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MPC8536E PowerQUICC lil
Integrated Processor
Hardware Specifications

MAPBGA-783
29 mm x 29 mm

High-performance, 32-bit €500 core, scaling up to

1.5 GHz, that implements the Power Architecture®

technology

— 36-bit physical addressing

— Double-precision embedded floating point APU using
64-bit operands

— Embedded vector and scalar single-precision
floating-point APUs using 32- or 64-bit operands

— Memory management unit (MMU)

Integrated L1/L2 cache

— L1 cache—32-Kbyte data and 32-Kbyte instruction

— L2 cache—512-Kbyte (8-way set associative)

DDR2/DDR3 SDRAM memory controller with full ECC

support

— One 64-bit/32-bit data bus

— Up to 333-MHz clock (667-MHz data rate)

— Supporting up to 16 Gbytes of main memory

— Using ECC, detects and corrects all single-bit errors and
detects all double-bit errors and all errors within a nibble

— Invoke a level of system power management by
asserting MCKE SDRAM signal on-the-fly to put the
memory into a low-power sleep mode

— Both hardware and software options to support
battery-backed main memory

Integrated security engine (SEC) optimized to process all

the algorithms associated with IPsec, IKE, SSL/TLS,

iSCSI, SRTP, IEEE Std 802.16e™, and 3GPP.

— XOR engine for parity checking in RAID storage
applications

Enhanced Serial peripheral interfaces (eSPI)

— Support boot capability from eSPI

Two enhanced three-speed Ethernet controllers (eTSECs)

with SGMII support

— Three-speed support (10/100/1000 Mbps)

— Two IEEE Std 802.3®, IEEE 802.3u, IEEE 802.3x,
IEEE 802.3z, IEEE 802.3ac, IEEE 802.3ab, and
IEEE Std 1588™-compatible controllers

— Support for various Ethernet physical interfaces: GMII,
TBI, RTBI, RGMII, MII, RGMII, RMII, and SGMII
— Support TCP/IP acceleration and QOS features
— MAC address recognition and RMON statistics support
— Support ARP parsing and generating wake-up events
based on the parsing results while in deep sleep mode
— Support accepting and storing packets while in deep
sleep mode
High-speed interfaces (multiplexed) supporting:
— Three PCI Express interfaces
— PCI Express 1.0a compatible
— One x8/x4/x2/x1 PCI Express interface
— Two x4/x2/x1 ports, or,
— One x4/x2/x1 port and Two x2/x1 ports
— Two SGMII interfaces
— Two Serial ATA (SATA) controllers support SATA Tand
SATA I data rates
PCI 2.2 compatible PCI controller
Three universal serial bus (USB) dual-role controllers
comply with USB specification revision 2.0
133-MHz, 32-bit, enhanced local bus (eLBC) with memory
controller
Enhanced secured digital host controller (eSDHC) used for
SD/MMC card interface
— Support boot capability from eSDHC
Integrated four-channel DMA controller
Dual I’C and dual universal asynchronous
receiver/transmitter (DUART) support
Programmable interrupt controller (PIC)
Power management, low standby power
— Support Doze, Nap, Sleep, Jog, and Deep Sleep mode
— PMC wake on: LAN activity, USB connection or remote
wakeup, GPIO, internal timer, or external interrupt event
System performance monitor
IEEE Std 1149.1™-compatible, JTAG boundary scan
783-pin FC-PBGA package, 29 mm x 29 mm

Freescale reserves the right to change the detail specifications as may be required
to permit improvements in the design of its products.
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Pin Assignments and Reset States

This figure shows the major functional units within the chip.
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Figure 1. Chip Block Diagram

1 Pin Assignments and Reset States
NOTE

The naming convention of TSEC1 and TSEC3 is used to allow the splitting voltage rails
for the eTSEC blocks and to ease the port of existing PowerQUICC III software

NOTE

The UART SOUTJ[0:1] and TEST SEL pins must be set to a proper state during POR
configuration. See Table 1 for more details.

MPC8536E PowerQUICC lll Integrated Processor Hardware Specifications, Rev. 6

Freescale Semiconductor 3



Pin Assignments and Reset States

1.1 Pin Map

The following figures provide the pin map of the chip.
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Figure 2. Chip Pin Map Bottom View
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Pin Assignments and Reset States
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Pin Assignments and Reset States
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Pin Assignments and Reset States
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Pin Assignments and Reset States

DETAIL D
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Figure 6. Chip Pin Map Detail D
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This table provides the pin-out listing for the 783 FC-PBGA package.

Table 1. Pinout Listing

Pin Assignments and Reset States

Signal Signal Name Package Pin Number | Pin Type Power Notes
Supply
PCI

PCI1_AD[31:0] Muxed Address / data AB15,Y17,AA17,AC15, I/0 OVpp 29

AB17,AC16,AA18,

AD17,AE17,AB18,

AB19,AE18,AC19,

AF18,AE19,AC20,

AF23,AE23,AC23,

AH24,AH23,AG24,

AE24,AG25,AD24,

AG27,AC24,AF25,

AG26,AF26,AE25,

AD26
PCI1_C_BE[3:0] Command/Byte Enable AD18, AD20,AD22, /0 OVpp 29

AH25
PCI1_PAR Parity AC22 I/0 OVpp 29
PCIH1_FRAME Frame AE20 I/0 OVpp 2,29
PCI1_TRDY Target Ready AF21 I/0 OVpp 2,29
PCI1_IRDY Initiator Ready AB20 110 OVpp 2,29
PCI1_STOP Stop AD21 /0 OVpp 2,29
PCI1_DEVSEL Device Select AC21 I/0 OVpp 2,29
PCI1_IDSEL Init Device Select AE16 | OVpp 29
PCIH_PERR Parity Error AB21 /0 OVpp 2,29
PCIH_SERR System Error AF22 110 OVpp 2,4,29
PCI1_REQ[4:3)/GPIO[1:0] Request AE15,Y15 | OVpp —
PCI1_REQ[2:1] Request AF13,W16 | OVpp 29
PCI1_REQ[0] Request AA16 IO OVpp 29
PCI1_GNT[4:3)/GPIO[3:2] Grant AC14, AA15 0] OVpp —
PCH_GNT[2:1] Grant AF14Y16 (0] OVpp 5,9,25,29
PCI1_GNT[O0] Grant w18 I/O OVpp 29
PCI1_CLK PCI Clock AH26 | OVpp 29
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Pin Assignments and Reset States

Table 1. Pinout Listing (continued)

Signal Signal Name Package Pin Number | Pin Type Power Notes
Supply
DDR SDRAM Memory Interface
MDQ[0:63] Data A26,B26,C22,D21,D25, I/0 GVpp —
B25,022,E21,A24,A23,
B20,A20,A25,B24,B21,
A21,E19,D19,E16,C186,
F19,F18,F17,D16,B18,
A18,A15,B14,B19,A19,
A16,B15,D1,F3,G1,H2,
E4,G5,H3,J4,B2,C3,F2,
G2,A2,B3,E1,F1,L5,L4,
N3,P3,J3,K4,N4,P4,J1,
K1,P1,R1,J2,K2,P2,R2
MECC[0:7] Error Correcting Code G12,D14,F11,C11, I/0 GVpp —
G14,F14,C13,D12
MAPAR_ERR Address Parity Error A13 | GVpp —
MAPAR_OUT Address Parity Out A6 o GVpp —
MDMJ[0:8] Data Mask C25,B23,D018,B17,G4, o GVpp —
C2,L3,L2,F13
MDQS[0:8] Data Strobe D24,B22,C18,A17,J5, I/0 GVpp —
C1,M4,M2,E13
MDQSJ0:8] Data Strobe C23,A22,E17,B16,K5, I/0 GVpp —
D2,M3,N1,D13
MA[0:15] Address B7,G8,C8,A10,D9,C10, o GVpp —
A11,F9,E9,B12,A5,
A12,D11,F7,E10,F10
MBA[0:2] Bank Select A4,B5,B13 O GVpp —
MWE Write Enable B4 o GVpp —
MRAS Row Address Strobe C5 O GVpp —
MCAS Column Address Strobe E7 o GVpp —
MCSJ[0:3] Chip Select D3,H6,C4,G6 o GVpp —
MCKE[0:3] Clock Enable H10,K10,G10,H9 0] GVpp 11
MCKJ0:5] Differential Clock 3 Pairs / A9,J11,J6,A8,J13,H8 o GVpp —
DIMM
MCK]0:5] Differential Clock 3 Pairs / B9,H11,K6,B8,H13,J8 ) GVpp —
DIMM
MODT[0:3] On Die Termination E5,H7,E6,F6 O GVpp —
MDIC[0:1] Calibration H15,K15 I/0 GVpp 26
Local Bus Controller Interface

MPC8536E PowerQUICC Il Integrated Processor Hardware Specifications, Rev. 6

10

Freescale Semiconductor



Table 1. Pinout Listing (continued)

Pin Assignments and Reset States

Signal Signal Name Package Pin Number | Pin Type SPower Notes
upply
LADI[0:31] Muxed data / address K22,L.21,L22,K23,K24, 1/10 BVpp 5,9,29
L24,L25,K25,.28,L27,
K28,K27,J28,H28,H27,
G27,G26,F28,F26,F25,
E28,E27,E26,F24,E24,
C26,G24,E23,G23,F22,
G22,G21
LDPI[0:3] Data parity K26,G28,B27,E25 I/0 BVpp 29
LA[27] Burst address L19 (0] BVpp 5,9,29
LA[28:31] Port address K16,K17,H17,G17 O BVpp 5,7,9,29
LCS[0:4] Chip selects K18,G19,H19,H20,G16 o BVpp 29
LCS5/DMA_DREQ2 Chips selects / DMA Request [H16 I/0 BVpp 1,29
LCS6/DMA_DACK2 Chips selects / DMA Ack J16 O BVpp 1,29
LCS7/DMA_DDONE2 Chips selects / DMA Done L18 o BVpp 1,29
LWEO/LBSO/LFWE Write enable / Byte select J22 0] BVpp 5,9,29
LWE[1:3)/LBS[1:3] Write enable / Byte select H22,H23,H21 (0] BVpp 5,9,29
LBCTL Buffer control J25 (0] BVpp 5,8,9,29
LALE Address latch enable J26 (0] BVpp 5,8,9,29
LGPLO/LFCLE UPM general purpose line 0/ |J20 o BVpp 5,9,29
FLash command latch enable
LGPL1/LFALE UPM general purpose line 1/ K20 O BVpp 5,9,29
Flash address latch enable
LGPL2/LOE/LFRE UPM general purpose line 2/ G20 (e] BVpp 5,8,9,29
Output enable/Flash read
enable
LGPL3/LFWP UPM general purpose line 3/ |[H18 O BVpp 5,9,29
Flash write protect
LGPL4/LGTA/LUPWAIT UPM general purpose line 4/ [L20 I/0 BVpp 29, 33
/LPBSE/LFRB Target Ack/Wait/SDRAM
parity byte select/Flash
Ready-busy
LGPL5 UPM general purpose line 5/ |K19 O BVpp 5,9,29
Amux
LCLK[0:2] Local bus clock H24,J24,H25 O BVpp 29
LSYNC_IN Synchronization D27 | BVpp 29
LSYNC_OUT Local bus DLL D28 o BVpp 29
DMA
DMA_DACK]0:1] DMA Acknowledge AD6,AE10 0] OVpp —
/GPIO[10:11]
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Pin Assignments and Reset States

Table 1. Pinout Listing (continued)

Signal Signal Name Package Pin Number | Pin Type SP:;’;; Notes
DMA_DREQ[0:1] DMA Request AB10,AD11 I OVpp —
/GPIO[14:15]

DMA_DDONE[0:1] DMA Done AA11,AB11 o] OVpp —
/GPIO[12:13]
DMA_DREQ[2]/LCS[5] Chips selects / DMA Request |[H16 110 BVpp 1,29
DMA_DACK[2]/LCSI6] Chips selects / DMA Ack J16 o} BVpp 1,29
DMA_DDONE[2J/LCS[7] Chips selects / DMA Done  |L18 o) BVpp 1,29
DMA_DREQ[3)/IRQ[9] External interrupt/DMA AE13 I OVpp 1
request
DMA_DACK[3]/IRQ[10] External interrupt/DMA Ack |AD13 110 OVpp 1
DMA_DDONE[3)/IRQ[11] External interrupt/DMA done |AD14 110 OVpp 1
USB Port 1
USB1_D[7:0] USB1 Data bits AF1,AE2,AE1,AD2, /0 OVpp —
AC2,AC1,AB2,AB1
USB1_NXT USB1 Next data AF2 | OVpp —
USB1_DIR USB1 Data Direction AHA1 | OVpp —
USB1_STP USB1 Stop AGH1 o) OVpp 5,9
USB1_PWRFAULT USB1 bus power fault. AH2 I OVpp —
USB1_PCTLO/GPIOI[6] USB1 Port control 0 AC3 (0] OVpp —
USB1_PCTL1/GPIO[7] USB1 Port control 1 AC4 (0] OVpp —
USB1_CLK USB1 bus clock AD1 | OVpp —
USB Port 2
USB2_D[7:0] USB2 Data bits AE6,AC6,AF5,AES5, I/0 OVpp —
AF4,AE4,AE3,AD3
USB2_NXT USB2 Next data AC7 | OVpp —
USB2_DIR USB2 Data Direction AF7 | OVpp —
USB2_STP USB2 Stop AD7 o) OVpp 5,9
USB2_PWRFAULT USB2 bus power fault. AC8 I OVpp —
USB2_PCTLO0/GPIO[8] USB2 Port control 0 AG9 0] OVpp —
USB2_PCTL1/GPIO[9] USB2 Port control 1 AC9 (0] OVpp —
USB2_CLK USB2 bus clock AD5 | OVpp —
USB Port 3
USB3_D[7:0] USB3 Data bits AH7,AG6,AHB6,AGS5, I/0 OVpp —
AG4,AH4,AG3,AH3
USB3_NXT USBS3 Next data AG7 | OVpp —
MPC8536E PowerQUICC Il Integrated Processor Hardware Specifications, Rev. 6
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Table 1. Pinout Listing (continued)

Pin Assignments and Reset States

Signal Signal Name Package Pin Number | Pin Type SP:;VI;; Notes
USB3_DIR USBS3 Data Direction AG8 I OVpp —
USB3_STP USB3 Stop AH8 0] OVpp —
Reserved — AH9 — — 27
USB3_CLK USBS3 bus clock AH5 I OVpp —
Programmable Interrupt Controller
MCP Machine check processor Y14 | OVpp —
UDE Unconditional debug event  |AB14 I OVpp —
IRQ[0:8] External interrupts AG22,AF17,AB23, | OVpp —
AF19,AG17,AF16,
AA22,Y19,AB22
IRQ[9)/DMA_DREQ[3] External interrupt/DMA AE13 [ OVpp 1
request
IRQ[10/DMA_DACK][3] External interrupt/DMA Ack  |AD13 o] OVpp 1
IRQ[11)/DMA_DDONE[3] External interrupt/DMA done |AD14 I/0 OVpp 1
IRQ_OUT Interrupt output AC17 o] OVpp 2,4
Ethernet Management Interface
EC_MDC Management data clock Y10 0o OVpp 5,9,22
EC_MDIO Management data In/Out Y11 I/0 OVpp —
Gigabit Reference Clock
EC_GTX_CLK125 Reference clock AA6 | LVpp 31
Three-Speed Ethernet Controller (Gigabit Ethernet 1)
TSEC1_TXD[7:0] Transmit data AAB8,AA5,Y8,Y5,W3, o LVpp 5,9,22
W5,W4,W6
TSEC1_TX_EN Transmit Enable W1 (0] LVpp 23
TSEC1_TX_ER Transmit Error AB5 (0] LVpp 5,9
TSEC1_TX_CLK Transmit clock In AB4 | LVpp —
TSEC1_GTX_CLK Transmit clock Out w2 o LVpp —
TSEC1_CRS Carrier sense AA9 /0 LVpp 17
TSEC1_COL Collision detect AB6 I LVpp —
TSEC1_RXD[7:0] Receive data AB3,AB7,AB8,Y6,AA2, I LVpp —
Y3,Y1,Y2
TSEC1_RX_DV Receive data valid AA1 | LVpp —
TSEC1_RX_ER Receive data error Y9 | LVpp —
TSEC1_RX_CLK Receive clock AA3 | LVpp —

Three-Speed Ethernet Controller (Gigabit Ethernet 3)
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Pin Assignments and Reset States

Table 1. Pinout Listing (continued)

Signal Signal Name Package Pin Number | Pin Type SP:;’;; Notes
TSEC3_TXD[7:0] Transmit data T12,V8,U8,V9,T8,T7, O TVpp 5,9,22
T5,T6
TSEC3_TX_EN Transmit Enable V5 (0] TVpp 23
TSEC3_TX_ER Transmit Error U9 ) TVpp 5,9
TSEC3_TX_CLK Transmit clock In u10 | TVpp —
TSEC3_GTX_CLK Transmit clock Out U5 o TVpp —
TSEC3_CRS Carrier sense T10 I/0 TVpp 17
TSEC3_COL Collision detect T9 I TVpp —
TSEC3_RXD[7:0] Receive data uU12,U13,U6,v6,V1,U3, I TVpp —
u2,v3
TSEC3_RX_DV Receive data valid V2 I TVpp —
TSEC3_RX_ER Receive data error T4 | TVpp —
TSEC3_RX_CLK Receive clock U1 I TVpp —
IEEE 1588
TSEC_1588_CLK Clock In W9 I LVpp 29
TSEC_1588_TRIG_IN[0:1]  |Trigger In W8 w7 I LVpp 29
TSEC_1588_TRIG_OUT[0:1] |Trigger Out ut1,w10 o LVpp 5,9,29
TSEC_1588_CLK_OUT Clock Out V10 ) LVpp 5,9,29
TSEC_1588_PULSE_OUT1 |Pulse Out1 V11 O LVpp 5,9,29
TSEC_1588_PULSE_OUT2 |Pulse Out2 T11 0] LVpp 5,9,29
eSDHC
SDHC_CMD Command line AH10 I/0 OVpp 29
SDHC_CD/GPIO[4] Card detection AH11 | OVpp —
SDHC_DAT[0:3] Data line AG12,AH12,AH13, I/0 OVpp 29
AG11
SDHC_DAT[4:7]/ 8-bit MMC Data line / SPI chip |AE8,AC10,AF9,AA10 I/O OVpp 29
SPI_CS[0:3] select
SDHC_CLK SD/MMC/SDIO clock AG13 I/0 OVpp 29
SDHC_WP/GPIOQ[5] Card write protection AG10 I OVpp 1,32
eSPI
SPI_MOSI Master Out Slave In AF8 I/O OVpp 29
SPI_MISO Master In Slave Out AD9 | OVpp 29
SPI_CLK eSPI clock AD8 I/0 OVpp 29
SPI_CSJ[0:3]/ eSPI chip select / SDHC 8-bit | AE8,AC10,AF9,AA10 I/0 OVpp 29
SDHC_DAT[4:7] MMC data
MPC8536E PowerQUICC Il Integrated Processor Hardware Specifications, Rev. 6
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Table 1. Pinout Listing (continued)

Pin Assignments and Reset States

Signal Signal Name Package Pin Number | Pin Type SP:;VI;; Notes
DUART
UART_CTSJ[0:1] Clear to send AE11,Y12 I OVpp 29
UART_RTSJ0:1] Ready to send AB12,AD12 o] OVpp 29
UART_SIN[0:1] Receive data AC12,AF12 | OVpp 29
UART_SOUT[0:1] Transmit data AF10,AA12 o OVpp 5,9,22,
10,29
I2C interface
IIC1_SCL Serial clock AG21 /0 OVpp 4,21,29
IIC1_SDA Serial data AH22 /0 OVpp 4,21,29
lIC2_SCL Serial clock AH15 1/0 OVpp 4,21,29
[IC2_SDA Serial data AG14 /0 OVpp 4,21,29
SerDes1(x8)
SD1_TX[7:0] Transmit Data (+) Y23,W21,v23,U21, o) XVpp —
R21,P23,N21,M23
SD1_TX[7:0] Transmit Data(-) Y22,W20,V22,U20, 0 XVpp —
R20,P22,N20,M22
SD1_RX[7:0] Receive Data(+) AC28,AB26,AA28,Y26, | XVpp —
T26,R28,P26,N28
SD1_RX[7:0] Receive Data(-) AC27,AB25,AA27,Y25, I XVpp —
T25,R27,P25,N27
SD1_PLL_TPD PLL test point Digital V28 0] XVbp 18
SD1_REF_CLK PLL Reference clock u28 | XVbp —
SD1_REF_CLK PLL Reference clock u27 [ XVpp —
complement
Reserved — T22 — — 18
Reserved — T23 — — 18
SerDes2(x2)
SD2_TX[1:0] Transmit data(+) M11, P11 o} X2Vpp —
SD2_TX[1:0] Transmit data(-) M12, P12 o X2Vpp —
SD2_RX[1:0] Receive data(+) N8, P6 | X2Vpp —
SD2_RX[1:0] Receive data(-) N9, P7 I X2Vpp —
SD2_PLL_TPD PLL test point Digital L7 0] X2Vpp 18
SD2_REF_CLK PLL Reference clock M6 | X2Vpp —
SD2_REF_CLK PLL Reference clock M7 [ X2Vpp —
complement
Reserved — L8 — X2Vpp 18
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Pin Assignments and Reset States

Table 1. Pinout Listing (continued)

Signal Signal Name Package Pin Number | Pin Type SP:;VI;; Notes
Reserved — L9 — X2Vpp 18
General-Purpose Input/Output
GPIO[0:1)/PCI1_REQ[3:4] GPIO/PCI request Y15,AE15 I/0 OVpp —
GPIO[2:3]/PCIH_GNT[3:4] GPIO/PCI grant AA15,AC14 I/0 OVpp —
GPIO[4]/SDHC_CD GPIO/SDHC card detection |AH11 I/O OVpp —
GPIO[5)/SDHC_WP GPIO/SDHC write protection [AG10 I/0 OVpp 32
GPIO[6)/USB1_PCTLO GPIO/USB1 PCTLO AC3 I/0 OVpp —
GPIO[7)/USB1_PCTLA1 GPIO/USB1 PCTLA1 AC4 /0 OVpp —
GPIO[8/USB2_PCTLO GPIO/USB2 PCTLO AG9 I/O OVpp —
GPIO[9)/USB2_PCTLA1 GPIO/USB2 PCTLA1 AC9 /0 OVpp —
GPIO[10:11] GPIO/DMA Ack AD6,AE10 I/O OVpp —
/DMA_DACK]0:1]
GPIO[12:13] GPIO/DMA done AA11,AB11 I/0 OVpp —
/DMA_DDONE[0:1]
GPIO[14:15] GPIO/DMA request AB10,AD11 I/0 OVpp —
/DMA_DREQ[0:1]
System Control
HRESET Hard reset AG16 | OVpp —
HRESET_REQ Hard reset - request AG15 o OVpp 22
SRESET Soft reset AG19 [ OVpp —
CKSTP_IN CheckStop in AG18 I OVpp —
CKSTP_OUT CheckStop Output AH17 o} OVpp 24
Debug
TRIG_IN Trigger in W19 | OVpp —
TRIG_OUT/READY Trigger out/Ready/Quiesce  |V19 o OVpp 22
/QUIESCE
MSRCIDI[0:1] Memory debug source port ID(W12,W13 (0] OVpp 6,9
MSRCID[2:4] Memory debug source port ID V12, W14,W11 (0] OVpp 6,9,22
MDVAL Memory debug data valid V13 o OVpp 6,22
CLK_OUT Clock Out W15 o) OVpp 11
Clock
RTC Real time clock AF15 | OVpp —
SYSCLK System clock / PCI clock AH14 | OVpp —
DDRCLK DDR clock AC13 | OVpp 30
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Table 1. Pinout Listing (continued)

Pin Assignments and Reset States

Signal Signal Name Package Pin Number | Pin Type Power Notes
Supply
JTAG
TCK Test clock AG28 | OVpp —
TDI Test data in AH28 | OVpp 12
TDO Test data out AF28 @) OVpp 11
T™MS Test mode select AH27 | OVpp 12
TRST Test reset AH21 | OVpp 12
DFT
L1_TSTCLK L1 test clock AA21 | OVpp 19
L2_TSTCLK L2 test clock AA20 | OVpp 19
LSSD_MODE LSSD Mode AC25 | OVpp 19
TEST_SEL Test select AA13 | OVpp 19
Power Management
ASLEEP Asleep AG20 0] OVpp 9,16,22
POWER_OK Power OK AC26 I OVpp —
POWER_EN Power enable AE27 o OVpp —
Power and Ground Signals
OvDD General I/0 supply Y18,AG2,AD4,AB16, — OVpp —
AF6,AC18,AB13,AD10,
AE14,AD16,AD25,
AF27,AE22,AF11,
AF20,AF24
LvDD GMAC 1 1/O supply AA7, AA4 Power for LVpp —
TSECA1
interfaces
TVDD GMAC 3 1/O supply V4,U7 Power for TVpp —
TSEC3
interfaces
GVDD SSTL2 DDR supply B1,B11,C7,C9,C14, Power for GVpp —
C17,D4,D6,R3,D15,E2, DDR
E8,C24,E18,F5,E14, DRAM /O
C21,G3,G7,G9,G11,
H5,H12,E22,F15,J10,
K3,K12,K14,H14,D20,
E11,M1,N5
BVDD Local bus I/0O supply L23,J18,J23,J19,F20, Power for BVpp —
F23,H26,J21 Local Bus
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Pin Assignments and Reset States

Table 1. Pinout Listing (continued)

Signal Signal Name Package Pin Number | Pin Type Power Notes
Supply
SvDD SerDes 1 core logic supply M27,N25,P28,R24, — SVpp —
R26,T24,T27,U25,
W24,W26,Y24,Y27,
AA25,AB28,AD27
XVDD SerDes 1 transceiver supply |M21,N23,P20,R22,T20, — XVbp —
u23,v21,Ww22,Y20,
AA23
S2vDD SerDes 2 core logic supply  |R6,N7,M9 — S2Vpp —
X2VDD SerDes 2 transceiver supply |R11,N12,L11 — X2Vpp —
VDD_CORE Core, L2 logic supply P13,U16,L16,M15,N14, — Vbb_CoRE —
R14,P15,N16,M13,
U14,T13,L14,T15,R16,
K13
VDD_PLAT Platform logic supply T19,T17,Vv17,U18,R18, — Vbp_pLAT —
N18,M19,P19,P17,M17
AVDD_CORE CPU PLL supply AH16 — AVpp CORE 20,28
AVDD_PLAT Platform PLL supply AH18 — AVpp pLAT 20
AvVDD_DDR DDR PLL supply AH19 — AVbp DDR 20
AVDD_LBIU Local Bus PLL supply Cc28 — AVpp LBIU 20
AVDD_PCI1 PCI PLL supply AH20 — AVpp pcit 20
AVDD_SRDS SerDes 1 PLL supply W28 — AVpp_srps 20
AVDD_SRDS2 SerDes 2 PLL supply TH1 — AVpp srps2 20
SENSEVDD_CORE — V15 — Vbb_CORE 13
SENSEVDD_PLAT — W17 — Vpp_PLAT 13

GND

Ground

D5,AE7,F4,D26,D23,
C12,C15,E20,D8,B10,
AF3,E3,J14,K21,F8,A3,
F16,E12,E15,D17,L1,
F21,H1,G13,G15,G18,
C6,A14,A7,G25,H4,
C20,J12,J15,J17,F27,
M5,J27,K11,L26,K7,
K8,T14,V14,M16,M18,
P14,N15,N17,N19,N2,
P5,P16,P18,M14,R15,
R17,R19,T16,T18,L17,
u15,U17,U19,vV18,C27,
Y13,AE26,AA19,AE21,
B28,AC11,AD19,AD23,
L15,AD15,AG23,AE9,
A27,V7,Y7,AC5,U4,Y4,
AE12,AB9,AA14,N13,
R13,L13
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Table 1. Pinout Listing (continued)

Pin Assignments and Reset States

Signal Signal Name Package Pin Number | Pin Type Power Notes
Supply
XGND SerDes 1Transceiver pad M20,M24,N22,P21, — — —
GND (xpadvss) R23,T21,U22,v20,
W23, Y21
SGND SerDes 1 Transceiver core M28,N26,P24,P27, — — —
logic GND (xcorevss) R25,T28,U24,U26,V24,
W25,Y28,AA24,AA26,
AB24,AB27,AD28
X2GND SerDes 2 Transceiver pad R12,M10,N11,L12 — — —
GND (xpadvss)
S2GND SerDes 2 Transceiver core P8,P9,N6,M8 — — —
logic GND (xcorevss)
AGND_SRDS SerDes 1 PLL GND V27 — — —
AGND_SRDS2 SerDes 2 PLL GND T2 — — —
SENSEVSS GND Sensing V16 — — 13
Analog Signals
MVREF SSTL2 reference voltage A28 Reference | GVDD/2 —
voltage for
DDR
SD1_IMP_CAL_RX Rx impedance calibration M26 — 200Q2 (£1%) —
to GND
SD1_IMP_CAL_TX Tx impedance calibration AE28 — 100Q2 (£1%) —
to GND
SD1_PLL_TPA PLL test point analog V26 — AVDD_SRD 18
S analog
SD2_IMP_CAL_RX Rx impedance calibration R7 — 200Q2 (£1%) —
to GND
SD2_IMP_CAL_TX Tx impedance calibration L6 — 100Q2 (£1%) —
to GND
SD2_PLL_TPA PLL test point analog T3 — AVDD_SRD 18
S2 analog
Reserved R4 — —
Reserved R5 — —
No Connect Pins
NC — C19,b7,D10,L10,R10, — — —
B6,F12,J7,P10,M25,
W27,N24,N10,R8,J9,
K9,V25,R9
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Pin Assignments and Reset States

Table 1. Pinout Listing (continued)

Signal Signal Name Package Pin Number | Pin Type Power Notes

Supply

Notes:

1. All multiplexed signals may be listed only once and may not re-occur.

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

. This pin must always be pulled-high.

