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Freescale Semiconductor
Data Sheet: Technical Data

P1012 QorlQ Integrated
Processor Hardware
Specifications

The following list provides an overview of the feature set:
A high-performance 32-bit core, built on Power
Architecture® technology:
— 36-bit physical addressing
— Double-precision floating-point support
— 32Kbyte L1 instruction cache and 32 Kbyte L 1 data
cache for each core
— 533 MHz to 800 MHz clock frequency
» 256 Kbyte L2 cache with ECC. Also configurable as
SRAM and stashing memory.
» Three 10/100/1000 M bps enhanced three-speed Ethernet
controllers (eTSECs)
— TCP/IP accderation, quality of service, and
classification capabilities
— |IEEE® 1588 support
— Losslessflow control
— MII, RMII, RGMII, SGMII
» High-speed interfaces supporting various multiplexing
options:
— Four SerDes upto 2.5 GHz/lane multiplexed across
controllers
— Two PCI Express interfaces
— Two SGMII interfaces
» High-Speed USB controller (USB 2.0)
— Host and device support
— Enhanced host controller interface (EHCI)
— ULPI interface to PHY
» Enhanced secure digital host controller (SD/MMC)
» Enhanced Serial peripheral interface (eSPI)
* Integrated security engine
— Protocol support includes ARC4, 3DES, AES,
RSA/ECC, RNG, single-pass SSL/TLS
— XOR acceleration
e 32-bit DDR2/DDR3 SDRAM memory controller with
ECC support
» Programmable interrupt controller (PIC) compliant with
OpenPI C standard
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One four-channel DMA controller

Two I%C controllers, DUART, timers

Enhanced local bus controller (eLBC)

QUICC Engine block

Operating junction temperature (T;) range: 0-125°C and
—40°C to 125°C (industrial specification)

31 x 31 mm 689-pin WB-TePBGA |1 (wirebond
temperature-enhanced plastic BGA)
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Thisfigure shows the major functional units within the P1012.

-

DUART,
2 x 12C, Timers,
<—> Interrupt Control,
SD/MMC, SPI,
USB 2.0/ULPI

Enhanced
<—> Local Bus Controller
(eLBC)
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Figure 1. P1012 Block Diagram
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Pin Assignments and Reset States

1 Pin Assignments and Reset States

1.1 Ball Layout Diagrams
The following figures show the top view of the 689-pin BGA ball map diagram and detailed quadrant views.
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Figure 2. P1012 Top View Ballmap
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Pin Assignments and Reset States
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Figure 3. P1012 Detail A Ballmap
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Pin Assignments and Reset States
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Figure 4. P1012 Detail B Ballmap
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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

1.2 Pinout Assignments
Thistable provides the pinout listing.
' Table 1. P1012 Pinout Listing

Signal Package Pin Number Pin Type Power Supply Note
DDR SDRAM Memory Interface
MDQO0 AJ8 110 GVpp —
MDQO1 AH8 /0 GVpp —
MDQ02 AH5 /0 GVpp —
MDQO03 AJ4 110 GVpp —
MDQO4 AJ9 /0 GVpp —
MDQO05 AH9 110 GVpp —
MDQO6 AHG6 110 GVpp —
MDQO7 AJ5 /0 GVpp —
MDQO08 AF8 110 GVpp —
MDQO09 AE8 110 GVpp —
MDQ10 AF5 110 GVpp —
MDQ11 AG4 /0 GVpp —
MDQ12 AG9 10 GVpp —
MDQ13 AF9 110 GVpp —
MDQ14 AE6 /0 GVpp —
MDQ15 AE5 110 GVpp —
MDQ16 AH3 110 GVpp —
MDQ17 AH2 /0 GVpp —
MDQ18 AE1 /0 GVpp —
MDQ19 AE2 /0 GVpp —
MDQ20 AH4 /0 GVpp —
MDQ21 AJ3 10 GVpp —
MDQ22 AF2 /0 GVpp —
MDQ23 AF1 /0 GVpp —
MDQ24 AD4 /0 GVpp —
MDQ25 AC4 110 GVpp —
MDQ26 Y5 110 GVpp —
MDQ27 W5 /0 GVpp —
MDQ28 AF3 110 GVpp —

P1012 QorlQ Integrated Processor Hardware Specifications, Rev. 1
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
MDQ29 AE4 10 GVpp —
MDQ30 AB5 110 GVpp —
MDQ31 Y4 /0 GVpp —
NC22 G4 NC — —
NC23 G3 NC — —
NC24 E2 NC — —
NC25 E4 NC — —
NC26 H5 NC — —
NC27 H4 NC — —
NC28 F2 NC — —
NC29 E1 NC — —
NC30 C1 NC — —
NC31 C3 NC — —
NC32 B4 NC — —
NC33 A4 NC — —
NC34 D1 NC — —
NC35 D2 NC — —
NC36 B3 NC — —
NC37 A3 NC — —
NC38 C5 NC — —
NC39 E6 NC — —
NC40 D9 NC — —
NC41 E9 NC — —
NC42 C4 NC — —
NC43 E5 NC — —
NC44 ES8 NC — —
NC45 D8 NC — —
NC46 A6 NC — —
NC47 B7 NC — —
NC48 B10 NC — —
NC49 A11 NC — —
NC50 A5 NC — —
NC51 B6 NC — —

P1012 QorlQ Integrated Processor Hardware Specifications, Rev. 1
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
NC52 B9 NC — —
NC53 A10 NC — —
MECCO00 AD2 I/0 GVpp —
MECCO01 AC2 110 GVpp —
MECC02 W1 /0 GVpp —
MECCO03 V3 110 GVpp —
MECC04 AB2 /0 GVpp —
MECCO05 AD1 I/0 GVpp —
MECCO06 Y1 110 GVpp —
MECCO07 V6 110 GVpp —
MAPAR_ERR_B N5 | GVpp —
MAPAR_OUT R5 o] GVpp —
MDMO00 AH7 o) GVpp —
MDMO1 AE7 o] GVpp —
MDM02 AH1 o) GVpp —
MDMO03 AC1 o) GVpp —
NC57 G1 NC — —
NC58 Cc2 NC — —
NC59 F8 NC — —
NC60 A7 NC — —
MDMO08 AA4 o] GVpp —
MDQS00 AJ6 110 GVpp —
MDQSO01 AF6 110 GVpp —
MDQS02 AG2 110 GVpp —
MDQS03 AB3 110 GVpp —
NC61 F3 NC — —
NC62 B2 NC — —
NC63 D7 NC — —
NC64 A9 NC — —
MDQSO08 AA1 I/0 GVpp —
MDQS_B00 AJ7 110 GVpp —
MDQS_B01 AF7 /0 GVpp —
MDQS_B02 AG1 I/0 GVpp —
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
MDQS_B03 AB4 /0 GVpp —
NC65 F4 NC — —
NC66 B1 NC — —
NC67 D6 NC — —
NC68 A8 NC — —
MDQS_B08 AB1 /0 GVpp —
MBAOO K5 o) GVpp —
MBAO1 L5 o) GVpp —
MBA02 T4 o) GVpp —
MAOO L6 0] GVpp —
MAO1 M2 o] GVpp —
MAO2 M1 o] GVpp —
MAO3 M5 0] GVpp —
MAO4 N1 o] GVpp —
MAO5 P1 o) GVpp —
MAO6 N4 o] GVpp —
MAOQ7 P3 o] GVpp —
MAO8 P2 o] GVpp —
MAO09 R1 o] GVpp —
MA10 K6 o] GVpp —
MA11 R4 0] GVpp -
MA12 T5 o] GVpp —
MA13 J5 o) GVpp —
MA14 T3 o] GVpp —
MA15 U4 o] GVpp —
MWE_B K2 o] GVpp —
MRAS_B K1 o) GVpp —
MCAS_B J3 ) GVpp —
MCS_B00 J2 ) GVpp —
MCS_BO01 J6 ) GVpp —
NC69 J1 NC — —
NC70 G2 NC — —
MCKEO0 us ) GVpp 8

P1012 QorlQ Integrated Processor Hardware Specifications, Rev. 1
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Table 1. P1012 Pinout Listing (continued)

Pin Assignments and Reset States

Signal Package Pin Number Pin Type Power Supply Note
MCKEO1 V1 0] GVpp 8
NC71 ue NC — —
NC72 V2 NC — —
MCKO00 u2 0] GVpp —
MCKO1 ADS8 o] GVpp —
MCK02 D4 o) GVpp —
MCKO03 T2 ) GVpp —
NC73 AC6 NC — —
NC74 F5 NC — —
MCK_B00 U1 0] GVpp —
MCK_BO1 AD7 o) GVpp —
MCK_B02 D5 o) GVpp —
MCK_B03 T1 0 GVpp —
NC75 AC5 NC — —
NC76 F6 NC — —
MODT00 H1 o) GVpp —
MODTO1 H6 o) GVpp —
NC77 J4 NC — —
NC78 F1 NC — —
MDICO00 C10 I/0 GVpp 14
MDICO1 F10 1/0 GVpp 14

SerDes

SD _TX 3 AD18 o) XVpp_SRDS —
SD_TX 2 AE17 o) XVpp_SRDS —
SD_TX_1 AE13 o) XVpp_SRDS —
SD_TX 0 AD12 o) XVpp_SRDS —
SD_TX_B3 AE18 o] XVpp_SRDS —
SD_TX_B2 AF17 o) XVpp_SRDS —
SD_TX_B1 AF13 o) XVpp_SRDS —
SD_TX_BO AE12 o] XVpp_SRDS —
SD_RX_3 AH18 [ SVpp_SRDS —
SD_RX_2 AH16 [ SVpp_SRDS —

P1012 QorlQ Integrated Processor Hardware Specifications, Rev. 1
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
SD_RX_1 AH14 | SVpp_SRDS —
SD_RX_0 AH12 [ SVpp_SRDS —
SD_RX_B3 AJ18 [ SVpp_SRDS —
SD_RX_B2 AJ16 [ SVpp_SRDS —
SD_RX_B1 AJ14 [ SVpp_SRDS —
SD_RX_BO AJ12 [ SVpp_SRDS —

SD_REF_CLK AG15 | SVpp_SRDS —

SD_REF_CLK_B AF15 | SVpp_SRDS —

SD_PLL_TPD AE15 o) XVpp_SRDS 10

SD_IMP_CAL_RX AG11 | XVpp_SRDS 23

SD_IMP_CAL_TX AF19 [ XVpp_SRDS 23

SD_PLL_TPA AD16 o) XVpp_SRDS 10
Enhanced Local Bus Controller Interface

LADOO B18 1/0 BVpp 4,19

LADO1 E20 1/0 BVpp 4,19

LADO2 A19 1/0 BVpp 4,19

LADO3 B20 1/0 BVpp 4,19

LADO4 D19 1/0 BVpp 4,19

LADOS A18 1/0 BVpp 4,19

LADO6 B17 1/0 BVpp 4,19

LADO7 Cc20 /0 BVpp 4,19

LADO8/CE_PAO F19 /0 BVpp 4,19

LADO9 E1 0 1/0 BVpp 4,19

LAD10 B16 1/0 BVpp 4,19

LAD11 D14 1/0 BVpp 4,19

LAD12 D17 1/0 BVpp 4,19

LAD13 EN 1/0 BVpp 4,19

LAD14 A16 1/0 BVpp 4,19

LAD15 C15 /0 BVpp 4,19

LDPOO/CE_PA11 E18 1/0 BVpp 7
LDP0O1/CE_PA12 B19 1/0 BVpp 7
LA16/CE_PA4 B21 1/0 BVpp

P1012 QorlQ Integrated Processor Hardware Specifications, Rev. 1
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
LA17/CE_PA5 A22 110 BVpp 13
LA18/CE_PAG C21 1’0 BVpp 4
LA19/CE_PA7 F21 110 BVpp 4
LA20/CE_PAS8 E12 1’0 BVpp 4
LA21/CE_PA9 A21 1’0 BVpp 4
LA22/CE_PA10 D11 110 BVpp 4
LA23/CE_PA17 E22 110 BVpp 4
LA24/CE_PA18 F20 110 BVpp 4
LA25/CE_PA19 E21 110 BVpp 4
LA26/CE_PA20 B22 110 BVpp 4
LA27/CE_PA21 F18 110 BVpp 20
LA28/CE_PA13 A2 3 110 BVpp 13
LA29/CE_PA25 B2 3 I/0 BVpp —
LA30/CE_PA26 C 23 I/0 BVpp —
LA31/CE_PA30 D23 I/0 BVpp —

LCS_B00 D20 o) BVpp 7
LCS_B01 A12 o) BVpp 7
LCS_B02 E19 o) BVpp 7
LCS_B03 D2 1 o) BVpp 7
LCS_B04/CE_PA22 F11 110 BVpp 7
LCS_BO05/CE_PA23 D1 5 110 BVpp 7
LCS_B06/CE_PA24 D1 3 o) BVpp 7
LCS_BO07/CE_PA27 A17 o) BVpp 7
LWE_B00 F12 o] BVbp 6
LWE_BO01/CE_PB9 D1 2 110 BVpp
LBCTL/CE_PB20 E17 110 BVpp 5

LALE c17 o) BVpp 5
LGPLO/CE_PA1 B12 110 BVpp
LGPL1/CE_PA2 C13 I/0 BVpp

LGPL2 A20 o) BVpp 5
LGPL3/CE_PA3 D10 110 BVpp 4

LGPL4 B13 110 BVpp 24

LGPL5 c19 110 BVpp 4

P1012 QorlQ Integrated Processor Hardware Specifications, Rev. 1
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
LCLKOO/CE_PA28 B15 1/0 BVpp —
LCLKO1/CE_PA16 A15 1/0 BVpp —

CE_PB2 A13 /0 BVpbp —

CE_PB3 A14 /0 BVpbp —

DMA

DMA1_DREQ_B00 Y28 [ OVpp —
CE_PB18 w28 /0 OVpp —
DMA1_DACK_B00 T28 o OVpp 25
CFG_MEM_DEBUG /CE_PB19 T29 /0 OVpp —
DMA1_DDONE_BO00 T26 o OVpp 13
CFG_DDR_DEBUG /CE_PA29 Y29 110 OVpp —

Programmable Interrupt Controller
UDEO_B J27 | OVpp 2
NC105 K28 NC — —
MCPO_B AA27 [ OVpp 2

NC106 M25 NC — —

IRQOO L24 [ OVpp —

IRQO1 K26 [ OVpp —

IRQ02 K29 [ OVpp —

IRQO3 N25 [ OVpp —

IRQO4 L26 [ OVpp —

IRQO05 L29 [ OVpp —
IRQO6 / CE_PB10 K27 [ OVpp —

IRQ_OUT_B N29 0] OVpp 2,3

Voltage Select
LVDD_VSEL M28 | OVpp 18
BVDD_VSELO M29 [ OVpp 18
BVDD_VSEL1 M27 | OVpp 18
CVDD_VSELO L28 | OVpp 18
CVDD_VSEL1 L27 | OVpp 18
1588
TSEC_1588 CLK_IN AG21 | LVpp —
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
TSEC_1588_TRIG_IN1 AH20 [ LVpp —
TSEC_1588_TRIG_IN2 AG20 | LVpp —
TSEC_1588_ALARM_OUT1 AE20 0] LVbp 4,6
TSEC_1588_ALARM_OUT2 AJ20 o LVbp 4,6

TSEC_1588_CLK_OUT AG22 ) LVpop 4,6
TSEC_1588_PULSE_OUT1 AH21 (0] LVbp 4,6
TSEC_1588_PULSE_OUT2 AJ22 ] LVpp 4,6

Ethernet Management Interface

EC_MDC AD20 o) LVpp 4,6

EC_MDIO AJ21 /0 LVpp —

Gigabit Ethernet Reference Clock

EC_GTX_CLK125 AF24 [ LVpp 16

Enhanced Three Speed Ethernet Controller 1

TSEC1_TXD07/TSEC3_TXD03 AF22 o) LVbp 4,6
TSEC1_TXDO6/TSEC3_TXD02 AD22 o) LVpp 4,6
TSEC1_TXDO5/TSEC3_TXDO01 AD23 o) LVpp 4,6
TSEC1_TXD04/TSEC3_TXD00 AE21 o) LVpp 4,6
TSEC1_TXDO03 AJ25 o) LVpp 4,6
TSEC1_TXDO02 AH28 o) LVpp 4,6
TSEC1_TXDO1 AE25 o) LVpp 4,6
TSEC1_TXDO00 AD24 o) LVpp 4,6
TSEC1_TX_EN AH24 o) LVpp 22
TSEC1_TX_ER AF23 o) LVpp 4,6
TSEC1_TX_CLK/ AJ24 [ LVpp —
TSEC1_GTX_CLK125
TSEC1_GTX_CLK AG25 o) LVpp —
TSEC1_CRS/TSEC3_RX_DV AJ27 10 LVpp —
TSEC1_COL/TSEC3_RX_CLK AH26 [ LVpp —
TSEC1_RXD07/TSEC3_RXDO03 AG23 [ LVpp —
TSEC1_RXD06/TSEC3_RXDO02 AH22 [ LVpp —
TSEC1_RXD05/TSEC3_RXDO1 AJ23 [ LVpp —
TSEC1_RXD04/TSEC3_RXD00 AE24 [ LVbp —
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
TSEC1_RXDO03 AJ28 I LVbp —
TSEC1_RXD02 AE22 | LVbp —
TSEC1_RXDO01 AD21 I LVbp —
TSEC1_RXD00 AH25 I LVbp —
TSEC1_RX_DV AJ26 | LVbp —
TSEC1_RX_ER AH23 | LVbp —

TSEC1_RX_CLK AG26 I LVbp —
Three Speed Ethernet Controller 3

NC82 AE26 NC — —

NC83 AF26 NC — —
TSEC3_TX_EN AB24 0] LVpp 22

TSEC3_GTX_CLK AB25 0] LVpp —

NC84 AG29 NC — —

NC85 AA25 NC — —

CFG_DRAM_TYPE AF27 I LVpp —
NC86 Y2 4 NC — —
NC87 AA26 NC — —
CFG_IO_PORTS3 AE29 [ LVpp —

NC88 AA24 NC — —

NC89 AG28 NC — —
TSEC3_RX_ER AD25 1/0 LVpp —
TSEC3_TX_CLK AE27 I LVpp —

NC90 AD27 NC — —

NC9I1 AB26 NC — —

NC92 AC26 NC — —

NC93 AD26 NC — —

NC94 AB27 NC — —

NC95 AD28 NC — —

NC96 AF29 NC — —

NC97 AF28 NC — —

NC98 AD29 NC — —

NC99 AE28 NC — —

P1012 QorlQ Integrated Processor Hardware Specifications, Rev. 1
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
NC100 AC29 NC — —
DUART
UART_SOUTO00 J26 ] OVpp 17
UART_SOUTO01/CE_PB17 J 25 /0 OVpp
UART_SINOO H29 | OVpp —
UART_SINO1/CE_PB16 G 24 IO OVpp —
UART_CTS_B00 J28 | OVpp —
UART_CTS_B01/CE_PB14 H2 4 I/0 OVpp —
UART_RTS_B00 J29 o) OVpp 5
UART_RTS_B01/CE_PB15 J 24 o OVpp 5
12C
lc1 H28 10 OVpp 3,12
lIC1_SCL G27 10 OVpp 3,12
1IC2_SDA/CE_PB21 H26 /0 OVpp 12
IIC2_SCL/CE_PB22 H25 /0 OVpp 12
eSDHC
SDHC_DATA00 G28 10 CVpp —
SDHC_DATAO01 F27 /0 CVpp —
SDHC_DATA02 G25 /0 CVpp —
SDHC_DATA03 G26 /0 CVpp —
SDHC_CMD F26 /0 CVpp —
SDHC_CLK G29 0] CVpp —
SPI
SPI_MISO F28 [ CVpp —
SPI_MOSI F25 /0 CVpp —
SPI_CS0_B/SDHC_DATA04 D28 /0 CVpp —
SPI_CS1_B/SDHC_DATA05 E26 /0 CVpp —
SPI_CS2_B/SDHC_DATA06 F29 /0 CVpp —
SPI_CS3_B/SDHC_DATAO07 E29 /0 CVpp —
SPI_CLK D29 o] CVpp —
usB
USB_NXT B26 [ CVpp —

P1012 QorlQ Integrated Processor Hardware Specifications, Rev. 1
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
USB_DIR A28 [ CVpp —
USB_STP B29 o) CVpp 25

