)
Solder Balls 3.5% Ag, 96.5% Sn
Ball diameter (typical) 0.60 mm
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Figure 56. P1013 Package

Notes:
1. All dimensions are in millimeters.
2. Dimensioning and tolerancing per ASME Y14. 5M-1994.
3. Maximum solder ball diameter measured parallel to Datum A.
4. Datum A, the seating plane, is determined by the spherical crowns of the solder balls.
5. Parallelism measurement shall exclude any effect of mark on top surface of package.
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4.2

Ordering Information

This table provides the Freescale part numbering nomenclature for the P1013. Each part number also contains a revision code
which refers to the die mask revision number.

Table 89. P1013 Part Numbers

Package Information

P 1 01 3 q t e n dd r
Number Qualification | Temperature Package CPU/CCB/DDR Silicon
Generation | Platform of Derivative P Encryption 9 o
Cores Status Range Type Frequency (MHz) |Revision
P =45nm |[1-5 01 = Single |[0-9 P = Prototype S=Std temp |E =SEC 2= EF=600/400/667 A=10
Core N = Quialified to X = Exttemp |present TEPBGAII |HF=800/400/667 B=1.1
02 = Dual industrial tier N = SEC Not |Pbfree LF=1067/533/667
Core S= Special present

Note:

1. See Section 4, “Package Information,” for more information on available package types.

2. Processor core frequencies supported by parts addressed by this specification only. Not all parts described in this specification
support all core frequencies. Additionally, parts addressed by part number specifications may support other maximum core
frequencies.

3) Extended Temperature range only supported for DDR3

4.3

Part Marking

Parts are marked as the example shown in this figure.

Notes:

P1022xtenddr
Core/DDR MHz

ATWLYYWW
CCcCcCC

*MMMMM

YWWLAZ

WB-TePBGA

P1022xtenddr is the orderable part number

*MMMMM is the mask number

YWWLAZ is the assembly traceability code.
CCCCC is the country code
ATWLYYWW is the standard assembly, test, year, and work week codes.

Figure 57. Part Marking for WB-TePBGA Il Device

P1013 QorlQ Integrated Processor Hardware Specifications, Rev. 0

Freescale Semiconductor

93



Product Documentation

5

Product Documentation

This data sheet is labeled as a particular type: Product Preview, Advance Information, or Technical Data. Definitions of these
types are available at: http://www.freescale.com.

The following documents are required for a complete description of the device and are needed to design properly with the part:
e P1022 QorlQ Integrated Processor Reference Manual (document number P1022RM)
» 500 PowerPC Core Family Reference Manual (ES00CORERM)

6

Revision History

This table summarizes a revision history for this document.

Table 90. Revision History

Rev.
Number

Date

Substantive Change(s)

0

11/2011

Initial release
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