. 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-kQ 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, then a pullup or active driver is needed.

6. Treat these pins as no connects (NC) unless using debug address functionality.

7. The value of LA[28:31] during reset sets the CCB clock to SYSCLK PLL ratio. These pins require 4.7-kQ pull-up or pull-down

resistors. See Section 22.2, “CCB/SYSCLK PLL Ratio.”

8. The value of LALE, LGPL2 and LBCTL at reset set the €500 core clock to CCB Clock PLL ratio. These pins require 4.7-kQ
pull-up or pull-down resistors. See the Section 22.3, “e500 Core PLL Ratio”

9. Functionally, this pin is an output, but structurally it is an 1/O because it either samples configuration input during reset or
because it has other manufacturing test functions. This pin will therefore be described as an 1/O for boundary scan.

10. For proper state of these signals during reset, these pins can be left without any pulldowns, thus relying on the internal
pullup to get the values to the require 2'b11.However, if there is any device on the net which might pull down the value of the
net at reset, then a pullup is needed.

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

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

13. These pins are connected to the Vpp core/Vpp_pLar/GND planes internally and may be used by the core power supply to
improve tracking and regulation.

o~ WD

15. These pins have other manufacturing or debug test functions. It is recommended to add both pull-up resistor pads to OVDD
and pull-down resistor pads to GND on board to support future debug testing when needed.

16. If this pin is connected to a device that pulls down during reset, an external pull-up is required to drive this pin to a safe
state during reset.

17. This pin is only an output in FIFO mode when used as Rx Flow Control.
18. Do not connect.

19.These must be pulled up (100 Q- 1 kQ) to OVDD.

20. Independent supplies derived from board VDD.

21. Recommend a pull-up resistor (1 KQ) be placed on this pin to OVDD.

22. The following pins must NOT be pulled down during power-on reset: MDVAL, UART_SOUT[0:1], EC_MDC,
TSEC1_TXD[3], TSEC3_TXD[7], HRESET_REQ, TRIG_OUT/READY/QUIESCE, MSRCID[2:4], ASLEEP.

23. This pin requires an external 4.7-kQ pull-down resistor to prevent PHY from seeing a valid Transmit Enable before it is
actively driven.

24. General-Purpose POR configuration of user system.
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Electrical Characteristics

Table 1. Pinout Listing (continued)

Power

Signal Signal Name Package Pin Number | Pin Type Supply

Notes

25. When a PCI block is disabled, either the POR config pin that selects between internal and external arbiter must be pulled
down to select external arbiter if there is any other PCI device connected on the PCI bus, or leave the address pins as “No
Connect” or terminated through 2—10 KQ pull-up resistors with the default of internal arbiter if the address pins are not
connected to any other PCI device. The PCI block will drive the address pins if it is configured to be the PCI arbiter—through
POR config pins—irrespective of whether it is disabled via the DEVDISR register or not. It may cause contention if there is
any other PCI device connected on the bus.

26. When operating in DDR2 mode, connect MDIC[0] to ground through an 18.2-Q (full-strength mode) or 36.4-Q (half-strength
mode) precision 1% resistor, and connect MDIC[1] to GVDD through an 18.2-Q (full-strength mode) or 36.4-Q (half-strength
mode) precision 1% resistor. When operating in DDR3 mode, connect MDIC[0] to ground through an 20-Q (full-strength
mode) or 40-Q (half-strength mode) precision 1% resistor, and connect MDIC[1] to GVDD through an 20-Q (full-strength
mode) or 40-Q (half-strength mode) precision 1% resistor. These pins are used for automatic calibration of the DDR 10s.

27. Connect to GND through a pull down 1 kQ resistor

28. It must be the same as VDD_CORE

29. The output pads are tristated and the receivers of pad inputs are disabled during the Deep Sleep state when
GCR[DEEPSLEEP_Z] =1.

30. DDRCLK input is only required when the DDR 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 to tie it off to GND when DDR controller is running in synchronous mode. See the MPC8536E PowerQUICC
Il Integrated Host Processor Family Reference Manual, Rev.0, Table 4-3 in section 4.2.2 “Clock Signals”, section 4.4.3.2
“DDR PLL Ratio” and Table 4-10 “DDR Complex Clock PLL Ratio” for more detailed description regarding DDR controller
operation in asynchronous and synchronous modes.

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

32. SDHC_WP is active low signal, which follows SDHC Host controller specification. However, it is reversed polarity for
SD/MMC card specification.

33. For systems that boot from Local Bus(GPCM)-controlled NOR flash or (FCM) controlled NAND flash, a pullup on LGPL4 is
required.

2 Electrical Characteristics

2.1 Overall DC Electrical Characteristics

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

211 Absolute Maximum Ratings

This table provides the absolute maximum ratings.

Table 2. Absolute Maximum Ratings’

Characteristic Symbol Max Value Unit | Notes
Core supply voltage Vbb_CORE -0.3to0 1.21 \ —
Platform supply voltage Vpp_PLAT -0.3t0 1.1 \ —
PLL core supply voltage AVpD CORE -0.3t0 1.21 \' —
PLL other supply voltage AVpp -0.3to 1.1 \Y, —
Core power supply for SerDes transceivers SVpp, S2Vpp -0.3to 1.1 \ —
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Electrical Characteristics

Table 2. Absolute Maximum Ratings1 (continued)

Characteristic Symbol Max Value Unit | Notes
Pad power supply for SerDes transceivers and PCl Express XVpp, X2Vpp -0.3t0 1.1 \Y, —
DDR SDRAM DDR2 SDRAM Interface GVpp —0.31t01.98 \'% —
Controller 1/0
supply voltage DDR3 SDRAM Interface —0.3t0 1.65
Three-speed Ethernet I/O LVpp (eTSEC1) -0.3103.63 \ 2
-0.3t02.75
TVpp (eTSEC3) —0.3t0 3.63 Vv 2
-0.3t02.75
PCI, DUART, system control and power management, I°C, USB, OVpp —0.31t0 3.63 \ —
eSDHC, eSPI and JTAG 1/O voltage, MIl management voltage
Local bus 1/O voltage BVpp -0.310 3.63 \ —
-0.3t02.75
—0.31t01.98
Input voltage DDR2/DDR3 DRAM signals MVn -0.3t0 (GVpp+0.3) | V 3
DDR2/DDR3 DRAM reference MVRer —0.3t0 (GVpp+0.3) | V —
Three-speed Ethernet signals LViN —0.3to (LVpp+0.3) | V 3
TV|N —-0.3to (TVDD + 03)
Local bus signals BV|n -0.3to (BVpp+0.3) | — —
PCI, DUART, SYSCLK, system control and OV -0.3t0 (OVpp+0.3) | V 3
power management, I2C, and JTAG signals
Storage temperature range Tsta -55 to 150 °c| —
Notes:

1. Functional and tested 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 chip reliability or cause
permanent damage to the chip.

2. The 3.63-V maximum is only supported when the port is configured in GMII, MIl, RMII or TBI modes; otherwise the 2.75V
maximum applies. See Section 2.9.2, “FIFO, GMII, Mll, TBI, RGMII, RMII, and RTBI AC Timing Specifications,” for details on
the recommended operating conditions per protocol.

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

2.1.2 Recommended Operating Conditions

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

Table 3. Recommended Operating Conditions

Characteristic Symbol | Recommended Value | Unit | Notes
Core supply voltage Vbb_CORE 1.0+ 50 mV \' 1
1.1+ 55 mV
Platform supply voltage Vbp_PLAT 1.0+ 50 mV \ —
PLL core supply voltage AVpD CORE 1.0+ 50 mV \' 1,2
1.1+ 55mV
PLL other supply voltage AVpp 1.0+ 50 mV \ 2
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Electrical Characteristics

Table 3. Recommended Operating Conditions (continued)

Characteristic Symbol | Recommended Value | Unit | Notes
Core power supply for SerDes transceivers SVpp 1.0+ 50 mV \Y —
Pad power supply for SerDes transceivers and PCI Express XVpp 1.0+ 50 mV \ —
DDR SDRAM DDR2 SDRAM Interface GVpp 1.8V 90 mV \ 3
Controller I/O supply [ppr3 SDRAM Interface 15V=75mV
voltage
Three-speed Ethernet I/O voltage LVpp 3.3V +165mV \ 5
(eTSEC1) 25V +125mV
TVDD 3.3V =165 mV
(eTSEC3) 25V +125mV
PCI, DUART, system control and power management, I2C, USB, eSDHC, OVpp 3.3V =165 mV \ 4
eSPI and JTAG I/O voltage, MIl management voltage
Local bus 1/O voltage BVpp 3.3V +165mV Vv —
25V +125mV
1.8V +90 mV
Input voltage DDR2 and DDR3 SDRAM Interface signals MV N GND to GVpp \ 3
DDR2 and DDR3 SDRAM Interface reference MVRger GVpp/2 £ 1% \ —
Three-speed Ethernet signals LV|N GND to LVpp \ 5
TV|N GND to TVDD
Local bus signals BV|n GND to BVpp \ —
PCI, Local bus, DUART, SYSCLK, system control OV GND to OVpp \'% 4
and power management, 1°C, and JTAG signals
Operating Commercial Ta= 0 (min) to
Temperature range T,=90(max)
Industrial T, _-II:A_Z 1()0(5m(lrr:1)at)(()) c| 6
standard temperature range T, -

Extended temperature range

Tp=-40 (min) to
T,= 105 (max)

Notes:

1. VDD = 1.0 V for 600 to 1333 MHz, 1.1 V for 1500 MHz,
2. This voltage is the input to the filter discussed in Section 3.2.1, “PLL Power Supply Filtering,” and not necessarily the voltage
at the AVDD pin, which may be reduced from VDD by the filter.
3. 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.
4. 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.
5. Caution: L/TVIN must not exceed L/TVDD 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.

6. Minimum temperature is specified with T,; maximum temperature is specified with T,.
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Electrical Characteristics

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

B/G/L/OVDD+20% —_— —y — — — - — N .
B/G/L/OVDD+5% - —

V|H B/G/L/OVDD —————

GND . --- I &
GND-03V - — = — — — — — — — — — — —
VL [
GND-O7V L ____ _____ __
—»| |- Not to Exceed110%
Note: i of tcLock

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

For 1°C and JTAG, tc| ock references SYSCLK.
For DDR, tc ock references MCLK.

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

For PCI, tcock references PCI1_CLK or SYSCLK.

2. With the PCI overshoot allowed (as specified above), the device
does not fully comply with the maximum AC ratings and device protection
guideline outlined in the PCI rev. 2.2 standard (section 4.2.2.3).

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

The core voltage must always be provided at nominal 1.0 V or 1.1 V. (See Table 3 for actual recommended core voltage).
Voltage to the processor interface I/Os are provided through separate sets of supply pins and must be provided at the voltages
shown in Table 3. The input voltage threshold scales with respect to the associated 1/O supply voltage. OVpp and LV based
receivers are simple CMOS 1/O circuits and satisfy appropriate LVCMOS type specifications. The DDR2 and DDR3 SDRAM
interface uses differential receivers referenced by the externally supplied MVREF# signal (nominally set to GVDD/2) as is
appropriate for the SSTL 1.8 electrical signaling standard for DDR2 or 1.5-V electrical signaling for DDR3. The DDR DQS
receivers cannot be operated in single-ended fashion. The complement signal must be properly driven and cannot be grounded.
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Electrical Characteristics

213 Output Driver Characteristics

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

Table 4. Output Drive Capability

Programmable Suppl
Driver Type Output Impedance PPy Notes
Voltage
(@)
Local bus interface utilities signals 25 BVpp=3.3V 1
35 BVpp=25V
45(default) BVpp=3.3V
45(default) BVpp =25V
125 BVpp=1.8V
PClI signals 25 OVpp=3.3V 2
42 (default)
DDR2 signal 16 GVpp=1.8V 3
32 (half strength mode)
DDR3 signal 20 GVpp=15V 2
40 (half strength mode)
TSEC signals 42 LVpp =2.5/3.3V —
DUART, system control, JTAG 42 OVpp =33V —
1’C 150 OVpp=3.3V —

Notes:

1. The drive strength of the local bus interface is determined by the configuration of the appropriate bits in PORIMPSCR.
2. The drive strength of the PClI interface is determined by the setting of the PCI1_GNT1 signal at reset.

3. The drive strength of the DDR2 or DDR3 interface in half-strength mode is at T; = 105°C and at GVpp (min)

2.2 Power Sequencing

The chip requires its power rails to be applied in a specific sequence in order to ensure proper chip operation. These
requirements are as follows for power up:

1. Vpp prar Vop corg (if POWER_EN is not used to control Vpp corg)s AVpp. BVpp, LVpp, OVpp,
SVD5982VDD, TTVDD, XVDD and XZVDD N

2. [Wait for POWER_EN to assert], then Vpp corg (if POWER_EN is used to control Vpp corg)
3. 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.

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

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

During the Deep Sleep state, the VDD core supply is removed. But all other power supplies remain applied. Therefore, there is
no requirement to apply the VDD core supply before any other power rails when the silicon waking from Deep Sleep.
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2.3 Power Characteristics

The estimated power dissipation for the core complex bus (CCB) versus the core frequency for this family of PowerQUICC 111
chips is shown in the following table.

Table 5. Power Dissipation °

Core CcCB DDR Vpp Vv Junction
Frequen |Frequen |Frequen| Platfor 00535 Tempera Core Power Platform Power®

Power Mode cy cy cy m ture Notes

(MHz) | (MHz) | (MHz) (V) (V) (°C) mean’ Max mean’ Max
Maximum (A) 105 — 41/3.3 — 47/37 | 1,3,8
Thermal (W) /90 — 3.7/2.9 — 4.7/37 | 1,4,8
Typical (W) 15 — 1.5 — 1,2
Doze (W) 600 400 400 10 10 65 1.2 1.9 1.4 1.9 1
Nap (W) 0.8 15 1.4 1.9 1
Sleep (W) 0.8 1.5 1.0 1.6 1
Deep Sleep 35 0 0 0.6 1.1 6
(W)
Maximum (A) 105 — 4.5/3.7 — 4.7/3.7 11,3,8
Thermal (W) /90 — 3.9/3.1 — 4.7/37 | 1,4,8
Typical (W) 1.7 — 1.5 — 1,2
Doze (W) 800 400 400 10 10 65 1.3 2.1 1.4 1.9 1
Nap (W) 0.8 15 1.4 1.9 1
Sleep (W) 0.8 1.5 1.0 1.6 1
Deep Sleep 35 0 0 0.6 1.1 1,6
(W)
Maximum (A) 105 — 4.8/4.0 — 47/3.7 | 1,3,8
Thermal (W) /90 — 4.1/3.3 — 47/37 | 1,4,8
Typical (W) 1.9 — 1.5 — 1,2
Doze (W) 1000 400 400 10 10 65 1.4 2.2 1.4 1.9 1
Nap (W) 0.8 1.6 1.4 1.9 1
Sleep (W) 0.8 1.6 1.0 1.6 1
Deep Sleep 35 0 0 0.6 1.1 1,6
(W)
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Table 5. Power Dissipation (continued)5

Electrical Characteristics

Core ccB DDR Vbp Vv Junction
Frequen |Frequen |Frequen| Platfor Coll?gf’ Tempera Core Power Platform Power®
Power Mode cy cy cy m ture Notes
(MHz) | (MHz) | (MHz) (V) (V) (°C) mean’ Max mean Max
Maximum (A) 105 — 5.3/4.4 — 5.0/40 | 1,3,8
Thermal (W) 1250 500 500 10 10 /90 — 4.4/3.6 — 5.0/40 |1,4,8
Typical (W) 65 2.2 1.7 1
Doze (W) 1.6 2.4 15 2.1 1
Nap (W) 0.8 1.6 1.5 2.1 1
Sleep (W) 0.8 1.6 1.1 1.7 1
Deep Sleep 35 0 0 0.6 1.2 1,6
(W)
Maximum (A) — 5.4/4.6 — 5.2/41 | 1,3,8
Thermal (W) 1333 533 667 1.0 10 /188 — 4.5/3.7 — 52/41 | 1,4,8
Typical (W) 65 23 1.8 — 1,2
Doze (W) 1.7 25 1.6 2.1 1
Nap (W) 0.8 1.6 1.6 2.1 1
Sleep (W) 0.8 1.6 1.2 1.7 1
Deep Sleep 35 0 0 0.6 1.2 1,6
(W)
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Table 5. Power Dissipation (continued)5

Core ccB DDR Vbp Vv Junction
Frequen |Frequen |Frequen| Platfor DD5 Tempera Core Power Platform Power®
Core

Power Mode cy cy cy m ture Notes

(MHz) | (MHz) | (MHz) ) (V) (°C) mean’ Max mean’ Max
Maximum (A) 105 — 7.1/6.1 — 5.0/40 | 1,3,8
Thermal (W) 1500 500 667 10 11 /90 — 5.9/4.9 — 5.0/40 | 1,4,8
Typical (W) 65 3.0 1.7 1,2
Doze (W) 2.2 3.3 1.5 2.1 1
Nap (W) 1.1 2.1 1.5 21 1
Sleep (W) 1.1 2.1 1.1 1.7 1
Deep Sleep 35 0 0 0.6 1.2 1,6
(W)
Notes:

1.

These values specify the power consumption at nominal voltage and apply to all valid processor bus frequencies and
configurations. The values do not include power dissipation for 1/0 supplies.

. Typical power is an average value measured at the nominal recommended core voltage (Vpp) and 65°C junction temperature

(see Table 3) while running the Dhrystone benchmark.

. Maximum power is the maximum power measured with the worst process and recommended core and platform voltage (Vpp)

at maximum operating junction temperature (see Table 3) while running a smoke test which includes an entirely
L1-cache-resident, contrived sequence of instructions which keep the execution unit maximally busy.

. Thermal power is the maximum power measured with worst case process and recommended core and platform voltage (Vpp)

at maximum operating junction temperature (see Table 3) while running the Dhrystone benchmark.

. VDD Core = 1.0 V for 600 to 1333 MHz, 1.1 V for 1500 MHz.
. Maximum power is the maximum number measured with USB1, eTSEC1, and DDR blocks enabled. The Mean power is the

mean power measured with only external interrupts enabled and DDR in self refresh.

. Mean power is provided for information purposes only and is the mean power consumed by a statistically significant range of

devices.

. Maximum operating junction temperature (see Table 3) for Commercial Tier is 90 °C, for Industrial Tier is 105 °C.
. Platform power is the power supplied to all the Vpp ppat Pins.

See Section 2.23.6.1, “SYSCLK to Platform Frequency Options,” for the full range of CCB frequencies that the chip supports.
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24 Input Clocks

241 System Clock Timing
This table provides the system clock (SYSCLK) AC timing specifications for the chip.

Table 6. SYSCLK AC Timing Specifications
At recommended operating conditions (see Table 2) with OVpp = 3.3 V + 165 mV.

Parameter/Condition Symbol Min Typical Max Unit Notes
SYSCLK frequency fsyscLk 33 — 133 MHz 1
SYSCLK cycle time tsyscLk 7.5 — 30 ns —
SYSCLK rise and fall time tkns tkL 0.6 1.0 2.1 ns 2
SYSCLK duty cycle tknk/tsyscLk 40 — 60 % —
SYSCLK jitter — — — +/-150 ps 3,4

Notes:

1. Caution: The CCB clock to SYSCLK ratio and e500 core to CCB clock ratio settings must be chosen such that the resulting
SYSCLK frequency, €500 (core) frequency, and CCB clock frequency do not exceed their respective maximum or minimum
operating frequencies. See Section 2.23.2, “CCB/SYSCLK PLL Ratio,” and Section 2.23.3, “e500 Core PLL Ratio,” for ratio
settings.

2. Rise and fall times for SYSCLK are measured at 0.6 V and 2.7 V.

3. The SYSCLK driver’s closed loop jitter bandwidth should be <500 kHz at -20 dB. The bandwidth must be set low to allow
cascade-connected PLL-based devices to track SYSCLK drivers with the specified jitter.

4. For spread spectrum clocking, guidelines are +0% to -1% down spread at a modulation rate between 20 KHz and 60 KHz on
SYSCLK.

24.2 PCI Clock Timing

When the PCI controller is configured for asynchronous operation, the reference clock for the PCI controller is not the SYSCLK
input, but instead the PCI_CLK. This table provides the PCI reference clock AC timing specifications for the chip.

Table 7. PCICLK AC Timing Specifications
At recommended operating conditions (see Table 2) with OVpp=3.3 V £ 165 mV.

Parameter/Condition Symbol Min Typical Max Unit Notes
PCICLK frequency fecicLk 33 — 66 MHz —
PCICLK cycle time tpcicLk 15 — 30 ns —
PCICLK rise and fall time tkns kL 0.6 1.0 2.1 ns 1
PCICLK duty cycle turk/trcicLk 40 — 60 % —

Notes:
1. Rise and fall times for PCICLK are measured at 0.6 V and 2.7 V.

24.3 Real Time Clock Timing

The 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 time is 2 x tocg, and minimum clock
low time is 2 x tocg. There is no minimum RTC frequency; RTC may be grounded if not needed.
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244 eTSEC Gigabit Reference Clock Timing

This table provides the eTSEC gigabit reference clocks (EC_GTX CLK125) AC timing specifications for the chip.
Table 8. EC_GTX_CLK125 AC Timing Specifications

Parameter/Condition Symbol Min Typical Max Unit Notes
EC_GTX_CLK125 frequency fg1o8 — 125 — MHz —
EC_GTX_CLK125 cycle time tg12s — 8 — ns —
EC_GTX_CLK rise and fall time tg125R/tG125F — — ns 1
LWVpp, TVpp 2.5V 0.75
LVpp, TVpp = 3.3V 1.0
EC_GTX_CLK125 duty cycle tg125H/tG125 — %o 2

GMII, TBI 45 55
1000Base-T for RGMII, RTBI 47 53

Notes:

1. Rise and fall times for EC_GTX_CLK125 are measured from 0.5V and 2.0V for L/TVDD=2.5V, and from 0.6 and 2.7V for
L/TVDD=3.3V at 0.6 V and 2.7 V.

2. EC_GTX_CLK125 is used to generate the GTX clock for the eTSEC transmitter with 2% degradation. EC_GTX_CLK125
duty cycle can be loosened from 47/53% as long as the PHY device can tolerate the duty cycle generated by the eTSEC
GTX_CLK. See Section 2.9.2.6, “RGMII and RTBI AC Timing Specifications,” for duty cycle for 10Base-T and 100Base-T
reference clock.

245 DDR Clock Timing

This table provides the DDR clock (DDRCLK) AC timing specifications for the chip.

Table 9. DDRCLK AC Timing Specifications
At recommended operating conditions with OVpp of 3.3V + 5%.

Parameter/Condition Symbol Min Typical Max Unit Notes
DDRCLK frequency foDRCLK 66 — 166 MHz 1
DDRCLK cycle time tDDRCLK 6.0 — 15.15 ns —
DDRCLK rise and fall time tkms kL 0.6 1.0 1.2 ns 2
DDRCLK duty cycle tkHk/tDDRCLK 40 — 60 % —
DDRCLK jitter — — — +/— 150 ps 3,4

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. See Section 2.23.4,
“DDR/DDRCLK PLL Ratio,” for ratio settings.

2. Rise and fall times for DDRCLK are measured at 0.6 V and 2.7 V.

3. The DDRCLK driver’s closed loop jitter bandwidth should be <500 kHz at —20 dB. The bandwidth must be set low to
allow cascade-connected PLL-based devices to track DDRCLK drivers with the specified jitter.

4. For spread spectrum clocking, guidelines are +0% to —1% down spread at a modulation rate between 20 kHz and
60 kHz on DDRCLK.
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2.4.6 Platform to FIFO Restrictions

Please note the following FIFO maximum speed restrictions based on platform speed. The “platform clock (CCB) frequency”
in the following formula refers to the maximum platform (CCB) frequency of the speed bins the part belongs to, which is
defined in Table 73.

For FIFO GMII mode:
FIFO TX/RX clock frequency <= platform clock frequency/3.2

For example, if the platform frequency is 533 MHz, the FIFO TX/RX clock frequency should be no more than 167 MHz
For FIFO encoded mode:

FIFO TX/RX clock frequency <= platform clock frequency/3.2

For example, if the platform frequency is 533 MHz, the FIFO TX/RX clock frequency should be no more than
167 MHz

247 Other Input Clocks

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.

2.5 RESET Initialization

This section describes the AC electrical specifications for the RESET initialization timing requirements of the chip. This table
provides the RESET initialization AC timing specifications for the DDR SDRAM component(s).

Table 10. RESET Initialization Timing Specifications

Parameter/Condition Min | Max Unit |Notes
Required assertion time of HREST 100 | — us —
Minimum assertion time for SRESET 3 — Sysclk 1
PLL input setup time with stable SYSCLK before HRESET negation 100 | — us —
Input setup time for POR configurations (other than PLL config) with respect to negation of 4 — |SYSCLKs| 1
HRESET
Input hold time for all POR configurations (including PLL config) with respect to negation of 2 — |SYSCLKs| 1
HRESET
Maximum valid-to-high impedance time for actively driven POR configurations with respectto | — 5 |SYSCLKs| 1
negation of HRESET
HRESET rise time — 1 |SYSCLK| —

Notes:
1. SYSCLK is the primary clock input for the chip.

This table provides the PLL lock times.
Table 11. PLL Lock Times

Parameter/Condition Min Max Unit Notes
PLL lock times — 100 us —
Local bus PLL — 50 us —
PCI bus lock time — 50 us —
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2.6 DDR2 and DDR3 SDRAM

This section describes the DC and AC electrical specifications for the DDR SDRAM interface of the chip. Note that DDR2
SDRAM is GVpp(type) = 1.8 V and DDR3 SDRAM is GVpp(type) = 1.5 V.

2.6.1 DDR2 and DDR3 SDRAM DC Electrical Characteristics

This table provides the recommended operating conditions for the DDR SDRAM component(s) of the chip when interfacing to

DDR2 SDRAM.

Table 12. DDR2 SDRAM DC Electrical Characteristics for GVpp(typ) =1.8 V
Parameter/Condition Symbol Min Max Unit Notes

I/0 supply voltage GVpp 1.7 1.9 \ 1
I/O reference voltage MVRer 0.49 x GVpp 0.51 x GVpp 2
I/0 termination voltage V17 MVReg — 0.04 MVReg + 0.04 \ 3
Input high voltage ViH MVRggg+ 0.125 GVpp + 0.3 \' —
Input low voltage Vi -0.3 MVggg — 0.125 \'% —
Output leakage current loz =50 50 pA 4
Output high current (Voyt = 1.420 V) loH -13.4 — mA —
Output low current (Voyt = 0.280 V) loL 13.4 — mA —

Notes:

1. GVpp is expected to be within 50 mV of the DRAM GVpp at all times.

2. MVRgk 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 MVggg may not exceed +2% of the DC value.
3. V17 is not applied directly to the chip. It is the supply to which far end signal termination is made and is expected to be

equal to MVggg This rail should track variations in the DC level of MVggg
4. Output leakage is measured with all outputs disabled, 0 V < Vg1 < GVpp.