USB_PWRFAULT C29 | CVpp —
USB_CLK D27 [ CVpp —
uSB_DO07 Cc28 110 CVpp —
USB_D06 C25 110 CVpp —
USB_D05 B28 110 CVpp —
USB_D04 B25 110 CVpp —
USB_D03 D26 110 CVpp —
USB_D02 A27 /0 CVpp —
USB_DO01 A26 110 CVpp —
USB_DO00 C26 110 CVpp —

General-Purpose Input/Output

CE_PB4 R28 /0 OVpp —
CE_PB6 R26 /0 OVpp —
CE_PB11 P29 /0 OVpp —
CE_PB7 N24 /0 OVpp —
CE_PB5 u29 /0 OVpp —
CE_PBO R24 /0 OVpp —
CE_PA31 R29 /0 OVpp —
CE_PB1 R25 /0 OVpp —
SDHC_CD/CE_PB12 F22 /0 BVpp —
SDHC_WP/CE_PB13 A24 /0 BVpp —
USB_PCTLO/CE_PB8 A25 /0 BVpp —
USB_PCTL1/CE_PA15 D24 10 BVpp —
CE_PB29 F23 /0 BVpp —
CE_PB30 E23 /0 BVpp —
CE_PB31 F24 /0 BVpp —
CE_PCO E24 /0 BVpp —

System Control

HRESET_B W25 | OVpp —

HRESET REQ_B u24 o) OVpp 13
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
SRESET_B W24 | OVpp —
CKSTP_INO_B AA29 | OVpp 2
CKSTP_IN1_B AB29 | OVpp 2
CKSTP_OUTO_B V25 ) OVpp 2,3
CKSTP_OUT1_B Y2 7 o) OVpp 2,3
Debug
TRIG_IN AB28 [ OVpp —
TRIG_OUT u28 ) OVpp 6,13
READY_P1 W 26 o) OVpp 6
MSRCID00/LB_MSRCID00/ P28 /0 OVpp —
PLL_PER_OUTO0/CE_PB23
MSRCID01/LB_MSRCID01/ R27 /0 OVpp 13
PLL_PER_OUTO01/CE_PB24
MSRCID02/LB_MSRCID02/ P27 /0 OVpp 13
PLL_PER_OUTO02/CE_PB25
MSRCID03/LB_MSRCID03/ P26 /0 OVpp 13
PLL_PER_OUTO03/CE_PB26
MSRCID04/LB_MSRCID04/ N26 1/0 OVpp 17
PLL_UP_DN/CE_PB27
MDVAL/LB_MDVAL/ M24 /0 OVpp 13
PLL_PER_VALID/CE_PB28
Clocks
CLK_OUT T24 o) OVpp 8
RTC K24 [ OVpp —
DDRCLK AC9 | OVpp 15
SYSCLK W29 | OVpp —
DFT
SCAN_MODE_B w27 I OVpp 13
TEST_SEL_B AA28 | OVpp 25
JTAG
TCK V29 [ OVpp —
TDI T25 [ OVpp 9
TDO V28 o) OVpp 8
T™MS U26 [ OVpp 9
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note

TRST B V26 | OVpp 9

Power Management

ASLEEP u25 0 OVpp 13
NC1 G6 NC — —
NC2 Y14 NC — —
NC3 Y15 NC — —
NC4 Y16 NC — —
NC5 AE10 NC — —
NC6 AF10 NC — —
NC9 E14 NC — —
NC10 E13 NC — —
NC15 W6 NC — —

Power and Ground Signals

GND AH10 — — —
GND AJ10 — — —
GND AD10 — — —
THERM1 E16 Internal Diode — 26
Anode
THERMO E15 Internal Diode — 26
Cathode
AGND_SRDS AD15 — — —
AVpp_COREQ F16 — — 11, 21
NC117 F15 NC —
AVpp_DDR Y10 — — 11
NC102 F14 NC — —
AVpp_PLAT V24 — — 11
AVpp_SRDS AD14 — — 11
BVpp B24 — — _
BVpp c12 — — —
BVpp C14 — — —
BVpp C16 — — —
BVpp c22 — — —
BVpp D18 — — —
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Table 1. P1012 Pinout Listing (continued)

Pin Assignments and Reset States

Signal Package Pin Number Pin Type Power Supply Note
BVpp G20 — — —
CVpp c27 — — —
CVpp E25 — — —
CVpp E27 — — —
GVpp A2 — — —
GVpp B8 — — —
GVpp B11 — — —
GVpp c7 — — —
GVpp C9 — — —
GVpp D3 — — —
GVpp E7 — — —
GVpp F9 — — —
GVpp G10 — — —
GVpp H2 — — —
GVpp K3 — — —
GVpp K7 — — —
GVpp L2 — — —
GVpp L3 — — —
GVpp L4 — — —
GVpp N3 — — —
GVpp N6 — — —
GVpp P4 — — —
GVpp R2 — — —
GVpp u3 — — —
GVpp V5 — — —
GVpp W3 — — —
GVpp Y2 — — —
GVpp AA2 — — —
GVpp AA3 — — —
GVpp AA5 — — —
GVpp AA7 — — —
GVpp AB6 — — —
GVpp AD5 — — —
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
GVpp AD9 — — —
GVpp AE3 — — —
GVpp AF4 — — —
GVpp AG6 — — —
GVpp AG8 — — —
GVpp AJ2 — — —
LVpp Y23 — — —
LVpp AC21 — — —
LVpp AC25 — — —
LVpp AC27 — — —
LVpp AE23 — — —
LVpp AF21 — — _
LVpp AF25 — — —
LVpp AH27 — — —
LVpp AH29 — — —
SVpp_SRDS AG16 — — —
SVpp_SRDS AH13 — — —
SVpp_SRDS AH17 — — —
SVpp_SRDS AJ11 — — —
SVpp_SRDS AJ15 — — —
SVpp_SRDS AJ19 — — —
SGND_SRDS AG12 — — —
SGND_SRDS AG13 — — —
SGND_SRDS AG14 — — —
SGND_SRDS AG17 — — —
SGND_SRDS AG18 — — —
SGND_SRDS AG19 — — —
SGND_SRDS AH11 — — —
SGND_SRDS AH15 — — —
SGND_SRDS AH19 — — —
SGND_SRDS AJ13 — — —
SGND_SRDS AJ17 — — —
XVpp_SRDS AD13 — — —
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
XVpp_SRDS AD17 — — —
XVpp_SRDS AE11 — — —
XVpp_SRDS AE19 — — —
XVpp_SRDS AF14 — — —
XVpp_SRDS AF16 — — —
XGND_SRDS AD11 — — —
XGND_SRDS AD19 — — —
XGND_SRDS AE14 — — —
XGND_SRDS AE16 — — —
XGND_SRDS AF11 — — —
XGND_SRDS AF12 — — —
XGND_SRDS AF18 — — —
XGND_SRDS AG10 — — —

MVREF R6 — — —

OVpp K23 — — —

OVpp L25 — — —

OVpp N27 — — —

OVpp P25 — — —

OVpp u27 — — —

OVpp Y26 — — —

NC103 F13 NC — —

NC104 P6 NC — —

NC110 K10 NC — —

NC111 K11 NC — —

NC112 K12 NC — —

NC113 K13 NC — —

NC114 K14 NC — —

NC115 L10 NC — —

NC116 M10 NC — —

Vbpe K15 — — —

Vbpe K17 — — —

Vbpe K19 — — —

Vbpe K16 — — —
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
Vbpe L20 — — —
Vbpe K18 — — —
Vbpe K20 — — —
Vbpe N10 — — —
Vbpe N20 — — —
Vbpe M20 — — —
Vbpe R10 — — —
Vbpe R20 — — —
Vbpe P10 — — —
Vbpe P20 — — —
Vobe u10 — — —
Vobe u20 — — —
Vbpe T10 — — —
Vbpe T20 — — —
Vbpe W10 — — —
Vbpe V10 — — —
Vbpe V20 — — —
Vbpe W20 — — —
Vbpe Y11 — — —
Vbpe Y19 — — —
GND A1 — — —
GND A29 — — —
GND BS — — —
GND B14 — — _
GND B27 — — —
GND C6 — — —
GND C8 — — —
GND C11 — — —
GND C18 — — —
GND C24 — — —
GND D16 — — —
GND D22 — — —
GND D25 — — —
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Table 1. P1012 Pinout Listing (continued)

Pin Assignments and Reset States

Signal Package Pin Number Pin Type Power Supply Note
GND E3 — — —
GND E28 — — —
GND F7 — — —
GND G5 — — —
GND G9 — — —
GND G21 — — —
GND H3 — — —
GND H27 — — —
GND J7 — — —
GND J23 — — —
GND K4 — — —
GND F17 — — —
GND L12 — — —
GND L14 — — —
GND L16 — — —
GND L18 — — —
GND M11 — — —
GND K25 — — —
GND L1 — — —
GND L11 — — —
GND L13 — — —
GND L15 — — —
GND L17 — — —
GND L19 — — —
GND M3 — — —
GND M4 — — —
GND M6 — — —
GND M19 — — —
GND M12 — — —
GND M13 — — —
GND M14 — — —
GND M15 — — —
GND M16 — — —
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
GND M17 — — —
GND M18 — — —
GND P11 — — —
GND M26 — — —
GND N2 — — —
GND N11 — — —
GND N12 — — —
GND N13 — — —
GND N14 — — -
GND N15 — — —
GND N16 — — —
GND N17 — — —
GND N18 — — —
GND N19 — — —
GND N28 — — —
GND PS5 — — —
GND P19 — — —
GND P12 — — —
GND P13 — — —
GND P14 — — —
GND P15 — — —
GND P16 — — —
GND P17 — — —
GND P18 — — —
GND T11 — — —
GND P24 — — —
GND R3 — — —
GND R11 — — —
GND R12 — — —
GND R13 — — —
GND R14 — — —
GND R15 — — —
GND R16 — — —

P1012 QorlQ Integrated Processor Hardware Specifications, Rev. 1

28 Freescale Semiconductor



Table 1. P1012 Pinout Listing (continued)

Pin Assignments and Reset States

Signal Package Pin Number Pin Type Power Supply Note
GND R17 — — —
GND R18 — — —
GND R19 — — —
GND T6 — — —
GND T19 — — —
GND T12 — — —
GND T13 — — —
GND T14 — — —
GND T15 — — —
GND T16 — — —
GND T17 — — —
GND T18 — — —
GND V11 — — —
GND T27 — — —
GND u11 — — —
GND u12 — — —
GND u13 — — —
GND u14 — — —
GND u15 — — —
GND u16 — — —
GND u17 — — —
GND u18 — — —
GND u19 — — —
GND V4 — — —
GND V19 — — —
GND V12 — — —
GND V13 — — —
GND V14 — — —
GND V15 — — —
GND V16 — — —
GND V17 — — —
GND V18 — — —
GND W12 — — —
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
GND V27 — — —
GND w2 — — —
GND w4 — — —
GND W11 — — —
GND W13 — — —
GND W14 — — -
GND W15 — — —
GND W16 — — —
GND W17 — — —
GND w19 — — —
GND Y3 — — —
GND Y6 — — —
GND Y7 — — —
GND W18 — — —
Vpbpe Y12 — — —
GND Y13 — — —
GND Y17 — — —
Vboe Y18 — — —
Vbpe Y20 — — —
GND Y25 — — —
GND AAG — — —
GND AA23 — — —
GND AC3 — — —
GND AC10 — — —
GND AC20 — — —
GND AC24 — — —
GND AC28 — — —
GND AD3 — — —
GND ADG6 — — —
GND AE9 — — —
GND AF20 — — —
GND AG3 — — —
GND AG5 — — —

P1012 QorlQ Integrated Processor Hardware Specifications, Rev. 1

30 Freescale Semiconductor



Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note

GND AG7 — — —

GND AG24 — — —

GND AG27 — — —

GND AJ1 — — —

GND AJ29 — — —
Note:

1.

2
3.
4

7.

8.
9.
10.
1.
12.
13.

14.

All multiplexed signals are listed only once and do not re-occur.

. Recommend that a weak pull-up resistor (2-10 KQ) be placed on this pin to OVDD.

This pin is an open drain signal.

. This pin is a reset configuration pin. It has a weak internal pull-up, P-FET, which is enabled only when the processor is in

the reset state. This pull-up is designed such that it can be overpowered by an external 4.7-kQ2 pull-down resistor. However,
if the signal is intended to be high after reset, and if there is any device on the net which might pull down the value of the
net at reset, a pull-up or active driver is needed.

The value of LALE, LGPL2, and LBCTL at reset sets the €500 core clock to CCB Clock PLL ratio. These pins require 4.7-kQ
pull-up or pull-down resistors. See P1021 QorlQ Integrated Processor Reference Manual for clock ratio settings.
Functionally, this pin is an output, but structurally it is an I/O because it either samples configuration input during reset or
because it has other manufacturing test functions. This pin is described as an I/O for boundary scan.

If this pin is configured for local bus controller usage, it is recommended that a weak pull-up resistor (2—10 KQ) be placed
on this pin to BVDD, ensuring that there is no random chip select assertion due to possible noise or other factors.

This output is actively driven during reset rather than being three-stated during reset.

These JTAG pins have weak internal pull-up P-FETs that are always enabled.

Do not connect.

Independent supplies derived from board VDD.

Recommend that a pull-up resistor (~1 kQ) be placed on this pin to OVDD.

These pins must NOT be pulled down by a resistor or the component they are connected to during power-on reset: LA28,
LA17, HRESET_REQ, MSRCID[1:3], MDVAL, ASLEEP, DMA1_DDONE_B00, SCAN_MODE_B, TRIG_OUT.

For DDR2 MDIC[0] is grounded through an 18.2-Q (full-strength mode) or 36.4-Q (half-strength mode) precision 1% resistor
and Dn_MDICJ1] is connected to GVDD through an 18.2-Q (full-strength mode) or 36.4-Q (half-strength mode) precision
1% resistor. These pins are used for automatic calibration of the DDR 10s. The calibration resistor value for DDR3 should
be 20-Q(full-strength mode) or 40-Q (half-strength mode).
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Pin Assignments and Reset States

Table 1. P1012 Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note

15. DDRCLK input is only required when the P1012DDR controller is running in asynchronous mode. When the DDR controller
is configured to run in synchronous mode via POR setting cfg_ddr_pll[0:2] = 111, the DDRCLK input is not required. It is
recommended that users tie it off to GND when DDR controller is running in synchronous mode. See the “Clock Signals”
section and the “DDR Complex Clock PLL Ratio” table in the “DDR PLL Ratio” section of the P1021 QorlQ Integrated Host
Processor Family Reference Manual, for a more detailed description of DDR controller operation in asynchronous and
synchronous modes.

16.EC_GTX_CLK125 is a 125-MHz input clock shared among all eTSEC ports in the following modes: RGMII. If none of the
eTSEC ports is operating in these modes, the EC_GTX_CLK125 input can be tied off to GND.

17.These POR configuration inputs may be used in the future to control functionality. It is advised that boards are built with the
ability to pull-down these pins. LA[20:22], UART_SOUTI[0], and MSRCID[4] are reserved for future reset configuration.

18.Incorrect settings can lead to irreversible device damage.

19.The value of LAD[0:15] during reset sets the upper 16 bits of the GPPORCR.

20.The value of LA27 during reset is used to determine CPU boot configuration. See the “CPU Boot POR Configuration,”
section in the applicable device reference manual.

21.1t must be the same as Vpp_Core.

22.When eTSEC1 and eTSEC3 ae used as paallel interfaces, pins TSEC1_TX_EN andTSEC3_TX_EN requires an exernal
4.7-k_ pull-down resistor to prevent PHY from seeing a valid Transmit Enable before it is actively driven. However, because
of the pull-down resistor on TSEC3_TX_EN cause the eSDHC card-detect (cfg_sdhc_cd_pol_sel) to be inverted, the
inversion should be overridden from the SDHCDCR [CD_INV] debug control register.

23.SD_IMP_CAL_RX should be gounded through an 200-Q precision 1% resistor and SD_IMP_CAL_TX is grounded through
an 100-Q precision 1% resistor.

24 For systems which boot from Local Bus (GPCM)-controlled NOR flash or (FCM)-controlled NAND flash, a pul-up on LGPL4
is required.

25.Refer to AN4259 for the correct settings.

26.These pins may be connected to a temperature diode monitoring device such as the On Semiconductor, NCT1008™. If a
temperature diode monitoring device is not connected, these pins may be connected to test point or left as a no connect.
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2 Electrical Characteristics

Electrical Characteristics

This section providesthe AC and DC electrical specifications. The processor is currently targeted to these specifications. Some
of these specifications areindependent of the I/O 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 absol ute maximum ratings.

Table 2. Absolute Maximum Ratings®

Characteristic Symbol Max Value Unit| Note
Core 0 and platform supply voltage Vbpe -0.3t0 1.05 \% —
PLL supply voltage AVpp_COREO -0.3t0 1.05 \% 8
AVpp_DDR
AVpp_PLAT
AVpp_SRDS
Core power supply for SerDes transceivers SVpp_SRDS -0.3t0 1.05 \% —
Pad power supply for SerDes transceivers XVpp_SRDS -0.3t0 1.05 \% —
DDR2/3 DRAM 1/O voltage GVpp -0.3t0 1.98 \Y, —
Three-speed Ethernet I/0, MIl management voltage (eTSEC) LVpbp -0.310 3.63 \% 1,4
-0.31t02.75
DUART, system control and power management, I°C, and JTAG I/0 OVpp —0.3 t0 3.63 \Y, —
voltage
USB, eSPI, eSDHC CVpp —-0.3 t0 3.63 \Y, —
-0.31t02.75
-0.3t0 1.98
Enhanced local bus 1/O voltage BVpp —0.3 t0 3.63 \Y —
Input voltage DDR2/DDR3 DRAM signals MV|N —0.3 to (GVpp + 0.3) 2,7
DDR2/DDR3 DRAM reference MVRer -0.3to (GVpp/2 + —
0.3)
Three-speed Ethernet signals LV|N -0.3to (LVpp+0.3) | V 3,7
Enhanced local bus signals BV|N -0.3to (BVpp +0.3) | — 5
DUART, SYSCLK, system control and power OV -0.3t0 (OVpp +0.3)| V 6,7
management, 1°C, clocking, I/O voltage select,
and JTAG 1/O voltage
USB, eSPI, eSDHC CViN —-0.3to (CVpp + 0.3) 4
SerDes signals XViN —-0.3 to (XVpp + 0.3) —
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Electrical Characteristics

Table 2. Absolute Maximum Ratings?® (continued)

Characteristic Symbol Max Value Unit | Note

Storage temperature range Tste -55 to 150 °C —

Notes:

1.

N

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.

Caution: MVIN must not exceed GVDD 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: LVIN must not exceed LVDD 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: CVIN must not exceed CVDD 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: BVIN must not exceed BVDD 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: OVIN must not exceed OVDD 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.

(C,X,B,G,L,0)VIN and MVRrgg may overshoot/undershoot to a voltage and for a maximum duration as shown in Figure 7.
AVpp is measured at the input to the filter (as shown in AN4259) and not at the pin of the device.

2.1.2 Recommended Operating Conditions

Thistable provides the recommended operating conditions for this device. Note that the valuesin this table are the
recommended and tested operating conditions. Proper device operation outside these conditionsis not guaranteed.

Table 3. Recommended Operating Conditions

Characteristic Symbol Recommended Value | Unit | Notes
Core 0 and platform supply voltage Vbbe 1.0+£50 mV \% 1
PLL supply voltage AVpp_COREO 1.0+ 50 mV \% —
AVpp_DDR
AVpp_PLAT
AVpp_SRDS
Core power supply for SerDes transceivers SVpp_SRDS 1.0+ 50 mV \% —
Pad power supply for SerDes transceivers and PCI Express XVpp_SRDS 1.0+ 50 mV \% —
DDR2 DRAM 1/O voltage GVpp 1.8V 90 mV \Y, —
DDR3 DRAM 1/O voltage GVpp 1.5V+75mV — —
Three-speed Ethernet I/O voltage (eTSEC) LVpp 3.3V £165mV \% —
25V +£125mV
DUART, system control and power management, 1°C, QUICC OVpp 3.3V +165mV \% —
Engine block, and JTAG 1/O voltage
Enhanced local bus I/0 and QUICC Engine block voltage BVpp 3.3V+165mV \ —
USB, eSPI, eSDHC CVpp 3.3V 165 mV \Y, —
25V +£125mV
1.8V 90 mV
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Electrical Characteristics

Table 3. Recommended Operating Conditions (continued)

Characteristic Symbol Recommended Value | Unit | Notes

Input voltage DDR2/3 DRAM signals MVn GND to GVpp \Y —

DDR2/3 DRAM reference MVRer GND to GVpp/2 \Y —

Three-speed Ethernet signals LV|N GND to LVpp \ —

Enhanced local bus signals BV|n GND to BVpp \ —

DUART, SYSCLK, system control and power OV GND to OVpp \% —

management, 1°C, and JTAG signals

USB, eSPI, eSDHC CVin GND to CVpp \ —
Junction temperature range TAITY 0 to 125 Commercial | °C 3

—40 to 125 Industrial

Notes:

1. Caution: Until Vpp reaches its recommended operating voltage, Vpp may exceed L/C/B/G/OVpp by up to 0.7 V. If 0.7 V
is exceeded, extra current will be drawn by the device.

