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Features

» High-performance, 32-bit e600 core, that implements the
Power Architecture™ technology

Eleven execution units and three register files

Two separate 32-Kbyte instruction and data level 1 (L1)

caches
— Integrated 256-Kbyte, eight-way set-associative unified
instruction and data level 2 (L2) cache with ECC .
— 36-bit real addressing .
— Multiprocessing support features
— Power and thermal management .

* MPX coherency module (MCM)
» Address translation and mapping units (ATMUS)
» DDR/DDR2 memory controller
— 64- or 32-bit data path (72-bit with ECC)
— Up to 533-MHz DDR2 data rate and up to 400 MHz

DDR data rate .

— Up to 16 Gbytes memory .

» Enhanced local bus controller (eLBC) .
— Operating at up to 133 MHz .

— Eight chip selects
 Display interface unit
Maximum display resolution: 1280 1024
Maximum display refresh rate: 60 Hz
Display color depth: up to 24 bpp
— Display interface: parallel TTL .
» OpenPIC-compliant programmable interrupt controller
(PIC)

— Supports 16 programmable interrupt and processor task —

priority levels

— Supports 12 discrete external interrupts and 48 internal

interrupts

— Eight global high resolution timers/counters that can
generate interrupts

— Support for PCI Express message-shared interrupts

(MSls)
« Dual I’C controllers .
— Master or slave’C mode support .

© Freescale Semiconductor, Inc., 2008, 2009. All rights reserved.

— Boot sequencer

— Optionally loads configuration data from serial ROM at
reset via fC interface

— Can be used to initialize configuration registers and/or
memory

— Supports extended@ addressing mode

DUART

Fast InfraRed interface

Serial peripheral interface

— Master or slave support

Dual integrated four-channel DMA controllers

— All channels accessible by both local and remote masters

— Supports transfers to or from any local memory or I/O
port

— Ability to start and flow control each DMA channel
from external 3-pin interface

Watchdog timer

Dual global timer modules

32-bit PCI interface, 33 or 66 MHz bus frequency

Dual PCI Express® controllers

— PCI Express 1.0a compatible

— PCI Express controller 1 supports x1, x2, and x4 link
widths; PCI Express controller 2 supports x1, x2, x4, and
x8 link widths

— 2.5 Gbaud, 2.0 Gbps lane

Device performance monitor

Supports eight 32-bit counters that count the occurrence

of selected events

Ability to count up to 512 counter-specific events

Supports 64 reference events that can be counted on any

of the 8 counters

Supports duration and quantity threshold counting

Burstiness feature that permits counting of burst events

with a programmable time between bursts

Triggering and chaining capability

Ability to generate an interrupt on overflow

IEEE Std 1149.1™ compliant, JTAG boundary scan

Available as 783-pin, flip-chip, plastic ball grid array

(FC-PBGA)
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Figure 1shows the major functional units within the MPC8610.

%o

+ = MPC8610
L 4

€600 Core Block

e600 Core w/ AltiVec 256-Kbyte
L2
32-Kbyte 32-Kbyte Cache
L1 Instruction Cache L1 Data Cache
MPX Bus

DDR/DDR2
1 oG < SERY
ROM, NAND Flash,
NOR Flash, GPIO

PCI Express
X1 ’X2’X4 _
External

PCI Express
X1 ’X2’X4’X8 _
External

Figure 1. MPC8610 Block Diagram
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Pin Assignments and Reset States

1 Pin Assighnments and Reset States

Table 1provides the pin assignments for the signals.
Table 1. Signal Reference by Functional Block

Name Package Pin Number Pin Type Power Supply Notes
Clocking Signals*
SYSCLK D28 [ OVpp
RTC A25 [ OVpp 17

DDR Memory Interface Signals?