This table provides the recommended operating conditions for the DDR SDRAM controller of the chip when interfacing to

DDR3 SDRAM.
Table 13. DDR3 SDRAM Interface DC Electrical Characteristics for GVpp(typ) = 1.5V
Parameter/Condition Symbol Min Max Unit Notes
I/0 supply voltage GVpp 1.425 1.575 \Y, 1
I/0 reference voltage MVRgen 0.49 x GVpp 0.51 x GVpp \% 2
Input high voltage Viy MVRgen + 0.100 GVpp \'% —
Input low voltage Vi GND MVgggn — 0.100 \ —
Output leakage current loz -50 50 pA 3

Notes:

1. GVpp is expected to be within 50 mV of the DRAM GVpp at all times.

2. MVgggn 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 MVgggn may not exceed +1% of the DC value.
3. Output leakage is measured with all outputs disabled, 0 V < Vg1 < GVpp.
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This table provides the DDR capacitance when GVpp(type) =1.8 V.
Table 14. DDR2 SDRAM Capacitance for GVpp(typ)=1.8 V

Parameter/Condition Symbol Min Max Unit Notes
Input/output capacitance: DQ, DQS, DQS Cio 6 8 pF 1,2
Delta input/output capacitance: DQ, DQS, DQS Cpoio — 0.5 pF 1,2

Note:

1. This parameter is sampled. GVpp = 1.8 V £ 0.090 V (for DDR2), f = 1 MHz, Ty = 25°C, Vgoyt = GVpp/2, VouTt
(peak-to-peak) = 0.2 V.

2. This parameter is sampled. GVDD = 1.5V + 0.075 V (for DDR3), f = 1 MHz, Ta = 25°C, VouT = GVDD/2, VouT
(peak-to-peak) = 0.175 V.

This table provides the current draw characteristics for MVRygp.

Table 15. Current Draw Characteristics for MVggg

Parameter/Condition Symbol Min Max Unit Note
Current draw for MVRgggn DDR2 SDRAM IMVREFNn — 1500 pA 1
DDR3 SDRAM 1250

1.The voltage regulator for MVggg must be able to supply up to 1500 pA or 1250 uA current for DDR2 or DDRS3 respectively.

2.6.2 DDR2 and DDR3 SDRAM Interface AC Electrical Characteristics

This section provides the AC electrical characteristics for the DDR SDRAM Controller interface. The DDR controller supports
both DDR2 and DDR3 memories. Please note that although the minimum data rate for most off-the-shelf DDR3 DIMMs
available is 800 MHz, JEDEC specification does allow the DDR3 to run at the data rate as low as 606 MHz. Unless otherwise
specified, the AC timing specifications described in this section for DDR3 is applicable for data rate between 606 MHz and
667 MHz, as long as the DC and AC specifications of the DDR3 memory to be used are compliant to both JEDEC specifications
as well as the specifications and requirements described in this document.

2.6.2.1 DDR2 and DDR3 SDRAM Interface Input AC Timing Specifications

These tables provide the input AC timing specifications for the DDR controller.
Table 16. DDR2 SDRAM Input AC Timing Specifications for 1.8-V Interface

At recommended operating conditions with GVbb of 1.8 V + 5%

Parameter Symbol Min Max Unit
AC input low voltage 667 ViLac — MVggg—0.20 \
<=533 — MVggg— 0.25 Vv
AC input high voltage  |667 ViHac MVggg + 0.20 — \%
<=533 MVRgeg + 0.25 — Vv
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Table 17. DDR3 SDRAM Input AC Timing Specifications for 1.5-V Interface
At recommended operating conditions with GVpp of 1.5 V + 5%. DDR3 data rate is between 606MHz and 667MHz.

Parameter Symbol Min Max Unit Notes
AC input low voltage V||_ —_ MVREF -0.175 \Y —_—
AC input high voltage ViH MVRgg + 0.175 — \' —

Table 18. DDR2 and DDR3 SDRAM Interface Input AC Timing Specifications
At recommended operating conditions with GVbb of 1.8 V + 5% for DDR2 or 1.5 V + 5% for DDRS3.

Parameter Symbol Min Max Unit Notes
Controller Skew for MDQS—MDQ/MECC toiskew — — ps 1,2
667 MHz — —240 240 — 3
533 MHz — -300 300 — —
400 MHz — —-365 365 — —

Note:

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

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

of toiskew-
3. Maximum DDR2 and DDR3 frequency is 667MHz.

This figure shows the DDR2 and DDR3 SDRAM interface input timing diagram.

MCKIn] \/
< tMCK —>

\/
MCKIn] /N /:\

IDISKEW —>| | <—

| |

| | | |

| | | |

| | | |

| | | |
MDQIX] o Do 3 D1 KK |

: : —>| |<— tD:SKEW :

_______________________><__
_______________________><__

Figure 8. DDR SDRAM Input Timing Diagram
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2.6.2.2 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 19. DDR SDRAM Output AC Timing Specifications
At recommended operating conditions with GVbp of 1.8 V + 5% for DDR2 or 1.5 V + 5% for DDR3.

Parameter Symbol 1 Min Max Unit Notes
MCKIn] cycle time, MCK[n]/MCK]n] crossing tmek 3.0 5 ns 2
ADDR/CMD output setup with respect to MCK| tppknas ns 3
667 MHz 1.10 — 7
533 MHz 1.48 —
400 MHz 1.95 —
ADDR/CMD output hold with respect to MCK | tppknHax ns 3
667 MHz 1.10 — 7
533 MHz 1.48 —
400 MHz 1.95 —
MCSIn] output setup with respect to MCK tbDKHCS ns 3
667 MHz 1.10 — 7
533 MHz 1.48 —
400 MHz 1.95 —
MCSI[n] output hold with respect to MCK tDDKHCX ns 3
667 MHz 1.10 — 7
533 MHz 1.48 —
400 MHz 1.95 —
MCK to MDQS Skew tDDKHMH ns 4
<= 667 MHz -0.6 0.6 7
MDQ/MECC/MDM output setup with respectto | tppkHps, ps 5
MDQS tbpkLDs
667 MHz 450 — 7
533 MHz 538 —
400 MHz 700 —
MDQ/MECC/MDM output hold with respect to | tppkHpx, ps 5
MDQS topkLDx
667 MHz 450 — 7
533 MHz 538 —
400 MHz 700 —
MDQS preamble start tDDKHMP ns 6
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Table 19. DDR SDRAM Output AC Timing Specifications (continued)
At recommended operating conditions with GVbp of 1.8 V + 5% for DDR2 or 1.5 V + 5% for DDR3.

Parameter Symbol ' Min Max Unit Notes
<= 667 MHz 0.9 x tyck 7
MDQS epilogue end tDDKHME ns 6
<= 667 MHz 0.4 x tyck 0.6 x tyck 7

Note:

1. The symbols used for timing specifications follow the pattern of tfirst two letters of functional block)(signal)(state) (reference)(state) for
inputs and tirst 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,
tbpbkHas symbolizes DDR timing (DD) for the time ty,cx memory clock reference (K) goes from the high (H) state until outputs
(A) are setup (S) or output valid time. Also, tppk_px symbolizes DDR timing (DD) for the time ty,cx memory clock reference
(K) goes low (L) until data outputs (D) are invalid (X) or data output hold time.

2. All MCK/MCK referenced measurements are made from the crossing of the two signals +0.1 V.

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

. Note that tppkpmn follows the symbol conventions described in note 1. For example, tppknmn 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 DQSS override bits in the TIMING_CFG_2 register. This will typically be set to the same delay as the clock adjust in the
CLK_CNTL register. The timing parameters listed in the table assume that these 2 parameters have been set to the same
adjustment value. See the MPC8536E PowerQUICC Il Integrated Processor Reference Manual for a description and
understanding 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.

6. All outputs are referenced to the rising edge of MCK|n] at the pins of the microprocessor. Note that tppkymp follows the
symbol conventions described in note 1.

7. Maximum DDR2 and DDR3 frequency is 667 MHz

AW

NOTE

For the ADDR/CMD setup and hold specifications in Table 19, it is assumed that the Clock
Control register is set to adjust the memory clocks by 1/2 applied cycle.
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This figure shows the DDR SDRAM output timing for the MCK to MDQS skew measurement (tppxgmm)-

MCK[n] \./ \|
MCKIn] | :
[€<— tM.CK —> :
: tDDKHMHnInax) ~06ns :
| | | |
| |
| |
| |
| |
MDQS
MDQS

Figure 9. Timing Diagram for tDDKHMH

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

Output %) Zy=500 () F\1{\=/\5/0\Q GVpp/2
T nd

Figure 11. DDR AC Test Load

2.7 eSPI

This section describes the DC and AC electrical specifications for the eSPI of the chip.

2.71 eSPI DC Electrical Characteristics

This table provides the DC electrical characteristics for the chip eSPI.
Table 20. SPI DC Electrical Characteristics

Characteristic Symbol Condition Min Max Unit
Output high voltage VoH lop=-6.0 mA 24 — \
Output low voltage VoL loL =6.0 mA — 0.5 \'
Output low voltage VoL loL=3.2mA — 0.4 \Y
Input high voltage Viy — 2.0 OVpp + 0.3 \
Input low voltage Vi — -0.3 0.8 \
Input current N 0V <VN<OVpp — +10 pA

2.7.2 eSPI AC Timing Specifications

This table and provide the eSPI input and output AC timing specifications.
Table 21. SPI AC Timing Specifications’

Characteristic Symbol 2 Min Max Unit Note

SPI_MOSI output—Master data hold time tNIKHOX 0.5 3
— ns

tNIKHOX 4.0 4

SPI_MOSI output—Master data delay INIKHOV 6.0 3
— ns

tNIKHOV 7.4 4

SPI_CS outputs—Master data hold time INIKHOX2 0 — ns —
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Table 21. SPI AC Timing Specifications’ (continued)

Characteristic Symbol 2 Min Max Unit Note
SPI_CS outputs—Master data delay tNIKHOV2 — 6.0 ns —
SPI inputs—Master data input setup time tNIIVKH 5 — ns —
SPI inputs—Master data input hold time INIIXKH 0 — 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 tsist two letters of functional block)(signal)(state)

(reference)(state) fOr INPULS and tirst 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).
3. SPCOMI[RxDelay] is set to 0.
4. SPCOMI[RxDelay] is set to 1.

This figure provides the AC test load for the SPI.

Output 4@ Zy=500Q ()—\/\/\/\—OVDD/2
R, = 50 Q

Figure 12. SPI AC Test Load

This figure represents the AC timing from Table 21. 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.

SPICLK (output)

—> . tNIXKH : | :
Input Signals: | NITVKH ! : |
SPIMISO  --{  feeeo-e-d R TR LR (EERE
(See Note) . | | fIKHOX |
! ! —! [
_ r&— INIKHOV | | |
Output Signals: I . |
SPIMOS| ~ --------- RS L e R
(See Note) | : | '
[ [ |
! tNIKHOV2 : > e tyoxe
Output Signals: I
SPI_CS[0:3]  ~------- R G EEE TP TP
(See Note)

Note: The clock edge is selectable on SPI.

Figure 13. SPI AC Timing in Master mode (Internal Clock) Diagram
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2.8 DUART

This section describes the DC and AC electrical specifications for the DUART interface of the chip.

2.8.1 DUART DC Electrical Characteristics

This table provides the DC electrical characteristics for the DUART interface.

2.8.2

2.9

Table 22. DUART DC Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage ViH 2 OVpp + 0.3 \"
Low-level input voltage ViL -0.3 0.8 \
Input current N — +5 pA
(VinT=0Vor Viy=Vpp,
High-level output voltage Von 2.4 — Vv
(OVDD = min, lOH =-2 mA)
Low-level output voltage VoL — 0.4 \
(OVDD = min, lOL =2 mA)

Note:

1. Note that the symbol V), in this case, represents the OV,\ symbol referenced in Table 1 and Table 2.

DUART AC Electrical Specifications

This table provides the AC timing parameters for the DUART interface.
Table 23. DUART AC Timing Specifications

Parameter Value Unit Notes
Minimum baud rate CCB clock/1,048,576 baud 2
Maximum baud rate CCB clock/16 baud 2,3
Oversample rate 16 — 4

Notes:

2. CCB clock refers to the platform clock.
3. Actual attainable baud rate will be limited by the latency of interrupt processing.

4. The middle of a start bit is detected as the 8" sampled 0 after the 1-to-0 transition of the start bit.
Subsequent bit values are sampled each 16t sample.

Ethernet: Enhanced Three-Speed Ethernet (eTSEC),

MIl Management

This section provides the AC and DC electrical characteristics for enhanced three-speed and MII management.
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2.9.1 Enhanced Three-Speed Ethernet Controller (eTSEC)
(10/100/1000 Mbps) — FIFO/GMII/MII/TBI/RGMII/RTBI/RMII Electrical
Characteristics

The electrical characteristics specified here apply to all FIFO mode, gigabit media independent interface (GMII), media
independent interface (MII), ten-bit interface (TBI), reduced gigabit media independent interface (RGMII), reduced ten-bit
interface (RTBI), and reduced media independent interface (RMII) signals except management data input/output (MDIO) and
management data clock (MDC), and serial gigabit media independent interface (SGMII). The RGMII, RTBI and FIFO mode
interfaces are defined for 2.5 V, while the GMII, MII, RMII, and TBI interfaces can operate at 3.3V.

The GMII, MII, or TBI interface timing is compliant with IEEE 802.3. The RGMII and RTBI interfaces follow the Reduced
Gigabit Media-Independent Interface (RGMII) Specification Version 1.3 (12/10/2000). The RMII interface follows the RMII
Consortium RMII Specification Version 1.2 (3/20/1998).

The electrical characteristics for MDIO and MDC are specified in Section 2.10, “Ethernet Management Interface Electrical
Characteristics.”

The electrical characteristics for SGMII is specified in Section 2.9.3, “SGMII Interface Electrical Characteristics.” The SGMII
interface conforms (with exceptions) to the Serial-GMII Specification Version 1.8.

2.9.1.1 GMil, Mil, TBI, RGMII, RMIl and RTBI DC Electrical Characteristics

All GMII, MII, TBI, RGMII, RMII and RTBI drivers and receivers comply with the DC parametric attributes specified in the
following tables. The RGMII and RTBI signals are based on a 2.5-V CMOS interface voltage as defined by JEDEC
EIA/JESDS-5.

Table 24. GMII, Mil, RMIl, and TBI DC Electrical Characteristics

Parameter Symbol Min Max Unit Notes

Supply voltage 3.3 V LVbb 3.13 3.47 Y% 1.2
TVpp

Output high voltage VOH 2.40 LVpp/TVpp + 0.3 \% —
(LVDD/TVDD = Min, IOH=-4.0 mA)
Output low voltage VOL GND 0.50 \ —
(LVDD/TVDD = Min, IOL = 4.0 mA)
Input high voltage ViH 1.90 LVpp/TVpp + 0.3 \% —
Input low voltage Vi -0.3 0.90 \ —
Input high current Iy — 40 nA 1,23
(Vin=LVpp, Vin=TVpD)
Input low current I —600 — pA 3
(Vin=GND)

Notes:

1 LVpp supports eTSECs 1.
2 TVpp supports eTSECs 3.
3 The symbol VN, in this case, represents the LV|y and TV|y symbols referenced in Table 1 and Table 2.
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Table 25. RGMII, RTBI, and FIFO DC Electrical Characteristics

Parameters Symbol Min Max Unit Notes
Supply voltage 2.5 V LVpo/TVpp 2.37 2.63 Vv 1.2
Output high voltage VOH 2.00 LVDD/TVDD +0.3 \Y, —
(LVpp/TVpp = Min, IOH = —1.0 mA)
Output low voltage VoL GND-0.3 0.40 \Y —
(LVDD/ﬂ@—= Min, lOL =1.0 mA)
Input high voltage ViH 1.70 LVpp/TVpp + 0.3 \ —
Input low voltage Vi -0.3 0.70 \Y —
Input high current H — 10 pA 1,23
(Vin=LVpp, Vin=TVpp)
Input low current m -15 — pA 3
(Vin = GND)
Note:

1 LVpp supports eTSECs 1.
2 TVpp supports eTSECs 3.
3 Note that the symbol V), in this case, represents the LV, and TV,y symbols referenced in Table 1 and Table 2.

2.9.2 FIFO, GMII, Mil, TBI, RGMII, RMIl, and RTBI AC Timing Specifications

The AC timing specifications for FIFO, GMII, MII, TBI, RGMII, RMII, and RTBI are presented in this section.

2.9.2.1 FIFO AC Specifications

The basis for the AC specifications for the eTSEC’s FIFO modes is the double data rate RGMII and RTBI specifications, since
they have similar performance and are described in a source-synchronous fashion like FIFO modes. However, the FIFO
interface provides deliberate skew between the transmitted data and source clock in GMII fashion.

When the eTSEC is configured for FIFO modes, all clocks are supplied from external sources to the relevant eTSEC interface.
That is, the transmit clock must be applied to the eTSECn’s TSECn_TX CLK, while the receive clock must be applied to pin
TSECn_RX CLK. The eTSEC internally uses the transmit clock to synchronously generate transmit data and outputs an echoed
copy of the transmit clock back out onto the TSECn_GTX CLK pin (while transmit data appears on TSECn_TXD[7:0], for
example). It is intended that external receivers capture eTSEC transmit data using the clock on TSECn_GTX CLK as a source-
synchronous timing reference. Typically, the clock edge that launched the data can be used, since the clock is delayed by the
eTSEC to allow acceptable set-up margin at the receiver. Note that there is relationship between the maximum FIFO speed and
the platform speed. For more information see Section 2.4.6, “Platform to FIFO Restrictions.”

A summary of the FIFO AC specifications appears in the following tables.
Table 26. FIFO Mode Transmit AC Timing Specification

Parameter/Condition Symbol Min Typ Max Unit
TX_CLK, GTX_CLK clock period® teT 6.0 8.0 100 ns
TX_CLK, GTX_CLK duty cycle terTH 45 50 55 %
TX_CLK, GTX_CLK peak-to-peak jitter triTy — — 250 ps
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Table 26. FIFO Mode Transmit AC Timing Specification (continued)

Parameter/Condition Symbol Min Typ Max Unit
Rise time TX_CLK (20%—-80%) teTR — — 0.75 ns
Fall time TX_CLK (80%—20%) teTE — — 0.75 ns
GTX_CLK to FIFO data TXD[7:0], TX_ER, TX_EN hold time| tgrpx’ 0.5 — 3.0 ns

Note:

1. Data valid tFiTDv to GTX_CLK Min Setup time is a function of clock period and max hold time. (Min Setup = Cycle time

— Max Hold)

2. The minimum cycle period (or maximum frequency) of the RX_CLK is dependent on the maximum platform frequency
of the speed bins the part belongs to as well as the FIFO mode under operation. See Section 2.4.6, “Platform to FIFO
Restrictions,” for more detailed description.

Table 27. FIFO Mode Receive AC Timing Specification

Parameter/Condition Symbol Min Typ Max Unit
RX_CLK clock period1 tFIR 6.0 8.0 100 ns
RX_CLK duty cycle triRH/tFIRH 45 50 55 %
RX_CLK peak-to-peak jitter tFIRY — — 250 ps
Rise time RX_CLK (20%—80%) tFIRR — — 0.75 ns
Fall time RX_CLK (80%—20%) trIRF — — 0.75 ns
RXD[7:0], RX_DV, RX_ER setup time to RX_CLK triRDV 1.5 — — ns
RXD[7:0], RX_DV, RX_ER hold time to RX_CLK tFIRDX 0.5 — — ns

Note:

1. The minimum cycle period (or maximum frequency) of the RX_CLK is dependent on the maximum platform frequency
of the speed bins the part belongs to as well as the FIFO mode under operation. See Section 2.4.6, “Platform to FIFO
Restrictions,” for more detailed description.

Timing diagrams for FIFO appear in the following figures.

trpT

(R

triTDV

triTF

trITDX

trTrR

-~
GTX_CLK

~— tFTH
TXD[7:0]
TX_EN
TX_ER

Figure 14. FIFO Transmit AC Timing Diagram
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triRR

-~ g —»{ |—
RX_CLK

~— tFRH \

FIRF
RXD[7:0]
RX_DV valid data
RX_ER
trirDV trIRDX

Figure 15. FIFO Receive AC Timing Diagram

2.9.2.2 GMII AC Timing Specifications

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

29.2.2.1 GMII Transmit AC Timing Specifications

This table provides the GMII transmit AC timing specifications.

Table 28. GMII Transmit AC Timing Specifications

At recommended operating conditions with L/TVpp of 3.3 V + 5%.

Parameter/Condition

Symbol ! Min Typ Max Unit
GTX_CLK clock period taTk — 8.0 — ns
GTX_CLK to GMII data TXD[7:0], TX_ER, TX_EN delay tGTKHDYX. 0.5 — 5.0 ns
GTX_CLK data clock rise time (20%-80%) taTxR — — 1.0 ns
GTX_CLK data clock fall time (80%-20%) taTxE — — 1.0 ns

Notes:

1. The symbols used for timing specifications herein follow the pattern tirst 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, tgTkHpy Symbolizes GMII
transmit timing (GT) with respect to the tgx clock reference (K) going to the high state (H) relative to the time date input
signals (D) reaching the valid state (V) to state or setup time. Also, tgTkHpx Symbolizes GMII transmit timing (GT) with respect
to the tgTx clock reference (K) going to the high state (H) relative to the time date input signals (D) going invalid (X) or hold
time. Note that, in general, the clock reference symbol representation is based on three letters representing the clock of a
particular functional. For example, the subscript of tg1x represents the GMII(G) transmit (TX) clock. For rise and fall times,
the latter convention is used with the appropriate letter: R (rise) or F (fall).

2. Data valid taTkHDV to GTX_CLK Min Setup time is a function of clock period and max hold time. (Min Setup = Cycle time -

Max Hold)
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This figure shows the GMII transmit AC timing diagram.

< taTx > taTXR —>

GTX_CLK

tGTXH taTxF —>
TXD[7:0]
TX_EN
TX_ER

<— tgTKHDX —>
taTKHDV <

Figure 16. GMII Transmit AC Timing Diagram

29.2.2.2 GMII Receive AC Timing Specifications

This table provides the GMII receive AC timing specifications.
Table 29. GMII Receive AC Timing Specifications

At recommended operating conditions with L/TVpp of 3.3 V + 5%.

Parameter/Condition Symbol ! Min Typ Max Unit
RX_CLK clock period tGRrx — 8.0 — ns
RX_CLK duty cycle terxH/teRx 35 — 65 %
RXD[7:0], RX_DV, RX_ER setup time to RX_CLK tGROVKH 2.0 — — ns
RXD[7:0], RX_DV, RX_ER hold time to RX_CLK tGRDXKH 0 — — ns
RX_CLK clock rise (20%-80%) tGRXR — — 1.0 ns
RX_CLK clock fall time (80%-20%) tGRXF — — 1.0 ns

Note:

1. The symbols used for timing specifications herein follow the pattern of t(first two letters of functional block)(signal)(state) (reference)(state)
for inputs and tfirst two letters of functional block)(reference)(state)(signal)(state) fOr OUtputs. For example, tgrpykH symbolizes GMII
receive timing (GR) with respect to the time data input signals (D) reaching the valid state (V) relative to the tgy clock
reference (K) going to the high state (H) or setup time. Also, tgrpxkL sSymbolizes GMII receive timing (GR) with respect to the
time data input signals (D) went invalid (X) relative to the tgry clock reference (K) going to the low (L) state or hold time. Note
that, in general, the clock reference symbol representation is based on three letters representing the clock of a particular
functional. For example, the subscript of tgry represents the GMII (G) receive (RX) clock. For rise and fall times, the latter
convention is used with the appropriate letter: R (rise) or F (fall).

This figure provides the AC test load for eTSEC.

Output —{) Zy=50Q >_\/\/\/\—LVDD/2
R, =50 O

Figure 17. eTSEC AC Test Load
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This figure shows the GMII receive AC timing diagram.

tGRx ———> tGRXR
RX_CLK
taRxH tarRxF —>
RXD[7:0]
RX_DV
RX_ER
<—— tGRDXKH —>
tGRDVKH — <

Figure 18. GMII Receive AC Timing Diagram

2.9.2.3 MIl AC Timing Specifications

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

2.9.2.3.1 MIl Transmit AC Timing Specifications

This table provides the MII transmit AC timing specifications.

Table 30. MIl Transmit AC Timing Specifications

At recommended operating conditions with L/TVpp of 3.3 V + 5%.

Parameter/Condition Symbol ! Min Typ Max Unit
TX_CLK clock period 10 Mbps tvTx — 400 — ns
TX_CLK clock period 100 Mbps tvTx — 40 — ns
TX_CLK duty cycle tvrxHAMTX 35 — 65 %
TX_CLK to MIl data TXD[3:0], TX_ER, TX_EN delay t\MTKHDX 1 5 15 ns
TX_CLK data clock rise (20%-80%) tMTXR 1.0 — 4.0 ns
TX_CLK data clock fall (80%-20%) tMTXF 1.0 — 4.0 ns

Note:

1. The symbols used for timing specifications herein follow the pattern of Yfirst two letters of functional block)(signal)(state) (reference)(state)
for inputs and tfirst two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tyrkHpx symbolizes Mil
transmit timing (MT) for the time ty1x clock reference (K) going high (H) until data outputs (D) are invalid (X). Note that, in
general, the clock reference symbol representation is based on two to three letters representing the clock of a particular
functional. For example, the subscript of tyyrx represents the MII(M) transmit (TX) clock. For rise and fall times, the latter
convention is used with the appropriate letter: R (rise) or F (fall).
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This figure shows the MII transmit AC timing diagram.

tyTx ———> tMTXR —>
TX_CLK
tMTXH tTxF —>|
TXD[3:0]
TX_EN ><
TX_ER
—>| tMTKHDX

Figure 19. MIl Transmit AC Timing Diagram

2.9.2.3.2 MIl Receive AC Timing Specifications
This table provides the MII receive AC timing specifications.
Table 31. MIl Receive AC Timing Specifications

At recommended operating conditions with L/TVpp of 3.3 V + 5%.

Parameter/Condition Symbol ! Min Typ Max Unit
RX_CLK clock period 10 Mbps tMRx — 400 — ns
RX_CLK clock period 100 Mbps tMRx — 40 — ns
RX_CLK duty cycle tmRxH/MRX 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 t\MRDXKH 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:
1. The symbols used for timing specifications herein follow the pattern of tfirst 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, tyrpykH Symbolizes Mll receive
timing (MR) with respect to the time data input signals (D) reach the valid state (V) relative to the tygrx clock reference (K) going
to the high (H) state or setup time. Also, tyrpxkL Symbolizes Ml receive timing (GR) with respect to the time data input signals
(D) went invalid (X) relative to the tyrx clock reference (K) going to the low (L) state or hold time. Note that, in general, the
clock reference symbol representation is based on three letters representing the clock of a particular functional. For example,
the subscript of ty\gx represents the Mil (M) receive (RX) clock. For rise and fall times, the latter convention is used with the
appropriate letter: R (rise) or F (fall).

This figure provides the AC test load for eTSEC.
Output {) Z,=50 (W%ﬂ
RL=500

Figure 20. eTSEC AC Test Load
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This figure shows the MII receive AC timing diagram.

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

Figure 21. MIl Receive AC Timing Diagram

29.24 TBI AC Timing Specifications

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

2.9.2.41 TBI Transmit AC Timing Specifications
This table provides the TBI transmit AC timing specifications.
Table 32. TBI Transmit AC Timing Specifications

At recommended operating conditions with L/TVpp of 3.3 V + 5%.

Parameter/Condition Symbol ' Min Typ Max Unit
GTX_CLK clock period trrx — 8.0 — ns
GTX_CLK duty cycle trrx/trrx 40 — 60 %
GTX_CLK to TCG[9:0] delay time HTKHDXE 1.0 — 5.0 ns
GTX_CLK rise (20%—80%) trTxR — — 1.0 ns
GTX_CLK fall time (80%—20%) trrxrF — — 1.0 ns

Notes:

1. The symbols used for timing specifications herein follow the pattern of irst two letters of functional block)(signal)(state )(reference)(state)
for inputs and first two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, trrkpy Symbolizes the TBI
transmit timing (TT) with respect to the time from tt7x (K) going high (H) until the referenced data signals (D) reach the valid
state (V) or setup time. Also, trtkHpx Symbolizes the TBI transmit timing (TT) with respect to the time from t1x (K) going high
(H) until the referenced data signals (D) reach the invalid state (X) or hold time. Note that, in general, the clock reference symbol
representation is based on three letters representing the clock of a particular functional. For example, the subscript of trx
represents the TBI (T) transmit (TX) clock. For rise and fall times, the latter convention is used with the appropriate letter: R
(rise) or F (fall).