2. Caution: Until Vpp reaches its recommended operating voltage, if L/C/B/G/OVpp exceeds Vpp, extra current may be
drawn by the device.

3. Min temp is specified with TA; Max temp is specified with TJ.

Thisfigure shows the undershoot and overshoot voltages at the interfaces of the device.

B/C/GIL/OVpp + 20% — — — — _ _ o

Vi B/C/G/LIOVpp
GND .. oo
GND-03V - — — — — — — — — — — — — —
Vi I
GND-07V L _
| |- Not to Exceed110%
I of toLock I
Note:

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

For I“C and JTAG, t?LOCK references SYSCLK.
For DDR, tc| ock references MCK.

For eTSEC, tc ock references EC_GTX_CLK125.
For eLBC, tc) ock references LCLK.

Figure 7. Overshoot/Undershoot Voltage for BVpp/CVpp/GVpp/LVpp/OVpp

The core voltage must always be provided at nominal 1.0 V (see Table 3 for actual recommended core voltage). Voltage to the
processor interface |/Osare provided through separate sets of supply pinsand must be provided at the voltages shownin Table 3.
Theinput voltage threshol d scal eswith respect to the associated |/O supply voltage. OV pp and LV pp based receiversaresimple
CMOSI/O circuits and satisfy appropriate LV CMOS type specifications. The SDRAM interface uses a differentia receiver
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Electrical Characteristics

referenced the externally supplied MV gee signal (nominally set to GV pp/2). The DDR DQS receivers cannot be operated in
single-ended fashion. The complement signal must be properly driven and cannot be grounded.

2.1.3 Output Driver Characteristics

Thistable provides information on the characteristics of the output driver strengths. The values are preliminary estimates.

Table 4. Output Drive Capability

Driver Type Output Impedance (Q) Supply Voltage Notes
Enhanced local bus interface 45 BVpp =33V —
DDRZ2 signal (programmable) 18 (full-strength mode) GVpp=18V 11
36 (half-strength mode)
DDR 3 signal (programmable) 20 (full-strength mode) GVpp=15V 1
40 (half-strength mode)
TSEC signals 45 LVpp =2.5/3.3V —
DUART, system control, JTAG 45 OVpp =33V —
1’c 45 OVpp =3.3V —
USB, SPI, eSDHC 45 CVpp=33V —
CVDD =25V
CVDD =18V

Note:
1. The drive strength of the DDR2/3 interface in half-strength mode is at T; = 105°C and at GVpp (min)

2.2 Power Sequencing
The processor requires that its power rails be applied in a specific sequence in order to ensure proper device operation. These
requirements are as follows for power up:
1. Vpp. Vppe AVpp, BVpp, LVpp, CVpp, OVpp, SVpp srposand, XVpp sros
2. GVpp
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.

To guarantee MCKE low during power-up, the above sequencing for GV pp is required. If thereis no concern about any of the
DDR signals being in an indeterminate state during power-up, the sequencing for GV pp is not required.

NOTE

From a system standpoint, if any of the I/O power supplies ramp prior to the V pp core
supply, the 1/Os associated with that 1/0 supply may drive alogic one or zero during
power-up, and extra current may be drawn by the device.
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2.3 Power Down Requirements

Electrical Characteristics

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

Thissection describesthe A C electrical specifications for the RESET initialization timing requirements. Thistable providesthe

RESET initialization AC timing specifications for the DDR SDRAM component(s).
Table 5. RESET Initialization Timing Specifications

Parameter/Condition 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 SYSCLK —
Minimum assertion time for SRESET 3 — SYSCLKs 4
Input setup time for POR configs (other than PLL config) with respect to 4 — SYSCLKs 4
negation of HRESET
Input hold time for all POR configs (including PLL config) with respect to 2 — SYSCLKs 4
negation of HRESET
Maximum valid-to-high impedance time for actively driven POR configs — 5 SYSCLKs 4
with respect to negation of HRESET

Notes:

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. TRSTis an asynchronous level sensitive signal. For guidance on how this requirement can be net, refer to the JTAG signal

termination guidelines in AN4259.
4. SYSCLK is the primary clock input for the processor.

Thistable providesthe PLL lock times.

Table 6. PLL Lock Times

Parameter/Condition Min

Max

Unit

Notes

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 Notes
Required ramp rate for all voltage supplies (including OVDD/CVDD/ — 36000 V/s 1,2
GVDD/BVDD/SVDD/LVDD, All VDD supplies, MVREF and all AVvDD
supplies.)
Note:

1. Ramp rate is specified as a linear ramp from 10 to 90%. If non-linear (for example. 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

The core power dissipation for the core complex bus (CCB) versus the core frequency for thisfamily of QorlQ devicesisshown
in thistable.

Table 8. Core Power Dissipation

Core Frequency Ft’éztlj(:nfgy Vpp (V) Power Mode Junction Power (W) Notes
(MHz) (MH2) DD Temperature (°C)

533 266 1 Typical 65 1.42 1,2,3
Thermal 105 2.25 1,4,5
125 247 1,4,5

Maximum 105 2.36 1,5,6,7

125 2.5 1,5,6,7
667 333 1 Typical 65 1.53 1,2,3
Thermal 105 2.36 1,4,5
125 2.58 1,4,5

Maximum 105 24 1,5,6,7

125 2.63 1,5,6,7
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Table 8. Core Power Dissipation (continued)

Core Frequency Ft’éztlj(:nfgy Vpp (V) Power Mode Junction Power (W) Notes
(MHz) (MH2) bD Temperature (°C)
800 400 1 Typical 65 1.64 1,2,3
Thermal 105 247 1,4,5
125 2.69 1,4,5
Maximum 105 2.52 1,5,6,7
125 2.75 1,5,6,7
Note:

1.

2.6.1

Combined power of VDD, VDDC, and AVDD_n with DDR controller/s and all SerDes banks active. Does not include I/O
power.

Typical power assumes Dhrystone running with activity factor of 80% (on all cores) and executing DMA on the platform with
90% activity factor.

Typical power based on nominal processed device.

Thermal power assumes Dhrystone running with activity factor of 80% (on all cores) and executing DMA on the platform at
90% activity factor.

Thermal and maximum power are based on worst case processed device.

Maximum power assumes Dhrystone running with activity factor at 100% (on all cores) and executing DMA on the platform
at 100% activity factor.

Maximum power provided for power supply design sizing.

I/O DC Power Supply Recommendation

Thistable provides estimated I/O power numbers for each block: DDR, PCle, eLBC, eTSEC, SGMII, eSDHC, USB, eSPI,
DUART, I°C, and GPIO.

Table 9. 1/0 Power Supply Estimated Values

Interface Parameter Symbol Typical Unit Notes
DDR3 75% utilization 600 MHz data rate GVpp (1.5V) 0.76 w 1,2
667 MHz data rate GVpp (1.5V) 0.82 w 1,2
DDR3 40% utilization 600 MHz data rate GVpp (1.5V) 0.57 w 1,2
667 MHz data rate GVpp (1.5V) 0.63 w 1,2
PCI Express x1, 2.5 G-baud X/SVpp (1.0V) 0.1 w 1
x2,2.5 G-baud X/SVpp (1.0 V) 0.15 W 1
x4, 2.5 G-baud X/SVpp (1.0 V) 0.229 W 1
SGMII x1, 1.25G-baud X/SVpp (1.0 V) 0.096 W 1
eLBC 16-bit, 83MHz BVpp (1.8 V) 0.017 w 1,3
BVpp (2.5 V) 0.03 W 1,3
BVpp (3.3 V) 0.047 W 1,3
eTSEC RGMII LVpp (2.5 V) 0.075 w 1,3, 4
LVpp (3.3 V) 0.124 w 1,3, 4
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Table 9. 1/0 Power Supply Estimated Values (continued)

Interface Parameter Symbol Typical Unit Notes
eSDHC — CVpp (1.8V) 0.005 w 1,3
CVpp (2.5V) 0.009 w 1,3
CVpp (3.3V) 0.014 w 1,3
USB — CVpp (1.8 V) 0.004 w 1,3
CVpp (2.5V) 0.008 w 1,3
CVpp (3.3V) 0.012 w 1,3
eSPI — CVpp (1.8V) 0.004 w 1,3
CVpp (2.5V) 0.006 w 1,3
CVpp (3.3V) 0.01 w 1,3
12c — OVpp (3.3 V) 0.002 w 1,3
DUART — OVpp (3.3 V) 0.006 w 1,3
IEEE1588 — LVpp (2.5 V) 0.004 w 1,3
LVpp (3.3 V) 0.007 w 1,3
QUICC Engine block (UTOPIA) — BVpp (3.3V) 0.08 w 1,3
L2
Notes:
1. The typical values are estimates based on simulations 65 C junction temperature.
2. DDR power numbers are based on 2 rank DIMM.
3. Assuming 15 pF total capacitance load per pin.
4. The current values are per each eTSEC used.
5. GPIO x8 support on OVDD and x8 on BVDD rail supply.

2.7 Input Clocks

This section discusses the system clock timing, SY SCLK and spread spectrum sources, rea time clock timing, €T SEC Gigabit
reference clock timing, DDR clock timing, and other input clocks.

NOTE:

Therise/ fall time on QE input pins should not exceed 5ns. This should be enforced
especially on clock signals. Risetime refersto signal transitions from 10% to 90% of Vcc;
fall time refersto transitions from 90% to 10% of Vcc.
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2.7.1 System Clock Timing

Thistable provides the system clock (SY SCLK) DC specifications.
Table 10. SYSCLK DC Electrical Characteristics

At recommended operating conditions with OVpp = 3.3 V £ 165 mV

Parameter Symbol Min Typical Max Unit Notes
Input high voltage ViH 2.0 — \% 1
Input low voltage ViL — — 0.8 \Y 1
Input capacitance CiN — 7 15 pf —
Input current (Vin= 0V or Vi = Vpp, N — — +50 UA 2
Note:
1. The max V)y, and min V|_ values can be found in Table 3.
2. The symbol V), in this case, represents the OV symbol referenced inTable 3.
Thistable provides the system clock (SY SCLK) AC timing specifications.
Table 11. SYSCLK AC Timing Specifications
At recommended operating conditions (see Table 3) with OVpp = 3.3 V £ 165 mV
Parameter/Condition Symbol Min Typical Max Unit Notes
SYSCLK frequency fsyscLk 64 — 100 MHz 1
SYSCLK cycle time tsyscLk 10 — 15 ns —
SYSCLK duty cycle tunk/tsyscLk 40 — 60 % 2
SYSCLK slew rate — 1 — 4 V/ns 3
SYSCLK peak period jitter — — — + 150 ps —
SYSCLK jitter phase noise at — 56dBc — — — 500 KHz 4
AC Input Swing Limits at 3.3 V OVpp AVpc 1.9 — — \ —

Notes:

1. Caution: The CCB_clk to SYSCLK ratio and €500 core to CCB_clk ratio settings must be chosen such that the resulting
SYSCLK frequency, €500 core frequency, and CCB_clk frequency do not exceed their respective maximum or minimum
operating frequencies.Refer to for ratio settings.

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

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.

@ N

2.7.2 SYSCLK and Spread Spectrum Sources

Spread spectrum clock sources are an increasingly popular way to control electromagnetic interference emissions (EMI) by
spreading the emitted noise to awider 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.
Thejitter specification given in Table 12 considers short-term (cycle-to-cycle) jitter only and the clock generator’s
cycle-to-cycle output jitter should meet the processor’s input cycle-to-cycle jitter requirement. Frequency modulation and
spread are separate concerns, and the P1012 is compatible with spread spectrum sources if the recommendations listed in this
table are observed.
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Table 12. Spread Spectrum Clock Source Recommendations
At recommended operating conditions. See Table 3.

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

Note:

1. SYSCLK frequencies resulting from frequency spreading, and the resulting core and VCO frequencies, 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 SY SCLK, DDRCLK, core, and VV CO frequencies
must not be exceeded regardless of the type of clock source. Therefore, systemsin which
the processor is operated at its maximum rated e500 core/DDR memory frequency should
avoid violating the stated limits by using down-spreading only.

2.7.3 Real Time Clock Timing

Thereal time clock timing (RTC) input is sampled by the platform clock (CCB clock). The output of the sampling latch is then
used as an input to the counters of the PIC and the TimeBase unit of the e500. There is no jitter specification. The minimum
pulse width of the RTC signal should be greater than 2x the period of the CCB clock. That is, minimum clock high timeis

2 X teep, and minimum clock low timeis 2 X tccg. Thereisno minimum RTC frequency; RTC may be grounded if not needed.

2.7.4 eTSEC Gigabit Reference Clock Timing

Thistable lists the eTSEC gigabit reference clock DC electrical characteristics.
Table 13. eTSEC Gigabit Reference Clock DC Electrical Characteristics

Parameter Symbol Min Max Unit Notes

High-level input voltage ViH 2 — \% 1
Low-level input voltage ViL — 0.8 \Y 1
Input current (Vi =0 V or V|\ = Vpp, N — +40 UA 2
Note:

1. The max V)y, 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.
Thistable provides the €T SEC gigabit reference clocks (EC_GTX_CLK125) AC timing specifications.

Table 14. EC_GTX_CLK125 AC Timing Specifications
At recommended operating conditions with LVpp = 2.5+ 0.125 mV/ 3.3 V £ 165 mV
Parameter/Condition Symbol Min Typical Max Unit Notes

EC_GTX_CLK125 frequency te125 — 125 — MHz —
EC_GTX_CLK125 cycle time tg125 — 8 — ns —
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Table 14. EC_GTX_CLK125 AC Timing Specifications
At recommended operating conditions with LVpp = 2.5+ 0.125 mV/ 3.3 V + 165 mV (continued)

Parameter/Condition Symbol Min Typical Max Unit Notes
EC_GTX_CLK rise and fall time tG125R/tG125F — — ns 1
LVDD =25V 0.75
LVpp =33V 1.0
EC_GTX_CLK1 25 dUty CyCIe tG125H/tG125 — % 2
1000Base-T for RGMII 47 53
EC_GTX_CLK125 jitter — — — +150 ps 2

Notes:

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 e TSEC 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 Section 2.11.3.2, “RGMII AC Timing Specifications,” for duty cycle for 10Base-T and 100Base-T reference

clock.

2.7.5

DDR Clock Timing

Thistable provides the system clock (DDRCLK) DC specifications.
Table 15. DDRCLK DC Electrical Characteristics

At recommended operating conditions with OVpp =3.3 V + 165 mV

Parameter Symbol Min Typical Max Unit Notes
Input high voltage Viy 2.0 — OVpp +0.3 \Y 1
Input low voltage Vi -0.3 — 0.8 \ 1
Input capacitance Cin — 7 15 pf —
Input current (V=0 V or Viy = Vpp, N — — +50 UA 2
Note:
1. The symbol V), in this case, represents the OV, symbol referenced in Table 2 and Table 3.
Thistable providesthe DDR clock (DDRCLK) AC timing specification.
Table 16. DDRCLK AC Timing Specifications

At recommended operating conditions with OVpp of 3.3 V £ 5%.

Parameter/Condition Symbol Min Typical Max Unit Notes
DDRCLK frequency foDRCLK 66.66 — 166.7 MHz 1,2
DDRCLK cycle time tbDRCLK 6 — 15 ns 1,2
DDRCLK duty cycle tkHK/tDDRCLK 40 — 60 % 2
DDRCLK slew rate — 1 — 4 V/ns 3
DDRCLK peak period jitter — — — +150 ps —
DDRCLK jitter phase noise at — 56dBc — — — 500 KHz 4
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Table 16. DDRCLK AC Timing Specifications (continued)
At recommended operating conditions with OVpp of 3.3 V £ 5%.

Parameter/Condition Symbol Min Typical Max Unit Notes

AC Input Swing Limits at 3.3 V OVpp AVpc 1.9 — — \

Notes:

1. Caution: The DDR complex clock to DDRCLK ratio settings must be chosen such that the resulting DDR complex clock

frequency does not exceed the maximum or minimum operating frequencies. Refer to P1021 QorlQ Integrated Processor
Reference Manual for ratio settings.

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

SEN

2.7.6 Other Input Clocks

A description of the overall clocking of thisdeviceisavailablein the QorlQ P1021Integrated Host Processor Family Reference
Manual in the form of a clock subsystem block diagram. For information on the input clocks of other functional blocks of the
platform, such as SerDes and eTSEC, see the specific section of this document.

2.8 DDR2 and DDR3 SDRAM

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

2.8.1 DDR SDRAM DC Electrical Characteristics

Thistable provides the recommended operating conditions for the DDR SDRAM component(s) when interfacing to DDR2
SDRAM.

Table 17. DDR2 SDRAM Interface DC Electrical Characteristics

At recommended operating condition with GVpp = 1.8 V1

Parameter Symbol Min Max Unit Notes
I/0 reference voltage MVRer 0.49 x GVpp 0.51 x GVpp V 2,3,4
Input high voltage Viy MVRgr +0.125 — \ 5
Input low voltage Vi — MVger —0.125 \ 5
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Table 17. DDR2 SDRAM Interface DC Electrical Characteristics (continued)

At recommended operating condition with GVpp = 1.8 V1

Parameter Symbol Min Max Unit Notes
Output high current (Voyt = 1.37 V) lon -13.4 — mA 6
Output low current (Voyt =0.330 V) | oL 134 — mA 6
I/0 leakage current loz -50 50 pA 7

Notes:

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

2. MVRgr 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 MVggr may not exceed +2% of the DC value.

3. V7 is not applied directly to the device. It is the supply to which far end signal termination is made, and it is expected to be

equal to MVggg with a min value of MVggg — 0.04 and a max value of MVggg + 0.04. V1 should track variations in the DC

level of MVRggE

The voltage regulator for MVger must be able to supply up to 1500 pA.

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

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

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

No ok
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This table provides the recommended operating conditions for the DDR SDRAM controller when interfacing to DDR3

SDRAM.

Table 18. DDR3 SDRAM Interface DC Electrical Characteristics
At recommended operating condition with GVDD = 1.5 Vi

Parameter Symbol Min Max Unit Note
1/0 reference voltage MVRer 0.49 x GVpp 0.51 x GVpp \Y, 2, ,
Input high voltage ViH MVRgg + 0.100 GVpp \% 5
Input low voltage Vi GND MVgge — 0.100 \Y 5
I/0 leakage current loz -50 50 pA 6

Notes:

1. GVpp is expected to be within 50 mV ofthe DRAM's voltage supply at all imes. The DRAMs and memory controller’s voltage
supply may or may not be from the same source.

2. MVREFn is expected to be equalto 0.5 x GVpp and to track GVpp DC variations as measured at the receiver. Peak-to-peak
noise on MVREFn may not exceed the MVREFn DC level by more than 1% of GVpp (i.e. £15 mV).

3. V17 is not applied directly to the device. It is the supply to which far end signal termination is made, and it is expected to be
equal to MVREFn with a min value of MVREFn — 0.04 and a max value of MVREFn + 0.04. V11 should track variations in the
DC level of MVREFn.

4. The voltage regulator for MVREFn must meet the specifications stated in Table 20.
. Input capacitance load for DQ, DQS, and DQS are available in the IBIS models.
6. Output leakage is measured with all outputs disabled, 0 V < Vo1 < GVpp.