2. Data valid ttTkHDV to GTX_CLK Min Setup time is a function of clock period and max hold time. (Min Setup = Cycle time - Max
Hold)

This figure shows the TBI transmit AC timing diagram.
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< trTx > trTxR —>
GTX_CLK
t
o trTXF —>
trixF —>
TCG[9:0]
tTTKHDV —>> <— —>» | <— tTTXR
—> trTkHDX

Figure 22. TBI Transmit AC Timing Diagram

29.24.2 TBI Receive AC Timing Specifications

This table provides the TBI receive AC timing specifications.
Table 33. TBI Receive AC Timing Specifications

At recommended operating conditions with L/TVpp of 3.3 V + 5%.

Parameter/Condition? Symbol ! Min Typ Max Unit
Clock period for TBI Receive Clock 0, 1 trRx — 16.0 — ns
Skew for TBI Receive Clock 0, 1 tskTRX 7.5 — 8.5 ns
Duty cycle for TBI Receive Clock 0, 1 trrxH/tTRX 40 — 60 %
RCG[9:0] setup time to rising edge of TBI Receive Clock 0, 1| ttrRpvkH 25 — — ns
RCG[9:0] hold time to rising edge of TBI Receive Clock 0, 1 TRDXKH 1.5 — — ns
Clock rise time (20%-80%) for TBI Receive Clock 0, 1 trRxR 0.7 — 24 ns
Clock fall time (80%-20%) for TBI Receive Clock 0, 1 trRXF 0.7 — 2.4 ns

Note:

1. The symbols used for timing specifications herein follow the pattern of st two letters of functional block)(signal)(state) (reference)(state)
for inputs and tfirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, trrpykn symbolizes TBI receive
timing (TR) with respect to the time data input signals (D) reach the valid state (V) relative to the tgy clock reference (K) going
to the high (H) state or setup time. Also, ttrpxkn Symbolizes TBI receive timing (TR) with respect to the time data input signals
(D) went invalid (X) relative to the tyry clock reference (K) going to the high (H) state. Note that, in general, the clock reference
symbol representation is based on three letters representing the clock of a particular functional. For example, the subscript of
trrx represents the TBI (T) receive (RX) clock. For rise and fall times, the latter convention is used with the appropriate letter:
R (rise) or F (fall). For symbols representing skews, the subscript is skew (SK) followed by the clock that is being skewed (TRX).

2. The signals “TBI Receive Clock 0” and “TBI Receive Clock 1” refer to TSECn_RX_CLK and TSECn_TX_CLK pins respectively.
These two clock signals are also referred as PMA_RX_CLKJ[0:1].
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This figure shows the TBI receive AC timing diagram.

€ tTRX

TBI Receive Clock 1
(TSECn_TX_CLK) —

<— tTRXH trRXF —>|
|
RCGI[9:0] Valid Data Valid Data>
trRDVKH
< tskTRX < tTRDXKH
TBI Receive Clock 0 \ u
(TSECn_RX_CLK)
trRxH <— tTRDXKH
— tTRDVKH

Figure 23. TBI Receive AC Timing Diagram

2.9.2.5 TBI Single-Clock Mode AC Specifications

When the eTSEC is configured for TBI modes, all clocks are supplied from external sources to the relevant eTSEC interface.
In single-clock TBI mode, when a 125-MHz TBI receive clock is supplied on TSECn pin (no receive clock is used on in this

mode, whereas for the dual-clock mode this is the PMAO receive clock). The 125-MHz transmit clock is applied on the in all
TBI modes.

A summary of the single-clock TBI mode AC specifications for receive appears in the following table.

Table 34. TBI single-clock Mode Receive AC Timing Specification
At recommended operating conditions with LVpp/TVpp of 3.3 V + 5%

Parameter/Condition Symbol Min Typ Max Unit
RX_CLK clock period YRR 7.5 8.0 8.5 ns
RX_CLK duty cycle tr'RRH 40 50 60 %
RX_CLK peak-to-peak jitter trRRY — — 250 ps
Rise time RX_CLK (20%—80%) trRRR — — 1.0 ns
Fall time RX_CLK (80%—20%) trRRF — — 1.0 ns
RCG[9:0] setup time to RX_CLK rising edge trRRDV 2.0 — — ns
RCG[9:0] hold time to RX_CLK rising edge trRRDX 1.0 — — ns
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A timing diagram for TBI receive appears in the following figure.

trRRR

[ —————— —_—
trRR >

RX_CLK

- — -
trRRH

t
RCG[9:0] TRRAF

valid data

ttRROV  tTRRDX
Figure 24. TBI Single-Clock Mode Receive AC Timing Diagram

2.9.2.6 RGMII and RTBI AC Timing Specifications

This table presents the RGMII and RTBI AC timing specifications.
Table 35. RGMII and RTBI AC Timing Specifications

At recommended operating conditions with L/TVpp of 2.5 V + 5%.

Parameter/Condition Symbol ! Min Typ Max Unit
Data to clock output skew (at transmitter) tSKRGT_TX -500 0 500 ps
Data to clock input skew (at receiver) 2 tSKRGT_RX 1.0 — 2.8 ns
Clock period duration 3 traT 7.2 8.0 8.8 ns
Duty cycle for 1000BASE-T* traTH/tRGT 45 — 55 %
Duty cycle for 10BASE-T and 100BASE-TX 3 4 traTH/tRGT 40 50 60 %
Rise time (20%—80%) traTR — — 0.75 ns
Fall time (20%—-80%) tRaTE — — 0.75 ns

Notes:

1. Note that, in general, the clock reference symbol representation for this section is based on the symbols RGT to
represent RGMII and RTBI timing. For example, the subscript of tggt represents the TBI (T) 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.

3. For 10 and 100 Mbps, tggT scales to 400 ns + 40 ns and 40 ns = 4 ns, respectively.

4. Duty cycle may be stretched/shrunk during speed changes or while transition to a received packet's clock domains as

long as the minimum duty cycle is not violated and stretching occurs for no more than three tggt of the lowest speed
transitioned between.
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This figure shows the RGMII and RTBI AC timing and multiplexing diagrams.

tRGTH —3
GTX_CLK /|
(At Transmitter)
tSkRGT_TX —>| [<—
TXD[8:5][3:0] >< . TXD[8:5%>< >< < ><
TXD[7:4][3:0] TXD[3:0] X\ 1xp[7:4
TXD[4] \/ TXDI[9] >< >< < ><
TXCTL >< TXEN /\ TXERR
—> tSKRGT_RX
TX_CLK
(At PHY)
RXD[8:5][3:0] >< ~\/RXD[8:5 >< ><
RXD[7:4][3:0] RXD[3:0) \RXD[7:4
tSKRGT_TX —>
RXD[4] \/ RXD[9] >< ><
RX_CTL >< RXDV_/\ RXERR
—> tSKRGT_RX
RX_CLK
(At PHY)
Figure 25. RGMII and RTBI AC Timing and Multiplexing Diagrams
2.9.2.7 RMII AC Timing Specifications
This section describes the RMII transmit and receive AC timing specifications.
2.9.2.71 RMIl Transmit AC Timing Specifications
The RMII transmit AC timing specifications are in the following table.
Table 36. RMII Transmit AC Timing Specifications
At recommended operating conditions with L/TVpp of 3.3 V + 5%.
Parameter/Condition Symbol * Min Typ Max Unit
TSECn_TX_CLK clock period tRmT 15.0 20.0 25.0 ns
TSECn_TX_CLK duty cycle tRMTH 35 50 65 %
TSECn_TX_CLK peak-to-peak jitter tRMTY — — 250 ps
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Table 36. RMIl Transmit AC Timing Specifications (continued)
At recommended operating conditions with L/TVpp of 3.3 V + 5%.

Parameter/Condition Symbol Min Typ Max Unit
Rise time TSECn_TX_CLK (20%-80%) tavmTR 1.0 — 2.0 ns
Fall time TSECn_TX_CLK (80%—20%) tRMTF 1.0 — 2.0 ns
TSECn_TX_CLK to RMII data TXD[1:0], TX_EN delay tRMTDX 2.0 — 10.0 ns

Note:

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

(reference)(state) TOr INPUtS @nd tirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tyrkHpx
symbolizes Ml transmit timing (MT) for the time ty;x clock reference (K) going high (H) until data outputs (D) are invalid
(X). Note that, in general, the clock reference symbol representation is based on two to three letters representing the clock
of a particular functional. For example, the subscript of tyy1x represents the MII(M) transmit (TX) clock. For rise and fall
times, the latter convention is used with the appropriate letter: R (rise) or F (fall).

This figure shows the RMII transmit AC timing diagram.

l<

< trRmT > tRmTR —>
TSECn_TX_CLK
tRMTH tRMTF —>
TXD[1:0]
TX_EN ><
TX_ER
—>| trMTDX

Figure 26. RMIl Transmit AC Timing Diagram

29.2.7.2 RMII Receive AC Timing Specifications

Table 37. RMIl Receive AC Timing Specifications
At recommended operating conditions with L/TVpp of 3.3 V + 5%.

Parameter/Condition Symbol ' Min Typ Max Unit
TSECn_RX_CLK clock period tRMR 15.0 20.0 25.0 ns
TSECn_RX_CLK duty cycle tRMRH 35 50 65 %
TSECn_RX_CLK peak-to-peak jitter tRMRY — — 250 ps
Rise time TSECn_RX_CLK (20%—-80%) tRMRR 1.0 — 2.0 ns
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Table 37. RMII Receive AC Timing Specifications (continued)
At recommended operating conditions with L/TVpp of 3.3 V + 5%.

Parameter/Condition Symbol ' Min Typ Max Unit
Fall time TSECn_RX_CLK (80%—20%) tRvRF 1.0 — 2.0 ns
RXD[1:0], CRS_DV, RX_ER setup time to TSECn_RX_CLK rising edge tRMRDV 4.0 — — ns
RXD[1:0], CRS_DV, RX_ER hold time to TSECn_RX_CLK rising edge tRMRDX 2.0 — — ns
Note:

1. The symbols used for timing specifications herein follow the pattern of tfirst 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, tyrpykH symbolizes MIl receive
timing (MR) with respect to the time data input signals (D) reach the valid state (V) relative to the ty,gx clock reference (K) going
to the high (H) state or setup time. Also, t\;rpxkL Symbolizes MIl receive timing (GR) with respect to the time data input signals
(D) went invalid (X) relative to the tyygx clock reference (K) going to the low (L) state or hold time. Note that, in general, the clock
reference symbol representation is based on three letters representing the clock of a particular functional. For example, the

subscript of ty gy represents the Mll (M) receive (RX) clock. For rise and fall times, the latter convention is used with the
appropriate letter: R (rise) or F (fall).

This figure provides the AC test load for eTSEC.
oupt—{ ) z=s00 (VA tvoo2
R.=500

Figure 27. eTSEC AC Test Load

This figure shows the RMII receive AC timing diagram.

l< tRMR > tRMRR —>
TSECn_RX_CLK
tRMRH tRMRF

RXD[1:0]

CRS_DV Valid Data
RX_ER

tRMRDV —>> <—
—> tRMRDX

Figure 28. RMIlI Receive AC Timing Diagram

2.9.3 SGMII Interface Electrical Characteristics

Each SGMII port features a 4-wire AC-Coupled serial link from the dedicated SerDes 2 interface of the chip as shown in
Figure 29, where Cry is the external (on board) AC-Coupled capacitor. Each output pin of the SerDes transmitter differential
pair features 50-Q output impedance. Each input of the SerDes receiver differential pair features 50-Q on-die termination to
S2GND (xcorevss). The reference circuit of the SerDes transmitter and receiver is shown in Figure 68.

When an eTSEC port is configured to operate in SGMII mode, the parallel interface’s output signals of this eTSEC port can be
left floating. The input signals should be terminated based on the guidelines described in Section 3.6, “Connection

Recommendations,” as long as such termination does not violate the desired POR configuration requirement on these pins, if
applicable.
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When operating in SGMII mode, the eTSEC EC_GTX_ CLK125 clock is not required for this port. Instead, SerDes reference
clock is required on SD2_REF CLK and SD2 REF CLK pins.

2.9.3.1 DC Requirements for SGMIl SD2_REF_CLK and SD2_REF_CLK

The characteristics and DC requirements of the separate SerDes reference clock are described in Section 2.20, “High-Speed
Serial Interfaces.”

2.9.3.2 AC Requirements for SGMIl SD2_REF_CLK and SD2_REF_CLK

This table lists the SGMII SerDes reference clock AC requirements. Please note that SD2 REF CLK and SD2 REF CLK are
not intended to be used with, and should not be clocked by, a spread spectrum clock source.

Table 38. SD2_REF_CLK and SD2_REF_CLK AC Requirements

Symbol Parameter Description Min | Typical | Max | Units [Notes
trep  |REFCLK cycle time — 10 (8) — ns 1
trercy |REFCLK cycle-to-cycle jitter. Difference in the period of any two adjacent — — 100 ps —

REFCLK cycles
treppy | Phase jitter. Deviation in edge location with respect to mean edge location -50 — 50 ps 2,3
Notes:

1. 8 ns applies only when 125 MHz SerDes2 reference clock frequency is selected via cfg_srds_sgmii_refclk during POR.
2. In a frequency band from 150 kHz to 15 MHz, at BER of 10E-12.
3. Total peak-to-peak deterministic jitter “Dj” should be less than or equal to 50 ps.
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2.9.3.3 SGMII Transmitter and Receiver DC Electrical Characteristics

The following tables describe the SGMII SerDes transmitter and receiver AC-Coupled DC electrical characteristics.
Transmitter DC characteristics are measured at the transmitter outputs (SD2_TX[n] and SD2_ TX[n]) as depicted in Figure 30.

Table 39. SGMII DC Transmitter Electrical Characteristics

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage X2Vpp 0.95 1.0 1.05 \Y, —
Output high voltage VOH — — X2Vpp.yp/2 + mV 1
IVopl-max/2
Output low voltage VOL X2Vpp.yp/2 - — — mV 1
IVopl-max/2
Output ringing VRING — — 10 % —
323 500 725 Equalization
setting: 1.0x
296 459 665 Equalization
setting: 1.09x
269 417 604 Equalization
setting: 1.2x
Output differential voltage? 3 5 —
243 376 545 Equalization
lVODl mV N
setting: 1.33x
215 333 483 Equalization
setting: 1.5x
189 292 424 Equalization
setting: 1.71x
162 250 362 Equalization
setting: 2.0x
Output offset voltage Vos 425 500 575 mV 1,4
Output impedance (single-ended) Ro 40 — 60 Q —
Mismatch in a pair ARp — — 10 % —
Change in Vgp between “0” and “1”| A [Vgpl — — 25 mV —
Change in Vgg between “0” and “1” AVos — — 25 mV —
Output current on short to GND Isa, Is — — 40 mA —

Notes:

1. This will not align to DC-coupled SGMII. X2Vpp_7,,=1.0V.

2. Vopl = Vgp2_1xn - Vapz_Txn!- VoDl is also referred as output differential peak voltage. Vrx_pirrp-p = 2*1Vopl.

3. The IVgpl value shown in the table assumes the following transmit equalization setting in the XMITEQAB (for SerDes 2 lanes
A & B) or XMITEQEEF (for SerDes 2 lanes E & E) bit field of the chip’s SerDes 2 control register:

* The MSbit (bit 0) of the above bit field is set to zero (selecting the full Vpp_p|rF.p., @mplitude - power up default);

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

4. Vg is also referred to as output common mode voltage.

* 5.The IVppl value shown in the Typ column is based on the condition of X2Vpp.7,,=1.0V, no common mode offset variation
(VOS =550mV), SerDes2 transmitter is terminated with 100-Q differential load between SD2_TX[n] and SD2_TX[n].
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Figure 30. SGMII Transmitter DC Measurement Circuit

Table 40. SGMII DC Receiver Electrical Characteristics

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage X2Vpp 0.95 1.0 1.05 \" —
DC Input voltage range — N/A — 1
Input differential voltage LSTS =0 | VRrx_pDIFFpp 100 — 1200 mV 2,4
LSTS =1 175 —
Loss of signal threshold LSTS=0 VLOS 30 — 100 mV 3,4
LSTS =1 65 — 175
Input AC common mode voltage VeMm_Acp-p — — 100 mV 5
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Table 40. SGMII DC Receiver Electrical Characteristics (continued)

Parameter Symbol Min Typ Max Unit Notes
Receiver differential input impedance ZRX_DIFF 80 100 120 Q —
Receiver common mode input Zgx_cMm 20 — 35 Q —
impedance
Common mode input voltage Vom — Vycorevss — \ 6

Notes:

1. Input must be externally AC-coupled.

2. VRx_pIFFp-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. See Table 72

for further explanation.

4. The LSTS shown in the table refers to the LSTSA or LSTSE bit field of chip’s SerDes 2 control register.

5. Vem_acp-p is also referred to as peak to peak AC common mode voltage.
6. On-chip termination to S2GND (xcorevss).

2.9.3.4

depicted in Figure 32 respectively.

2.9.3.4.1

SGMII AC Timing Specifications

This section describes the SGMII transmit and receive AC timing specifications. Transmitter and receiver characteristics are
measured at the transmitter outputs (SD2_TX[n] and SD2_TX[n]) or at the receiver inputs (SD2_RX[n] and SD2 RX|n]) as

SGMII Transmit AC Timing Specifications

This table provides the SGMII transmit AC timing targets. A source synchronous clock is not provided.

Table 41. SGMII Transmit AC Timing Specifications

At recommended operating conditions with X2Vpp = 1.0V + 5%.

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 1
Vop fall time (80%-20%) tfall 50 — 120 ps —
Vop rise time (20%-80%) trise 50 — 120 ps —

Notes:
1. Each Ul is 800 ps + 100 ppm.
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2.9.3.4.2 SGMII Receive AC Timing Specifications

This table provides the SGMII receive AC timing specifications. Source synchronous clocking is not supported. Clock is
recovered from the data. Figure 31 shows the SGMII Receiver Input Compliance Mask eye diagram.

Table 42. SGMII Receive AC Timing Specifications

At recommended operating conditions with X2Vpp = 1.0V + 5%.

Parameter Symbol Min Typ Max Unit Notes
Deterministic Jitter Tolerance JD 0.37 — — Ul p-p 1
Combined Deterministic and Random Jitter Tolerance JDR 0.55 — — Ul p-p 1
Sinusoidal Jitter Tolerance JSIN 0.1 — — Ul p-p 1
Total Jitter Tolerance JT 0.65 — — Ul p-p 1
Bit Error Ratio BER — — 10712 —
Unit Interval ul 799.92 800 800.08 ps 2
AC Coupling Capacitor Crx 5 — 200 nF 3

Notes:

1. Measured at receiver.

2. Each Ul is 800 ps + 100 ppm.

3. The external AC coupling capacitor is required. It is recommended to be placed near the chip transmitter outputs.

VRX_DIFFp-p-max/2

VRX_DIFFp-p-mif2 T-— — — — — — —

0_

- VRX_DIFFp-p-minf2 + — — — —

Receiver Differential Input Voltage

— VRX_DIFFp-p-max/2

Time (UI)
Figure 31. SGMII Receiver Input Compliance Mask
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D+ Package

Pin r— - - - - - = a
X C = CTX

TX
Silicon
+ Package

| \
[ \
| \
\ |
C =Crx
D- Package/ R=500 R=500 :
| \

Pin

Figure 32. SGMII AC Test/Measurement Load

2.9.4 eTSEC IEEE 1588 AC Specifications

This figure shows the data and command output timing diagram.

<« trissscLkout >

> tT1588CLKOUTH
TSEC_1588_CLK_OUT % 9‘ _é %
< trisssov
TSEC_1588_PULSE_OUT ><
TSEC_1588_TRIG_OUT

Figure 33. eTSEC IEEE 1588 Output AC timing

1 The output delay is count starting rising edge if tr15ggcLkouT IS non-inverting. Otherwise, it is count starting falling edge.

This figure provides the data and command input timing diagram.

<« lTissscLK

<

> t11588CLKH

TSEC_1588_CLK T 7T _w

TSEC_1588_TRIG_IN

tT1588TRIGH

<<
<

Y

Figure 34. eTSEC IEEE 1588 Input AC timing
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The IEEE 1588 AC timing specifications are in the following table.
Table 43. eTSEC IEEE 1588 AC Timing Specifications

At recommended operating conditions with L/TVpp of 3.3 V + 5%.

Parameter/Condition Symbol Min Typ Max Unit Note
TSEC_1588_CLK clock period tris88CcLK 3.8 — T1x_ck’™7 ns 1
TSEC_1588_CLK duty cycle t/E ?:::éf: 40 50 60 % —
TSEC_1588_CLK peak-to-peak jitter tT1588CLKINJ — — 250 ps —
Rise time eTSEC_1588_CLK (20%—-80%) | tT1588CLKINR 1.0 — 2.0 ns —
Fall time eTSEC_1588_CLK (80%—20%) | t11588CLKINF 1.0 — 2.0 ns —
TSEC_1588_CLK_OUT clock period tr1588CLKOUT 2*tr1588CLK — — ns —
TSEC_1588_CLK_OUT duty cycle t11588CLKOTH 30 50 70 % —

Mr1588CLKOUT
TSEC_1588_PULSE_OUT tr15880V 0.5 — 3.0 ns —
TSEC_1588_TRIG_IN pulse width tr1588TRIGH | 2*tT1588CLK MAX | — — ns 2

Note:

1. When TMR_CTRL[CKSEL]=00, the external TSEC_1588_CLK input is selected as the 1588 timer reference clock source,
with the timing defined in the Table above. The maximum value of t11585ck is defined in terms of Tty ¢k, Which is the
maximum clock cycle period of the equivalent interface speed that the eTSEC1 port is running. -

When eTSECH1 is configured to operate in the parallel mode, the Tty ¢k is the maximum clock period of the
TSEC1_TX_CLK. When eTSEC1 operates in SGMII mode, the maximum value of tr1sggcyk is defined in terms of the
recovered clock from SGMII SerDes. For example, for 10/100/1000 Mbps modes, the maximum value of tr15ggc k Will be
2800, 280, and 56 ns respectively.

See the MPC8536E PowerQUICC Il Integrated Communications Processor Reference Manual for a description of
TMR_CTRL registers.

2. It need to be at least two times of clock period of clock selected by TMR_CTRL[CKSEL]. See the MPC8536E PowerQUICC
Il Integrated Processor Reference Manual for a description of TMR_CTRL registers.

2.10 Ethernet Management Interface Electrical Characteristics

The electrical characteristics specified here apply to MII management interface signals EC_ MDIO (management data
input/output) and EC_MDC (management data clock). The electrical characteristics for GMII, SGMII, RGMII, RMII, TBI and
RTBI are specified in Section 2.9, “Ethernet: Enhanced Three-Speed Ethernet (¢eTSEC), MII Management”
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2.10.1  MIl Management DC Electrical Characteristics

The EC_MDC and EC_MDIO are defined to operate at a supply voltage of 3.3 V. The DC electrical characteristics for
EC MDIO and EC_MDOC are provided in the following table.

Table 44. MIl Management DC Electrical Characteristics

Parameter Symbol Min Max Unit
Supply voltage (3.3 V) OVpp 3.13 3.47 Vv
Output high voltage Vou 2.40 OVpp + 0.3 \
(OVDD = Min, IOH =—4.0mA)
Output low voltage VoL GND 0.40 \
(OVpp =Min, Ig_= 4.0 mA)
Input high voltage ViH 2.0 — \
Input low voltage VL — 0.90 \
Input high current I — 40 pA
(OVpp = Max, Vi ' =2.1V)
Input low current m -600 — pA
(OVDD = Max, V|N =05 V)
Note:

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

2.10.2 MIl Management AC Electrical Specifications

This table provides the MII management AC timing specifications.

Table 45. MIl Management AC Timing Specifications
At recommended operating conditions with OVDD is 3.3 V + 5%.

Parameter/Condition Symbol ' Min Typ Max Unit Notes
EC_MDC frequency fupc 0.74 25 8.3 MHz 2
EC_MDC period tvMpc 120 400 1350 ns —
EC_MDC clock pulse width high tMDCH 32 — — ns —
EC_MDC to EC_MDIO delay tvokHpx | (16 ™ toip_ci)-3 — (16 * toip_ci)+3 ns 3,5,6
EC_MDIO to EC_MDC setup time tMDDVKH 5 — — ns —
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Table 45. MIl Management AC Timing Specifications (continued)

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

Parameter/Condition Symbol ' Min Typ Max Unit Notes
EC_MDIO to EC_MDC hold time tMDDXKH 0 — — ns —
EC_MDC rise time tMDCR — — 10 ns —
EC_MDC fall time tMDHE — — 10 ns —

Notes:

1

. The symbols used for timing specifications herein follow the pattern of Yfirst two letters of functional block)(signal)(state)

(reference)(state) TO INPUts and tirst 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, typpykH Symbolizes management data timing (MD) with respect to the time data input
signals (D) reach the valid state (V) relative to the typ¢ 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).

. This parameter is dependent on the eTSEC system clock speed, which is half of the Platform Frequency (fccg)- The actual

EC_MDC output clock frequency for a specific eTSEC port can be programmed by configuring the MgmtClk bit field of chip’s
MIIMCFG register, based on the platform (CCB) clock running for the chip. The formula is: Platform Frequency
(CCB)/(2*Frequency Divider determined by MIICFG[MgmtCIk] encoding selection). For example, if MIICFG[MgmtCIk] = 000
and the platform (CCB) is currently running at 533 MHz, fy,pc = 533/(2*4*8) = 533/64 = 8.3 MHz. That is, for a system
running at a particular platform frequency (fccg), the EC_MDC output clock frequency can be programmed between
maximum fypc = foce/64 and minimum fypc = focp/448. See the MPCB8536E reference manual’'s MIIMCFG register section
for more detail.

. This parameter is dependent on the platform clock frequency. The delay is equal to 16 platform clock periods +/-3ns. For

example, with a platform clock of 333MHz, the min/max delay is 48ns +/-3ns. Similarly, if the platform clock is 400MHz, the
min/max delay is 40ns +/-3ns).

- teLkpib_cik is the platform (CCB) clock
. EC_MDC to EC_MDIO Data valid typkHpy is a function of clock period and max delay time typkHpx- (Min Setup = Cycle

time - Max Hold)

This figure shows the MII management AC timing diagram.

l< tvbe > tMDCR
EC_MDC 7
tMpcH tvpeF
= inoun L W A\
(Input)
tMDDVKH —>‘ <
—> <— tvDDXKH

EC_MDIO
(Output)

tMDKHDX —>]

Figure 35. MIl Management Interface Timing Diagram

2.11 USB

This section provides the AC and DC electrical specifications for the USB interface of the chip.
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2.11.1 USB DC Electrical Characteristics

This table provides the DC electrical characteristics for the USB interface.

Table 46. USB DC Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage ViH 2 OVpp + 0.3 \Y
Low-level input voltage Vi -0.3 0.8 \Y
Input current N — +5 pA
High-level output voltage, VoH OVpp—-0.2 — \Y%
loy = =100 pA
Low-level output voltage, VoL — 0.2 Vv
loL = 100 pA
Note:

1. The symbol V), in this case, represents the OV,y symbol referenced in Table 1 and Table 2.

2.11.2 USB AC Electrical Specifications

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

Table 47. USB General Timing Parameters®

Parameter Symbol ! Min Max Unit Notes
usb clock cycle time tusck 15 — ns 2-5
Input setup to usb clock - all inputs tusivkH 4 — ns 2-5
input hold to usb clock - all inputs tusixkH 1 — ns 2-5
usb clock to output valid - all outputs tuskHoV — 7 ns 2-5
Output hold from usb clock - all outputs tusKHOX 2 — ns 2-5

Notes:

1.

The symbols for timing specifications follow the pattern of t(girst two letters of functional block)(signal)(state) (reference)(state) fOr inputs
and t(Eirst two letters of functional block)(reference) (state)(signal)(state) fOr outputs. For example, tygixkH symbolizes usb timing (US) for
the input (1) 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 OVpp/2 of the rising edge of the USB clock to 0.4 x OVpp 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 Hi-Z or off state is defined to be when the total current delivered through the
component pin is less than or equal to that of the leakage current specification.

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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Figure 36. USB AC Test Load
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Figure 37. USB Signals
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2.12 Enhanced Local Bus Controller (eLBC)

This section describes the DC and AC electrical specifications for the local bus interface of the chip.

2.12.1 Local Bus DC Electrical Characteristics

This table provides the DC electrical characteristics for the local bus interface operating at BVpp =3.3 V DC.
Table 48. Local Bus DC Electrical Characteristics (3.3 V DC)

Parameter Symbol Min Max Unit
Supply voltage 3.3V BVpp 3.13 3.47 \
High-level input voltage ViH 1.9 BVpp + 0.3 Vv
Low-level input voltage Vi -0.3 0.8 \'%
Input current N — +5 pA

(BV)y'=0VorBV,y=BVpp)

High-level output voltage Vou 2.4 — \Y
(BVDD =min, lOH =-2mA)

Low-level output voltage VoL — 0.4 \
(BVDD = min, |o|_ =2 mA)

Note:
1. The symbol BVy, in this case, represents the BV)y symbol referenced in Table 1.

This table provides the DC electrical characteristics for the local bus interface operating at BVpp = 2.5 V DC.
Table 49. Local Bus DC Electrical Characteristics (2.5 V DC)

Parameter Symbol Min Max Unit
Supply voltage 2.5V BVpp 2.37 2.63 \
High-level input voltage Viy 1.70 BVpp + 0.3 \
Low-level input voltage VL -0.3 0.7 \
Input current I — 10 pA
(BVin'=0VorBV)y=BVpp)
e -15

High-level output voltage VoH 2.0 BVpp + 0.3 \Y
(BVDD = min, IOH =-1 mA)

Low-level output voltage VoL GND -0.3 0.4 \

(BVDD =min, IOL =1mA)

Note:
1. Note that the symbol BV|y, in this case, represents the BV|y symbol referenced in Table 1.
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This table provides the DC electrical characteristics for the local bus interface operating at BVpp = 1.8 V DC.

Electrical Characteristics

Table 50. Local Bus DC Electrical Characteristics (1.8 V DC)

Parameter Symbol Condition Min Max Unit

Supply voltage 1.8V BVpp — 1.71 1.89 \'%

High-level input voltage Viy — 0.65*BVpp 0.3+BVpp \

Low-level input voltage Vi — -0.3 0.35"BVpp \

Input current N — -15 10 pA

(BV)y =0V or BV = BVpp)

High-level output voltage Vou loq =-100 pA BVpp - 0.2 — \Y
lon=—-2mA BVpp — 0.45 —

Low-level output voltage VoL lon = 100 pA — 0.2 \
lon =2 mA — 0.45

Note:

1. Note that the symbol BV|y, in this case, represents the BV,y symbol referenced in Table 1.

2.12.2 Local Bus AC Electrical Specifications

This table describes the general timing parameters of the local bus interface at BVpp = 3.3 V DC. For information about the

frequency range of local bus see Section 2.23.1, “Clock Ranges.”

Table 51. Local Bus General Timing Parameters (BVpp = 3.3 V DC)

Parameter Symbol ' | Min | Max | Unit | Notes
Local bus cycle time t Bk 7.5 12 ns 2
Local bus duty cycle tgkrtiek | 43 57 % —
LCLK[n] skew to LCLK[m] or LSYNC_OUT tLBKSKEW 150 | ps 7
Input setup to local bus clock (except LUPWAIT) tLBIVKH1 1.8 — ns 3,4
LUPWAIT input setup to local bus clock t BIVKH2 1.7 — ns 3,4
Input hold from local bus clock (except LUPWAIT) tLBIXKH1 1.0 — ns 3,4
LUPWAIT input hold from local bus clock tLBIXKH2 1.0 — ns 3,4
LALE output transition to LAD/LDP output transition (LATCH setup and hold time) | t, gotoT 1.5 — ns 6
Local bus clock to output valid (except LAD/LDP and LALE) t BKHOV1 — 2.3 ns —
Local bus clock to data valid for LAD/LDP tLBKHOV2 — 24 ns 3
Local bus clock to address valid for LAD t BKHOV3 — 2.3 ns 3
Local bus clock to LALE assertion t BKHOV4 — 2.3 ns 3
Output hold from local bus clock (except LAD/LDP and LALE) t BKHOX1 0.7 — ns 3
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Table 51. Local Bus General Timing Parameters (BVpp = 3.3 V DC) (continued)

Parameter Symbol 11 Min Max | Unit | Notes
Output hold from local bus clock for LAD/LDP tigkHOX2 | 0.7 — ns 3
Local bus clock to output high Impedance (except LAD/LDP and LALE) t BKHOZ1 — 25 ns 5
Local bus clock to output high impedance for LAD/LDP t BkHOZ2 — 25 ns 5

Note:
1. The symbols used for timing specifications herein follow the pattern of t(girst two letters of functional block)(signal)(state) (reference)(state)

for inputs and tgirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, t gjxkH1 Symbolizes local bus
timing (LB) for the input (I) to go invalid (X) with respect to the time the t gk clock reference (K) goes high (H), in this case for

clock one(1). Also, t gkHox Symbolizes local bus timing (LB) for the t, gk 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 LSYNC_IN for PLL enabled and internal local bus clock for PLL bypass mode.

3. All signals are measured from BVpp/2 of the rising edge of LSYNC_IN for PLL enabled or internal local bus clock for PLL
bypass mode to 0.4 x BVpp of the signal in question for 3.3-V signaling levels.

4. Input timings are measured at the pin.

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

6.t goToT is @ measurement of the minimum time between the negation of LALE and any change in LAD. tLBOTOT is guaranteed
with LBCR[AHD] = 0.

7. Maximum possible clock skew between a clock LCLK[m] and a relative clock LCLK[n]. Skew measured between
complementary signals at BVDbD/2.

This table describes the general timing parameters of the local bus interface at BVpp =2.5 V DC.
Table 52. Local Bus General Timing Parameters (BVpp = 2.5 V DC)

Parameter Configuration| Symbol 1| Min Max Unit Notes

Local bus cycle time — tLBK 7.5 12 ns 2
Local bus duty cycle — tuekntek| 43 57 % —
LCLK[n] skew to LCLK[m] or LSYNC_OUT — ILBKSKEW |  — 150 ps 7
Input setup to local bus clock (except LUPWAIT) — t BIVKH1 1.9 — ns 3,4
LUPWAIT input setup to local bus clock — t BIVKH2 1.8 — ns 3,4
Input hold from local bus clock (except LUPWAIT) — L BIXKH1 1.1 — ns 3,4
LUPWAIT input hold from local bus clock — t BIXKH2 1.1 — ns 3,4
LALE output transition to LAD/LDP output transition (LATCH — t BoTOT 1.5 — ns 6
setup and hold time)

Local bus clock to output valid (except LAD/LDP and LALE) — t BKHOV1 — 2.4 ns —
Local bus clock to data valid for LAD/LDP — t BKHOV2 — 2.5 ns 3
Local bus clock to address valid for LAD — t BKHOV3 — 2.4 ns 3
Local bus clock to LALE assertion — tLBKHOV4 — 2.4 ns 3
Output hold from local bus clock (except LAD/LDP and LALE) — t BKHOX1 0.8 — ns 3
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Table 52. Local Bus General Timing Parameters (BVpp = 2.5 V DC) (continued)

Parameter Configuration| Symbol | Min Max Unit Notes
Output hold from local bus clock for LAD/LDP — t BKHOX2 0.8 — ns 3
Local bus clock to output high Impedance (except LAD/LDP — t BKHOZ1 — 2.6 ns 5
and LALE)
Local bus clock to output high impedance for LAD/LDP — t BkHOZ2 — 2.6 ns 5
Note:

1. The symbols used for timing specifications herein follow the pattern of Y(First 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, t gixkH1 Symbolizes local bus
timing (LB) for the input (I) to go invalid (X) with respect to the time the t g clock reference (K) goes high (H), in this case for

clock one(1). Also, t; gknox Symbolizes local bus timing (LB) for the t, gk 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 LSYNC_IN for PLL enabled and internal local bus clock for PLL bypass mode.

3. All signals are measured from BVpp/2 of the rising edge of LSYNC_IN for PLL enabled or internal local bus clock for PLL
bypass mode to 0.4 x BVpp of the signal in question for 2.5-V signaling levels.

4. Input timings are measured at the pin.

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

6. t_goToT Is @ measurement of the minimum time between the negation of LALE and any change in LAD. tLBOTOT is guaranteed
with LBCR[AHD] = 0.

7. Maximum possible clock skew between a clock LCLK[m] and a relative clock LCLK[n]. Skew measured between
complementary signals at BVDD/2.

This table describes the general timing parameters of the local bus interface at BVpp = 1.8 V DC.
Table 53. Local Bus General Timing Parameters (BVpp = 1.8 V DC)

Parameter Configuration| Symbol 1| Min Max Unit Notes
Local bus cycle time — t Bk 7.5 12 ns 2
Local bus duty cycle — t BkHALBK 43 57 %
LCLK[n] skew to LCLK[m] or LSYNC_OUT — tLBKSKEW 150 ps 7
Input setup to local bus clock (except LUPWAIT) — L BIVKH1 2.4 — ns 3,4
LUPWAIT input setup to local bus clock — tLBIVKH2 1.9 — ns 3,4
Input hold from local bus clock (except LUPWAIT) — tLBIXKH1 1.1 — ns 3,4
LUPWAIT input hold from local bus clock — tLBIXKH2 1.1 — ns 3,4
LALE output transition to LAD/LDP output transition (LATCH — t BoTOT 1.2 — ns 6
setup and hold time)
Local bus clock to output valid (except LAD/LDP and LALE) — t BKHOV1 — 3.2 ns —
Local bus clock to data valid for LAD/LDP — t BKHOV2 — 3.2 ns 3
Local bus clock to address valid for LAD — t BKHOV3 — 3.2 ns 3
Local bus clock to LALE assertion — t BKHOV4 — 3.2 ns 3
Output hold from local bus clock (except LAD/LDP and LALE) — t BKHOX1 0.9 — ns 3
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Table 53. Local Bus General Timing Parameters (BVpp = 1.8 V DC) (continued)

Parameter Configuration| Symbol | Min Max Unit Notes
Output hold from local bus clock for LAD/LDP — t BKHOX2 0.9 — ns 3
Local bus clock to output high Impedance (except LAD/LDP — t BKHOZ1 — 2.6 ns 5
and LALE)
Local bus clock to output high impedance for LAD/LDP — t BkHOZ2 — 2.6 ns 5
Note:

1

- The symbols used for timing specifications herein follow the pattern of t(First 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, t gixkH1 Symbolizes local bus
timing (LB) for the input (1) to go invalid (X) with respect to the time the t, gk clock reference (K) goes high (H), in this case for

clock one(1). Also, t| gkHox Symbolizes local bus timing (LB) for the t gk clock reference (K) to go high (H), with respect to the
output (O) going invalid (X) or output hold time.

. All timings are in reference to LSYNC_IN for PLL enabled and internal local bus clock for PLL bypass mode.
. All signals are measured from BVpp/2 of the rising edge of LSYNC_IN for PLL enabled or internal local bus clock for PLL

bypass mode to 0.4 x BVpp of the signal in question for 1.8-V signaling levels.

. Input timings are measured at the pin.
. For purposes of active/float timing measurements, the Hi-Z or off state is defined to be when the total current delivered through

the component pin is less than or equal to the leakage current specification.

.t goToT is @ measurement of the minimum time between the negation of LALE and any change in LAD. tLBOTOT is guaranteed

with LBCR[AHD] = 0

. Maximum possible clock skew between a clock LCLK[m] and a relative clock LCLK[n]. Skew measured between

complementary signals at BVDD/2.

This figure provides the AC test load for the local bus.

Figure 38. Local Bus AC Test Load
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This figures show the local bus signals.

LSYNC_IN
! ! —> <t gixkH1 ! !
: | WBivKHT > < : :
Input Signals: 4 — N
LAD[0:31}/LDP[0:3] | i i i
| | | | |
| | —> < tBixkH2 | |
| 1 tLBIVKH2 —> <— | |
Input Signal: T N A . ,'
LGTA | | |/ | |
| | | | |
| | | | |
| | | | |
UPM Mode Input Signal: |~~~ """ """ """ N I N oo !
LUPWAIT

t BkHOZ1 —>
tLBKHOX1 ——>,

Output Signals: 1
LA[27:31)ABCTLLOE """ """ """ DN T T !

T
tLBKHOZ2 —>1 <
t BKHOX2 —>! <—

A
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X
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|
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Output (Data) Signals: | |/ N :
LAD[0:31}/LDP[0:3] I
|

|
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| |
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' t BkHOZ2 —>, <— :

tLBkHOX2 ——> ‘4— |
Output (Address) Signal: ' /N e
LAD[0:31] . b :
tgotor > |<— : |
| | |
LALE e R e :
| | |

Figure 39. Local Bus Signals, Non-Special Signals Only (PLL Enabled)
NOTE

In PLL bypass mode, some signals are launched and captured on the opposite edge of
LCLK][n] to that used in PLL Enable Mode. In this mode, output signals are launched at the
falling edge of the LCLK[n] and inputs signals are captured at the rising edge of LCLK|[n]
with the exception of LGTA/LUPWAIT (which is captured at the falling edge of the
LCLK]n])).
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LCLKIn]
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Figure 40. Local Bus Signals (PLL Bypass Mode)

This table describes the general timing parameters of the local bus interface at Vpp = 3.3 V DC with PLL disabled.
Table 54. Local Bus General Timing Parameters—PLL Bypassed

Parameter Symbol ! | Min Max Unit | Notes
Local bus cycle time LBk 12 — ns 2
Local bus duty cycle t BkutLBK 43 57 % —
Input setup to local bus clock (except LUPWAIT) tLBIVKH1 5.1 — ns 4,5
LUPWAIT input setup to local bus clock t BIVKL2 4.2 — ns 4,5
Input hold from local bus clock (except LUPWAIT) tLBIXKH1 -1.4 — ns 4,5
LUPWAIT input hold from local bus clock tBIXKL? 2.0 — ns 4,5
LALE output transition to LAD/LDP output transition (LATCH hold time) tLoTOT 1.4 — ns 6
Local bus clock to output valid (except LAD/LDP and LALE) t BKLOVA — 0.5 ns 4
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Table 54. Local Bus General Timing Parameters—PLL Bypassed (continued)

Electrical Characteristics

Parameter Symbol’ | Min | Max | Unit | Notes
Local bus clock to data valid for LAD/LDP t BKLOV2 — 0.5 ns 4
Local bus clock to address valid for LAD, and LALE t BkLOV3 — 0.5 ns 4
Local bus clock to LALE assertion t BKLOV4 — 0.5 ns 4
Output hold from local bus clock (except LAD/LDP and LALE) t BKLOX1 — 22 ns 4,8
Output hold from local bus clock for LAD/LDP t BKLOX2 — 2.2 ns 4,8
Local bus clock to output high Impedance (except LAD/LDP and LALE) t BKLOZ1 — 0.1 ns 7
Local bus clock to output high impedance for LAD/LDP t BkLOZ2 — 0.1 ns 7

Notes:

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

for inputs and t(rirst two letters of functional block)(reference)(state)(signal)(state) fOr Outputs. For example, t gjxkH1 symbolizes local bus
timing (LB) for the input (1) to go invalid (X) with respect to the time the t; gk clock reference (K) goes high (H), in this case for

clock one(1). Also, t, gkHox Symbolizes local bus timing (LB) for the t gk clock reference (K) to go high (H), with respect to the
output (O) going invalid (X) or output hold time.

. All timings are in reference to local bus clock for PLL bypass mode.

. Maximum possible clock skew between a clock LCLK[m] and a relative clock LCLK[n]. Skew measured between
complementary signals at BVpp/2.

. All signals are measured from BVDD/2 of the rising edge of local bus clock for PLL bypass mode to 0.4 x BVDD of the signal
in question for 3.3-V signaling levels.

. Input timings are measured at the pin.

. tLgoToT is @ measurement of the minimum time between the negation of LALE and any change in LAD. tLBOTOT is guaranteed
with LBCR[AHD] = 0.

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

8. These timing parameters for PLL bypass mode are defined in the opposite direction of the PLL enabled output hold timing

parameters.
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LSYNC_IN
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Figure 41. Local Bus Signals, GPCM/UPM Signals for LCRR[CLKDIV] = 4(PLL Enabled)
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Figure 42. Local Bus Signals, GPCM/UPM Signals for LCRR[CLKDIV] = 8 or 16(PLL Enabled)

2.13 Enhanced Secure Digital Host Controller (¢eSDHC)

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

2.13.1 eSDHC DC Electrical Characteristics

This table provides the DC electrical characteristics for the eSDHC interface of the chip.
Table 55. eSDHC interface DC Electrical Characteristics

At recommended operating conditions (see Table 3)

Characteristic Symbol Condition Min Max Unit Notes
Input high voltage ViH — 0.625*OvDD | OVDD+0.3 \ —
Input low voltage Vi — -0.3 0.25 * OVDD \ —
Input/Output leakage current Inloz — -10 10 uA —
Output high voltage VoH lon=-100 uA @ OVDDmin| 0.75* OVDD — \ —
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Table 55. eSDHC interface DC Electrical Characteristics (continued)
At recommended operating conditions (see Table 3)

Characteristic Symbol Condition Min Max Unit Notes
Output low voltage VoL loL = 100uA @ OVDDmin — 0.125 * OVDD \'% —
Output high voltage VoH lon =-100 UA OVpp - 0.2 — — 2
Output low voltage VoL loL=2mA — 0.3 — 2

Notes:

1. The min V,_and V| values are based on the respective min and max OV, values found in Table 3.
2. Open drain mode for MMC cards only.

2.13.2 eSDHC AC Timing Specifications

This table provides the eSDHC AC timing specifications as defined in the following figure.

Table 56. eSDHC AC Timing Specifications
At recommended operating conditions (see Table 3)

Parameter Symbol’ Min Max Unit Notes

SD_CLK clock frequency: fsHsck MHz 2,5
SD/SDIO Full speed/high speed mode 0 25/50

MMC Full speed/high speed mode 20/52

SD_CLK clock frequency - identification mode fsipck 0 400 KHz 3,5
100
SD_CLK clock low time - High speed/Full speed mode tsHsCKL 7/10 — ns 5
SD_CLK clock high time - High speed/Full speed mode tSHSCKH 710 — ns 5
SD_CLK clock rise and fall times tsHscKR/ — 3 ns 5
tsHsCKF

Input setup times: SD_CMD, SD_DATx, SD_CD to tSHSIVKH 25 — ns 4,5,6
SD_CLK
Input hold times: SD_CMD, SD_DATx, SD_CD to SD_CLK tSHSIXKH 2.5 — ns 5,6
Output delay time: SD_CLK to SD_CMD, SD_DATXx valid tSHSKHOV -3 3 ns 5,6
Notes:

1. The symbols used for timing specifications herein follow the pattern of tfirst three letters of functional block)(signal)(state) (reference)(state)

for inputs and t st 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—-52MHz for a MMC card.

3. 0 Hz means to stop the clock. The given minimum frequency range is for cases were a continuous clock is required.

4. To satisfy setup timing, one way board routing delay between Host and Card, on SD_CLK, SD_CMD and SD_DATx should
not exceed 1 ns.

5. Ccarp <10 pF, (1 card), and C|_ = Cgys + CHosT+CcarD < 40 pF
6. The parameter values apply to both full speed and high speed modes.
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This figure provides the eSDHC clock input timing diagram.

eSDHC
External Clock
operational mode

tsHsckL

—>>
t
VM = Midpoint Voltage (OVpp/2) tsHscKR SHSCKF

Figure 43. eSDHC Clock Input Timing Diagram
This figure provides the data and command input/output timing diagram.

sb.ck VM / AWM V"M—AL
External Clock Y—

tsHSIVKH tSHSIXKH

<
<

SD_DAT/CMD > ><
Inputs

Y
A
Y

SD_DAT/CMD
Outputs >

< >
>

tsHskHOV

VM = Midpoint Voltage (OVpp/2)
Figure 44. eSDHC Data and Command Input/Output Timing Diagram Referenced to Clock

2.14 Programmable Interrupt Controller (PIC)

In IRQ edge trigger mode, when an external interrupt signal is asserted (according to the programmed polarity), it must remain
the assertion for at least 3 system clocks (SYSCLK periods).

2.15 JTAG

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

2.15.1 JTAG DC Electrical Characteristics

This table provides the DC electrical characteristics for the JTAG interface.
Table 57. JTAG DC Electrical Characteristics

Parameter Symbol ! Min Max Unit
High-level input voltage ViH 2 OVpp + 0.3 \
Low-level input voltage Vi -0.3 0.8 \
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Table 57. JTAG DC Electrical Characteristics (continued)

Parameter Symbol ! Min Max Unit

Input current N — +5 pA
(Vin' =0 Vor Viy = Vpp)

High-level output voltage VoH 24 — \'%
(OVDD = min, IOH =-2 mA)

Low-level output voltage VoL — 0.4 \"
(OVDD =min, IOL =2 mA)

Notes:
1. Note that the symbol V), in this case, represents the OV |y

2.15.2 JTAG AC Electrical Specifications

This section describes the AC electrical specifications for the IEEE 1149.1 (JTAG) interface of the chip.
This table provides the JTAG AC timing specifications as defined in the following figures.
Table 58. JTAG AC Timing Specifications (Independent of SYSCLK)

At recommended operating conditions (see Table 3).

Parameter Symbol ! Min Max Unit Notes

JTAG external clock frequency of operation fit 0 33.3 MHz —
JTAG external clock cycle time tyta 30 — ns —
JTAG external clock pulse width measured at 1.4 V tTKHKL 15 — ns —
JTAG external clock rise and fall times tirer & tytGE 0 2 ns —
TRST assert time trRsT 25 — ns 2
Input setup times: tyTDVKH 4 — ns

Input hold times: tTDXKH 10 — ns

Output Valid times: tyTkLDV — 10 ns 3
Output hold times: tTKLDX 0 — ns 3

Notes:

1. The symbols used for timing specifications herein follow the pattern of tfirst 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, t;rpyk symbolizes JTAG
device timing (JT) with respect to the time data input signals (D) reaching the valid state (V) relative to the t 1 clock reference
(K) going to the high (H) state or setup time. Also, t;rpxkH symbolizes JTAG timing (JT) with respect to the time data input
signals (D) went invalid (X) relative to the t;rg clock reference (K) going to the high (H) state. Note that, in general, the clock
reference symbol representation is based on three letters representing the clock of a particular functional. For rise and fall
times, the latter convention is used with the appropriate letter: R (rise) or F (fall).

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

3.) 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.
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This figure provides the AC test load for TDO and the boundary-scan outputs.
OUtpUt *@ ZO =50 Q WOVDD/2
R =500

Figure 45. AC Test Load for the JTAG Interface

This figure provides the JTAG clock input timing diagram.

JTAG
External Clock

< Lt > Utar
VM = Midpoint Voltage (OVpp/2)
Figure 46. JTAG Clock Input Timing Diagram

This figure provides the TRST timing diagram.

TRST VM VM

< trRsT >|
VM = Midpoint Voltage (OVpp/2)
Figure 47. TRST Timing Diagram

This figure provides the boundary-scan timing diagram.

JTAG
External Clock N\ VM N VM
tTDVKH —>
. <— tyTDXKH
Boundary >< Input_ ><
Data Inputs ¥ < Data Valid >
< 1TKLDV
tyTkLDX —> —
Boundary .
Data Outputs Output Data Valid

VM = Midpoint Voltage (OVpp/2)
Figure 48. Boundary-Scan Timing Diagram

2.16 Serial ATA (SATA)

This section describes the DC and AC electrical specifications for the serial ATA (SATA) of the chip. Note that the external
cabled applications or long backplane applications (Genlx & Gen2x) are not supported.
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2.16.1 Requirements for SATA REF_CLK

The AC requirements for the SATA reference clock are listed in the following table.
Table 59. Reference Clock Input Requirements

Parameter Symbol Min Typical | Max Unit Notes
SD2_REF_CLK/_B reference clock cycle time tcLk_REF 100 — 150 MHz 1
SD2_REF_CLK/_B frequency tolerance toLk_ToL -350 0 +350 ppm —
SD_REF_CLK/_B rise/fall time (80%-20%) teLk_Rise/toLk FALL — — 1 ns —
SD_REF_CLK/_B duty cycle (@50% X2VDD) tcLk puTy 45 50 55 % —
SD_REF_CLK/_B cycle to cycle clock jitter (period jitter) toLk ¢y — — 100 ps —
SD_REF_CLK/_B phase jitter (peak-to-peak) toLk_py -50 — +50 ps 23

Note:

1. Only 100/125/150 MHz have been tested, other in between values will not work correctly with the rest of the system.
2. In a frequency band from 150 kHz to 15 MHz, at BER of 10E-12.
3. Total peak-to-peak deterministic jitter “Dj” should be less than or equal to 50 ps.

A A
Ref_CLK

|
|
|
€ - - - - - - >
|
|
|

Figure 49. Reference Clock Timing Waveform
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2.16.2 Differential Transmitter (TX) Output Characteristics

This table provides the differential transmitter (TX) output characteristics for the SATA interface.
Table 60. Differential Transmitter (TX) Output Characteristics

Parameter Symbol Min Typical Max Units Notes
Channel Speed —
1.5G tCH_SPEED —_— 1.5 —_— GbpS
3.0G 3.0
Unit Interval —
1.5G Tul 666.4333 666.4333 670.2333 ps
3.0G 333.2167 333.3333 335.1167
DC Coupled
Common Mode Vdc_cm 200 250 450 mV 3
Voltage
TX Diff Output Voltage —
1.5G VSATA?TXDlFF 400 500 600 mV
3.0G 400 — 700
TX rise/fall time —
1.5G tSATA_20-80TX 100 —_— 273 ps
3.0G 67 — 136
TX differential skew tSATA_TXSKEW —_— —_— 20 ps —
TX Differential pair —
impedance Z3ATA_TXDIFFIM ohm
1.5G 85 — 115
TX Single ended —
impedance ZSATA_TXSEIM ohm
1.5G 40 — —

TX AC common mode —
voltage (peak to peak)

1.5G VSATA_TXCMMOD — — — mV

3.0G — — 50

OOB Differential Delta VSATA_OOBVdOff —_ —_ 25 mV 1
0OOB Common mode VsaATA_0OBem — — 50 mV 1
Delta

TX Rise/Fall Imbalance TSATA?TXR/FbaI —_ —_ 20 % —_
TX Amplitude Imbalance | Tgata_TXampbal — — 10 % —
TX Differential Mode

Return loss

150 MHz - 300 MHz — — 14

300 MHz - 600 MHz — — 8 1,2
600 MHz - 1.2 GHz RLSATA?TXDD‘H —_ —_ 6 dB

1.2 GHz - 2.4 GHz 6

2.4 GHz - 3.0 GHz — — 3

3.0 GHz - 5.0 GHz — — 1
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Table 60. Differential Transmitter (TX) Output Characteristics (continued)

Parameter Symbol Min Typical Max Units Notes

TX Common Mode Return
loss
150 MHz - 300 MHz — — 5
300 MHz - 600 MHz — — 5 1,2
600 MHz - 1.2 GHz RLSATA_TXCC11 —_— —_— 2 dB
1.2GHz - 2.4 GHz
2.4 GHz - 3.0 GHz — — 2
3.0 GHz - 5.0 GHz — — 1

— — 1
TX Impedance Balance
150 MHz - 300 MHz — — 30
300 MHz - 600 MHz — — 20 1,2
600 MHz - 1.2 GHz — — 10 dB

RLgata TxDC11

1.2GHz-2.4 GHz
2.4 GHz - 3.0 GHz — — 10
3.0 GHz - 5.0 GHz — — 4

— — 4
Deterministic jitter —
1.5G Usata_TxDJ — — 0.18 Ul
3.0G 0.14
Total Jitter —
3.0G 0.32
Notes:

1. Only applies when operating in 3.0Gb data rate mode.
2. The max value stated for 3.0 GHz - 5.0 GHz range only applies to Gen2i mode and not to Gen2m mode.
3. Only applies to Gen1i mode.
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Differental = @Z=0Z0@Z- - — — X |- - — — — — — — — L N — — — — — — — — -
data lines
20% 20%
tSATA 20-80TXrise tSATA_20-80TXfall
X+ TX+
TX- TX-
t
t SAT_TXSKEW
SAT_TXSKEW > <
LATE (TX+ is late) EARLY (TX+ is early)
Figure 50. Signal Rise and Fall Times and Differential Skew
2.16.3 Differential Receiver (RX) Input Characteristics
This table provides the differential receiver (RX) input characteristics for the SATA interface.
Table 61. Differential Receiver (RX) Input Characteristics
Parameter Symbol Min Typical Max Units Notes
RX Differential Input
Voltage VsATA_RXDIFF 1
1.5G 240 400 600 mVp-p
3.0G 240 — 750
RX rise/fall time —
1.5G tSATAfZO-SOHX 100 —_— 273 ps
3.0G 67 — 136
RX Differential skew —
1.5G tSATA_RXSKEW — — —
3.0G — — 50 ps
RX Differential pair —
impedance
1.5G ZSATA_RXD|FF|M 85 — 115 ohm
RX Single-Ended —
impedance ZSATA_RXSEIM ohm
1.5G 40 — —
DC Coupled 5
Common Mode Vdc_em 200 250 450 mV
Voltage
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Table 61. Differential Receiver (RX) Input Characteristics (continued)

Parameter Symbol Min Typical Max Units Notes
RX Differential Mode 2,3
Return loss
150 MHz - 300 MHz — — 18
300 MHz - 600 MHz — — 14
600 MHz - 1.2 GHz RLSATA_RXDDﬂ —_— —_— 10 dB
1.2GHz-2.4 GHz
2.4 GHz - 3.0 GHz — — 8
3.0 GHz - 5.0 GHz — — 3
— — 1
RX Common Mode 2,3,4
Return loss
150 MHz - 300 MHz — — 5
300 MHz - 600 MHz — — 5
600 MHz - 1.2 GHz RLSATA_RXCC11 _— _— 2 dB
1.2GHz-2.4 GHz
2.4 GHz - 3.0 GHz — — 2
3.0 GHz - 5.0 GHz — — 2
— — 1
RX Impedance Balance 2,3
150 MHz - 300 MHz — — 30
300 MHz - 600 MHz — — 30
600 MHz - 1.2 GHz — — 20 dB
RLsaTa_RxDC11
1.2 GHz - 2.4 GHz
2.4 GHz - 3.0 GHz — — 10
3.0 GHz - 5.0 GHz — — 4
— — 4
Deterministic jitter —
3.0G 0.47
Total Jitter —
3.0G 0.65
Notes:

1. The min values apply only to Gen1m, and Gen2m. the min values for Gen1i is 325 mVp-p and for Gen2i is 275 mVp-p.
2. Only applies when operating in 3.0Gb data rate mode.