(&)}

Thistable provides the DDR controller interface capacitance for DDR2 and DDR3.
Table 19. DDR2 DDR3 SDRAM Capacitance

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 Notes
Input/output capacitance: DQ, DQS, DQS Cpo 6 8 pF 1,2
Delta input/output capacitance: DQ, DQS, Coio — 0.5 pF 1,2
DQS
Note:
1. This parameter is sampled. GVDD = 1.8 V £ 0.1V (for DDR2), f = 1 MHz, Tp = 25°C, Voyt = GVDD/2, Vour
(peak-to-peak) = 0.2 V.
2. This parameter is sampled. GVDD = 1.5V £ 0.075 V (for DDR3), f = 1 MHz, T = 5°C, \gyt = GVDD/2, Vour
(peak-to-peak) = 0.175 V.
Thistable providesthe current draw characteristicsfor MV gge
Table 20. Current Draw Characteristics for MVggg
For recommended operating conditions, see Table 3.
Parameter Symbol Min Max Unit Notes
Current draw for DDR2 SDRAM for MVggp MVger — 1500 UA —
Current draw for DDR3 SDRAM for MVggp MVger — 1250 UA —
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2.8.2 DDR2 and DDR3 SDRAM Interface AC Timing Specifications

Thissection providesthe AC timing specificationsfor the DDR SDRAM controller interface. The DDR controller supportsboth
DDR2 and DDR3 memories. Note that the required GV pp(typ) voltageis 1.8 V or 1.5 V when interfacing to DDR2 or DDR3
SDRAM respectively.

2.8.2.1 DDR2 and DDR3 SDRAM Interface Input AC Timing Specifications

Thistable provides the input AC timing specifications for the DDR controller when interfacing to DDR2 SDRAM.
Table 21. DDR2 SDRAM Interface Input AC Timing Specifications

At recommended operating conditions with GVpp of 1.8 V £ 5%

Parameter Symbol Min Max Unit Notes
AC input low voltage =667 MHz data rate ViLac — MVger—0.20 \ —
< 533 MHz data rate — MVgeg - 0.25
AC input high voltage > 667 MHz data rate Vinac MVRer + 0.20 — \% —
< 533 MHz data rate MVRer + 0.25 —

Thistable provides the input AC timing specifications for the DDR controller when interfacing to DDR3 SDRAM.
Table 22. DDR3 SDRAM Interface Input AC Timing Specifications

At recommended operating conditions with GVpp of 1.5V £ 5%

Parameter Symbol Min Max Unit Notes
AC input low voltage ViLac — MVggg - 0.175 \Y —
AC input high voltage Vinac MVRgg + 0.175 — \% —

Thistable provides theinput AC timing specifications for the DDR controller when interfacing to DDR2 and DDR3 SDRAM.

Table 23. DDR2 and DDR3 SDRAM Interface Input AC Timing Specifications
At recommended operating conditions with GVpp of 1.8 V + 5% for DDR2 or 1.5V + 5% for DDR3

Parameter Symbol Min Max Unit Notes
Controller Skew for MDQS—MDQ/MECC tciskew — — ps 1
667 MHz data rate -390 390
533 MHz data rate —450 450
400 MHz data rate -515 515
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Table 23. DDR2 and DDR3 SDRAM Interface Input AC Timing Specifications (continued)
At recommended operating conditions with GVpp of 1.8 V + 5% for DDR2 or 1.5V + 5% for DDR3

Parameter Symbol Min Max Unit Notes
Tolerated Skew for MDQS—MDQ/MECC tpiIskew — — ps 3
667 MHz data rate -360 360
533 MHz data rate -488 488
400 MHz data rate —733 733

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. DDR3 only.

3. The amount of skew that can be tolerated from MDQS to a corresponding MDQ signal is called tp;gkgw. This can be
determined by the following equation: thskew = £(T +4 — abs(tciskew)) Where Tis the clock period and abs(tcskew) is the
absolute value of tC|SKEW‘

Thisfigure shows the DDR2 and DDR3 SDRAM interface input timing diagram.

MCKn y s a— ——
o = A
CK | | | | |

| | | | | | | |

| | | | |

| | | | |

MDQS[n] ; ; Y N _w ;
: : —> \‘—tDISKI:*lLW : :

MDQIx] : : DO D1 : : :
| | < t>§ | | |

| | —> | [*— Ipiskew | | |

o msenss||— T

Figure 8. DDR2 and DDR3 SDRAM Interface Input Timing Diagram

2.8.2.2 DDR2 and DDR3 SDRAM Interface Output AC Timing Specifications

This table contains the output AC timing targets for the DDR2 and DDR3 SDRAM interface.

Table 24. DDR2 and DDR3 SDRAM Interface Output AC Timing Specifications
At recommended operating conditions with GVpp of 1.8 V + 5% for DDR2 or 1.5V + 5% for DDR3

Parameter Symbol1 Min Max Unit Notes

MCKIn] cycle time tmek 3 5 ns 2
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Table 24. DDR2 and DDR3 SDRAM Interface Output AC Timing Specifications (continued)
At recommended operating conditions with GVpp of 1.8 V + 5% for DDR2 or 1.5V + 5% for DDR3

Electrical Characteristics

Parameter Symbol1 Min Max Unit Notes

ADDR/CMD output setup with respect to MCK| tppknas — — ns 3
667 MHz data rate .950 —

533 MHz data rate 1.33 —

400 MHz data rate 1.8 —

ADDR/CMD output hold with respect to MCK tDDKHAX — — ns 3
667 MHz data rate .950 —

533 MHz data rate 1.33 —

400 MHz data rate 1.8 —

MCS[n] output setup with respect to MCK tDDKHCS — — ns 3
667 MHz data rate .950 —

533 MHz data rate 1.33 —

400 MHz data rate 1.8 —

MCSIn] output hold with respect to MCK tbDKHCX — — ns 3
667 MHz data rate .950 —

533 MHz data rate 1.33 —

400 MHz data rate 1.8 —

MCK to MDQS Skew tDDKHMH — — ns 4
<667 MHz data rate -0.6 0.6
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Table 24. DDR2 and DDR3 SDRAM Interface Output AC Timing Specifications (continued)
At recommended operating conditions with GVpp of 1.8 V + 5% for DDR2 or 1.5V + 5% for DDR3

Parameter Symbol1 Min Max Unit Notes
MDQ/MECC/MDM output setup with respect o |  tppkHDps, — — ps 5
MDQS tbpkLDs
667 MHz data rate 325 —

533 MHz data rate 388 —

400 MHz data rate 550 —

MDQ/MECC/MDM output hold with respectto | tppkHDx, — — ps 5
MDQS topkLDX

667 MHz data rate 325 —

533 MHz data rate 388 —

400 MHz data rate 550 —

MDQS preamble topDKHMP 0.9 x tmek — ns —
MDQS postamble tDDKHME 0.4 x tyek 0.6 x tyek ns —

Note:

1. The symbols used for timing specifications follow the pattern of t st two letters of functional block)(signal)(state) (reference)(state) fO
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,
topkHas Symbolizes DDR timing (DD) for the time ty,cx memory dock 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 ty,cx memory clock reference
(K) goes low (L) until data outputs (D) are invalid (X) or data output hold time.
All MCK/MCK and MCDQS/MCDQS 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 tppkHuH 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 €an be modified through
control of the MDQS override bits (called WR_DATA_DELAY) in the TIMING_CFG_2 register. This is typically set to the
same delay as in DDR_SDRAM_CLK_CNTL[CLK_ADJUST]. The timing parameters listed in the table assume that these
two parameters have been set to the same adjustment value. See the P1021 QorlQ Integrated Processor Reference Manual
for a description and explanation of the timing modifications enabled by use of these bits.
5. 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.

PoDn

NOTE

For the ADDR/CMD setup and hold specificationsin Table 24, it is assumed that the clock
control register is set to adjust the memory clocks by %2 applied cycle.
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This figure shows the DDR2 and DDR3 SDRAM interface output timing for the MCK to MDQS skew measurement
(tookHMH)-

MCK]|n] \I/ '
MCK]|n] 1\ M/SK
< t

| I I
tDDI«(HMHmax) 0.6 nsor 0.875 nS
| | |

MDQS

MDQS

|
|
|
Figure 9. tppknmu Timing Diagram

This figure shows the DDR2 and DDR3 SDRAM output timing diagram.

MCK \I/ V V
MCK /\ /\

tM‘CK ;

| |

| |

— ~<— tppk !

— |

ADDR/CMD ( Write AQ > |

| l

t I — [

DD KHMP |

| |

| |

| |

MDQSn] ‘ ‘
‘ <— tppkHmE

| |

MDQ[X]
—>| <— tppkLDX
tppKHDX — -~

Figure 10. DDR2 and DDR3 Output Timing Diagram
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Thisfigure provides the AC test load for the DDR2 and DDRS3 controller bus.

Output 4<) Z,=50Q <) Ii/\!é{)\g GVpp/2
AN L

Figure 11. DDR2 and DDR3 Controller Bus AC Test Load

2.8.2.3 DDR2 and DDR3 SDRAM Differential Timing Specifications

This section describes the DC and A C differential timing specifications for the DDR2 and DDR3 SDRAM controller interface.
This figure shows the differential timing specification.

GVDD  + = - e
VTR
GVpp2 .-
VCP
GND  « o o v

Figure 12. DDR2 and DDR3 SDRAM Differential Timing Specifications

NOTE

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

Thistable provides the DDR2 differential specifications for the differential signals MDQS/MDQS and MCK/MCK.
Table 25. DDR2 SDRAM Differential Electrical Characteristics

Parameter Symbol Min Max Unit Notes

Input AC Differential Crosspoint Voltage Vixac 0.5x GVDD -0.175|0.5 x GVDD + 0.175 \ —
Output AC Differential Crosspoint Voltage

Voxac 0.5x GVDD -0.125|0.5 x GVDD + 0.125 \ —

Thistable provides the DDR3 differential specifications for the differential signals MDQS/MDQS and MCK/MCK.
Table 26. DDR3 SDRAM Differential Electrical Characteristics

Parameter Symbol Min Max Unit Notes
Input AC Differential Crosspoint Voltage Vixac 0.5 x GVDD -0.150|0.5 x GVDD + 0.150 \ —
Output AC Differential Crosspoint Voltage Voxac 0.5x GVDD -0.115{0.5 x GVDD + 0.115 \Y, —
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29 eSPI

This section describes the DC and AC electrica specifications for the SPI interface.

29.1 eSPI DC Electrical Characteristics

Thistable providesthe DC electrical characteristics for eSPI interface at CVpp =3.3 V.
Table 27. SPI DC Electrical Characteristics (3.3V)

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Note
Input high voltage ViH 2.0 — V 1
Input low voltage Vi — 0.8 V 1
Input current (0 V <V, < CVpp) IiN — 150 uA 2
Output high voltage (Igy = —6.0 mA) VoH 24 — \% —
Output low voltage (I = 6.0mA) VoL — 0.5 \% —
Output low voltage (IOL = 3.2mA) VoL — 0.4 V —

Note:
1. Note that the min V) and max V| values are based on the respective min and max CV,y values found in Table 3.

2. Note that the symbol V|, in this case, represents the CV,y symbol referenced in Section 2.1.2, “Recommended Operating
Conditions.”
Thistable providesthe DC electrical characteristics for the eSPI interface operating at CVpp = 2.5 V.

Table 28. SPI DC Electrical Characteristics (2.5 V)

Parameter Symbol Min Max Unit Note
High-level input voltage Vi 1.7 — V 1
Low-level input voltage Vi — 0.7 \ 1
Input current (Vjy =0V or V|y = CVpp, IIN — +40 HA 2
High-level output voltage (CVpp = min, lgy =—1 mA) VoH 2.0 — V —
Low-level output voltage (CVpp = min, Ig. = 1 mA) VoL — 0.4 \ —

Note:

1. The min V| and max V4 values are based on the respective min and max CV)y values found in Table 3.

2. The symbol V|, in this case, represents the CV,y symbol referenced in Section 2.1.2, “Recommended Operating

Conditions.”

Thistable providesthe DC electrical characteristics for the eSPI interface operating at CVpp = 1.8 V.

Table 29. SPI DC Electrical Characteristics (1.8 V)

Parameter Symbol Min Max Unit Note
High-level input voltage Viy 1.25 — V 1
Low-level input voltage Vi — 0.6 V 1
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Table 29. SPI DC Electrical Characteristics (1.8 V) (continued)

Parameter Symbol Min Max Unit Note
Input current (V,y= 0V or V| = CVpp) IiN — +40 uA 2
High-level output voltage (CVpp = min, gy = —0.5 mA) VoH 1.35 — V —
Low-level output voltage (CVpp = min, Ig_ = 0.5 mA) VoL — 0.4 V —
Note:
1. The min V| and max V,y values are based on the respective min and max CV)y values found in Table 3.
2. The symbol V|, in this case, represents the CV,y symbol referenced in Section 2.1.2, “Recommended
Operating Conditions.”
2.9.2 eSPI AC Timing Specifications
Thistable provides the SPI input and output AC timing specifications.
Table 30. SPIAC Timing Specifications?®
For recommended operating conditions, see Table 3.
Parameter Symbol Min Max Unit Note
SPI outputs—Master data (internal clock) hold time tNIKHOX 0.5+(tpL AT — ns 2,3
FOR
M_CLK
*SPMODE
[HO
_ADJ))
SPI outputs—Master data (internal clock) delay tNikHOV — 5.5+(tpL AT ns 2,3
FORM
_CLK
*SPMODE
[HO_
ADJ])
SPI_CS outputs—Master data (internal clock) hold time tNIKHOX2 0 — ns 2
SPI_CS outputs—Master data (internal clock) delay tNIKHOV2 — 6.0 ns 2
SPI inputs—Master data (internal clock) input setup time tNIVKH 5 — ns —
SPI inputs—Master data (internal clock) input hold time tNIIXKH 0 — ns —

Notes:

1. The symbols used for timing specifications follow the pattern of st two letters of functional block)(signal)(state) (reference)(state) O

inputs and t(first two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tNIKHOV 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).

2. 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.

3. See the P1021 QorlQ Integrated Processor Reference Manual for detail about the register SPMODE
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Thisfigure provides the AC test load for the SPI.

Output 4@ Zy=50Q

Figure 13. SPI AC Test Load

Electrical Characteristics

Thisfigure represents the AC timing from Table 30 in master mode (internal clock). Note that although the specifications are
generally refer to therising edge of the clock, these AC timing diagrams also apply when the falling edge is the active edge.

Also, note that the clock edge is selectable on SPI.

- -
SPICLK (output)’
L — 4
I N I I
i : : tNIvKH l tixKcH :
Input Signals: | | | |
T I """""""""""" N 4 [ T
|
: | : : ;[NIKHOX :
! tNikHoV I ! !
Output Signals: : : < | ! [
O | N I_ .
: ! I I |
| ' [ [ |
| | | | |
KoV : | :tNIKHOXZ |
Output Signals: : . ! : | |
SPI_CS[0:3]" - - - - - - 1---- : : : —————— : -
: | | | |
| | | | |
| | | | |
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.
2.10.1 DUART DC Electrical Characteristics
Thistable providesthe DC electrical characteristics for the DUART interface.
Table 31. DUART DC Electrical Characteristics
For recommended operating conditions, see Table 3
Parameter Symbol Min Max Unit Notes
Input high voltage ViH 2 — V 1
Input low voltage Vi — 0.8 \ 1
Input current (OV)y = 0 V or OV)y = OVpp) IN — +50 pA 2
Output high voltage (OVpp = mn, loy = -2 mA) Vou 2.4 — \% —
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Table 31. DUART DC Electrical Characteristics
For recommended operating conditions, see Table 3

Parameter Symbol Min Max Unit Notes

Output low voltage (OVpp = min, Ig. =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 Figure 3.
2. Note that the symbol OVIN represents the input voltage of the supply. It is referenced in Figure 3.

2.10.2 DUART AC Electrical Specifications

Thistable provides the AC timing parameters for the DUART interface.
Table 32. DUART AC Timing Specifications

Parameter Value Unit Notes
Minimum baud rate CCB clock/1,048,576 baud 1
Maximum baud rate CCB clock/16 baud 2
Oversample rate 16 — 3

Notes:

1. CCB clock refers to the 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 81" sampled 0 after the 1-to-0 transition of the start bit. Subsequent bit values are
sampled each 16" sample.

2.11 Ethernet: Enhanced Three-Speed Ethernet (eTSEC)
(10/100/1000 Mbps)—MII/RMII/RGMII/SGMII Electrical
Characteristics

This section providesthe AC and DC electrical characteristics for enhanced three-speed Ethernet 10/200/1000 controller and
MII management.

2.11.1 Mll Interface Electrical Specifications

This section provides AC and DC electrical characteristics of MII interface for eTSEC.
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2.11.1.1 Mll and RMII DC Electrical Characteristics

All MII drivers and receivers comply with the DC parametric attributes specified in thistable.
Table 33. MIl and RMII DC Electrical Characteristics

At recommended operating conditions with LVpp =3.3 V

Parameter Symbol Min Max Unit Notes
Input high voltage ViH 20 — V 1
Input low voltage Vi — 0.8 \ —
Input high current (V|5 = LVpp) iy — 50 HA 2
Input low current (V| = GND) I -50 — pA 2
Output high voltage (LVpp = min, Igy = —4.0 mA) VoH 2.4 — \% —
Output low voltage (LVpp = min, Ig = 4.0 mA) VoL —0 4 \ —

Note:

1. The min V, and max V|4 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.

2.11.1.2 MIlI AC Timing Specifications

This section describes the M1 transmit and receive AC timing specifications.

2.11.1.2.1  MIl Transmit AC Timing Specifications
Thistable providesthe MII transmit AC timing specifications.
Table 34. MIl Transmit AC Timing Specifications

For recommended operating conditions, see Table 3.

Parameter Symbol Min Typ Max Unit
TX_CLK clock period 10 Mbps tvrx 399.96 400 400.04 ns
TX_CLK clock period 100 Mbps tMTX 39.996 40 40.004 ns
TX_CLK duty cycle tvrxaAMTX 35 — 65 %
TX_CLK to MIl data TXD[3:0], TX_ER, TX_EN delay tMTKHDX 1 5 15 ns
TX_CLK data clock rise (20%—80%) tMTxR 1.0 — 4.0 ns
TX_CLK data clock fall (80%—20%) tmMTxE 1.0 — 4.0 ns

This figure shows the M1 transmit AC timing diagram.
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< tmrx > tMTXR —
TX_CLK
<— tvTxH tmTxF —>
TXD[3:0]
TX_EN ><
TX_ER
—>| tyTKHDX

Figure 15. MIl Transmit AC Timing Diagram

2.11.1.2.2 MIl Receive AC Timing Specifications
Thistable providesthe MII receive AC timing specifications.
Table 35. MIl Receive AC Timing Specifications

Parameter Symbol Min Typ Max Unit
RX_CLK clock period 10 Mbps tmRrx 399.96 400 400.04 ns
RX_CLK clock period 100 Mbps tMRX 39.996 40 40.004 ns
RX_CLK duty cycle tMRXH/TMRX 35 — 65 %
RXD[3:0], RX_DV, RX_ER setup time to RX_CLK tMRDVKH 10.0 — — ns
RXD[3:0], RX_DV, RX_ER hold time to RX_CLK tMRDXKH 10.0 — — ns
RX_CLK clock rise (20%—-80%) tMRXR 1.0 — 4.0 ns
RX_CLK clock fall time (80%—20%) tMRXF 1.0 — 4.0 ns

Note: The frequency of RX_CLK should not exceed the frequency of TX_CLK by more than 300 ppm.

Thisfigure provides the AC test load for eT SEC.

Output ~€> Zy=50Q

AN LVpp/2
R, =500

-_—
! |—\/

Figure 16. eTSEC AC Test Load
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Thisfigure shows the MI1 receive AC timing diagram.

Electrical Characteristics

l< tMRx > tMRXR
RX_CLK
tMRXH tMRXF
RXD[3:0]
RX_DV Valid Data
RX_ER
tMRDVKH —> <—
—> tMRDXKL

Figure 17. MIl Receive AC Timing Diagram

2.11.2

RMII AC Timing Specifications

In RMII mode, the reference clock should be fed to TSECn _TX_CLK. This section describes the RMII transmit and receive

AC timing specifications.

Thistable liststhe RMI1 transmit AC timing specifications.

Table 36. RMIlI Transmit AC Timing Specifications

For recommended operating conditions, see Table 3.