3. The max value stated for 3.0 GHz - 5.0 GHz range only applies to Gen2i mode and not to Gen2m mode.

4. The max value stated for 2.4 GHz - 3.0 GHz range only applies to Gen2i mode for Gen2m the value is 1.

5. Only applies to Gen1i mode.
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2.16.4 Out-of-Band (OOB) Electrical Characteristics
This table provides the Out-of-Band (OOB) electrical characteristics for the SATA interface of the chip.

Electrical Characteristics

Table 62. Out-of-Band (OOB) Electrical Characteristics

Parameter Symbol Min Typical Max Units Notes
OOB Signal Detection Threshold —
1.5G
3.0G VSATA_OOBDETE 50 100 200 mVp-p
75 125 200
Ul During OOB Signaling TsaTA UIOOB 646.67 666.67 686.67 ps —
COMINIT/ COMRESET and COMWAKE —
Transmit Burst Length TSATA_UIOOBTXB — 160 — ul
COMINIT/ COMRESET Transmit Gap Length TSATA_UlOOBTXG —
ap — 480 — ul

COMWAKE Transmit Gap Length TSATA_UIOOBTX —

WakeGap - 160 - Ul
COMWAKE Gap Detection Windows TsATA_0OBDet 55 — 175 ns —

WakeGap
COMINIT/ COMRESET TSATA_OOBDet 175 —_— 525 ns —
Gap Detection Windows COMGap
217 I1?C
This section describes the DC and AC electrical characteristics for the IC interfaces of the chip.
2.17.1 12C DC Electrical Characteristics
This table provides the DC electrical characteristics for the I2C interfaces.

Table 63. I2C DC Electrical Characteristics
At recommended operating conditions with OVpp of 3.3 V + 5%.
Parameter Symbol Min Max Unit Notes

Supply voltage 3.3 V OVpp 3.13 3.47 \Y —
Input high voltage level Viy 0.7 x OVpp OVpp + 0.3 \' —
Input low voltage level Vi -0.3 0.3 x OVpp \ —
Low level output voltage VoL 0 0.2 x OVpp \ 1
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Table 63. 12C DC Electrical Characteristics (continued)

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

Parameter Symbol Min Max Unit Notes
Pulse width of spikes which must be suppressed by the input | tjokHkL 0 50 ns 2
filter
Input current each 1/O pin (input voltage is between 0.1 x I -10 10 A 3
OVpp and 0.9 x OVpp(max)
Capacitance for each 1/0 pin C — 10 pF —
Notes:

1. Output voltage (open drain or open collector) condition = 3 mA sink current.
2. See the MPC8536E PowerQUICC Il Integrated Processor Reference Manual for information on the digital filter used.
3. I/0 pins will obstruct the SDA and SCL lines if OVpp is switched off.

2.17.2 I?C AC Electrical Specifications

This table provides the AC timing parameters for the I2C interfaces.
Table 64. I2C AC Electrical Specifications

All values refer to V| (min) and V|_(max) levels (see Table 63).

Parameter Symbol ' Min Max Unit Notes
SCL clock frequency floc 0 400 kHz —
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 tiosVKH 0.6 — us —
Hold time (repeated) START condition (after this period, the first tiosxkL 0.6 — us —
clock pulse is generated)
Data setup time tioDVKH 100 — ns —
Data hold time: tiopxKL us 2
CBUS compatible masters — —
I°C bus devices 0 —
Data output delay time tioovkL — 0.9 us 3
Set-up time for STOP condition tiopvKH 0.6 — us —
Rise time of both SDA and SCL signals tiocRr — 300 ns 4
Fall time of both SDA and SCL signals tiocE — 300 ns 4
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Table 64. 12C AC Electrical Specifications (continued)

All values refer to V| (min) and V|_(max) levels (see Table 63).

Parameter Symbol * Min Max Unit Notes
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 — \'% —
(including hysteresis)
Noise margin at the HIGH level for each connected device VNH 0.2 x OVpp — \Y —
(including hysteresis)

Note:

1.

The symbols used for timing specifications herein follow the pattern of t(irst 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, tiopyky symbolizes 1°C timing
(12) with respect to the time data input signals (D) reach the valid state (V) relative to the t|5¢ clock reference (K) going to the
high (H) state or setup time. Also, tjogxk. Symbolizes I°C timing (12) for the time that the data with respect to the start condition
(S) went invalid (X) relative to the t;o¢ clock reference (K) going to the low (L) state or hold time. Also, tjopykH Symbolizes 1’c
timing (12) for the time that the data with respect to the stop condition (P) reaching the valid state (V) relative to the t5¢ 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).

. As a transmitter, the chip provides a delay time of at least 300 ns for the SDA signal (referred to the Vihmin of the SCL signal)

to bridge the undefined region of the falling edge of SCL to avoid unintended generation of Start or Stop condition. When the
chip acts as the 1°C bus master while transmitting, the chip drives both SCL and SDA. As long as the load on SCL and SDA
are balanced, the chip would not cause unintended generation of Start or Stop condition. Therefore, the 300 ns SDA output
delay time is not a concern. For details of the 1’c frequency calculation, refer to Determining the Pc Frequency Divider Ratio
for SCL (AN2919). Note that the I2C Source Clock Frequency is half of the CCB clock frequency for the chip.

3. The maximum t;opykH has only to be met if the chip does not stretch the LOW period (tjo¢( ) of the SCL signal.
4. Cpg = capacitance of one bus line in pF.

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

oupt—{ ) z=s00 (M ——ovop2
R.=500

€L

Figure 51. I2C AC Test Load

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

soa MY/ ] K?J

L

—> (< tiocF — ti2DvKH tiokHKL tiocF 3 [<—
1 tocL tosxkL 3 - [<—
SCL
> tasxkL tiocH < tiasvkH ti2PVKH <~
s <— ti2DXKL, ti2ovKL Sr P s

Figure 52. I2C Bus AC Timing Diagram
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2.18 GPIO

This section describes the DC and AC electrical specifications for the GPIO interface of the chip.

2.18.1

GPIO DC Electrical Characteristics

This table provides the DC electrical characteristics for the GPIO interface.
Table 65. GPIO DC Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage Vi 2 OVpp + 0.3 \"
Low-level input voltage Vi -0.3 0.8 \%
Input current N — +5 pA
(VinT=0Vor Viy=Vpp,
High-level output voltage Von 2.4 — Vv
(OVpp = min, gy =—2 mA)
Low-level output voltage VoL — 0.4 \
(OVpp = min, lg, =2 mA)
Note:
1. The symbol V), in this case, represents the OV y symbol referenced in Table 1 and Table 2.
2.18.2 GPIO AC Electrical Specifications
This table provides the GPIO input and output AC timing specifications.
Table 66. GPIO Input and Output AC Timing Specifications1
Characteristic Symbol 2 Min Unit Notes
GPIO inputs—minimum pulse width tpiwiD 7.5 ns 3
GPIO outputs—minimum pulse width tgTowiD 12 ns —

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

2. 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 NS to ensure proper operation.

3. The minimum pulse width is a function of the MPX/Platform clock. The minimum pulse width must be greater than or equal
to 4 times the MPX/Platform clock period.

This figure provides the AC test load for the GPIO.

Output —€>

Zy=500

()—J\/\/;OVDD/Q
R, =50 0

L

Figure 53. GPIO AC Test Load
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2.19 PCI

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

2.19.1

PCI DC Electrical Characteristics

This table provides the DC electrical characteristics for the PCI interface.

Table 67. PCI DC Electrical Characteristics '

Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage ViH 2 OVpp + 0.3 \
Low-level input voltage Vi -0.3 0.8 \%
Input current N — +5 pA
(Vin2=0Vor Vy=Vpp)
High-level output voltage VoH 24 — Vv
(OVDD = min, IOH =-2 mA)
Low-level output voltage VoL — 0.4 \
(OVDD = min, IOL =2 mA)

Notes:

1. Ranges listed do not meet the full range of the DC specifications of the PCI 2.2 Local Bus Specifications.

2. The symbol V|, in this case, represents the OV y symbol referenced in Table 1 and Table 2.

2.19.2 PCI AC Electrical Specifications

This section describes the general AC timing parameters of the PCI bus. Note that the SYSCLK signal is used as the PCI input

clock. This table provides the PCI AC timing specifications at 66 MHz.

Table 68. PCI AC Timing Specifications at 66 MHz

Parameter Symbol ' Min Max Unit Notes

SYSCLK to output valid tpckHOV — 6.0 ns 2,3
Output hold from SYSCLK tpckHOX 2.0 — ns 2

SYSCLK to output high impedance tpckHOZ — 14 ns 2,4
Input setup to SYSCLK tpcIvVKH 3.0 — ns 2,5
Input hold from SYSCLK tPCIXKH 0 — ns 2,5
REQ64 to HRESET ? setup time thCRVRH 10 x tgyg — clocks 6,7
HRESET to REQ64 hold time tPCRHRX 0 50 ns 7
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Table 68. PCI AC Timing Specifications at 66 MHz (continued)

Parameter Symbol 1 Min Max Unit Notes
HRESET high to first FRAME assertion tpcRHEY 10 — clocks 8
Rise time (20%—80%) tPCICLK 0.6 2.1 ns —
Failing time (20%—80%) tPCICLK 0.6 21 ns —

Notes:

1.

The symbols used for timing specifications herein follow the pattern of t it 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, tpc|ykH symbolizes PCI timing
(PC) with respect to the time the input signals (I) reach the valid state (V) relative to the SYSCLK clock, tgyg, reference (K)
going to the high (H) state or setup time. Also, tpcryry Symbolizes PCI timing (PC) with respect to the time hard reset (R) went
high (H) relative to the frame signal (F) going to the valid (V) state.

. See the timing measurement conditions in the PCI 2.2 Local Bus Specifications.
. All PCI signals are measured from OVpp/2 of the rising edge of PCI_SYNC_IN to 0.4 x OVpp of the signal in question for 3.3-V

PCI signaling levels.

. For purposes of active/float timing measurements, the Hi-Z or off state is defined to be when the total current delivered through

the component pin is less than or equal to the leakage current specification.

. Input timings are measured at the pin.
. The timing parameter tgyg indicates the minimum and maximum CLK cycle times for the various specified frequencies. The

system clock period must be kept within the minimum and maximum defined ranges. For values see Section 22, “Clocking.”

. The setup and hold time is with respect to the rising edge of HRESET.
. The timing parameter tpcryry is @ minimum of 10 clocks rather than the minimum of 5 clocks in the PCI 2.2 Local Bus

Specifications.

. The reset assertion timing requirement for HRESET is 100 ps.

This figure provides the AC test load for PCI.

Output —{) Zy=500 <>_\/\/\A_OVDD/2
R, =50 O

L

Figure 54. PCI AC Test Load

This figure shows the PCI input AC timing conditions.

CLK

tecivkH —>
tpcixkH

Input

Figure 55. PCI Input AC Timing Measurement Conditions
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This figure shows the PCI output AC timing conditions.

o N\

—> tpckHoOV

Output Delay

<— tpckHOZ —>

High-Impedance
Output

Figure 56. PCI Output AC Timing Measurement Condition

2.20 High-Speed Serial Interfaces

This chip features two Serializer/Deserializer (SerDes) interfaces to be used for high-speed serial interconnect applications. The
SerDesl interface is dedicated for PCI Express data transfers. The SerDes2 can be used for SGMII or SATA.

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

2.20.1 Signal Terms Definition

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

Figure 57 shows how the signals are defined. For illustration purposes, only one SerDes lane is used for description. The figure
shows waveform for either a transmitter output (SDn_TX and SDn_TX) or a receiver input (SDn_RX and SDn_RX). Each
signal swings between A Volts and B Volts where A > B.

Using this waveform, the definitions are as follows. To simplify illustration, the following definitions assume that the SerDes
transmitter and receiver operate in a fully symmetrical differential signaling environment.
1. Single-Ended Swing
The transmitter output signals and the receiver input signals SDn_TX, SDn_TX, SDn RX and SDn_RX each have a
peak-to-peak swing of A - B Volts. This is also referred as each signal wire’s Single-Ended Swing.
2. Differential Output Voltage, Vg, (or Differential Output Swing):
The Differential Output Voltage (or Swing) of the transmitter, Vp, is defined as the difference of the two complimentary output
voltages: Vgpn 1x - Vspn Tx. The Vop value can be either positive or negative.
3. Differential Input Voltage, Vi, (or Differential Input Swing):
The Differential Input Voltage (or Swing) of the receiver, Vip, is defined as the difference of the two complimentary input
voltages: Vgp, rx - Vspn rx. The Vip value can be either positive or negative.
4. Differential Peak Voltage, Vppp,
The peak value of the differential transmitter output signal or the differential receiver input signal is defined as Differential Peak
Voltage, Vpirgp = |A - B| Volts.
5. Differential Peak-to-Peak, Vpppp

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, Vpippp.p = 2*Vpippp =
2 *|(A - B)| Volts, which is twice of differential swing in amplitude, or twice of the differential
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peak. For example, the output differential peak-peak voltage can also be calculated as Vrx_pirpp-p
=2*Vopl-
6. Common Mode Voltage, V.,

The Common Mode Voltage is equal to one half of the sum of the voltages between each conductor of a balanced interchange
circuit and ground. In this example, for SerDes output, Vo out = Vspn Tx T VspDn T = (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 be even different between the receiver input and driver output
circuits within the same component. It is also referred as the DC offset in some occasion.

SDn_TX or
SDn_RX
A Volts - — -
______ -Vem=(A+B)/2
SDn_TX or
SDn_RX
BVolts - — -

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

Differential Peak-Peak Voltage, Vprrpp = 2*Vp)rFp (N0t shown)

Figure 57. Differential Voltage Definitions for Transmitter or Receiver

To illustrate these definitions using real values, consider the case of a CML (Current Mode Logic) transmitter that has a common
mode voltage of 2.25 V and each of its outputs, TD and TD, has a swing that goes between 2.5V and 2.0V. Using these values,
the peak-to-peak voltage swing of each signal (TD or TD) is 500 mV p-p, which is referred 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 (Vp) has the same amplitude as each signal’s single-ended swing. The differential output signal ranges between 500
mV and —500 mV, in other words, Vqp is 500 mV in one phase and —500 mV in the other phase. The peak differential voltage
(Vpirrp) is 500 mV. The peak-to-peak differential voltage (Vpiggp.-p) is 1000 mV p-p.

2.20.2 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 clocks for PCI Express are SD1_REF CLK and, SD1 _REF CLK. The SerDes reference
clocks for the SATA and SGMII interfaces are SD2 REF CLK and, SD2 REF CLK.

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

2.20.2.1 SerDes Reference Clock Receiver Characteristics

Figure 58 shows a receiver reference diagram of the SerDes reference clocks.
*  The supply voltage requirements for X2V are specified in Table 2 and Table 3.
e SerDes Reference Clock Receiver Reference Circuit Structure

— The SDn_REF CLK and SDn REF CLK are internally AC-coupled differential inputs as shown in Figure 58.
Each differential clock input (SDn_REF CLK or SDn REF CLK) has a 50-Q termination to SGND (xcorevss)
followed by on-chip AC-coupling.
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— The external reference clock driver must be able to drive this termination.

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

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

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

— This current limitation sets the maximum common mode input voltage to be less than 0.4 V (0.4 V/50 = 8 mA)
while the minimum common mode input level is 0.1V above SnGND (xcorevss). 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 OmA to 16mA
(0-0.8 V), such that each phase of the differential input has a single-ended swing from 0 V to 800mV with the
common mode voltage at 400mV.

— If the device driving the SD» REF CLK and SDz»_REF CLK inputs cannot drive 50 Q to SnGND (xcorevss)
DC, or it exceeds the maximum input current limitations, then it must be AC-coupled off-chip.

*  The input amplitude requirement
— This requirement is described in detail in the following sections.

7

50 Q
i H

SDn_REF_CLK '_c
50 Q

Figure 58. Receiver of SerDes Reference Clocks

SDn_REF_CLK [X

Input
Amp
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2.20.2.2 DC Level Requirement for SerDes Reference Clocks

The DC level requirement for the chip’s SerDes reference clock inputs is different depending on the signaling mode used to
connect the clock driver chip and SerDes reference clock inputs as described below.

e Differential Mode

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

— For external DC-coupled connection, as described in Section 2.20.2.1, “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 59 shows the SerDes reference clock input requirement
for DC-coupled connection scheme.

— For external AC-coupled connection, there is no common mode voltage requirement for the clock driver. Since
the external AC-coupling capacitor blocks the DC level, the clock driver and the SerDes reference clock receiver
operate in different command mode voltages. The SerDes reference clock receiver in this connection scheme has
its common mode voltage set to SnGND. Each signal wire of the differential inputs is allowed to swing below and
above the command mode voltage (SnGND). Figure 60 shows the SerDes reference clock input requirement for
AC-coupled connection scheme.

*  Single-ended Mode
— The reference clock can also be single-ended. The SDn_REF CLK input amplitude (single-ended swing) must be

between 400mV and 800mV peak-peak (from Vmin to Vmax) with SDn REF CLK either left unconnected or
tied to ground.

— The SDn_REF CLK input average voltage must be between 200 and 400 mV. Figure 61 shows the SerDes
reference clock input requirement for single-ended signaling mode.

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

200 mV < Input Amplitude or Differential Peak < 800 mV

SDn_REF_CLK / Vinax < 800 mV.
4/ 100 mV < Vem < 400 mV
SDn_REF_CLK Vmin>0V

Figure 59. Differential Reference Clock Input DC Requirements (External DC-Coupled)
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200mV < Input Amplitude or Differential Peak < 800 mV
SDn_REF_CLK /

4/ Vem

Vmax < Vem + 400 mV

SDn_REF_CLK Vmin > Vem — 400 mV
Figure 60. Differential Reference Clock Input DC Requirements (External AC-Coupled)

400 mV < SDn_REF_CLK Input Amplitude < 800 mV

L/

SDn_REF_CLK

SDn_REF_CLK
Figure 61. Single-Ended Reference Clock Input DC Requirements

2.20.2.3 Interfacing With Other Differential Signaling Levels

With on-chip termination to SnGND (xcorevss), the differential reference clocks inputs are HCSL (High-Speed Current
Steering Logic) compatible DC-coupled.

Many other low voltage differential type outputs like LVDS (Low Voltage Differential Signaling) can be used but may need to
be AC-coupled due to the limited common mode input range allowed (100 to 400 mV) for DC-coupled connection.

LVPECL (Low Voltage Positive Emitter-Coupled Logic) outputs can produce signal with too large amplitude and may need to
be DC-biased at clock driver output first, then followed with series attenuation resistor to reduce the amplitude, in addition to
AC-coupling.

NOTE

Figure 62 to Figure 65 below are for conceptual reference only. Due to the fact that clock
driver chip's internal structure, output impedance and termination requirements are
different between various clock driver chip manufacturers, it is very possible that the clock
circuit reference designs provided by clock driver chip vendor are different from what is
shown below. They might also vary from one vendor to the other. Therefore, Freescale
Semiconductor can neither provide the optimal clock driver reference circuits, nor
guarantee the correctness of the following clock driver connection reference circuits. The
system designer is recommended to contact the selected clock driver chip vendor for the
optimal reference circuits with the chip’s SerDes reference clock receiver requirement
provided in this document.
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This figure shows the SerDes reference clock connection reference circuits for HCSL type clock driver. It assumes that the DC
levels of the clock driver chip is compatible with chip’s SerDes reference clock input’s DC requirement.

——————— r— - - - — — — — — — — — 7
r A |
| HCSL CLK Driver Chip ! | Z}
| |
50Q
SDn_|REF_CLK
CLK_Out 330 % )
& ' e

/

Clock Driver

|

|

|

| |
| |
| SerDes Refer. |
| CLK Receiver |
| |
|

|

|

|

|

330 \

N B
CLK_Out Out SDn_REF_CLK
N 50 Q
| | %7
|
|

CIock driver vendor dependent

source termination resistor
Total 50 Q. Assume clock drlver s Lo i

output impedance is about 16 Q.

|
|
|
I 100 Q differential PWB trace
|
|
|
|

Figure 62. DC-Coupled Differential Connection with HCSL Clock Driver (Reference Only)

This figure shows the SerDes reference clock connection reference circuits for LVDS type clock driver. Since LVDS clock
driver’s common mode voltage is higher than the chip’s SerDes reference clock input’s allowed range (100 to 400mV),
AC-coupled connection scheme must be used. It assumes the LVDS output driver features 50-Q termination resistor. It also
assumes that the LVDS transmitter establishes its own common mode level without relying on the receiver or other external
component.

——————— e |
r A |
| LVDS CLK Driver Chip | Z}
|
50 Q
CLK Out | 10nF SDn_REF_CLK %
| 7 L 5 I

|

|

|

|

|

. SerDes Refer. |
Clock Driver CLK Receiver |
|

|

|

|

|

Sa

|

|
| |
| |
| | |
| | 100 Q differential PWB trace |
| | |
| | |
| |
| |
| |
| |

] ‘_Q
5 A SDn_REF_CLK
CLK_Out n_| _
10 nF | 50 Q
v
|
Lo — — — — — | Lo |

Figure 63. AC-Coupled Differential Connection with LVDS Clock Driver (Reference Only)
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This figure shows the SerDes reference clock connection reference circuits for LVPECL type clock driver. Since LVPECL
driver’s DC levels (both common mode voltages and output swing) are incompatible with chip’s SerDes reference clock input’s
DC requirement, AC-coupling has to be used. This figure assumes that the LVPECL clock driver’s output impedance is S0Q.
R1 is used to DC-bias the LVPECL outputs prior to AC-coupling. Its value could be ranged from 140Q to 240Q depending on
clock driver vendor’s requirement. R2 is used together with the SerDes reference clock receiver’s 50-Q termination resistor to
attenuate the LVPECL output’s differential peak level such that it meets the chip’s SerDes reference clock’s differential input
amplitude requirement (between 200mV and 800mV differential peak). For example, if the LVPECL output’s differential peak
is 900mV and the desired SerDes reference clock input amplitude is selected as 600mV, the attenuation factor is 0.67, which
requires R2 =25Q. Please consult clock driver chip manufacturer to verify whether this connection scheme is compatible with
a particular clock driver chip.

r— - - — — — — A r-— - —- - - — — — — 9
| LVPECL CLK | | Z} |
| Driver Chip | | |
50 Q
| CLK_Out | Ro 1onE SDnIREF_CLK % |
| |
| | e |
I | |
i I SerDes Refer. |
I Slock brver | CLK Receiver |
10 nF
| R2 , | | |
| | _IL I I—O |
CLK_Out SDn_REF_CLK
| R1 L 50 Q |
I | %7 |
Lo 1 | |
Lo N

Figure 64. AC-Coupled Differential Connection with LVPECL Clock Driver (Reference Only)

This figure shows the SerDes reference clock connection reference circuits for a single-ended clock driver. It assumes the DC
levels of the clock driver are compatible with chip’s SerDes reference clock input’s DC requirement.

r—- - — — — — 9 r——— - - - - - - - — — A
| Single-Ended | | |
| CLK Driver Chip | | |
| Total 50 Q. Assume clock driver's | |
| | output impedance is about 16 Q. | |
| | - SDnJREF_CLK % 500 |
33Q

| | Clock Driver H— A | < | |

| |
I chiou I 100 Qﬁ:ntial PWB trace | SerDes Refer. |
| | | CLK Receiver |

| |
I | . |

—X | I*O I
I | SDnREF_CLK |
I | 50 Q | 50 Q |
I I | %7 |

Figure 65. Single-Ended Connection (Reference Only)
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2.20.2.4 AC Requirements for SerDes Reference Clocks

The clock driver selected should provide a high quality reference clock with low phase noise and cycle-to-cycle jitter. Phase
noise less than 100KHz can be tracked by the PLL and data recovery loops and is less of a problem. Phase noise above 15MHz
is filtered by the PLL. The most problematic phase noise occurs in the 1-15MHz range. The source impedance of the clock
driver should be 50 ohms to match the transmission line and reduce reflections which are a source of noise to the system.

This table describes some AC parameters common to SGMII and PCI Express protocols.

Table 69. SerDes Reference Clock Common AC Parameters
At recommended operating conditions with XVpp srps1 0f XVpp_sppsz = 1.0V + 5%.

Parameter Symbol Min Max Unit Notes
Rising Edge Rate Rise Edge Rate 1.0 4.0 V/ns 2,3
Falling Edge Rate Fall Edge Rate 1.0 4.0 V/ns 2,3
Differential Input High Voltage V4 +200 — mV 2
Differential Input Low Voltage Vi — -200 mV 2
Rising edge rate (SDn_REF_CLK) to falling edge rate Rise-Fall — 20 % 1,4
(SDn_REF_CLK) matching Matching

Notes:
1. Measurement taken from single ended waveform.
2. Measurement taken from differential waveform.

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 66.

4. Matching applies to rising edge rate for SDn_REF_CLK and falling edge rate for SDn_REF_CLK. It is measured using a 200
mV window centered on the median cross point where SDn_REF_CLK rising meets SDn_REF_CLK falling. The median cross
point is used to calculate the voltage thresholds the oscilloscope is to use 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 67.

Rise Edge Rate Fall Edge Rate

V|H =+200mvV _ _ _ L _ _JI _ _ _ N _ _ _ _ N
ooV - — — — S - — - — — — — — -
V||_=—200mV - - = - - - - - - - - - — — — _ — — -

SDn_REF_CLK —
SDnﬁREFiCLK | | | |

Figure 66. Differential Measurement Points for Rise and Fall Time
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Tealr  Trise

SDn_REF_CLK SDn_REF_CLK

VcRross MeDiaN + 100 mV

VcrossMEDIAN = — — » {(— — — — - VCROSS MEDIAN

VcRross Mepian — 100 mV

SDn_REF_CLK SDn_REF_CLK

Figure 67. Single-Ended Measurement Points for Rise and Fall Time Matching

The other detailed AC requirements of the SerDes Reference Clocks is defined by each interface protocol based on application
usage. See the following sections for detailed information:

*  Section 2.9.3.2, “AC Requirements for SGMII SD2 REF CLK and SD2 REF CLK”
*  Section 2.21.2, “AC Requirements for PCI Express SerDes Clocks”

2.20.2.4.1 Spread Spectrum Clock

SD1_REF CLK/SD1 REF CLK were designed to work with a spread spectrum clock (+0 to -0.5% spreading at 30-33 kHz
rate is allowed), assuming both ends have same reference clock. For better results, a source without significant unintended
modulation should be used.

SD2 REF _CLK/SD2 REF CLK are not intended to be used with, and should not be clocked by, a spread spectrum clock
source.