Parameter 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 trMmTY — — 250 ps
Rise time TSECn_TX_CLK (20%—-80%) tRMTR 1.0 — 5.0 ns
Fall time TSECn_TX_CLK (80%—20%) trmTE 1.0 — 5.0 ns
TSECn_TX_CLK to RMII data TXD[1:0], TX_EN delay tRMTDX 2.0 — 10.0 ns
Thisfigure shows the RMII transmit AC timing diagram.
< trRmT > tRMTR —>| (<
REF_CLK
<—tRMTH tRMTF
TXD[1:0]
TX_EN ><
TX_ER
—>| trRmTDX [<—

Figure 18. RMIl Transmit AC Timing Diagram

P1012 QorlQ Integrated Processor Hardware Specifications, Rev. 1

Freescale Semiconductor

59



Electrical Characteristics

Thistable liststhe RMII receive AC timing specifications.
Table 37. RMIl Receive AC Timing Specifications

For recommended operating conditions, see Table 3

Parameter Symbol Min Typ Max Unit
TSECn_TX_CLK clock period trRMR — 20.0 — ns
TSECn_TX_CLK duty cycle tRMRH 35 — 65 %
TSECn_TX_CLK peak-to-peak jitter trRVRY — — 250 ps
Rise time TSECn_TX_CLK (20%—80%) tRMRR 1.0 — 5.0 ns
Fall time TSECn_TX_CLK (80%—20%) tRMRF 1.0 — 5.0 ns
RXDI[1:0], CRS_DV, RX_ER setup time to TSECn_TX_CLK rising edge | trymrDV 4.0 — — ns
RXD[1:0], CRS_DV, RX_ER hold time to TSECn_TX_CLK rising edge tRMRDX 2.0 — — ns

Thisfigure provides the AC test load for eT SEC.

Output ~<> Zy=50Q

AN LVpp/2
R, =500

)
'|| N

Figure 19. eTSEC AC Test Load

This figure shows the RMI1 receive AC timing diagram.

< tRVMR > tRMRR —>
TSECn_TX_CLK .

<—tRMRH tRMRF —
RXD[1:0]
CRS_DV Valid Data

RX_ER
trMRDV —> <—
—> trRMRDX

Figure 20. RMIl Receive AC Timing Diagram
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2.11.3 RGMIl Interface Electrical Specifications
This section provides AC and DC electrical characteristics of RGMI|I interface for eTSEC.

2.11.3.1 RGMII DC Electrical Characteristics

Thistable shows the RGMII DC electrical characteristics when operating from a2.5V supply.
Table 38. RGMII DC Electrical Characteristics (2.5V)

At recommended operating conditions with LVpp =2.5V

Parameter Symbol Min Max Unit Notes
Input high voltage Vi 1.70 — V —
Input low voltage Vi — 0.70 \ —
Input high current (V|5 = LVpp) iy — 50 HA —
Input low current (V| = GND) I -50 — HA 2
Output high voltage (LVpp = min, Igy =—1.0 mA) VoH 2.00 LVpp + 0.3 \Y —
Output low voltage (LVpp = min, §; = 1.0 mA) VoL GND -0.3 0.40 \% —

Note:

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

2.11.3.2 RGMII AC Timing Specifications
Thistable presentsthe RGMII AC timing specifications.
Table 39. RGMII AC Timing Specifications

For recommended operating conditions, see Table 3.

Parameter Symbol1 Min Typ Max Unit Notes
Data to clock output skew (at transmitter) tskraT TX -500 0 500 ps 5
Data to clock input skew (at receiver) tskrRGT RX 1.0 — 2.6 ns 2
Clock period duration traT 7.2 8.0 8.8 ns 3
Duty cycle for 10BASE-T and 100BASE-TX traTH/RGT 40 50 60 % 3,4
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Table 39. RGMII AC Timing Specifications (continued)

For recommended operating conditions, see Table 3.

Parameter Symbol! Min Typ Max Unit Notes
Duty cycle for Gigabit treTH/tRGT 45 50 55 % —
Rise time (20%—-80%) treTR — — 0.75 ns —
Fall time (20%—-80%) trRaTF — — 0.75 ns —

Notes:

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 tr represents the RGMII 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).

2. 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.

> w

For 10 and 100 Mbps, tgrgt scales to 400 ns + 40 ns and 40 ns + 4 ns, respectively.
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 tggr 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.

Thisfigure shows the RGMII AC timing and multiplexing diagrams.

<~ tRgT————

ol

ale

tRaTH—+ -
GTX_CLK /
output \
lSkRGT_TX —> —>| [«<—tskRraT TX
TXD[”(')]E;&] X TxDi3:0] X TXD[7:4] X X X
TX_CTL
output X TXEN X TXERR X X X
RXD[7:4][3:0
[ i]rEput] X Rxp[3:0] X RXD[7:4] X X KX X
in_r%ItL X Rxov X RXERR X X XXX X
tskRGT_RX > <—!'sKRGT_RX
ReCk /N /7 ]
input — <—lpgTH
<« tRgT———

Figure 21. RGMII AC Timing and Multiplexing Diagrams
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2.11.4 SGMIl Interface Electrical Characteristics

Each SGMI|I port featuresa4-wire AC-Coupled seria link from the dedicated SerDesinterface of P1012 as shownin Figure 23,
where Ctx isthe 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 SGND_SRDS.
The reference circuit of the SerDes transmitter and receiver is shown in Figure 49.

2.11.4.1 SGMII DC Electrical Characteristics

This section discusses the electrical characteristics for the SGMII interface.

2.11.4.1.1 DC Requirements for SGMII SD_REF_CLK and SD_REF_CLK

The characteristics and DC requirements of the separate SerDes reference clock are described in Section 2.18.2.2, “DC Level
Requirement for SerDes Reference Clocks.”

2.11.4.1.2 SGMII Transmit DC Timing Specifications

Thistabledescribe the SGMI1 SerDestransmitter AC-Coupled DC electrical characteristics. Transmitter DC characteristicsare
measured at the transmitter outputs (SDn_TX[n] and SDn_TX][n]) as shown in Figure 23.

Table 40. SGMII DC Transmitter Electrical Characteristics

For recommended operating conditions, see Table 3.

Parameter Symbol Min Typ Max Unit Notes
OUtpUt hlgh voltage VOH — — XVDD_SRDSZ-Typ/2 + mV 1
|VOD|-max/2
OUtpUt low voltage VOL XVDD_SRDSZ-Typ/2 - — —_— mV 1
|VOD|-max/2

304 475 689 Equalization setting: 1.0x

279 436 632 Equalization setting: 1.09x

254 396 574 Equalization setting: 1.2x

229 357 518 Equalization setting: 1.33x
Output differential 202 316 459 Equalization setting: 1.5x
voltage? 3 Vool 178 277 402 mV | Equalization setting: 1.71x
(XVpp-1yp at 1.0V)

152 237 344 Equalization setting: 2.0x
Output impedance Ro 40 50 60 Q —
(single-ended)

Note:

1. This will not align to DC-coupled SGMII.

2. |Vopl = [Vsp2_1xn — Vab2_xnl- Vol is also referred as output differential peak voltage. Vrx_pirrp-p = 2*Vonl.

3. The |Vgp| value shown in the table assumes the following transmit equalization setting in the XMITEQAB (for SerDes lanes
A & B) or XMITEQEF (for SerDes lanes E & E) bit field of the SerDes 2 control register:
*  The MSbit (bit 0) of the above bit field is set to zero (selecting the full Vpp_piFF.p-p @amplitude - power up default);
+  The LSbits (bit [1:3]) of the above bit field is set based on the equalization setting shown in table.

4. The |Vgp| value shown in the Typ column is based on the condition of XVpp srps2-1yp=1-0 V, no common mode offset
variation, SerDes transmitter is terminated with 100-Q differential load between SD_TX[n] and SD_TX[n].
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Figure 23. SGMII Transmitter DC Measurement Circuit
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2.11.4.1.3 SGMII DC Receiver Timing Specification

Thistable liststhe SGMII DC receiver electrical characteristics. Source synchronous clocking is not supported. Clock is
recovered from the data.

Table 41. SGMII DC Receiver Electrical Characteristics®

For recommended operating conditions, see Table 3.

Parameter Symbol Min Typ Max Unit Notes
DC Input voltage range — N/A — 1
Input differential voltage | LSTS =001 | Vrx pirrp-p 100 — 1200 mV 2,4
LSTS =100 175 —
Loss of signal threshold LSTS =001 VLOS 30 — 100 mV 3,4
LSTS =100 65 — 175
Receiver differential input impedance ZRX_DIFF 80 — 120 Q —

Note:

1. Input must be externally AC-coupled.

2. VRx DIFFp-p 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 the
PCI Express Differential Receiver (RX) Input Specifications section for further explanation.

4. The LSTS shown in the table refers to the EIC2[0:2] or EIC3[0:2] bit field of the GUTS_SRDSCRA4 register, depending on
the SerDes lane usage

2.11.4.2 SGMIlI AC Timing Specifications

This section describes the AC timing specifications for the SGMI1 interface.

2.11.4.2.1 AC Requirements for SGMIl SD_REF_CLK and SD_REF_CLK

Note that the SGMII clock requirementsfor SD_REF _CLK and SD_REF_CLK are intended to be used within the clocking
guidelines specified by Section 2.18.2.3, “AC Requirements for SerDes Reference Clocks.”

2.11.4.2.2 SGMIl Transmit AC Timing Specifications

Thistable providesthe SGMII transmit AC timing specifications. A source synchronous clock isnot supported. The AC timing
specifications do not include RefCIk jitter.

Table 42. SGMII Transmit AC Timing Specifications
At recommended operating conditions with XVpp srps = 1.0 V + 50 mV

Parameter Symbol Min Typ Max Unit Notes
Deterministic Jitter JD — — 0.17 Ul p-p —
Total Jitter JT — — 0.35 Ul p-p —
Unit Interval ul 799.92 800 800.08 ps —
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Table 42. SGMII Transmit AC Timing Specifications (continued)

At recommended operating conditions with XVpp grpg = 1.0 V £ 50 mV

Parameter Symbol Min Typ Max Unit Notes

AC coupling capacitor Crx 10 — 200 nF 3

Notes:

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.

2.11.4.2.3 SGMII 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.

D+ Package

Fin \

X
Silieon
+ Package

D—Package _/

Fin

Figure 24. SGMII AC Test/Measurement Load

2.11.4.2.4 SGMII Receiver AC Timing Specifications

Thistable providesthe SGMII receive AC timing specifications. The AC timing specifications do not include RefClk jitter.
Source synchronous clocking is not supported. Clock is recovered from the data.

Table 43. SGMII Receive AC Timing Specifications

At recommended operating conditions with XVpp srps2 = 1.0V + 50mV

Parameter Symbol Min Typ Max Unit Notes
Deterministic Jitter Tolerance JD 0.37 — — Ul p-p 1,2
Combined Deterministic and Random Jitter Tolerance JDR 0.55 — — Ul p-p 1,2
Total Jitter Tolerance JT 0.65 — — Ul p-p 1,2
Bit Error Ratio BER — — 10712 —
Unit Interval ul 799.92 800 800.08 ps 3
Notes:

1. Measured at receiver.

2. Referto RapidIOT'\’I 1x/4x LP Serial Physical Layer Specification for interpretation of jitter specifications.

3. Each Ul is 800 ps + 100 ppm.
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The sinusoidal jitter in the total jitter tolerance may have any amplitude and frequency in the unshaded region of thisfigure.

85Ul pp

Sinusoidal
Jtter
Amplitude

010 Ul p-p

221 kHz Frequency 1.875MHz 20 MHz

Figure 25. Single Frequency Sinusoidal Jitter Limits

2.11.5 MIl Management

2.11.5.1 MIl Management DC Electrical Characteristics

The MDC and MDIO are defined to operate at a supply voltage of 3.3V and 2.5 V. TheDC electrical characteristicsfor MDIO
and MDC are provided in the following tables.

Table 44. MIl Management DC Electrical Characteristics

At recommended operating conditions with LVpp = 3.3 V

Parameter Symbol Min Max Unit | Notes
Input high voltage ViH 20 — V —
Input low voltage Vi — 0.90 V —
Input high current (LVpp = Max, V|y = 2.1V) liH — 50 HA 1
Input low current (LVpp = Max, V) = 0.5 V) I -50 — A 1
Output high voltage (LVpp = Min, Igy =—1.0 mA) VoH 24 LVpp + 0.3 \Y —
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Table 44. MIl Management DC Electrical Characteristics (continued)

At recommended operating conditions with LVpp = 3.3 V

Parameter Symbol Min Max Unit | Notes

Output low voltage (LVpp = Min, Ig_ = 1.0 mA) VoL GND O 4 —
Note:

1. Note that the symbol V|, in this case, represents the LV,y symbol referenced in Table 2 and Table 3.

Table 45. MIl Management DC Electrical Characteristics
At recommended operating conditions with LVpp = 2.5V
Parameter Symbol Min Max Unit Notes

Input high voltage Viy 1.70 LVpp + 0.3 \ —
Input low voltage Vi -0.3 0.70 V —
Input high current (V|y = LVpp,) I — 50 uA 1,2
Input low current (V|y = GND) I -50 — A —
Output high voltage VoH 2.00 LVpp + 0.3 \ —
(LVpp = Min, IOH = -1.0 mA)

Output low voltage VoL GND-0.3 0.40 \% —
(LVpp = Min, Ig_ = 1.0 mA)

Notes:

1. EC1_MDC and EC1_MDIO operate on LVpp.

2. Note that the symbol V|, in this case, represents the LV |y and TV symbols referenced in Table 3.

2.11.5.1.1  MIl Management AC Electrical Specifications
Thistable provides the M1 management AC timing specifications.

Table 46. MIl Management AC Timing Specifications
Parameter Symbol Min Typ Max Unit Notes

MDC frequency fmbe — 25 — MHz 2

MDC period tmpe — 400 — ns —

MDC clock pulse width high tmDCH 32 — — ns —

MDC to MDIO delay tmpkHDx | (1616 k) —3 — (16™tpip_cik) + 3 ns 3,4

MDIO to MDC setup time tMDDVKH 5 — — ns —
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Table 46. Mll Management AC Timing Specifications (continued)

Parameter Symbol Min Typ Max Unit Notes

MDIO to MDC hold time tMDDXKH 0 — — ns —

Notes:

1. The symbols used for timing specifications follow the pattern of t st two letters of functional block)(signal)(state)(reference)(state) fO
inputs and trst 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, t\,ppykH Symbolizes management data iming (MD) with respect to the time data input signals (D) reach
the valid state (V) relative to the ty,p¢c 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.

Thisfigure shows the M1l management interface timing diagram.

< tvbc > tmpbcr —
MDC
tvmpocH tmpcr —
N\ 777/
(Input)
tmMDDVKH —>‘ <
—> <— tvDDXKH
MDIO \
(Output) \
tmpkHDX —> -~

Figure 26. MIl Management Interface Timing Diagram
2.11.6 eTSEC IEEE Std 1588™ Timing Specifications

2.11.6.1 eTSEC IEEE Std 1588 DC Electrical Characteristics

Thistable shows eTSEC |EEE Std 1588 DC electrical characteristics when operating at LV pp = 3.3 V supply.
Table 47. eTSEC IEEE 1588 DC Electrical Characteristics (LVpp = 3.3 V)

For recommended operating conditions with LVpp = 3.3 V

Parameter Symbol Min Max Unit Notes
Input high voltage Vi 20 — V 2
Input low voltage Vi — 0.9 \ 2
Input high current (LVpp = Max, V|y = 2.1V) iy — 50 HA 1
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Table 47. eTSEC IEEE 1588 DC Electrical Characteristics (LVpp = 3.3 V) (continued)

For recommended operating conditions with LVpp = 3.3 V

Parameter Symbol Min Max Unit Notes

Input low current (LVpp = Max, V|y=0.5V) I -50 — HA 1
Output high voltage (LVpp = Min, Ig = —1.0 mA) VoH 24 — \ —
Output low voltage (LVpp = Min, I, = 1.0 mA) VoL — 0.4 \ —
Note:

1. Note that the symbol V), in this case, represents the LV,y 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.

Thistable shows the |EEE 1588 DC electrical characteristics when operating at LV pp = 2.5V supply.

Table 48. eTSEC IEEE 1588 DC Electrical Characteristics (LVpp =2.5V)
For recommended operating conditions with LVpp =25V
Parameter Symbol Min Max Unit Notes

Input high voltage ViH 1.70 — V —
Input low voltage Vi — 0.70 \ —
Input current (LV =0 V or LV|y = LVpp) I — 150 pA 2
Output high voltage (LVpp = min, Iy =—1.0 mA) Vor 2.00 — V —
Output low voltage (LVpp = min, § = 1.0 mA) VoL — 0.40 V —
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.

2.11.6.2 eTSEC IEEE 1588 AC Specifications

Thistable provides the |EEE 1588 AC timing specifications.

‘ Table 49. eTSEC IEEE 1588 AC Timing Specifications

For recommended operating conditions, see Table 3.

Parameter Symbol Min Typ Max Unit Note
TSEC_1588_CLK clock period tr1588CLK 5 — TrRx cLk X 7 ns 1,3
TSEC_1588_CLK duty cycle t11588CLKH 40 50 60 % —

Itr1s88CLK
TSEC_1588_CLK peak-to-peak jitter tr1588CLKINY — — 250 ps —
Rise time eTSEC_1588_CLK (20%-80%) | t11588CLKINR 1.0 — 2.0 ns —
Fall time eTSEC_1588_CLK (80%—20%) tT1588CLKINF 1.0 — 2.0 ns —
TSEC_1588_CLK_OUT clock period tr1s88cLKOUT 2 x t11588CLK — — ns —
TSEC_1588_CLK_OUT duty cycle t11588CLKOTH 30 50 70 % —
Itr1s88cLKOUT
TSEC_1588_PULSE_OUT tr15880V 0.5 — 3.0 ns —
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Table 49. eTSEC IEEE 1588 AC Timing Specifications (continued)

For recommended operating conditions, see Table 3.

Parameter Symbol Min Typ Max Unit Note
TSEC_1588_TRIG_IN pulse width

trisesTRIGH |2 * trisssclk max| — — ns 2

Note:

1. Trx_cLk is the max clock period ofeTSEC receiving clock selected by TMR_CTRL[CKSEL]. See the P1021 QorlQ Integrated

Processor Reference Manual for a description of TMR_CTRL registers.

It needs to be at least two times the clock period of the clock selected by TMR_CTRL[CKSEL]. See the P1021 QorlQ
Integrated Processor Reference Manual for a description of TMR_CTRL registers.

The maximum value of tr45gg¢c k is not only defined by the value of Try ¢k, but also defined by the recovered clock. For
example, for 10/100/1000 Mbps modes, the maximum value of t14sggc k Will be 2800, 280, and 56 ns respectively.

2.

3.

This figure shows the data and command output AC timing diagram.

l«— tT1588CLKOUT— 5|

t11588CLKOUTH
TSEC_1588_CLK_OUT lé % %
tr15880V
TSEC_1588_PULSE_OUT
TSEC_1588_TRIG_OUT

Note: The output delay is counted starting at the rising edge if tr1sggcLkouT is non inverting. Otherwise, it
is counted starting at the falling edge.

Figure 27. eTSEC IEEE 1588 Output AC Timing

This figure shows the data and command input AC timing diagram.

<« trissscik

<

Y

tr1588CcLKH

s i
TSEC_1588_CLK (A

TSEC 1588 _TRIG_IN

tr1588TRIGH

A

Y

Figure 28. eTSEC IEEE 1588 Input AC Timing
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212 USB

This section provides the AC and DC electrical specifications for the USB interface of the P1012.

2.12.1 USB DC Electrical Characteristics

The following tables provides the DC electrical characteristics for the USB interface.
Table 50. USB DC Electrical Characteristics (CVpp=3.3V)

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit | Notes
Input high voltage Vi 2 — V 1
Input low voltage Vi — 0.8 \ 1
Input current (CV,y = 0V or CV|y = CVpp) | IN — 150 uA 2
Output High voltage (CVpp = min, gy = -2 mA) VoH 2.8 — \% —
Output Low voltage (CVpp = min, Ig, =2 mA) VoL — 0.3 \ —

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

Table 51. USB DC Electrical Characteristics (CVpp=2.5V)

Parameter Symbol Min Max Unit Notes
High-level input voltage’ Viy 1.7 — v 1
Low-level input voltage Vi — 0.7 1
Input current (Vy =0 V or Vi = CVpp) In — +40 HA 2
High-level output voltage (CVpp = min, loy = =1 mA) Vou 20 — V 3
Low-level output voltage (CVpp = min, Ig. = 1mA) VoL — 0.4 \ —

Notes:

1. The min V| and max V4 values are based on the respective min and max CV)y values found in Table 3.

2. The symbol V|, in this case, represents the CV,y symbol referenced in Section 2.1.2, “Recommended Operating
Conditions.”

3. Not applicable for open drain signals.
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Electrical Characteristics

Parameter Symbol Min Max Unit Notes
High-level input voltage’ Vig 1.25 — \Y 1
Low-level input voltage Vi — 0.6 1
Input current (Vg = 0 V or Vi = CVpp) In — +40 HA 2
High-level output voltage (CVpp = min, Igy =—-0.5 mA) VoH 1.35 — \ 3
Low-level output voltage (CVpp = min, Ig_ = 0.5 mA) VoL — 0.4 \ —

Notes:

1. The min V| and max V| values are based on the respective min and max CV)y values found in Table 3.
2. The symbol V|, in this case, represents the CV,y symbol referenced in Section 2.1.2, “Recommended Operating

Conditions.”
3. Not applicable for open drain signals.

2.12.2

USB AC Electrical Specifications

Thistable describes the genera timing parameters of the USB interface.

Table 53. USB General Timing Parameters

For recommended operating conditions, see Table 3

Parameter Symbol Min Max Unit Notes
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 tuskHov — 7 ns 2,3,4,5
Output hold from USB clock—all outputs tuskHox 2 — ns 2,3,4,5

Notes:

1. The symbols for timing specifications follow the pattern of tgirst two letters of functional block)(signal)(state) (reference)(state) for inputs

and YFirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tygixkH 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.

2. All timings are in reference to USB clock.

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

4. Input timings are measured at the pin.

5. For active/float timing measurements, the high impedance 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.

6. 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.
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These figures provide the AC test load and signals for the USB, respectively.

Output 4@ Zy=50Q WCVDD/2
| R, =50 Q

—> < tysixkH

USB_CLK/USB2_CLK/DR_CLK ‘
|
| tusivkH —> -
|

InputSignals ;- - - - - - - - - -1 N

< tuskHov tuskHox —> ’(7
Output Signals: 'r ......... > _______ fmmm e ;

Figure SO.IUSB Signals

Thistable provides the USB clock input (USB_CLK_IN) AC timing specifications.
Table 54. USB_CLK_IN AC Timing Specifications

Parameter Conditions Symbol Min Typ Max Unit
Frequency range Steady state fuse cLk IN | 59.97 60 60.03 | MHz
Clock frequency tolerance — tcLk ToL —-0.05 0 0.05 %
Reference clock duty cycle Measured at 1.6 V tcLk_puTy 40 50 60 %
Total input jitter/time interval Peak-to-peak value measured with a tcik_py — — 200 ps
error second order high-pass filter of 500 kHz

bandwidth
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2.13 Enhanced Local Bus

This section describes the DC and AC electrica specifications for the enhanced loca businterface.

2.13.1 Enhanced Local Bus DC Electrical Characteristics

Thistable providesthe DC electrical characteristics for the enhanced local bus interface operating at BV pp = 3.3V DC.
Table 55. Enhanced Local Bus DC Electrical Characteristics (3.3 V DC)

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit
Input high voltage \um 2 — \%
Input low voltage Vi — 0.8 \
Input current (V=0 V orV,y =BVpp) N — 150 uA
Output high voltage (BVpp = min, lgy = -2 mA) VoH 2.4 —
Output low voltage (BVpp = min, I, =2 mA) VoL — 0.4 \

Note:
1. The min V| and max V| values are based on the respective min and max BV y values found in Table 3.
2. The symbol V|, in this case, represents the BV y symbol referenced in Section 2.1.2, “Recommended Operating

Conditions.”

2.13.2 Enhanced Local Bus AC Electrical Specifications

2.13.2.1 Test Condition
Thisfigure provides the AC test load for the enhanced loca bus.

Qutput 4<> ZO =500 <)ﬁ/\/\/\_BV DD/2
RL =500
| |

Figure 31. Enhanced Local Bus AC Test Load

2.13.2.2 Local Bus AC Timing Specifications for PLL Bypass Mode

All output signd timings are relative to the falling edge of any LCLKsfor PLL bypass mode. The external circuit must use the
rising edge of the LCLKsto latch the data.

All input timingsexcept LGTA/LUPWAIT/LFRB arerelativetotherising edge of LCLKs. LGTA/LUPWAIT/LFRB arerelative
to the falling edge of LCLKs.
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This table describes the timing specifications of the local bus interface for PLL bypass mode.
Table 56. Enhanced Local Bus Timing Specifications (BVpp = 3.3 V)—PLL Bypass Mode

For recommended operating conditions, see Table 3.

Parameter Symbol1 Min Max Unit Notes
Local bus cycle time t Bk 12 — ns —
Local bus duty cycle tLBKH/tLBK 45 55 % —
LCLKI[n] skew to LCLK[m] or t BkSKEW — 150 ps 2
LSYNC_OUT
Input setup tLBIVKH 6 — ns —
(except LGTA/LUPWAIT/LFRB)
Input hold tLB|XKH 1 — ns —
(except LGTA/LUPWAIT/LFRB)
Input setup tLB|VKL 6 — ns —
(for LGTA/LUPWAIT/LFRB)
Input hold tLB|XKL 1 — ns —
(for LGTA/LUPWAIT/LFRB)
Output delay t BkLOV — 1.5 ns —
(Except LALE)
Output hold tLBKLOX -3.5 — ns 5
(Except LALE)
Local bus clock to output high impedance t BkLOZ — 2 ns 3
for LAD/LDP
LALE output negation to LAD/LDP output t BoNOT 1/2 — eLBC mntroller 4
transition (LATCH hold time) (LBCR[AHD]=1) clock cycle

1
(LBCR[AHD]=0)

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 different LCLK signals at BVpp/2.

3. For purposes of active/float timing measurements, the high impedance 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 ary change in LAD. { gonoT is determined
by LBCR[AHD]. The unit is the eLBC controller clock cycle, which is the internal clock that runs the local bus controller, not
the external LCLK. LCLK cycle = eLBC controller clock cycle x LCRR[CLKDIV]. After power on reset, LBCR[AHD] defaults to
0 and 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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Thisfigure shows the AC timing diagram for PLL bypass mode.

LCLK[m] ]

! ! —> LBIXKH ! !

! It BivkH — l<— ! !

| | | | |

Input Signals | | | |

(Except LGTA/LUPWAIT/LFRB)

Input Signal
(LGTA/LUPWAIT/LFRB)

Output Signals
(Except LALE)

LAD
(address phase). - - . _ _ .

LALE ------

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

Figure 32. Enhanced Local Bus Signals (PLL Bypass Mode)

Thisfigure appliesto all three controllers that eL BC supports: GPCM, UPM, and FCM.
For input signals, the AC timing data is used directly for al three controllers.

For output signals, each type of controller provides its own unique method to control the signal timing. The final signal delay
value for output signalsisthe programmed delay plusthe AC timing delay. For example, for GPCM, L CS can be programmed
to delay by t,g (0, ¥4, %2, 1, 1 + ¥4, 1 + Y4, 2, 3 cycles), so thefinal delay iSt,s + t gkLov:
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Thisfigure shows how the AC timing diagram appliesto GPCM in PLL bypass mode. The same principle appliesto UPM and

FCM.

- taddr o : —> tagar <—

LADI[0:31] E<address : : read data : ',\address :\ : write data

<—tBoNoT : /:L - tLBONOT b
tarcs + tLBKLOV : ! >, ( awcs + tLBKLOV

B tLBkLOX
. Lo - : .
LGPL2/LOE_B — +— tace * iBkLOV . -
o N l I Lo —
! e e > L < tawe * tiBkLOV |
LWE_ B —: — ' : : :
: Lo toen : o !
! oo <  —> o X
! ' : ' < : tWC >,
LBCTL — 7\ / ; —
|< read >|< write >|

tagdr is programmable and determined by LCRR[EADC] and ORX[EAD].
2 tarcs: tawes: tace: trer toen: tawes twes twen are determined by ORx. See the P1021 reference manual.

Figure 33. GPCM Output Timing Diagram (PLL Bypass Mode)

2.14 Enhanced Secure Digital Host Controller (eSDHC)

This section describes the DC and AC electrical specifications for the eSDHC interface.

2.14.1 eSDHC DC Electrical Characteristics

Thistable providesthe DC electrical characteristics for the eSDHC interface.
Table 57. eSDHC Interface DC Electrical Characteristics

At recommended operating conditions with CVpp =3.3 V

Parameter Symbol Condition Min Max Unit Notes
Input high voltage Viy — 0.625 x CVpp — V 1
Input low voltage Vi — — 0.25 x CVpp \ 1
Output high voltage VoH log =—100 uA at CVpp min 0.75 x CVpp — V —
Output low voltage VoL loL = 100uA at CVppmin — 0.125 x CVpp \ —
Output high voltage VoH lon = —100 uA CVpp-2 — \Y 2
Output low voltage VoL loL =2 mA — 0.3 V 2
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Table 57. eSDHC Interface DC Electrical Characteristics (continued)

At recommended operating conditions with CVpp =3.3 V

Parameter Symbol Condition Min Max Unit Notes
Input/output leakage Iin'loz — -50 50 uA —
current
Note:

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

2.14.2 eSDHC AC Timing Specifications

Thistable provides the eSDHC AC timing specifications as defined in Figure 35.
Table 58. eSDHC AC Timing Specifications

At recommended operating conditions with CVpp =3.3 V

Parameter Symbol Min Max Unit Notes
SD_CLK clock frequency: fsEsck 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—Full-speed/High-speed mode tsFsckL 10/7 — ns 4
SD_CLK clock high time—Full-speed/High-speed mode tsFsckH 10/7 — ns 4
SD_CLK clock rise and fall times tsEsckr/ — 3 ns 4
tsFsckr
Input setup times: SD_CMD, SD_DATx, SD_CD to SD_CLK tsESIVKH 5.0 — ns 4
Input hold times: SD_CMD, SD_DATx, SD_CD to SD_CLK tSFESIXKH 25 — ns 3,4
Output delay time: SD_CLK to SD_CMD, SD_DATXx valid tSHSKHOV -3 3 ns 4

Note:

1. The symbols used for timing specifications herein follow the pattern of it three letters of functional block)(signal)(state)
(reference)(state) fOr iNPUts and tfirst three letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tepskHov
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).

2. 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 0-52 MHz for a MMC card.

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

4. CCARD <10 pF, (1 card), and C|_ = CBUS + CHOST + CCARD <40 pF
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Thisfigure provides the eSDHC clock input timing diagram.

eSDHC m
External Clock
operationa mode t
HSCKH
IsHsck > - —| |—
VM = Midpai t tsHsckr
=Midpaint Voltage (OV ,/2) SHSCKR SHSC

Figure 34. eSDHC Clock Input Timing Diagram

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

External Clock X I
t
SHSIVKI-( iy . tSHSIXKH
SD_DAT/CMD ><
Inputs

SD_DAT/CMD |

Outputs ><
l
tSHSKHOV

VM = Midpoint VoItage(OVDDIZ)
Figure 35. eSDHC Data and Command Input/Output Timing Diagram Referenced to Clock

2.15 Programmable Interrupt Controller (PIC) Specifications
This section describes the DC and AC electrical specifications for PIC.

2.15.1 PIC DC Electrical Characteristics

Thistable providesthe DC electrica characteristics for the PIC interface.
Table 59. PIC DC Electrical Characteristics

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Notes
Input high voltage ViH 2 — V 1
Input low voltage Vi — 0.8 V 1
Input current (OVy = 0V or OV)y = OVpp) In — +50 pA 2
Output high voltage (OVpp = min, Igy = -2 mA) Vou 24 — V —
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Table 59. PIC DC Electrical Characteristics (continued)

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Notes

Output low voltage (OVpp = min, g, =2 mA) VoL — 0.4 V —

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.

2.15.2 PIC AC Timing Specifications

Thistable provides the PIC input and output AC timing specifications.
Table 60. PIC Input AC Timing Specifications

For recommended operating conditions, see Table 3

Parameter Symbol Min Max Unit Notes

PIC inputs—minimum pulse width tpiwiD 3 — SYSCLK 1

Note:

1. PIC inputs and outputs are asynchronous to any visible clock. PIC outputs should be synchronized before use by any
external synchronous logic. PIC inputs are required to be valid for at least tp)\yp s to ensure proper operation when working
in edge-triggered mode.

2.16 JTAG

This section describes the AC electrical specifications for the IEEE 1149.1 (JTAG) interface of the P1012.

2.16.1 JTAG DC Electrical Characteristics

Thistable providesthe JTAG DC electrical characteristics.
Table 61. JTAG DC Electrical Characteristics

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Notes
Input high voltage ViH 2 — V 1
Input low voltage Vi — 0.8 V 1
Input current (OV)\ = OV or OV = OVpp) IN — +50 pA 2
Output high voltage (OVpp = min, Igy = -2 mA) Vou 2.4 — \% —
Output low voltage (OVpp = min, Ig. =2 mA) VoL — 0.4 V —

Note:

1. Note that the min V| .and max V4 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.

P1012 QorlQ Integrated Processor Hardware Specifications, Rev. 1

Freescale Semiconductor 81



Electrical Characteristics

2.16.2 JTAG AC Timing Specifications

Thistable providesthe JTAG AC timing specifications as defined in Figure 36 through Figure 39.
Table 62. JTAG AC Timing Specifications

For recommended operating conditions see Table 3.

Parameter Symbol Min Max Unit Notes
JTAG external clock frequency of operation fire 0 33.3 MHz —
JTAG external clock cycle time tite 30 — ns —
JTAG external clock pulse width measured at 1.4 V tTKHKL 15 — ns —
JTAG external clock rise and fall times tyrer and tyrar 0 2 ns —
TRST assert time trrsT 25 — ns 2
Input setup times tyTDVKH 4 — ns —
Input hold times tyTDXKH 10 — ns —
Output valid times tyTkLDV 4 10 ns 3
Output hold times tyTKLDX 30 — ns 3

Notes:

1. The symbols used for timing specifications follow the pattern tfirst two letters of functional block)(signal)(state)(reference)(state) fOr
inputs and Yfirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, t;rpyky 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, t;rpxkxq Symbolizes JTAG timing (JT) with respect to the time
data input signals (D) reaching the invalid state (X) relative to the t g 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 SerDes
Transmitter particular functional. For rise and fall times, the latter convention is used with the appropriate letter: R (rise) or
F (fall).

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

3. Alloutputs are measured from the midpoint voltage of the falling/rising edge of t1¢)  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.

Thisfigure provides the AC test load for TDO and the boundary-scan outputs.

oupu—{ ) Zo=s02 (/NN
R =50 Q

Figure 36. AC Test Load for the JTAG Interface

Thisfigure provides the JTAG clock input timing diagram.

JTAG
External Clock

A

Ute > tiTer —>
VM = Midpoint Voltage (OVpp/2)
Figure 37. JTAG Clock Input Timing Diagram
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Thisfigure provides the TRST timing diagram.

TRST VM VM

< trrsT >

VM = Midpoint Voltage (OVpp/2)

Figure 38. TRST Timing Diagram

This figure provides the boundary-scan timing diagram.

JTAG \
External Clock VM N VM
tyTovkH —>  [<—
> <— tTDXKH
Boundary \ < >< Input >< \
Data Inputs Data Valid
< tyTKLDV
tiTkLDX —> <

Boundary

Data Outputs Output Data Valid

—> tTKLDZ

Output Data Valid > ‘ N

Boundary
Data Outputs

VM = Midpoint Voltage (OVpp/2)

Figure 39. Boundary-Scan Timing Diagram

217 12C

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

2.17.1 12C DC Electrical Characteristics

Thistable providesthe DC electrical characteristics for the 12C interfaces.
Table 63. I°C DC Electrical Characteristics

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit | Notes
Input high voltage ViH 2 — V 1
Input low voltage Vi — 0.8 V 1
Output low voltage VoL 0 0.4 \% 2
Pulse width of spikes which must be suppressed by the input filter | tjokHkL 0 50 ns 3
Input current each I/O pin (input voltage is between 0.1 x OVpp I =50 50 A 4
and 0.9 x OVpp(max)
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Table 63. I12C DC Electrical Characteristics (continued)

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit | Notes

Capacitance for each /O pin C — 10 pF —

Notes:

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. Output voltage (open drain or open collector) condition = 3 mA sink current.

3. Refer to the P1021 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.

2.17.2 12C AC Electrical Specifications

Thistable provides the AC timing parameters for the 12C interfaces.
Table 64. 1°C AC Electrical Specifications

For recommended operating conditions see Table 3. All values refer to V,,; (min) and V, (max) levels (see Table 63).

Parameter Symbol Min Max Unit Notes

SCL clock frequency fioc 0 400 kHz 2
Low period of the SCL clock tiocL 1.3 — us —
High period of the SCL clock tiocH 0.6 — us —
Setup time for a repeated START condition ti2svKkH 0.6 — us —
Hold time (repeated) START condition (after this period, the first tiosxkL 0.6 — us —
clock pulse is generated)
Data setup time ti2DVKH 100 — ns —
Data hold time: t|2DXKL us 3

CBUS compatible masters - -

I°C bus devices 0 —

Data output delay time tioovkL — 0.9 us 4
Set-up time for STOP condition tioPVKH 0.6 — us —
Bus free time between a STOP and START condition tiokHDX 1.3 — us —
Noise margin at the LOW level for each connected device VL 0.1 x OVpp — V —
(including hysteresis)
Noise margin at the HIGH level for each connected device VNH 0.2 x OVpp — V —
(including hysteresis)
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Table 64. 12C AC Electrical Specifications (continued)

For recommended operating conditions see Table 3. All values refer to V,,; (min) and V, (max) levels (see Table 63).

Parameter Symbol Min Max Unit Notes

Capacitive load for each bus line Cb — 400 pF

Note:

1.

The symbols used for timing specifications herein follow the pattern trst two letters of functional block)(signal (state)(referepce)(state)
for inputs and irst two letters of functional block)(reference)(state)(signal)(state) O outputs. For example, tippykH symbolizes I°C timing
(12) with respect to the time data input signals (D) reaching the valid state (V) relative to the t;5¢ clock reference (K) going
to the high (H) state or setup time. Also, tjogxk symbolizes PC timing (12) for the time that the data with respect to the START
condition (S) went invalid (X) relative to the tjo¢ clock reference (K) going to the low (L) state or hold time. Also, tjopykH
symbolizes kC iming (12) for the ime that the data with respect to the STOP condition (P) reaches the valid state (V) relative
to the t,¢ clock reference (K) going to the high (H) state or setup time.

The requirements for I°C frequency calculation must be followed. Refer to Freescale application note AN2919, “Determining
the 1°C Frequency Divider Ratio for SCL.”

As a transmitter, the processor provides a delay time of at least 300 ns for the SDA signal (referred to as the V |y, of the
SCL signal) to bridge the undefined region of the falling edge of SCL to avoid unintended generation of a START or STOP
condition. When the processor acts as the I2C bus master while transmitting, it drives both SCL and SDA. As long as the
load on SCL and SDA are balanced, the device does not generate an unintended 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 processor as transmitter, refer to AN2919, “Determining the 1°C Frequency Divider Ratio for SCL.”

4. The maximum tjpgykL only must be met if the device does not stretch the LOW period ()5 ) of the SCL signal.

This figure provides the AC test load for the I°C.

Output 4{) Zy=50Q (WOVDD/2
R, =50 Q

Figure 40. I°C AC Test Load

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

B A I A
SDA K |/
N v/ N —

<— topvkH tiokHKL tiocr =+ [<—

tosxke 1+ | [<— | <

tiocH ﬁ <1~ t2svkH

<— ti2pxkL, trzovkL Sr

SCL

tiopvkH

X
Rl

Figure 41. I°C Bus AC Timing Diagram

2.18 High-Speed Serial Interfaces (HSSI)

The P1012 features one Seriaizer/Deserializer (SerDes) interfaces to be used for high-speed serial interconnect applications.
The SerDes interface can be used for PCl Express data transfers and for SGMI1 application.

This section describes the common portion of SerDes DC electrica specifications, which isthe DC requirement for SerDes
reference clocks. The SerDes data lan€'s transmitter and receiver reference circuits are also shown.
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2.18.1 Signal Terms Definition

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

Figure 42 shows how the signals are defined. For illustration purpose, only one SerDes lane is used for description. Thefigure
shows awaveform for either atransmitter output (SDn_TX and SDn_TX) or areceiver 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 illustration, the following definitions assume that the SerDes
transmitter and receiver operate in afully symmetrical differentia signaling environment.

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. Thisis aso referred as each signa wire's Single-Ended Swing.