2.20.3 SerDes Transmitter and Receiver Reference Circuits

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

SD1_TXnor SD1_RXn or
SD2_RXn
50 0 SD2_TXn _
NN— X
Transmitter Receiver

50 Q
NN

SD1_TXn or SD1 RXn or

SD2_TXn SD2_RXn

Figure 68. SerDes Transmitter and Receiver Reference Circuits

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

e Section 2.9.3, “SGMII Interface Electrical Characteristics”
e Section 2.21, “PCI Express”
*  Section 2.16, “Serial ATA (SATA)”

Please note that external AC Coupling capacitor is required for the above three serial transmission protocols with the capacitor
value defined in specification of each protocol section.
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2.21 PCI Express

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

2.21.1 DC Requirements for PCI Express SD1_REF_CLK and
SD1_REF_CLK

For more information, see Section 2.20.2, “SerDes Reference Clocks.”

2.21.2 AC Requirements for PCl Express SerDes Clocks

This table lists AC requirements.
Table 70. SD1_REF_CLK and SD1_REF_CLK AC Requirements

Symbol Parameter Description Min Typical | Max Units Notes
trep |REFCLK cycle time — 10 — ns 1
trercy |REFCLK cycle-to-cycle jitter. Difference in the period of any two — — 100 ps —

adjacent REFCLK cycles
treppy | Phase jitter. Deviation in edge location with respect to mean edge | —50 — 50 ps 1,2,3
location
Notes:

1. Tj at BER of 10E-6 86 ps Max.
2. Total peak-to-peak deterministic jitter “Dj” should be less than or equal to 42 ps.
3. Limits from “PCI Express CEM Rev 2.0” and measured per “PCI Express Rj, D, and Bit Error Rates”.

2.21.3 Clocking Dependencies

The ports on the two ends of a link must transmit data at a rate that is within 600 parts per million 15 (ppm) of each other at all

times. This is specified to allow bit rate clock sources with a +/— 300 ppm tolerance.

2.21.4 Physical Layer Specifications

The following is a summary of the specifications for the physical layer of PCI Express on this chip. For further details as well
as the specifications of the transport and data link layer, please use the PCI Express Base Specification. REV. 1.0a document.

2.21.4.1 Differential Transmitter (TX) Output

This table defines the specifications for the differential output at all transmitters (TXs). The parameters are specified at the

component pins.
Table 71. Differential Transmitter (TX) Output Specifications

Symbol Parameter Min | Nom | Max | Units Comments

1.

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

Peak-to-Peak
Output Voltage

VTX-D|FFp-p Differential 0.8 —_— 1.2 \ VTX-D|FFp-p = 2*|VTX-D+ - VTX-D—' See Note 2.
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Table 71. Differential Transmitter (TX) Output Specifications (continued)

Symbol Parameter Min | Nom | Max | Units Comments
V1x-DE-RATIO De- Emphasized -3.0 | -3.5 | -4.0 | dB |Ratio of the Vry_prrp.p Of the second and following
Differential Output bits after a transition divided by the Vrx_p|rrp-p Of the
Voltage (Ratio) first bit after a transition. See Note 2.
Trx-EYE Minimum TX Eye | 0.70 — — Ul |The maximum Transmitter jitter can be derived as
Width Trx-max-JiTTER = 1 = Trx-EYE= 0.3 UL
See Notes 2 and 3.
TTX-EYE-MEDIAN-to- Maximum time — — 0.15 Ul |Jitter is defined as the measurement variation of the
MAX-JITTER between the jitter crossing points (V1x_pirrp-p = 0 V) in relation to a
median and recovered TX Ul. A recovered TX Ul is calculated over
maximum 3500 consecutive unit intervals of sample data. Jitter
deviation from the is measured using all edges of the 250 consecutive Ul
median. in the center of the 3500 Ul used for calculating the TX
Ul. See Notes 2 and 3.
TTX-F‘NSE’ TTX-FALL D+/D- TX Output 0.125 — — ul See Notes 2 and 5
Rise/Fall Time
VTx-cM-ACp RMS AC Peak — — 20 | mV |Vrx.com-acp = RMS(IVrxp, +Vrxp-l2 - V1x-cm-pe)
Common Mode VTX—CM—DC = DC(an) of lVTX—D+ +VTX-D—|/2
Output Voltage See Note 2
Vrx-cm-pc-AcTIVE-  |Absolute Delta of 0 — 100 | mV |IV1x.cM-DC (during L0) = VTX-CM-Idie-DC (During Electrical
IDLE-DELTA DC Common Idle)|<=100 mV
Mode Voltage VTX-CM-DC = DC(an) of lVTX-D+ +VTX-D-|/2 [LO]
During LO and VTX-CM-IdIe-DC = DC(an) of lVTX-D+ + VTX-D-|/2
Electrical Idle [Electrical Idle]
See Note 2.
VTx-cM-DC-LINE-DELTA |Absolute Delta of 0 — 25 | mV |IVrx.cm-pc-p+ — Vx-om-pe-D- <=25 mV
DC Common VTX-CM-DC-D+ = DC(an) of lVTX-D+|
Mode between D+ VTX-CM-DC-D- = DC(an) of lVTX-D-l
and D- See Note 2.
VTX-IDLE-DIFFp Electrical Idle 0 - 20 | mV \VrxipLe-DiFFp = IV1x-IDLE-D+ -VTX-IDLE-D-| <=20 mV
differential Peak See Note 2.
Output Voltage
V1x-RCV-DETECT The amount of — — 600 | mV |The total amount of voltage change that a transmitter
voltage change can apply to sense whether a low impedance
allowed during Receiver is present. See Note 6.
Receiver Detection
V1x.De-cm The TXDC 0 — 3.6 V | The allowed DC Common Mode voltage under any
Common Mode conditions. See Note 6.
Voltage
lTx-SHORT TX Short Circuit — — 90 mA | The total current the Transmitter can provide when
Current Limit shorted to its ground
TIX-IDLE-MIN Minimum time 50 — — Ul [Minimum time a Transmitter must be in Electrical Idle

spent in Electrical
Idle

Utilized by the Receiver to start looking for an
Electrical Idle Exit after successfully receiving an
Electrical |dle ordered set
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Table 71. Differential Transmitter (TX) Output Specifications (continued)

Symbol Parameter Min | Nom | Max | Units Comments

T1x-DLE-SET-TO-IDLE | Maximum time to — — 20 Ul |After sending an Electrical Idle ordered set, the
transition to a valid Transmitter must meet all Electrical Idle Specifications
electrical idle after within this time. This is considered a debounce time
sending an for the Transmitter to meet Electrical Idle after
electrical ldle transitioning from LO.
ordered set

T1x-IDLE-TO-DIFF-DATA |Maximum time to — — 20 Ul |Maximum time to meet all TX specifications when
transition to valid transitioning from Electrical Idle to sending differential
TX specifications data. This is considered a debounce time for the TX to
after leaving an meet all TX specifications after leaving Electrical Idle
electrical idle
condition

RLrx-piFe Differential Return | 12 — — dB |Measured over 50 MHz to 1.25 GHz. See Note 4
Loss

RLrx.cm Common Mode 6 — — dB |Measured over 50 MHz to 1.25 GHz. See Note 4
Return Loss

ZTX-DIFF-DC DC Differential TX | 80 100 120 Q | TX DC Differential mode Low Impedance
Impedance

Z1x-DC Transmitter DC 40 — — Q |Required TX D+ as well as D- DC Impedance during
Impedance all states

Lrx-skew Lane-to-Lane — — | 500+ | ps |Static skew between anytwo Transmitter Lanes within
Output Skew 2Ul a single Link

Crx AC Coupling 75 — 200 nF | All Transmitters shall be AC coupled. The AC coupling
Capacitor is required either within the media or within the

transmitting component itself. See Note 8.

Terosslink Crosslink Random 0 — 1 ms |This random timeout helps resolve conflicts in

Timeout crosslink configuration by eventually resulting in only
one Downstream and one Upstream Port. See Note 7.
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 52 and measured over
any 250 consecutive TX Uls. (Also refer to the transmitter compliance eye diagram shown in Figure 50)

3. A Trx.gye = 0.70 Ul provides for a total sum of deterministic and random jitter budget of Ttyx_jrTER-MAX = 0-30 Ul for the

Transmitter collected over any 250 consecutive TX Uls. The T1x_pye-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. The Transmitter input impedance shall result in a differential return loss greater than or equal to 12 dB and a common mode
return loss greater than or equal to 6 dB over a frequency range of 50 MHz to 1.25 GHz. This input impedance requirement
applies to all valid input levels. The reference impedance for return loss measurements is 50 ohms to ground for both the D+
and D- line (that is, as measured by a Vector Network Analyzer with 50 ohm probes—see Figure 52). Note that the series
capacitors Cty is optional for the return loss measurement.

. Measured between 20-80% at transmitter package pins into a test load as shown in Figure 52 for both V1y_p, and Vyy_p..
. See Section 4.3.1.8 of the PCI Express Base Specifications Rev 1.0a

. See Section 4.2.6.3 of the PCI Express Base Specifications Rev 1.0a

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

o N o o
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2.21.4.2 Transmitter Compliance Eye Diagrams

The TX eye diagram in Figure 69 is specified using the passive compliance/test measurement load (see Figure 71) in place of
any real PCI Express interconnect + RX component.

There are two eye diagrams that must be met for the transmitter. Both eye diagrams must be aligned in time using the jitter
median to locate the center of the eye diagram. The different eye diagrams will differ in voltage depending whether it is a
transition bit or a de-emphasized bit. The exact reduced voltage level of the de-emphasized bit will always be relative to the
transition bit.

The eye diagram must be valid for any 250 consecutive Uls.

A recovered TX Ul is calculated over 3500 consecutive unit intervals of sample data. The eye diagram is created using all edges
of the 250 consecutive Ul in the center of the 3500 UI used for calculating the TX UI.

NOTE

It is 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 (that is,
least squares and median deviation fits).

VRx-piFF = 0 mV - . Vrx-piFF =0 mV
(D+ D- Crossing Point) . ) < (D+ D- Crossing Point)
[Transition Bit] \

+" VIx-DIFFp-p-MIN =800 mV "

7

[De-Emphasized Bit]
566 mV (3 dB ) >= VTX—DIFFp—p—MIN >= 505 mV (4 dB )

N

E—0.07 Ul=Ul-0.3 Ul (JTX-TOTAL—MAX)/

/s
. \
|
. |
|

. [Transition Bit] )
VTx-DIFFp-p-MiN = 800 mV,

Figure 69. Minimum Transmitter Timing and Voltage Output Compliance Specifications
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2.21.4.3

Differential Receiver (RX) Input Specifications

This table defines the specifications for the differential input at all receivers (RXs). The parameters are specified at the

component pins.

Table 72. Differential Receiver (RX) Input Specifications

Symbol Parameter Min Nom Max Units Comments
Ul Unit Interval 399.8 400 400.12 ps Each Ul is 400 ps + 300 ppm. Ul does not
8 account for Spread Spectrum Clock dictated
variations. See Note 1.
VRX—D|FFp-p Differential 0.175 —_— 1.200 V VRX—D|FFp—p = 2*|VRX—D+ - VRX-D—'
Peak-to-Peak See Note 2.
Output Voltage
TRX-EYE Minimum 0.4 — — ul The maximum interconnect media and
Receiver Eye Transmitter jitter that can be tolerated by the
Width Receiver can be derived as Trx.MAX-JITTER =
See Notes 2 and 3.
TRX-EYE-MEDIAN-to-MAX | Maximum time — — 0.3 ul Jitter is defined as the measurement variation
JITTER between the jitter of the crossing points (Vrx.pirrp-p = 0 V) in
median and relation to a recovered TX Ul. A recovered TX
maximum Ul is calculated over 3500 consecutive unit
deviation from intervals of sample data. Jitter is measured
the median. using all edges of the 250 consecutive Ul in
the center of the 3500 Ul used for calculating
the TX Ul. See Notes 2, 3 and 7.
VRx-CM-ACp AC Peak — — 150 mV  |Vex.cm-acp = VRxp+ = VRxD-12 +VRx-cm-Dc
Common Mode VRX-CM-DC = DC(an) of lVRX-D+ +VRX-D-|/2
Input Voltage See Note 2
RLRx-DIFF Differential 15 — — dB  |Measured over 50 MHz to 1.25 GHz with the
Return Loss D+ and D- lines biased at +300 mV and -300
mV, respectively.
See Note 4
RLrx-cm Common Mode 6 — — dB Measured over 50 MHz to 1.25 GHz with the
Return Loss D+ and D- lines biased at 0 V. See Note 4
ZRX-DIFF-DC DC Differential 80 100 120 Q RX DC Differential mode impedance. See
Input Impedance Note 5
Zrx-DC DC Input 40 50 60 Q Required RX D+ as well as D- DC Impedance
Impedance (50 + 20% tolerance). See Notes 2 and 5.
ZRX-HIGH-IMP-DC Powered Down | 200 k — — Q Required RX D+ as well as D-DC
DC Input Impedance when the Receiver terminations
Impedance do not have power. See Note 6.
VRX-IDLE-DET-DIFFp-p | Electrical ldle 65 — 175 mV | VRx.DLE-DET-DIFFp-p = 2" IVRx-D+ —VRx-D-!
Detect Threshold Measured at the package pins of the Receiver
TRX—IDLE—DET—DIFF— Unexpected — — 10 ms An unexpected Electrical Idle (VRX—DIFFp—p <

Electrical Idle

ENTERTIME VRX-IDLE-DET-DIFFp-p) Must be recognized no
Enter Detect Ionger than TRX-IDLE-DET—DlFF-ENTERING to
Threshold signal an unexpected idle condition.
Integration Time
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Table 72. Differential Receiver (RX) Input Specifications (continued)

Symbol Parameter Min Nom Max Units Comments

Lrx-skew Total Skew — — 20 ns Skew across all lanes on a Link. This includes
variation in the length of SKP ordered set (for
example, COM and one to five Symbols) at
the RX as well as any delay differences
arising from the interconnect itself.

Notes:

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

2. Specified at the measurement point and measured over any 250 consecutive Uls. The test load in Figure 71 should be used
as the RX device when taking measurements (also refer to the Receiver compliance eye diagram shown in Figure 70). If the
clocks to the RX and TX are not derived from the same reference clock, the TX Ul recovered from 3500 consecutive Ul must
be used as a reference for the eye diagram.

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

4. The Receiver input impedance shall result in a differential return loss greater than or equal to 15 dB with the D+ line biased to
300 mV and the D- line biased to -300 mV and a common mode return loss greater than or equal to 6 dB (no bias required)
over a frequency range of 50 MHz to 1.25 GHz. This input impedance requirement applies to all valid input levels. The
reference impedance for return loss measurements for is 50 ohms to ground for both the D+ and D- line (that is, as measured
by a Vector Network Analyzer with 50 ohm probes - see Figure 71). Note: that the series capacitors CTX is optional for the
return loss measurement.

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

6. 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.

7. 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.

2.22 Receiver Compliance Eye Diagrams

The RX eye diagram in Figure 70 is specified using the passive compliance/test measurement load (see Figure 71) in place of
any real PCI Express RX component.

Note: In general, the minimum Receiver eye diagram measured with the compliance/test measurement load (see Figure 71) will
be larger than the minimum Receiver eye diagram measured over a range of systems at the input Receiver of any real PCI
Express component. The degraded eye diagram at the input Receiver is due to traces internal to the package as well as silicon
parasitic characteristics which cause the real PCI Express component to vary in impedance from the compliance/test
measurement load. The input Receiver eye diagram is implementation specific and is not specified. RX component designer
should provide additional margin to adequately compensate for the degraded minimum Receiver eye diagram (shown in
Figure 70) expected at the input Receiver based on some adequate combination of system simulations and the Return Loss
measured looking into the RX package and silicon. The RX eye diagram must be aligned in time using the jitter median to locate
the center of the eye diagram.

The eye diagram must be valid for any 250 consecutive Uls.
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A recovered TX Ul is calculated over 3500 consecutive unit intervals of sample data. The eye diagram is created using all edges
of the 250 consecutive Ul in the center of the 3500 UI used for calculating the TX UL

NOTE

The reference impedance for return loss measurements is 50. to ground for both the D+ and
D- line (that is, as measured by a Vector Network Analyzer with 50. probes—see

Figure 71). Note that the series capacitors, CTX, are optional for the return loss
measurement.

VRx-piFF = 0 mV VRx-pDiFF =0 mV
(D+, D— Crossing Point (D+, D— Crossing Point

VRx-DIFFp-p-MIN > 175 MV

|
<<
I%

0.4 Ul = Tex-gvE-MIN >

Figure 70. Minimum Receiver Eye Timing and Voltage Compliance Specification

2.22.1 Compliance Test and Measurement Load

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

NOTE

The allowance of the measurement point to be within 0.2 inches of the package pins is
meant to acknowledge that package/board routing may benefit from D+ and D— not being
exactly matched in length at the package pin boundary.

D+ Package

Pin r T T T T T T T 0
C=Crx
\l

|

X |
Silicon

+ Package |

\

Pin ‘

Figure 71. Compliance Test/Measurement Load

2.23 Clocking

This section describes the PLL configuration of the chip. Note that the platform clock is identical to the core complex bus (CCB)
clock.
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2.23.1 Clock Ranges

This table provides the clocking specifications for the processor cores and Table 74 provides the clocking specifications for the
memory bus.

Table 73. Processor Core Clocking Specifications

Maximum Processor Core Frequency

Characteristic 600 MHz 800 MHz 1000 MHz 1250 MHz 1333 MHZ 1500 MHz Unit | Notes

Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Min | Max

€500 core processor | 600 | 600 | 600 | 800 | 600 | 1000 | 600 | 1250 | 600 | 1333 | 600 | 1500 | MHz | 1,2,3

frequency
CCB frequency 400 | 400 | 400 | 400 | 333 | 400 | 333 | 500 | 333 | 533 | 333 | 500
DDR Data Rate 400 | 400 | 400 | 400 | 400 | 400 | 400 | 500 | 400 | 667 | 400 | 667
Notes:

1. Caution: The CCB to SYSCLK ratio and €500 core to CCB ratio settings must be chosen such that the resulting SYSCLK
frequency, e500 (core) frequency, and CCB frequency do not exceed their respective maximum or minimum operating
frequencies. Refer to Section 2.23.2, “CCB/SYSCLK PLL Ratio” and Section 2.23.3, “e500 Core PLL Ratio®, Section 2.23.4,
“DDR/DDRCLK PLL Ratio,” for ratio settings.

2. The processor core frequency speed bins listed also reflect the maximum platform (CCB) and DDR data rate frequency
supported by production test. Running CCB and/or DDR data rate higher than the limit shown above, although logically
possible via valid clock ratio setting in some condition, is not supported.

3. As defined by JEDEC, the minimum allowed data rate for DDR3 is 606 MHz data rate. Therefore, only the processors with a
DDR data rate of 667 MHz support DDR3.

The DDR memory controller can run in either synchronous or asynchronous mode. When running in synchronous mode, the
memory bus is clocked relative to the platform clock frequency. When running in asynchronous mode, the memory bus is
clocked with its own dedicated PLL. This table provides the clocking specifications for the memory bus.

Table 74. Memory Bus Clocking Specifications

Characteristic Min Max Unit Notes

DDR Memory bus clock speed 200 333 MHz 1,2,3,4,5

Notes:

1. Caution: The CCB clock to SYSCLK ratio and e500 core to CCB clock ratio settings must be chosen such that the resulting
SYSCLK frequency, 500 (core) frequency, and CCB clock frequency do not exceed their respective maximum or minimum
operating frequencies. See Section 2.23.2, “CCB/SYSCLK PLL Ratio,” Section 2.23.3, “e500 Core PLL Ratio,” and
Section 2.23.4, “DDR/DDRCLK PLL Ratio,” for ratio settings.

2. The Memory bus clock refers to the chip’s memory controllers’ MCK[0:5] and MCK[0:5] output clocks, running at half of the
DDR data rate.

3. In synchronous mode, the memory bus clock speed is half the platform clock frequency. In other words, the DDR data rate is
the same as the platform (CCB) frequency. If the desired DDR data rate is higher than the platform (CCB) frequency,
asynchronous mode must be used.

4. In asynchronous mode, the memory bus clock speed is dictated by its own PLL. See Section 2.23.4, “DDR/DDRCLK PLL
Ratio.” The memory bus clock speed must be less than or equal to the CCB clock rate which in turn must be less than the DDR
data rate.

5. See Table 73 for a list of supported ranges of DDR data to corresponding processor frequency.
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2.23.2 CCB/SYSCLK PLL Ratio

The CCB clock is the clock that drives the 500 core complex bus (CCB), and is also called the platform clock. The frequency
of the CCB is set using the following reset signals, as shown in the following table:

e SYSCLK input signal
*  Binary value on LA[28:31] at power up
Note that there is no default for this PLL ratio; these signals must be pulled to the desired values.
Table 75. CCB Clock Ratio

Lii[gg:g 1\]IaS"iJgen(;fls CCB:SYSCLK Ratio Lii[rz‘g'g 1‘]’33':‘;“‘35 CCB:SYSCLK Ratio
0000 16:1 1000 8:1
0001 Reserved 1001 9:1
0010 Reserved 1010 10:1
0011 3:1 1011 Reserved
0100 4:1 1100 12:1
0101 5:1 1101 Reserved
0110 6:1 1110 Reserved
0111 Reserved 1111 Reserved

2.23.3 500 Core PLL Ratio

This table describes the clock ratio between the €500 core complex bus (CCB) and the €500 core clock. This ratio is determined
by the binary value of LBCTL, LALE and LGPL2 at power up, as shown in this table.

Table 76. €500 Core to CCB Clock Ratio

Binary Value of Binary Value of
LBCTL, LALE, e500 core: CCB Clock Ratio LBCTL, LALE, e500 core: CCB Clock Ratio
LGPL2 Signals LGPL2 Signals

000 4:1 100 2:1

001 9:2 101 5:2

010 Reserved 110 3:1

011 3:2 111 7:2

2.23.4 DDR/DDRCLK PLL Ratio

The DDR memory controller complex can be synchronous with, or asynchronous to, the CCB, depending on configuration.
The following table describes the clock ratio between the DDR memory controller complex and the DDR/DDRCLK PLL
reference clock, DDRCLK, which is not the memory bus clock.

When synchronous mode is selected, the memory buses are clocked at half the CCB clock rate. The default mode of operation
is for the DDR data rate for the DDR controller to be equal to the CCB clock rate in synchronous mode, or the resulting DDR
PLL rate in asynchronous mode.

In asynchronous mode, the DDR PLL rate to DDRCLK ratios listed in Table 77 reflects the DDR data rate to DDRCLK ratio,
since the DDR PLL rate in asynchronous mode means the DDR data rate resulting from DDR PLL output.
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Please note that the DDR PLL reference clock input, DDRCLK, is only required in asynchronous mode.

The DDRCLKDR configuration register in the Global Utilities block allows the DDR controller to be run in a divided down
mode where the DDR bus clock is half the speed of the default configuration. Changing of these defaults must be completed

prior to initialization of the DDR controller.

Table 77. DDR Clock Ratio

Functional Signals

Reset Configuration
Name

Value (Binary)

DDR:DDRCLK Ratio

TSEC_1588_TRIG_OUT[0:1],
TSEC1_1588_CLK_OUT

cfg_ddr_pll[0:2]

000 3:1

001 4:1

010 6:1

011 8:1

100 10:1

101 12:1

110 Reserved

111 Synchronous mode

2.23.5 PCI Clocks

The integrated PCI controller in this chip supports PCI input clock frequency in the range of 33—66 MHz. The PCI input clock
can be applied from SYSCLK in synchronous mode or PCI1 CLK in asynchronous mode. For specifications on the PCI1_CLK,

refer to the PCI 2.2 Specification.

The use of PCI1_CLK is optional if SYSCLK is in the range of 33—66 MHz. If SYSCLK is outside this range then use of

PCI1_CLK is required as a separate PCI clock source, asynchronous with respect to SYSCLK.
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2.23.6 Frequency Options

2.23.6.1 SYSCLK to Platform Frequency Options

This table shows the expected frequency values for the platform frequency when using a CCB clock to SYSCLK ratio in
comparison to the memory bus clock speed.

Table 78. Frequency Options of SYSCLK with Respect to Memory Bus Speeds

SYS%CL?(tIgatio SYSCLK (MHz)
33.33 41.66 66.66 83 100 111 133.33
Platform /CCB Frequency (MHz)
3 333 400
4 333 400 444 533
5 333 415 500
6 400 500
8 333 533
10 333 417
12 400 500
16 533

2.23.6.2 Minimum Platform Frequency Requirements for High-speed Interfaces

Section 4.4.3.8 “SerDes1 1/O Port Selection” and Section 4.4.3.9 “SerDes2 1/0 Port Selection” of the MPC8536E
PowerQUICC III Integrated Host Processor Family Reference Manual, describes various high-speed interface configuration
options. Note that the CCB clock frequency must be considered for proper operation of such interfaces as described below.

For proper PCI Express operation, the CCB clock frequency must be equal or greater than:

527 MHz x (PCI Express link width)
8

See Section 18.1.3.2, “Link Width,” of the MPC8536F PowerQUICC Il Integrated Host Processor Family Reference Manual,
for PCI Express interface width details. Note that the “PCI Express link width” in the above equation refers to the negotiated
link width as the result of PCI Express link training, which may or may not be the same as the link width POR selection.

2.24 Thermal

This section describes the thermal specifications of the chip.
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2.24.1 Thermal Characteristics

This table provides the package thermal characteristics.

Table 79. Package Thermal Characteristics

Characteristic JEDEC Board Symbol | Value Unit Notes
Junction-to-ambient Natural Convection Single layer board (1s) Roua 23 °C/W 1,2
Junction-to-ambient Natural Convection Four layer board (2s2p) Roua 18 °C/W 1,2
Junction-to-ambient (@200 ft/min) Single layer board (1s) Rgya 18 °C/W 1,2
Junction-to-ambient (@200 ft/min) Four layer board (2s2p) RoJa 14 °C/W 1,2
Junction-to-board thermal — Reus 10 °C/W 3
Junction-to-case thermal — Reuc <0.1 °C/W 4

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.

2. 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. Thermal resistance between the active surface of the die and the case top surface determined by the cold plate method
(MIL SPEC-883 Method 1012.1) with the calculated case temperature. Actual thermal resistance is less than 0.1 °C/W

Simulations with heat sinks were done with the package mounted on the 2s2p thermal test board. The thermal interface material
was a typical thermal grease such as Dow Corning 340 or Wakefield 120 grease.For system thermal modeling, the chip’s thermal
model without a lid is shown in Figure 72 The substrate is modeled as a block 29 x 29 x 1.2 mm with an in-plane conductivity
of 19.8 W/m<K and a through-plane conductivity of 1.13 W/meK. The solder balls and air are modeled as a single block

29 x 29 x 0.5 mm with an in-plane conductivity of 0.034 W/m<K and a through plane conductivity of 12.1 W/m<K. The die is
modeled as 9.6 x 9.57 mm with a thickness of 0.75 mm. The bump/underfill layer is modeled as a collapsed thermal resistance
between the die and substrate assuming a conductivity of 7.5 W/m<K in the thickness dimension of 0.07 mm. The die is centered
on the substrate. The thermal model uses approximate dimensions to reduce grid. Please refer to the case outline for actual
dimensions.

2.24.2 Recommended Thermal Model

This table shows the chip’s thermal model.
Table 80. Thermal Model

Conductivity Value Units

Die (9.6x9.6 x 0.85 mm)

Silicon ‘ Temperature dependent ‘ —

Bump/Underfill (9.6 x 9.6 x 0.07 mm) Collapsed Thermal Resistance

Kz ‘ 75 ‘ W/meK
Substrate (29 x 29 x 1.2 mm)

Kx 19.8 W/meK

Ky 19.8

Kz 1.13
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Table 80. Thermal Model (continued)

Conductivity Value Units

Solder and Air (29 x 29 x 0.5 mm)

Kx 0.034 W/meK
Ky 0.034
Kz 12.1
Bump/underfill Die
i Substrate

Section A-A

Solder/air

A

Top View

Figure 72. System-Level Thermal Model for the Chip (Not to Scale)

The Flotherm library files of the parts have a dense grid to accurately capture the laminar boundary layer for flow over the part
in standard JEDEC environments, as well as the heat spreading in the board under the package. In a real system, however, the
part will require a heat sink to be mounted on it. In this case, the predominant heat flow path will be from the die to the heat
sink. Grid density lower than currently in the package library file will suffice for these simulations. The user will need to
determine the optimal grid for their specific case.

2.24.3 Thermal Management Information

This section provides thermal management information for the flip chip plastic ball grid array (FC-PBGA) package for
air-cooled applications. Proper thermal control design is primarily dependent on the system-level design—the heat sink, airflow,
and thermal interface material.
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The recommended attachment method to the heat sink is illustrated in the following figure. The heat sink should be attached to
the printed-circuit board with the spring force centered over the die. This spring force should not exceed 10 pounds force (45
Newton).