Differential Output Voltage, Vop (or Differential Output Swing):

The Differential Output Voltage (or Swing) of the transmitter, V qp, is defined as the difference of the two
complimentary output voltages: Vgp,, 1x — Vspn T7x. The Vop value can be either positive or negative.

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: Vspn rx — Vsbn rx. TheV p value can be either positive or negative.

Differential Peak Voltage, Vp,rrp

The peak value of the differential transmitter output signal or the differentia receiver input signal is defined as
Differential Peak Voltage, Vprrp = |A — B| Volts.

Differential Peak-to-Peak, Vp|rrp-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) Volts, 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, V p|rrp.p = 2% Vpjprp =2 X (A —B)| Volts, whichistwice
of differential swing in amplitude, or twice of the differential peak. For example, the output differential peak-peak
voltage can al'so be calculated as Vx_pirrp-p = 2% [V opl-

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. Thereis only one signal trace curvein a
differential waveform. The voltage represented in the differential waveform is not referenced to ground. Refer to
Figure 42 as an example for differential waveform.

Common M ode Voltage, V m

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 ., ot = (VSDn_TX +VSDn_TX)/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. Sometimes, it may even be
different between the receiver input and driver output circuits within the same component. It is a so referred to as the
DC offset occasionally.
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SDn_TX or

SDn_RX
AVolts - — —

SDn_TX or

SDn_RX
BVolts - — -

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

Differential Peak-Peak Voltage, Vpjrrpp = 2 * Vp)rrp (Nt shown)

Figure 42. Differential Voltage Definitions for Transmitter or Receiver

Toillustrate these definitions using real values, consider the case of aCML (Current Mode L ogic) transmitter that hasacommon
mode voltage of 2.25 V and each of itsoutputs, TD and TD, has aswing that goes between 2.5V and 2.0 V. Using these val ues,
the peak-to-peak voltage swing of each signal (TD or TD) is 500 mV p-p, which isreferred as the single-ended swing for each
signal. In this example, since the differential signaling environment is fully symmetrical, the transmitter output’s differential
swing (V gop) has the same amplitude as each signal’s single-ended swing. The differentia output signal ranges between 500
mV and -500 mV, in other words, V gp is 500 mV in one phase and -500 mV in the other phase. The peak differential voltage
(VpiFrp) 15500 mV. The peak-to-peak differential voltage (V prp.p) is 2000 mV p-p.

2.18.2 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 inputsare SD__REF _CLK and SD_REF_CLK for PCI Express and SGMII interface.

The following sections describe the SerDes reference clock reguirements and some application information.

2.18.2.1 SerDes Reference Clock Receiver Characteristics

Thisfigure shows areceiver reference diagram of the SerDes reference clocks.

T

SDn_REF_CLK X % H

SDn_REF_CLK }—(
50 Q

Figure 43. Receiver of SerDes Reference Clocks

Input
Amp
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The characteristics of the clock signals are as follows:
*  The supply voltage requirements for XVpp srpsy are specified in Table 2 and Table 3.
» SerDesreference clock receiver reference circuit structure

TheSD_REF _CLK and SD_REF CLK areinternally AC-coupled differential inputsas shownin Figure 43. Each
differentia clock input (SD_REF _CLK or SD_REF CLK) has a50-Q termination to SGND_SRDS 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 descriptionsin Section 2.18.2.2, “DC Level Requirement for SerDes Reference Clocks,” for
requirements.

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

2.18.2.2

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

This current limitation sets the maximum common mode input voltage to belessthan 0.4V (0.4 V + 50 = 8 mA)
while the minimum common mode input level is0.1 V above SGND_SRDS. 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 differentia 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 SD_REF _CLK and SD_REF_CLK inputs cannot drive 50 Q to SGND_SRDS DC, or it
exceeds the maximum input current limitations, then it must be AC-coupled off-chip.

DC Level Requirement for SerDes Reference Clocks

The DC level requirement for the SerDes reference clock inputsis different depending on the signaling mode used to connect
the clock driver chip and SerDes reference clock inputs as described bel ow.

» 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
asingle-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 2.18.2.1, “ 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 44 shows the SerDes reference clock input requirement
for DC-coupled connection scheme.

For exter nal AC-coupled connection, there is no common mode voltage requirement for the clock driver. Since
the external AC-coupling capacitor blocksthe 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 SGND_SRDS. Each signal wire of the differential inputsis allowed to swing
below and above the command mode voltage (SGND_SRDS). Figure 45 shows the SerDes reference clock input
requirement for AC-coupled connection scheme.
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200 mV < Input Amplitude or Differential Peak < 800 mV
SD_REF_CLK ] Vmax < 800 mV

L

100mV < Vem <400 mV

m Vmin> 0V

Figure 44. Differential Reference Clock Input DC Requirements (External DC-Coupled)

200 mV < Input Amplitude or Differential Peak < 800mV

SDn_REF_CLK / Vmax < Vem + 400 mV

SDn_REF_CLK Vmin > Vem — 400 mV

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

» Single-ended M ode

— Thereference clock can also be single ended. The SD_REF_CLK input amplitude (single-ended swing) must be
between 400 mV and 800 mV peak-peak (from VN to Vax) With SD_REF_CLK either left unconnected or
tied to ground.

— The SD_REF_CLK input average voltage must be between 200 and 400 mV. Figure 46 shows the SerDes
reference clock input requirement for single-ended signaling mode.

— To meet the input amplitude regquirement, 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 (SD_REF_CLK) through the same source impedance as the clock input (SD_REF_CLK) in use.

400 mV < SD_REF_CLK Input Amplitude < 800 mV

_____ | - - — -

SD_REF_CLK ~AL

oV

SD_REF_CLK /

Figure 46. Single-Ended Reference Clock Input DC Requirements
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2.18.2.3 AC Requirements for SerDes Reference Clocks

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

Table 65. SD_REF_CLK and SD_REF_CLK Input Clock Requirements

Parameter Symbol Min Typical Max Unit | Notes
SD_REF_CLK/ SD_REF_CLK frequency range tcik RerF — 100/125 — MHz 1
SD_REF_CLK/ SD_REF_CLK clock frequency tolerance toLk_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 toLk Ty — — 86 ps 2
at 108 BER (Peak-to-peak jitter at refClk input)

SD_REF_CLK/ SD_REF_CLK rising/falling edge rate toLkrRR/tCLKFR 1 — 4 V/ins 3

Notes:

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 47.

4. Measurement taken from differential waveform.

5. 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 200mV
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 48.

Rise Edge Rate Fall Edge Rate
V|H =+200 mV
ooV
V||_ =-200 mV
SDn_REF_CLK —
SDn_REF_CLK

Figure 47. Differential Measurement Points for Rise and Fall Time
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Teaw Thise

4 5 /
VeRoss mepian +100 MV

VEROSS MEDIAN VeROSS MEDIAN y

.

Venoss mepian 100 mV

Figure 48. Single-Ended Measurement Points for Rise and Fall Time Matching

2.18.2.4 SerDes Transmitter and Receiver Reference Circuits

Thisfigure shows the reference circuits for SerDes data lane's transmitter and receiver.

SD_TXn SD_RXn
50 O
-“W—NR
Transmitter 500 Receiver
500
W\
SD_TXn SD_RXn 50 Q

Figure 49. SerDes Transmitter and Receiver Reference Circuits

The DC and AC specification of SerDes data lanes are defined in each interface protocol section below (PCl Express, Serid
Rapid 10 or SGMI1) in this document based on the application usage:

e Section 2.11.4, “SGMII Interface Electrical Characteristics’
e Section 2.19, “PCI Express’

Note that an external AC-coupling capacitor isrequired for the above three seria transmission protocols per the protocol’s
standard requirements.

2.19 PCI Express

This section describes the DC and AC electrical specifications for the PCl Express bus.

2.19.1 PCI Express DC Requirements for PCI Express SD_REF _CLK and
SD REF_CLCK

For more information, see Section 2.18.2.2, “DC Level Requirement for SerDes Reference Clocks.”
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2.19.2

2.19.2.1

PCI Express DC Physical Layer Specifications

This section contains the DC specifications for the physica layer of PCl Express on this device.

PCI Express DC Physical Layer Transmitter Specifications

This section discusses PCI Express DC physical layer transmitter specifications for 2.5 Gb/s.

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

Table 66. PCI Express (2.5Gb/s) Differential Transmitter (TX) Output DC Specifications

Symbol Parameter Min | Typical | Max | Units Comments
Vix.DiIFFp-p |Differential Peak-to-Peak 800 1000 | 1200 | mV |Vixpirrp-p = 2 * [Vx.p+ — V1x-D-| See Note 1.
Output Voltage
V1x.pe-raTIO |De-emphasized Differential | 3.0 3.5 4.0 dB | Ratio of the Vrx_pjrrp.p Of the second and follow-
Output Voltage (Ratio) ing bits after a transition divided by the
Vrx-piFfFp-p Of the first bit after a transition. See
Note 1.
Zrxpirr-oc | DC Differential TX Imped- 80 100 120 Q | TX DC Differential mode low Impedance
ance
Z1x.nC 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 50 and measured
over any 250 consecutive TX Uls.

2.19.2.2

PCI Express DC Physical Layer Receiver Specifications

This section discusses PCI Express DC physical layer receiver specifications for 2.5 Gb/s.
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Thistable definesthe PCI Express (2.5 Gb/s) DC specificationsfor the differential output at all receivers (RXs). The parameters
are specified at the component pins.
Table 67. PCI Express (2.5 Gb/s) Differential Receiver (RX) Input DC Specifications

Symbol Parameter Min Typical Max Units Comments
VRX-DIFFp-p Differential Input 175 — 1200 mV VRX-DIFFp-p =2x |VRX-D+ - VRX-D—'
Peak-to-Peak See Note 1.
Voltage
ZRX-DIFF-DC DC Differential 80 100 120 Q RX DC differential mode impedance. See
Input Impedance Note 2
Zrx.DC DC Input 40 50 60 Q Required RX D+ as well as D—- DC
Impedance impedance (50 + 20% tolerance). See
Notes 1 and 2.
ZRX-HIGH-IMP-DC Powered Down 50 k — — Q Required RX D+ as well as D- DC
DC Input impedance when the receiver terminations
Impedance do not have power. See Note 3.
VRx-IDLE-DET-DIFFpp  |Electrical Idle 65 — 175 mV | VRx-IDLE-DET-DIFFp-p =2 * |VRx-D+—VRX-D-|
Detect Threshold Measured at the package pins of the
receiver
Notes:

1. Specified at the measurement point and measured over any 250 consecutive Uls. The test load in Figure 50 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.

2. 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 unconfigured lanes of a port.

3. 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.

2.19.3 PCIl Express AC Physical Layer Specifications

This section contains the DC specifications for the physica layer of PCl Express on this device.

2.19.3.1 PCIl Express AC Physical Layer Transmitter Specifications

This section discusses the PCI Express AC physical layer transmitter specifications for 2.5Gb/s.

Thistable 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 RefClk jitter.

Table 68. PCI Express (2.5Gb/s) Differential Transmitter (TX) Output AC Specifications

Symbol Parameter Min | Typical | Max | Units 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.
TTx-EYE Minimum TX 0.70 — — Ul |The maximum transmitter jitter can be derived as
Eye Width Trx-MAX-JITTER = 1 = Trx-eye= 0.3 UL

See Notes 2 and 3.
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Table 68. PCI Express (2.5Gb/s) Differential Transmitter (TX) Output AC Specifications (continued)

Symbol Parameter Min | Typical | Max | Units Comments
TTx-EYE.MEDIAN-to |Maximum time | — — 0.15 Ul |Jitter is defined as the measurement variation of the
- between the crossing points (Vrx.pirFp-p = 0 V) in relation to a
MAX-JITTER 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 median. the center of the 3500 Ul used for calculating the TX UL.
See Notes 2 and 3.
Crx AC Coupling 75 — 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.
Notes:

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 50 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_yrTER-MAX = 0.30 Ul for the
Transmitter collected over any 250 consecutive TX Uls. The Tyx_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. SerDes transmitter does not have CTX built-in. An external AC-coupling capacitor is required.

2.19.3.2

PCI Express AC Physical Layer Receiver Specifications

This section discusses the PCI Express AC physical layer receiver specifications for 2.5 Gb/s.

Thistable definesthe 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 RefClk jitter.

Table 69. PCI Express (2.5 Gb/s) Differential Receiver (RX) Input AC Specifications

Symbol Parameter Min | Typical Max Units 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.
TRX-EYE Minimum 0.4 — — Ul | The maximum interconnect media and Transmit-
Receiver Eye ter jitter that can be tolerated by the Receiver can
Width be derived as TRX-MAX-JITTER =1 _TRX-EYE =0.6
ul.
See Notes 2 and 3.
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Table 69. PCI Express (2.5 Gb/s) Differential Receiver (RX) Input AC Specifications (continued)

Symbol Parameter Min | Typical Max Units Comments
TRX-EYE-MEDIAN-to- | Maximum time — — 0.3 Ul |Jitter is defined as the measurement variation of
MAX-JITTER between thejitter the crossing points (Vrx.pirrp-p = 0 V) in relation

median and to a recovered TX Ul. A recovered TX Ul is calcu-
maximum devia- lated over 3500 consecutive unit intervals of sam-
tion from the ple data. Jitter is measured using all edges of the
median. 250 consecutive Ul in the center of the 3500 Ul
used for calculating the TXUI. See Notes 2, 3and
4,
Notes:

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

2. Specified at the measurement point and measured overany 250 corsecutive Uls. The test load in Figure 50 should be used
as the RX device when taking measurements. If the clocks to the RX and TX ar 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 Trxeye = 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 TXUIs. 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. ltis 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.

2.19.3.3 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 atest/measurement load shown in this figure.

NOTE

The allowance of the measurement point to be within 0.2 inches of the package pinsis
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 islocated, the measurement point is assumed to be the
D+ and D- package pins.

D+ Package

Pin \

LES
Silicon
+ Package

[—Package _/

Fin

Figure 50. Compliance Test/Measurement Load
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3 QUICC Engine Block Specifications

3.1  Ethernet Interface
This section providesthe AC and DC electrical characteristics for the Ethernet interfaces inside the QUICC Engine block.

3.1.1 MIl and RMII DC Electrical Characteristics

This table shows the MIl and RMI1I DC electrical characteristics
' Table 70. MIl and RMII DC Electrical Characteristics

Parameter Symbol Min Max Unit Notes
Input high voltage \um 20 — V 1
Input low voltage Vi — 0.8 \ —
Input high current (V |y = BVpp) [ — 50 uA 2
Input low current (V| = GND) I -50 — uA 2
Output high voltage (BVpp = Min, Iy =—4.0 mA) VoH 24 BVpp +0.3 \Y —
Output low voltage (BVpp = Min, g, = 4.0 mA) VoL GND O 4 \ —

Note:
1. Note that the min V| and max V| 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 symbols referenced in Table 2 and Table 3.

3.1.2 MIl AC Timing Specifications

This section describes the M 11 transmit and receive AC timing specifications.
Thistable providesthe MII transmit AC timing specifications.
Table 71. MIl Transmit AC Timing Specifications

For recommended operating conditions, see Table 3

Parameter/Condition Symbol Min Typ Max Unit
TX_CLK clock period 10 Mbps tmrx 399.96 400 400.04 ns
TX_CLK clock period 100 Mbps tTx 39.996 40 40.004 ns
TX_CLK duty cycle tvTxHAMTX 35 — 65 %
TX_CLK to MIl data TXD[3:0], TX_ER, TX_EN delay t\MTKHDX 1 — 15 ns
TX_CLK data clock rise (20%—80%) tMTxR 1.0 — 4.0 ns
TX_CLK data clock fall (80%—20%) tMTxE 1.0 — 4.0 ns
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This figure shows the M1 transmit AC timing diagram.
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| tmTx > tMTxR —>
TX_CLK
tmTxH tMTxF —>
TXD[3:0]
TX_EN ><
TX_ER
—| tMTKHDX

Figure 51. MIl Transmit AC Timing Diagram

Thistable providesthe MII receive AC timing specifications.

Table 72. MIl Receive AC Timing Specifications

For recommended operating conditions, see Table 3.

Parameter/Condition Symbol Min Typ Max Unit
RX_CLK clock period 10 Mbps tmRrx 399.96 400 400.04 ns
RX_CLK clock period 100 Mbps tMRX 39.996 40 40.004 ns
RX_CLK duty cycle tMRXH/IMRX 35 — 65 %
RXD[3:0], RX_DV, RX_ER setup time to RX_CLK tMRDVKH 10.0 — — ns
RXD[3:0], RX_DV, RX_ER hold time to RX_CLK tMRDXKH 10.0 — — ns
RX_CLK clock rise (20%—-80%) tMRXR 1.0 — 4.0 ns
RX_CLK clock fall time (80%—20%) tMRXE 1.0 — 4.0 ns

Note: The frequency of RX_CLK should not exceed the frequency of TX_CLK by more than 300 ppm.

This figure shows the MI1 receive AC timing diagram.

< tmMrx > tMRXR
RX_CLK
tMRXH tMRXF
RXD[3:0]
RX_DV Valid Data
RX_ER
tMRDVKH —> <
—> tMRDXKL

Figure 52. MIl Receive AC Timing Diagram
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Thisfigure provides the MIl AC test load.

Output 4@ Zy=50Q WLVDD/2
R.=50Q

Figure 53. MIl AC Test Load

3.1.3 RMII AC Timing Specifications

This section describes the RMII transmit and receive AC timing specifications.
The RMII transmit AC timing specifications listed are in this table.

Table 73. RMIlI Transmit AC Timing Specifications
For recommended operating conditions, see Table 3

Parameter Symbol Min Typ Max Unit
REF_CLK clock period trmT — 20.0 — ns
REF_CLK duty cycle tRMTH 35 — 65 %
REF_CLK peak-to-peak jitter trRvTY — — 250 ps
Rise time REF_CLK (20%-80%) trRMTR 1.0 — 5.0 ns
Fall time REF_CLK (80%—-20%) tRVITE 1.0 — 5.0 ns
REF_CLK to RMII data TXD[1:0], TX_EN delay tRMTDX 2.0 — 10.0 ns

Thisfigure shows the RMII transmit AC timing diagram.

l<

< trmT > tRMTR —>
REF_CLK
tRMTH trRMTF
TXD[1:0]
TX_EN ><
TX_ER
—>| trmTDX

Figure 54. RMIl Transmit AC Timing Diagram

Thistable providesthe M1 receive AC timing specifications.
Table 74. RMIl Receive AC Timing Specifications

For recommended operating conditions, see Table 3

Parameter Symbol Min Typ Max Unit
REF_CLK clock period tRVR — 20.0 — ns
REF_CLK duty cycle tRMRH 35 — 65 %
REF_CLK peak-to-peak jitter tRMRY — — 250 ps
Rise time REF_CLK (20%—-80%) tRMRR 1.0 — 5.0 ns
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Table 74. RMIl Receive AC Timing Specifications (continued)

For recommended operating conditions, see Table 3

Parameter Symbol Min Typ Max Unit
Fall time REF_CLK (80% —20%) tRMRF 1.0 — 5.0 ns
RXD[1:0], CRS_DV, RX_ER setup time to REF_CLK rising edge tRMRDVKH 4.0 — — ns
RXD[1:0], CRS_DV, RX_ER hold time to REF_CLK rising edge tRMRKHDX 2.0 — — ns

This figure shows the RMI1 receive AC timing diagram.

< tRvR > tRMRR —>
REF_CLK -

tRMRH tRMRF
RXD[1:0]
CRS_DV Valid Data

RX_ER
tRMRDVKH —> <—
—> tRMRKHDX

Figure 55. RMIl Receive AC Timing Diagram

Thisfigure provides the AC test load.

Output 4@ Zy=50Q WLVDDlz
RL =50 Q

Figure 56. AC Test Load

3.2 HDLC, BISYNC, Transparent, and Synchronous UART Interfaces

This section describes the DC and AC electrical specifications for the high level data link control (HDLC), BISYNC,
transparent and synchronous UART.

3.2.1 HDLC, BISYNC, Transparent and Synchronous UART DC Electrical
Characteristics
Thistable providesthe DC dectrical characteristics for the HDLC, BISY NC, Transparent and Synchronous UART protocals.
Table 75. HDLC, BiSync, Transparent and Synchronous UART DC Electrical Characteristics

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Notes
Input high voltage Vi 2.0 — V 1
Input low voltage Vi — 0.8 \ 1
Input current (BV|y = 0 V or BV,y = BVpp) IiN — 150 uA 2
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Table 75. HDLC, BiSync, Transparent and Synchronous UART DC Electrical Characteristics (continued)

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Notes
Output high voltage (BVpp = min, lgy = -2 mA) Vou 24 — \% —
Output low voltage (BVpp = min, oy =2 mA) VoL — 0.4 V —

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

3.2.2 HDLC, BISYNC, Transparent and Synchronous UART AC Timing
Specifications
Thistable providesthe input and output AC timing specificationsfor HDL C, BiSync, and Transparent and Synchronous UART
protocols.
Table 76. HDLC, BiSync, Transparent AC Timing Specifications

For recommended operating conditions, see Table 3.

Parameter Symbol1 Min Max Unit Notes
Outputs—Internal clock delay tHikHOV 0 5.5 ns 2
Outputs—External clock delay tHEKHOV 1 8 ns 2
Outputs—Internal clock High Impedance thikHOX 0 5.5 ns 2
Outputs—External clock High Impedance thEkHOX 1 8 ns 2
Inputs—Internal clock input setup time tuivkH 6 — ns —
Inputs—External clock input setup time tuEIvKH 4 — ns —
Inputs—Internal clock input Hold time thixkH 0 — ns —
Inputs—External clock input hold time thEIXKH 1 — ns —

Notes:
1. The symbols usedfor iming specifications follow the pattern st wo 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, tHIKHOX symbolizes the outputs internal
timing (HI) for the time tg¢,i5 memory clock reference (K) goes from the high state (H) until outputs (O) are invalid (X).

2. 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.

Thistable provides the input and output AC timing specifications for the synchronous UART protocols.
Table 77. Synchronous UART AC Timing Specifications

For recommended operating conditions, see Table 3

Parameter Symbol 1 Min Max Unit Notes
Outputs—Internal clock delay tHikHOV 0 1" ns 2
Outputs—External clock delay tHEKHOV 1 14 ns 2
Outputs—Internal clock High Impedance thikHox 0 1" ns 2
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Table 77. Synchronous UART AC Timing Specifications (continued)

For recommended operating conditions, see Table 3

Parameter Symbol 1 Min Max Unit Notes
Outputs—External clock High Impedance thEKHOX 1 14 ns 2
Inputs—Internal clock input setup time tHivKH 10 — ns —
Inputs—External clock input setup time tHEIVKH 8 — ns —
Inputs—Internal clock input Hold time tHiIXKH 0 — ns —
Inputs—External clock input hold time tHEIXKH 1 — ns —

Notes:
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 t st two letters of functional block)(signal)(state) (reference)(state) for
inputs and tsirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tyikox symbolizes the outputs
internal timing (HI) for the time t¢i5 memory clock reference (K) goes from the high state (H) until outputs (O) are invalid (X).

Thisfigure provides the AC test load.

Output %) 2,500 (WOVDD/Z
R, =50 Q

Figure 57. AC Test Load

These figures represent the AC timing from Table 76 and Table 77. Note that although the specifications generally reference
the rising edge of the clock, these AC timing diagrams also apply when the falling edge is the active edge. Thisfigure shows
the timing with external clock.

Serial CLK (input)

—> tHEIXKH !

, tHEIVKH < !

Input Signals: :
(See Note)
Output Signals:
(See Note)

|<%
tHEKHOX

Note: The clock edge is selectable
Figure 58. AC Timing (External Clock) Diagram
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Thisfigure shows the timing with internal clock.

Serial CLK (output)

—> tHIIXKH !
, thivkn —> !
Input Signals: ! :

(See Note) |

Output Signals: !
----- ( S DS

(See Note)

|
< tHikHOX —>

Note: The clock edge is selectable
Figure 59. AC Timing (Internal Clock) Diagram

3.3 TDM/SI

This section describesthe DC and AC el ectrical specificationsfor the time-division-multiplexed and serial interface (TDM/SI).

3.3.1 TDM/SI DC Electrical Characteristics

Thistable providesthe TDM/SI DC electrical characteristics.
Table 78. TDM/SI DC Electrical Characteristics

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Notes
Input high voltage Viy 2.0 — \Y 1
Input low voltage Vi — 0.8 \ 1
Input current (BV;y =0V or BV,y = BVpp) I — +50 uA 2
Output high voltage (BVpp = min, lgy = -2 mA) Vou 24 — \% —
Output low voltage (BVpp = min, loy =2 mA) VoL — 0.4 V —

Note:
1. Note that the min V| and max V|4 values are based on the respective min and max BV)y values found in Table 3.
2. Note that the symbol BV represents the input voltage of the supply. It is referenced in Table 3.

3.3.2 TDM/SI AC Timing Specifications

Thistable provides the TDM/SI input and output AC timing specifications.
Table 79. TDM/SI AC Timing Specifications *

Parameter Symbol 2 Min Max Unit
TDM/SI outputs—External clock delay tsekHoV 2 11 ns
TDM/SI outputs—External clock High Impedance tsEkHOX 2 10 ns
TDM/SI inputs—External clock input setup time tseEIvkH 5 — ns
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Table 79. TDM/SI AC Timing Specifications *

Parameter Symbol 2 Min Max Unit

TDM/SI inputs—External clock input hold time tsEIXKH 2 — ns

Notes:

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 t st two 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, tsgkHox symbolizes the TDM/SI
outputs external timing (SE) for the time typ)y5; memory clock reference (K) goes from the high state (H) until outputs (O) are

invalid (X).

Thisfigure provides the AC test load for the TDM/SI.

Output 4@ Zy=50Q WOVDDlz
R, =50Q

Figure 60. TDM/SI AC Test Load

Thisfigure representsthe AC timing from Table 79. Note that although the specifications generally reference therising edge of
the clock, these AC timing diagrams also apply when the falling edge is the active edge. This figure showsthe TDM/SI timing
with external clock.

TDM/SICLK (input)

Input Signals:
TDM/SI
(See Note)

|
tseivkH l<— :
|

Output Signals:
TDM/SI
(See Note)

tsEkHOX
Note: The clock edge is selectable on TDM/SI
Figure 61. TDM/SI AC Timing (External Clock) Diagram

34 UTOPIA Interface

This section describes the DC and AC electrica specifications for the UTOPIA.

3.4.1 UTOPIA DC Electrical Characteristics
Thistable providesthe DC electrical characteristics for the UTOPIA.
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Table 80. UTOPIA DC Electrical Characteristics

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Notes
Input high voltage \um 2.0 — V 1
Input low voltage Vi — 0.8 \ 1
Input current (BV |y = 0V or BV)y = BVpp) N — 150 uA 2
Output high voltage (BVpp = min, Igy = -2 mA) Vo 24 — \% —
Output low voltage (BVpp = min, Igy =2 mA) VoL — 0.4 \ —

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

3.4.2 UTOPIA AC Timing Specifications

Thistable providesthe UTOPIA input and output AC timing specifications.
Table 81. UTOPIA AC Timing Specifications1

Parameter Symbol 2 Min Max Unit
UTOPIA/POS outputs—Internal clock delay tuikHOV 0 8 ns
UTOPIA/POS outputs—External clock delay tuEkHOV 1 10 ns
UTOPIA/POS outputs—Internal clock High Impedance tuikHOX 0 8 ns
UTOPIA/POS outputs—External clock High Impedance tuekHOX 1 10 ns
UTOPIA/POS inputs—Internal clock input setup time tunvku 6 — ns
UTOPIA/POS inputs—External clock input setup time tueivkH 4 — ns
UTOPIA/POS inputs—Internal clock input Hold time tunxkH 0 — ns
UTOPIA/POS inputs—External clock input hold time tueixkH 1 — ns

Notes:

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 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, tUIKHOX symbolizes the
UTOPIA/POS outputs internal timing (Ul) for the time ty;,,,;, memory clock reference (K) goes from the high state (H) until

outputs (O) are invalid (X).

Thisfigure provides the AC test load for the UTOPIA.

Output %) 2,500 (WOVDD/2
R, =50 Q

Figure 62. UTOPIA AC Test Load
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These figures represent the AC timing from Table 81. Note that although the specifications generally reference the rising edge
of the clock, these AC timing diagrams also apply when the falling edge is the active edge.

Thisfigure shows the UTOPIA timing with external clock.

UTOPIACLK (input)
—> tUEIXKH !
_ tueivkH —> l— !
Input Signals: ' '
UTOPIA - ---------  Feeaemaaao s R
| |
| |
, <— tuekHov |
Output Signals:
UTOPIA - -------- < >‘ ---------------------
>
tuEkHOX

Figure 63. UTOPIA AC Timing (External Clock) Diagram

Thisfigure shows the UTOPIA timing with internal clock.

UTOPIACLK (output)
—> tuixkH !
) tyiivkH —> !
Input Signals: ! '
UTOPIA ---  Yemmmmeemmmmem oot S LR TR

|
|
I I
re——— tyikHov ——> |

Output Signals: !
W | D S
—>»

|
~<— tyikHox

Figure 64. UTOPIA AC Timing (Internal Clock) Diagram

3.5 SPI Interface

This section describes the SPI DC and AC electrical specifications.

351 SPI DC Electrical Characteristics

Thistable providesthe SPI DC electrical characteristics.
Table 82. SPI DC Electrical Characteristics

For recommended operating conditions, see Table 3

Parameter Symbol Min Max Unit Notes
Input high voltage ViH 2.0 — \ 1
Input low voltage Vi — 0.8 \ 1
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Table 82. SPI DC Electrical Characteristics (continued)

For recommended operating conditions, see Table 3

Parameter Symbol Min Max Unit Notes
Input current (OV)y = 0 V or OV |y = OVpp) N — +50 HA 2
Output high voltage (OVpp = min, lgy = -2 mA) VoH 2.4 — \% —
Output low voltage (OVpp = min, lgy =2 mA) VoL — 0.4 V —

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

3.5.2 SPI AC Timing Specifications

Thistable and provide the SPI input and output AC timing specifications.
Table 83. SPI AC Timing Specifications

For recommended operating conditions, see Table 3.

Parameter Symbol1 Min Max Unit Note
SPI outputs valid—Master mode (internal clock) delay tNIKHOV — 6 ns 2
SPI outputs hold—Master mode (internal clock) delay tNIKHOX 0.5 — ns 2
SPI outputs valid—Slave mode (external clock) delay tNEKHOV — 9 ns 2
SPI outputs hold—Slave mode (external clock) delay tNEKHOX 2 — ns 2
SPI inputs—Master mode (internal clock) input setup time INIIVKH 4 — ns —
SPI inputs—Master mode (internal clock) input hold time tNIXKH 0 — ns —
SPl inputs—Slave mode (external clock) input setup time tNEIVKH 4 — ns —
SPI inputs—Slave mode (external clock) input hold time tNEIXKH 2 — ns —

Note:
T The symbols used for timing specifications follow the pattern of t(ﬁrst two letters of functional block)(signal)(state) (reference)(state) for

inputs and tsirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tyiknox symbolizes the internal
timing (NI) for the time SPICLK clock reference (K) goes to the high state (H) until outputs (O) are invalid (X).

2. 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.

Thisfigure provides the AC test load for the SPI.

Output ~{> Zp=50Q () ~ '\/\g\b a OVpp/2
L -

Figure 65. SPI AC Test Load
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These figures represent the AC timing from Table 30. Note that although the specifications generally reference the rising edge
of the clock, these AC timing diagrams also apply when the falling edge is the active edge.

This figure shows the SPI timing in slave mode (external clock).

SPICLK (output)

> ; tNEIXKH |
Input Signals: i INEIVKH :

SPIMISO -
(See Note) .

|
. :
«— tNEKHOV |
T
|
|

Output Signals: !
SPIMOSI :
(See Note)

Note: The clock edge is selectable on SPI.

Figure 66. SPI AC Timing in Slave Mode (External Clock) Diagram

Thisfigure shows the SPI timing in master mode (internal clock).

SPICLK (output)

> ¢ tNIIXKH |

Input Signals: i INIIVKH |
SPIMISO .- |
(See Note) :

Output Signals:
SPIMOSI R
(See Note) .

Note: The clock edge is selectable on SPI.

|
. :
~— tnikHoOV |
T
|
|

Figure 67. SPI AC Timing in Master Mode (Internal Clock) Diagram

3.6 GPIO

This section describes the DC and AC electrical characteristics for the GPIO interface.

3.6.1 GPIO DC Electrical Characteristics

Thistable providesthe DC €electrical characteristics for the GPIO interface when operating from a 3.3 V supply.
Table 84. GPIO DC Electrical Characteristics (3.3 V)

For recommended operating conditions, see Table 3

Parameter Symbol Min Max Unit Notes
Input high voltage ViH 2 — V 1
Input low voltage Vi — 0.8 \ 1
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Table 84. GPIO DC Electrical Characteristics (3.3 V) (continued)

For recommended operating conditions, see Table 3

Parameter Symbol Min Max Unit Notes
Input current (OV |y =0 V or OV,y = OVpp) | IN — +50 A 2
Output high voltage (OVpp = min, Igy = -2 mA) Vou 2.4 — \% —
Output low voltage (OVpp = min, Ig, =2 mA) VoL — 0.4 \ —

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

3.6.2 GPIO AC Timing Specifications

Thistable provides the GPIO input and output AC timing specifications.
Table 85. GPIO Input AC Timing Specifications

For recommended operating conditions, see Table 3

Parameter Symbol Min Unit Notes

GPIO inputs—minimum pulse width tpiwiD 20 ns 1

Notes:

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 tp)yp to ensure proper operation.

Thisfigure provides the AC test load for the GPIO.

Output ~€> Zy=50Q

AN OVpp/2
R, =500

-_—
! |—\/

Figure 68. GPIO AC Test Load

4 Thermal

This section describes the thermal specifications.

4.1 Thermal Characteristics

Thistable provides the package thermal characteristics.
Table 86. Package Thermal Characteristics

Parameter JEDEC Board Symbol Value Unit Notes
Junction-to-ambient Natural Convection Single layer board (1s) ReJa 23 °C/W 1,2
Junction-to-ambient Natural Convection Four layer board (2s2p) ReJa 17 °C/W 1,2
Junction-to-ambient (at 200 ft/min) Single layer board (1s) Reua 18 °C/W 1,2
Junction-to-ambient (at 200 ft/min) Four layer board (2s2p) ReJa 14 °C/W 1,2
Junction-to-board thermal — Reus 9 °C/IW 3
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Table 86. Package Thermal Characteristics

Parameter JEDEC Board Symbol Value Unit Notes
Junction-to-case thermal — Reuc 7 °C/IW 4
Junction-to-package top thermal Natural Convection Yr 7 °C/W 5

Notes

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.

Per JEDEC JESD51-2 and JESD51-6 with the board (JESD51-9) horizontal.

3. 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.

4. Junction-to-case at the top of the package determined using MIL-STD 883 Method 1012.1. The cold plate temperature is
used for the case temperature. Reported value includes the thermal resistance of the interface layer.

5. Thermal characterization parameter indicating the temperature difference between package top and the junction
temperature per JEDEC JESD51-2. When Greek letters are notavailable, the thermal characterization parameter is written
as Psi-JT.

N

4.2  Temperature Diode

The device have athermal diode on the microprocessor that can be used in conjunction with other system temperature
monitoring devices (such as On Semiconductor, NCT1008™). These devices use the negative temperature coefficient of adiode
operated at a constant current to determine the temperature of the microprocessor and its environment.

The following are the specifications of the P1012 on-board temperature diode:
Operating range: 10—230 p A
Ideality factor over 13.5-220 p A; n=1.006 + 0.008

5 Package Information

This section provides the package parameters and ordering information.

5.1 Package Parameters for the P1012 WB-TePBGA I

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 II).

Package outline 31 mmx 31 mm

I nterconnects 689

Pitch 1.00 mm

Module height 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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Thisfigure shows the P1012 package.
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Figure 69. P1012 Package

NOTESfor Figure 69:

All dimensions are in millimeters.

Dimensioning and tolerancing per ASME Y 14. 5M-1994.

Maximum solder ball diameter measured parallel to Datum A.

Datum A, the seating plane, is determined by the spherical crowns of the solder balls.
Parallelism measurement shall exclude any effect of mark on top surface of package.

arwdE
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All dimensions are in millimeters.

Dimensioning and tolerancing per ASME Y14. 5M-1994.

Maximum solder ball diameter measured parallel to Datum A.

Datum A, the seating plane, is determined by the spherical crowns of the solder balls.
Parallelism measurement shall exclude any effect of mark on top surface of package.
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5.2  Ordering Information

Thistable providesthe Freescale part numbering nomenclature. Each part number also contains arevision code which refersto
the die mask revision number.

Table 87. Part Numbering Nomenclature

P 1 02 or 01 2 q t e n dd r
. . Die

ngerat Platform Number of Dgrlva Qual Status Temperature | Encryptio | Package | CPU/CCB/DDR Revisio

ion Cores tive Range n Type Frequency (MHz) n
= 1 01 =Single | 0-9 P= S=8dTemp | E=SEC 2= HF = 800/400/667 | A=1.0
45 nm Core Prototype |X=Ex. Temp| Present | TePBGA | FF =667/333/667 | B=1.1

02 = Dual N = Qual'd to N =SEC Il DF = 533/267/667
Core Industrial Not Pbfree
Tier Present
S = Special
Notes:

1. See Section 5, “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.The QUICC Engine RISC clock speed is equal to the CCB/Platform speed.

Parts are marked as the example shown in this figure.

P1020xtenddr
Core/DDR MHz

ATWLYYWW
CCcccC

*MMMMM YWWLAZ

Notes: WB-TePBGA

P1020xtenddr 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 70. Part Marking for WB-TePBGA Il Device

6 Product Documentation

Thefollowing documents are required for a compl ete description of the device and are needed to design properly with the part:
* P1021 QorlQ Integrated Processor Reference Manual (document number P1021RM)
* €500 PowerPC Core Reference Manua (ES00CORERM)
*  QUICC Engine™ Block Reference Manual (QEIWRM)
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Revision History

Revision History

Thistable provides revision history for this document.

Table 88. Document Revision History

Rev.
Number

Date

Substantive Change(s)

1

03/2012

i Table 1, replaced the signals NC107, NC108, and NC109 (along with their details, such as
Package Pin Number, Pin Type, and Power Supply) with the signals CKSTP_IN1_B,
CKSTP_OUT1_B, and READY_P1 respectively.

Changed the power supply from XVDD_SRDS to SVDD_SRDS for all SD_RX_n pins as well as
SD_REF_CLK and SD_REF_CLK_B in Table 1.
Changed Note 13 in Table 1. The note says "These pins must NOT be pulled down by a resistor or
the component they are connected to during power-on reset".
Added IRQO06 with CE_PB10 in Table 1.
Added Table 18.
»  Table 30, made the following changes:
» Changed the min value of ‘SPI outputs—Master data (internal clock) hold time’ from 0.5 to the
formula: 0'5+(tPLATFORM CLK *SPMODE [HO_ADJ])
+ Changed the max value of ‘SPI outputs—Master data (internal clock) delay’ from 6.0 to the
formula: 0‘5+(tPLATFORM CLK *SPMODE [HO_ADJ])
+ Added note 3that reads: See he P1025 QorlQ Integrated Processor Reference Manual for detail
about the register SPMODE.
i Table 41, changed “LSTS = 0” to “LSTS = 001” and changed “LSTS = 1" to “LSTS = 100”
i Table 41, changed note 4 to “The LSTS shown in the table refers to the EIC2[0:2] or EIC3[0:2]
bit field of the GUTS_SRDSCRA4 register, depending on the SerDes lane usage”
Modified Figure 21.
Changed value of minimum AC coupling capacitor from 5nF to 10nF and removed typical value of
100nF in Table 42.
Changed min frequency of DRCLK from 66.7Mhz to 66.66MHz.
Changed pin E16 from NC20 to THERM1 (Internal Diode Anode) and pin E15 from NC21 to
THERMO (Internal Diode Cathode) and added Note 26 in Table 1. Also added THERMO and
THERM1 in ball map.
Added Section 4.2, “Temperature Diode”.
Updated Figure 14.
Removed "Measured at 1.6 V"from "SD_REF_CLK/ SD_REF_CLK reference clock duty cycle" cell
of Table 65.
+ l Table 49, changed min value of ty15ggc Lk from 3.8 to 5.
Added Section 2.11.6.1, “eTSEC IEEE Std 1588 DC Electrical Characteristics”.
Changed input leakage current of all interfaces to +-50uA.

08/2011

Initial release
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