FC-PBGA Package
Heat SIHK\G I—‘ ’—‘ ’—
Heat Sink
o < HEEER

Thermal Interface Material ———— 5
R

/
OOOL

Printed-Circuit Board — H B

R )

o

Die

Figure 73. Package Exploded Cross-Sectional View with Several Heat Sink Options

The system board designer can choose between several types of heat sinks to place on the chip. Ultimately, the final selection
of an appropriate heat sink depends on many factors, such as thermal performance at a given air velocity, spatial volume, mass,
attachment method, assembly, and cost. Several heat sinks offered by Aavid Thermalloy, Advanced Thermal Solutions, Alpha
Novatech, IERC, Chip Coolers, Millennium Electronics, and Wakefield Engineering offer different heat sink-to-ambient
thermal resistances, that will allow the chip to function in various environments.

2.24.3.1 Internal Package Conduction Resistance

For the packaging technology, shown in Table 70, the intrinsic internal conduction thermal resistance paths are as follows:
*  The die junction-to-case thermal resistance
*  The die junction-to-board thermal resistance

This figure depicts the primary heat transfer path for a package with an attached heat sink mounted to a printed-circuit board.

External Resistance Radiation Convection
A

Heat Sink——
<«—Thermal Interface Material

<«—— Die/Package
<«— Die Junction
= «——— Package/Solder Spheres

Internall Resistance

A LA

o

Printed-Circuit Board— ==

\/
External Resistance Radiation Convection

(Note the internal versus external package resistance)

Figure 74. Package with Heat Sink Mounted to a Printed-Circuit Board
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The heat sink removes most of the heat from the chip for most applications. Heat generated on the active side of the chip is
conducted through the silicon and through the heat sink attach material (or thermal interface material), and finally to the heat
sink. The junction-to-case thermal resistance is low enough that the heat sink attach material and heat sink thermal resistance
are the dominant terms.

2.24.3.2 Thermal Interface Materials

A thermal interface material is required at the package-to-heat sink interface to minimize the thermal contact resistance. The
performance of thermal interface materials improves with increased contact pressure. This performance characteristic chart is
generally provided by the thermal interface vendors.

3 Hardware Design Considerations

This section provides electrical and thermal design recommendations for successful application of the chip.

3.1  System Clocking

This chip includes seven PLLs:

*  The platform PLL generates the platform clock from the externally supplied SYSCLK input. The frequency ratio
between the platform and SYSCLK is selected using the platform PLL ratio configuration bits as described in
Section 2.23.2, “CCB/SYSCLK PLL Ratio.”

*  The e500 core PLL generates the core clock as a slave to the platform clock. The frequency ratio between the ¢500
core clock and the platform clock is selected using the €500 PLL ratio configuration bits as described in Section 2.23.3,
“e500 Core PLL Ratio.”

e The PCI PLL generates the clocking for the PCI bus

*  The local bus PLL generates the clock for the local bus.

e Thereis a PLL for the SerDes1 block to be used for PCI Express interface

e There is a PLL for the SerDes2 block to be used for SGMII and SATA interfaces.

e The DDR PLL generates the DDR clock from the externally supplied DDRCLK input in asynchronous mode. The
frequency ratio between the DDR clock and DDRCLK is described in Section 2.23.4, “DDR/DDRCLK PLL Ratio.”

3.2 Power Supply Design and Sequencing

3.2.1 PLL Power Supply Filtering

Each of the PLLs listed above is provided with power through independent power supply pins (AVpp PLAT, AVpp CORE,
AVpp_PCI, AVpp LBIU, and AVpp SRDS respectively). The AVpp level should always be equivalent to Vpp, and
preferably these voltages will be derived directly from Vpp through a low frequency filter scheme such as the following.

There are a number of ways to reliably provide power to the PLLs, but the recommended solution is to provide independent
filter circuits per PLL power supply as illustrated in Figure 75, one to each of the AV pins. By providing independent filters
to each PLL the opportunity to cause noise injection from one PLL to the other is reduced.

This circuit is intended to filter noise in the PLLs resonant frequency range from a 500 kHz to 10 MHz range. It should be built
with surface mount capacitors with minimum Effective Series Inductance (ESL). Consistent with the recommendations of Dr.
Howard Johnson in High Speed Digital Design: A Handbook of Black Magic (Prentice Hall, 1993), multiple small capacitors
of equal value are recommended over a single large value capacitor.

Each circuit should be placed as close as possible to the specific AVpp pin being supplied to minimize noise coupled from
nearby circuits. It should be possible to route directly from the capacitors to the AVpp, pin, which is on the periphery of 783
FC-PBGA the footprint, without the inductance of vias.
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This figure shows the PLL power supply filter circuit.
10Q

Vpp O VWA © AVpp
2.2 yF —'l— l 2.2 yF

Low ESL Surface Mount Capacitors
GND

Figure 75. Chip PLL Power Supply Filter Circuit

The AVpp_SRDSn signals provides power for the analog portions of the SerDes PLL. To ensure stability of the internal clock,
the power supplied to the PLL is filtered using a circuit similar to the one shown in following Figure 76. For maximum
effectiveness, the filter circuit is placed as closely as possible to the AVp, SRDS# balls to ensure it filters out as much noise
as possible. The ground connection should be near the AVp, SRDS# balls. The 0.003-uF capacitor is closest to the balls,
followed by the 1-uF capacitor, and finally the 1 ohm resistor to the board supply plane. The capacitors are connected from
AVpp_SRDS# to the ground plane. Use ceramic chip capacitors with the highest possible self-resonant frequency. All traces
should be kept short, wide and direct.

1.0Q

SnVpbp %

T

+ 0 AVpp.SRDS
0.003 pF

22 pF ! l 22 pF !

GND
1. An 0805 sized capacitor is recommended for system initial bring-up

Figure 76. SerDes PLL Power Supply Filter Circuit

Note the following:
*  AVppshould be a filtered version of SVpp,.
»  Signals on the SerDes interface are fed from the XVpp power plane.

3.3 Pin States in Deep Sleep State

In all low power mode by default, all input and output pads remain driven as per normal functional operation. The inputs remain
enabled.

The exception is that in Deep Sleep mode, GCR[DEEPSLEEP_Z] can be used to tristate a subset of output pads, and disable
the receivers of input pads as defined in Table 1. See the MPC8536E PowerQUICC III Integrated Processor Reference Manual
for details.

3.4 Decoupling Recommendations

Due to large address and data buses, and high operating frequencies, this chip can generate transient power surges and high
frequency noise in its power supply, especially while driving large capacitive loads. This noise must be prevented from reaching
other components in the chip system, and the chip itself requires a clean, tightly regulated source of power. Therefore, it is
recommended that the system designer place at least one decoupling capacitor at each Vpp, TVpp, BVpp, OVpp, GVpp, and
LVpp pin of the chip. These decoupling capacitors should receive their power from separate Vpp TVpp, BVpp, OVpp, GVpp,
and LVpp, and GND power planes in the PCB, utilizing short low impedance traces to minimize inductance. Capacitors must
be placed directly under the chip using a standard escape pattern as much as possible. If some caps are to be placed surrounding
the part it should be routed with short and large trace to minimize the inductance.
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These capacitors should have a value of 0.1 pF. Only ceramic SMT (surface mount technology) capacitors should be used to
minimize lead inductance, preferably 0402 or 0603 sizes.

In addition, it is recommended that there be several bulk storage capacitors distributed around the PCB, feeding the Vpp, TVpp,
BVpp, OVpp, GVpp, and LV planes, to enable quick recharging of the smaller chip capacitors. These bulk capacitors should
have a low ESR (equivalent series resistance) rating to ensure the quick response time necessary. They should also be connected
to the power and ground planes through two vias to minimize inductance. Suggested bulk capacitors—100-330 pF (AVX TPS
tantalum or Sanyo OSCON). However, customers should work directly with their power regulator vendor for best values types
and quantity of bulk capacitors.

3.5 SerDes Block Power Supply Decoupling Recommendations

he SerDes1 and SerDes2 blocks require a clean, tightly regulated source of power (SnVpp and XnVpp) to ensure low jitter on
transmit and reliable recovery of data in the receiver. An appropriate decoupling scheme is outlined below.

Only surface mount technology (SMT) capacitors should be used to minimize inductance. Connections from all capacitors to
power and ground should be done with multiple vias to further reduce inductance.

*  First, the board should have at least 10 x 10-nF SMT ceramic chip capacitors as close as possible to the supply balls
of the chip. Where the board has blind vias, these capacitors should be placed directly below the chip supply and
ground connections. Where the board does not have blind vias, these capacitors should be placed in a ring around the
chip as close to the supply and ground connections as possible.

*  Second, there should be a 1-uF ceramic chip capacitor from each SerDes supply (SnVpp and XnVpp) to the board
ground plane on each side of the chip. This should be done for all SerDes supplies.

*  Third, between the chip and any SerDes voltage regulator there should be a 10-pF, low equivalent series resistance
(ESR) SMT tantalum chip capacitor and a 100-uF, low ESR SMT tantalum chip capacitor. This should be done for all
SerDes supplies.

3.6 Connection Recommendations

To ensure reliable operation, it is highly recommended to connect unused inputs to an appropriate signal level. All unused active
low inputs should be tied to Vpp TVpp, BVpp, OVpp, GVpp, and LVpp as required. All unused active high inputs should be
connected to GND. All NC (no-connect) signals must remain unconnected. Power and ground connections must be made to all
external Vpp TVpp, BVpp, OVpp, GVpp, and LVpp and GND pins of the chip.

3.7  Pull-Up and Pull-Down Resistor Requirements

The chip requires weak pull-up resistors (2—10 k€ is recommended) on open drain type pins including I’C pins and MPIC
interrupt pins.

Correct operation of the JTAG interface requires configuration of a group of system control pins as demonstrated in Figure 78.
Care must be taken to ensure that these pins are maintained at a valid deasserted state under normal operating conditions as most
have asynchronous behavior and spurious assertion will give unpredictable results.

The following pins must NOT be pulled down during power-on reset: TSEC1_TXD[3], HRESET REQ,
TRIG_OUT/READY/QUIESCE, MSRCID[2:4], ASLEEP. The UART SOUT[0:1] and TEST SEL pins must be set to a
proper state during POR configuration. Please refer to the pinlist table (see Table 62) of the individual chip for more details.

See the PCI 2.2 specification for all pull-ups required for PCI.

3.8  Output Buffer DC Impedance

The chip drivers are characterized over process, voltage, and temperature. For all buses, the driver is a push-pull single-ended
driver type (open drain for 1°C).
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To measure Z for the single-ended drivers, an external resistor is connected from the chip pad to OVpp or GND. Then, the
value of each resistor is varied until the pad voltage is OVpp/2 (see Figure 77). The output impedance is the average of two
components, the resistances of the pull-up and pull-down devices. When data is held high, SW1 is closed (SW2 is open) and
Rp is trimmed until the voltage at the pad equals OVpp/2. Rp then becomes the resistance of the pull-up devices. Rp and Ry
are designed to be close to each other in value. Then, Zy = (Rp + Ry)/2.

OVDD

Ry

Sw2

Pad
Data

Swi1

OGND
Figure 77. Driver Impedance Measurement

This table summarizes the signal impedance targets. The driver impedances are targeted at minimum Vpp, nominal OVpp,
105°C.

Table 81. Impedance Characteristics

Local Bus, Ethernet, DUART,
Impedance| Control, Configuration, Power PCI DDR DRAM Symbol | Unit
Management
RN 45 Target 45 Target (cfg_pci_impd=1) | 18 Target (full strength mode) Zy Q
25 Target (cfg_pci_impd=0) | 36 Target (full strength mode)
Rp 45 Target 45 Target (cfg_pci_impd=1) | 18 Target (full strength mode) Z, (@)
25 Target (cfg_pci_impd=0) | 36 Target (full strength mode)

Note: Nominal supply voltages. See Table 1.

3.9 Configuration Pin Muxing

The chip provides the user with power-on configuration options which can be set through the use of external pull-up or
pull-down resistors of 4.7 kQ on certain output pins (see customer visible configuration pins). These pins are generally used as
output only pins in normal operation.

While HRESET is asserted however, these pins are treated as inputs. The value presented on these pins while HRESET is
asserted, is latched when HRESET deasserts, at which time the input receiver is disabled and the I/O circuit takes on its normal
function. Most of these sampled configuration pins are equipped with an on-chip gated resistor of approximately 20 k€. This
value should permit the 4.7-kQ resistor to pull the configuration pin to a valid logic low level. The pull-up resistor is enabled
only during HRESET (and for platform /system clocks after HRESET deassertion to ensure capture of the reset value). When
the input receiver is disabled the pull-up is also, thus allowing functional operation of the pin as an output with minimal signal
quality or delay disruption. The default value for all configuration bits treated this way has been encoded such that a high voltage
level puts the chip into the default state and external resistors are needed only when non-default settings are required by the user.
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Careful board layout with stubless connections to these pull-down resistors coupled with the large value of the pull-down
resistor should minimize the disruption of signal quality or speed for output pins thus configured.

The platform PLL ratio and e500 PLL ratio configuration pins are not equipped with these default pull-up devices.

3.10 JTAG Configuration Signals

Correct operation of the JTAG interface requires configuration of a group of system control pins as demonstrated in Figure 78.
Care must be taken to ensure that these pins are maintained at a valid deasserted state under normal operating conditions as most
have asynchronous behavior and spurious assertion will give unpredicatable results.

Boundary-scan testing is enabled through the JTAG interface signals. The TRST signal is optional in the IEEE 1149.1
specification, but it is provided on all processors built on Power Architecture technology. The chip requires TRST to be asserted
during power-on reset flow to ensure that the JTAG boundary logic does not interfere with normal chip operation. While the
TAP controller can be forced to the reset state using only the TCK and TMS signals, generally systems assert TRST during the
power-on reset flow. Simply tying TRST to HRESET is not practical because the JTAG interface is also used for accessing the
common on-chip processor (COP), which implements the debug interface to the chip.

The COP function of these processors allow a remote computer system (typically, a PC with dedicated hardware and debugging
software) to access and control the internal operations of the processor. The COP interface connects primarily through the JTAG
port of the processor, with some additional status monitoring signals. The COP port requires the ability to independently assert
HRESET or TRST in order to fully control the processor. If the target system has independent reset sources, such as voltage
monitors, watchdog timers, power supply failures, or push-button switches, then the COP reset signals must be merged into
these signals with logic.

The arrangement shown in Figure 78 allows the COP port to independently assert HRESET or TRST, while ensuring that the
target can drive HRESET as well.

The COP interface has a standard header, shown in Figure 79, for connection to the target system, and is based on the 0.025"
square-post, 0.100" centered header assembly (often called a Berg header). The connector typically has pin 14 removed as a
connector key.

The COP header adds many benefits such as breakpoints, watchpoints, register and memory examination/modification, and
other standard debugger features. An inexpensive option can be to leave the COP header unpopulated until needed.

There is no standardized way to number the COP header; consequently, many different pin numbers have been observed from
emulator vendors. Some are numbered top-to-bottom then left-to-right, while others use left-to-right then top-to-bottom, while
still others number the pins counter clockwise from pin 1 (as with an IC). Regardless of the numbering, the signal placement
recommended in Figure 79 is common to all known emulators.

3.10.1 Termination of Unused Signals

If the JTAG interface and COP header will not be used, Freescale recommends the following connections:

e TRST should be tied to HRESET through a 0 kQ isolation resistor so that it is asserted when the system reset signal
(HRESET) is asserted, ensuring that the JTAG scan chain is initialized during the power-on reset flow. Freescale
recommends that the COP header be designed into the system as shown in Figure 78. If this is not possible, the
isolation resistor will allow future access to TRST in case a JTAG interface may need to be wired onto the system in
future debug situations.

*  No pull-up/pull-down is required for TDI, TMS, or TDO.
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* 10 kQ SRFSET6
From Target SRESET _D SRESET
Board Sc_>urces
(if any) HRESET ° 10 kO HRESET’
COP_HRESET
13 >
COP_SRESET 10 kQ
11 ®
: 10 kQ
{5 10 kQ
o 10 kQ
COP_TRST Z) o TRST!
4
COP_VDD_SENSE2 100
o —— VWA ’
[6] 53— NC
5 OP_CHKSTP_OUT .
8 15 COP_CHKSTP_O CKSTP_OUT
[9] 3 10 kQ
& 14° 10 kQ
()
No pin COP_CHKSTP_IN
8 CKSTP_IN
COP_TMS
9 - T™MS
COP Connector COP_TDO
. . 1 |- TDO
Physical Pinout COP_TDI
3 [ TDI
COP_TCK
7 - TCK
2 NC
10 |— NC 10 kQ
r=—nA"
12 4
L |
1!

Notes:

1. The COP port and target board should be able to independently assert HRESET and TRST to the processor in
order to fully control the processor as shown here.
2. Populate this with a 10 Q resistor for short-circuit/current-limiting protection.

w

. The KEY location (pin 14) is not physically present on the COP header.

4. Although pin 12 is defined as a No-Connect, some debug tools may use pin 12 as an additional GND pin for

improved signal integrity.

5. This switch is included as a precaution for BSDL testing. The switch should be closed to position A during BSDL testing
to avoid accidentally asserting the TRST line. If BSDL testing is not being performed, this switch should be closed to

position B.

6. Asserting SRESET causes a machine check interrupt to the e500 core.

Figure 78. JTAG Interface Connection
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COP_TDO NC
COP_TD!I COP_TRST
NC [6] | COP_VDD_SENSE

COP_TCK COP_CHKSTP_IN
cop_T™s | [9] NC

COP_SRESET | [11] [12] | NC

COP_HRESET N}éESi(n

COP_CHKSTP_OUT GND

Figure 79. COP Connector Physical Pinout

3.11 Guidelines for High-Speed Interface Termination

3.11.1  SerDes1 Interface Entirely Unused

If the high-speed SerDes interface is not used at all, the unused pin should be terminated as described in this section. However,
the SerDes must always have power applied to its supply pins. See SerDes! in Table 1 for details.

The following pins must be left unconnected (float):

SD1_TX[7:0]

SDI_TX[7:0]

*  Reserved pins T22, T23

The following pins must be connected to XGND:
SD1 _RX[7:0]

SDI_RX[7:0]

SD1_REF CLK

SDI_REF_CLK

The POR configuration pin cfg_io_ports[0:2] on TSEC3 TXDJ[6:3] can be used to power down SerDes 1 block for power
saving. Note that both SVDD and XVDD must remain powered.

3.11.2 SerDes 1 Interface Partly Unused

If only part of the high speed SerDes interface pins are used, the remaining high-speed serial I/O pins should be terminated as
described in this section.

The following pins must be left unconnected (float) if not used:

SD1_TX][7:0]

SDI_TX[7:0]

Reserved pins: T22, T23
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The following pins must be connected to XGND if not used:
+ SDI RX[7:0]
+  SDI_RX[7:0]
+ SDI_REF CLK
*+  SDI_REF CLK

3.11.3 SerDes 2 Interface Entirely Unused

If the high-speed SerDes 2 interface (SGMII/ SATA) is not used at all, the unused pin should be terminated as described in this
section. See SerDes2 in Table 1 for details.

The following pins must be left unconnected (float):

SD2 _TX[1:0]

SD2_TX[1:0]

* Reserved pins L8, L9

The following pins must be connected to X2GND:
SD2 RX[1:0]

SD2_RX[1:0]

SD2 REF CLK

SD2_REF_CLK

The POR configuration pin cfg_srds2 prtcl[0:2] on TSEC1 _TXDJ[2], TSEC3 TXDJ[2], TSEC 1588 PUSLE OUTI can be
used to power down SerDes 2 block for power saving. Note that both S2VDD and X2VDD must remain powered.

3.11.4 SerDes 2 Interface Partly Unused
If only part of the high speed SerDes 2 (SGMII/SATA) interface pins are used, the remaining high-speed serial I/O pins should
be terminated as described in this section.
The following pins must be left unconnected (float) if not used:
+  SD2 TX[1:0]
«  SD2 TX[1:0]
* Reserved pins: T22, T23
The following pins must be connected to X2GND if not used:
+ SD2 RX[1:0]
« SD2 RX][1:0]

4 Ordering Information

Ordering information for the parts fully covered by this specification document is provided in Section 4.1, “Part Numbering
Nomenclature.”
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4.1

Part Numbering Nomenclature

This table shows the part numbering nomenclature.

Table 82. Part Numbering Nomenclature

MPC nnnn E c vT AA X R
Product Part Security | Tiers and Temperature Package ! Processor DDR Revision Level
Code | Identifier | Engine Range 9 Frequency 2 Frequency®
MPC 8536 ¢ BorBlank = industrial | « VT = FC-PBGA | * AK =600 MHz | * G =400 MHz |Blank = Ver. 1.0
tier standard (Pb-free)4 ¢ AN=800MHz |+ H=500MHz |or1.1 (SVR =
temperature range (0° | * PX = plastic * AQ=1000 MHz| » J =533 MHz |0x803F0090,
E =included| to 105°C) standard e AT =1250 MHz | » L =667 MHz |0x803F0091)

e C = Industrial tier e VJ =lead-free |+ AU = 1333 MHz A=Ver.1.2
extended temperature FC-PBGASs® e AV = 1500 MHz * (SVR =
range (—40° to 105°C) 0x803F0092)

Blank = not Blank = Ver. 1.0
included or1.1(SVR=
0x80370090,
0x80370091)
A=Ver. 1.2
* (SVR =
0x80370092)
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.

3. See Table 83 for the corresponding maximum platform frequency.
4. The VT part number is ROHS-compliant, with the permitted exception of the C4 die bumps.
5. The VJ part number is entirely lead-free, including the C4 die bumps.

4.2

Part Marking

Parts are marked as in the example shown in the following figure.

Notes:

MPC853nVTnnnn
ATWLYYWW

MMMMM CCCCC
YWWLAZ

FC-PBGA

MMMMM is the 5-digit mask number.
ATWLYYWW is the traceability code.
CCCCC is the country of assembly. This space is left blank if parts are assembled in the United States.

Figure 80. Part Marking for FC-PBGA
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4.3 Part Numbering

This table lists all part numbers that are offered for the chip.
Table 83. MPC8536 Part Numbers Industrial Tier

Core/Platform/ Standard Temp Standard Temp Extended Temp Extended Temp Notes
DDR (MHz) Without Security With Security Without Security With Security
600/400/400 MPC8536BVTAKG(A) | MPC8536EBVTAKG(A) | MPC8536CVTAKG(A) | MPC8536ECVTAKG(A) 1
800/400/400 MPC8536BVTANG(A) | MPC8536EBVTANG(A) |MPC8536CVTANG(A) | MPC8536ECVTANG(A)

1000/400/400 MPC8536BVTAQG(A) | MPC8536EBVTAQG(A) [MPC8536CVTAQG(A) | MPC8536ECVTAQG(A)
1250/500/500 MPC8536BVTATH(A) | MPC8536EBVTATH(A) | MPC8536CVTATH(A) | MPC8536ECVTATH(A)
1333/533/667 MPC8536BVTAUL(A) | MPC8536EBVTAUL(A) | MPC8536CVTAUL(A) | MPC8536ECVTAUL(A)
1500/500/667 MPC8536BVTAVL(A) | MPC8536EBVTAVL(A) | MPC8536CVTAVL(A) | MPC8536ECVTAVL(A)

Note:
1. The last letter A indicates a Rev 1.2 silicon. It would be Rev 1.0 or Rev 1.1 silicon without a letter A

5 Package Information

This section details package parameters, pin assignments, and dimensions.

5.1 Package Parameters for the FC-PBGA

The package parameters are as provided in the following list. The package type is 29 mm x 29 mm, 783 flip chip plastic ball
grid array (FC-PBGA) without a lid.

Package outline 29 mm x 29 mm
Interconnects 783

Pitch 1 mm
Minimum module height 2.23 mm
Maximum module height 2.8 mm

Solder Balls 96.5Sn/3.5A¢g
Ball diameter (typical) 0.6 mm
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5.2 Mechanical Dimensions of the FC-PBGA

The mechanical dimensions and bottom surface nomenclature of the 783 FC-PBGA package are shown in the following figure.

- 55 -]
Al 4% 10.45 MAX - <] 783X [/n]0.2]A]
INDEX 4% 8.85 MIN
| 0.25[A
| |/7]0.25] SEATING
! ii PLANE
[ O o 4x /A
| S CAPACITOR ’
T T R ZONE >
4X | | T T [~
eamm |1 L AR !
' o
ST B S R R I A S ST Fc) -
|| || & i
| — Ll
. 0 Zlossll| B
! P
I ::
4X | 2
N015 | fSl
3.5 3'
TOP VIEW o
1
27X i
rk ma H
| B
AH o ! o i
AFAE “\.; B “\-J r 27X E)l
AE ) £ g
.AEI‘E e JL g JL g > L j)|
A8 > i } i > 4 CJ
Ak 3 S 3 3 S H
. i
i 13
¢ SRR | | g
CRES: N
P 54 3 & o 1l
N . - Iy o b 1
:J ; ..J -. ..J :ﬁ
5 : / , X ]
. ; 004 0.6 MAX 0.56
e Sesseueses s { 8‘% : 0.38
p 2290092200094 S0 e - 1.3
T 5 5 7 5 1 13 hs 17 18 21 23 25 o7 \—783X ‘38% A > 76 L 1.06
N 2 0.25@|A[B]c| 222
BOTTOM VIEW # 0.1[A] SIDE VIEW

Figure 81. Mechanical Dimensions and Bottom Surface Nomenclature of the FC-PBGA

NOTES for Figure 81

All dimensions are in millimeters.

Dimensions and tolerances 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.

PO
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5. Capacitors may not be present on all devices
6. Caution must be taken not to short exposed metal capacitor pads on package top.
7. Alldimensions are symmetric across the package center lines, unless dimensioned otherwise.

6

7

Product Documentation

The following documents are required for a complete description of the chip and are needed to design properly with the part.
*  MPC8536E PowerQUICC III Integrated Processor Reference Manual (document number: MPC8536ERM)
*  e500 PowerPC Core Reference Manual (document number: ESOOCORERM)

Document Revision History

This table provides a revision history for this hardware specification.

Table 84. Document Revision History

Revision

Date

Substantive Change(s)

6

09/2014

* In Table 82, “Part Numbering Nomenclature,” added footnotes 4 and 5, and updated the Package
and Tiers and Temperature Range columns.

* In Section 4, “Ordering Information,” removed the “A” temperature range parts and the MPC8536

Part Numbers Commercial Tier table.

Updated Table 73 and added note 3.

Updated and added note 5 to Table 74.

Updated section title to Section 4.1, “Part Numbering Nomenclature.”

Removed part MPC8536BVTATL(A) from Table 83.

09/2011

Removed PVDD from Table 1, “Pinout Listing.”

06/2011

* In Table 1, “Pinout Listing,” updated the power supply for TSECS pins to TVDD.
¢ Updated Table 56, “eSDHC AC Timing Specifications.”
* In Section 4.3, “Part Numbering,” added an extra bin (1250/500/667) to support DDR3.

11/2010

* In Table 1, “Pinout Listing,” added the following note: “For systems that boot from Local Bus
(GPCM)-controlled NOR flash or (FCM) controlled NAND flash, a pullup on LGPL4 is required...”
In addition, updated footnote 26 and added footnote 29 to PCI1_AD.

¢ Updated Table 21

* Updated Figure 25, “RGMII and RTBI AC Timing and Multiplexing Diagrams.”

¢ In Table 44, “MIl Management DC Electrical Characteristics,” changed the Voh/Vol values for
MDIO/MDC.

* Added Note 6 regarding USBn_DIR pin to Table 47, “USB General Timing Parameters6.”

¢ In Table 64, “I2C AC Electrical Specifications,” updated footnote 2.

¢ |In Table 82, Table 88, Table 83, added the Revision Level A for Rev 1.2

09/2009

Note:

* In Section 1, “Pin Assignments and Reset States,’updated the first sentence of the note to say, “The
UART_SOUT[0:1] and TEST_SEL pins must be set to a proper state during POR configuration.”
* In Table 40, “SGMII DC Receiver Electrical Characteristics,” changed LSTSAB to LSTSA and
LSTSEF to LSTSE for Note 4.
Note: Updated Figure 81, “Mechanical Dimensions and Bottom Surface Nomenclature of the
FC-PBGA,” and its notes.

09/2009

* In Table 5, "Power Dissipation 5,” changed an “—"” to “0”

08/2009

Initial public release.
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