MA[15:0] AH28, AH25, AH6, AH24, AH22, AG13, O GVpp
AG22, AG19, AH21, AH19, AH18, AG16,
AH16, AG15, AH15, AH14

MBA[2:0] AG25, AH13, AH12 o} GVpp
MCSJ[0:3] AH10, AG7, AH9, AG4 0] GVpp
MDQ[0:63] W26, Y26, AB24, AC28, W27, Y28, AB27, I/0 GVpp

AB26 AD27, AE27, AD25, AF25, AC26,
AD28, AC25, AD24, AG24, AF23, AE21,
AG21, AE24, AE23, AF22, AD21, AH20,
AC19, AG18, AF17, AE20, AF20, AE18,
AC17, AC13, AD12, AG9, AE9, AD13,
AE12, AD10, AC10, AF8, AES8, AD6, AHS5,
AD9, AH8, AG6, AE6, AF4, AD4, AC3, AC1,
AF5, AE5, AD2, AC4, AB1, AB2, Y1, Y6,
ABG6, AAG, Y3, Y4

MECC[0:7] AD16, AF16, AC15, AF15, AH17, AE17, I/O GVpp
AA15, AB15
MDMI[0:8] Y25, AE26, AH23, AD19, AF11, AF7, AE3, 0 GVpp
AB4, AC16
MDQS[0:8] AA25, AF26, AD22, AD18, AF10, AC7, AD3, I/O GVpp
AA5, Y15
MDQS[0:8] AA27, AF28, AC22, AF19, AE11, AD7, AE2, I/O GVpp
ABS5, AB16
MCAS AG10 o GVpp
MWE AH11 0 GVpp
MRAS AG12 0 GVpp
MCK[0:5] AF14, AG28, AH3, AD15, AH27, AG2 o GVpp
MCK][0:5] AF13, AG27, AH2, AD14, AH26, AG1 o} GVpp
MCKEJ[0:3] AB28, AA28, AE28, W28 0 GVpp 18
MDIC[0:1] AD1, AET I/O GVpp 19
MODT[0:3] AH7, AH4, AG3, AF1 0 GVpp

Enhanced Local Bus Signals®*

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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Pin Assignments and Reset States

Table 1. Signal Reference by Functional Block (continued)

1

Name Package Pin Number Pin Type Power Supply Notes

LAD[0:31] AA21, AA22, AA23, Y21, Y22, Y23, Y24, I/0 BVpp 20

W23, W24, W25, V28, V27, V25, V23, V21,

W22, U28, U26, U24, U22, U23, U20, U21,

W20, V20, T24, T25, T27, T26, T21, T22,

T23
LDP[0:3)/LA[6:9] N28, M28, L28, P25 I/0 BVpp
LA10/SSI1_TXD P19 o BVpp 20, 23
LA11/SSI1_TFS M27 o BVpp 23
LA12/SSI1_TCK u1s o BVpp 23
LA13/SSI1_RCK P28 o BVpp 23
LA14/SSI1_RFS R18 o BVpp 23
LA15/SSI1_RXD R19 o BVpp 23
LA16/SSI2_TXD R20 o BVpp 23
LA17/SSI2_TFS M18 o BVpp 23
LA18/SSI2_TCK N18 o BVpp 23
LA19/SSI2_RCK N27 o BVpp 23
LA20/SSI2_RFS P20 0 BVpp 23
LA21/SSI2_RXD P21 o BVpp 23
LA[22:31] M19, M21, M22, M23, N23, N24, M26, N20, o BVpp 20

N21, N22
LCSJ[0:4] R24, R22, P23, P24, P27 0 BVpp 21
LCS5/DMA2_DREQO R23 o BVpp 21, 22,23
LCS6/DMA2_DACKO N26 0 BVpp 21,23
LCS7/DMA2_DDONEO R26 0 BVpp 21,23
LWEO/LFWE/LBSO T19 o BVpp 20
LWE1/ABS1 T20 0 BVpp 20
LWE2/BS2 W19 0 BVpp 20
LWES3/BS3 T18 0 BVpp 20
LBCTL T28 0 BVpp 20
LALE R28 o BVpp 20
LGPLO/LFCLE L19 0 BVpp 20
LGPL1/LFALE L20 0 BVpp 20
LGPL2/LOE/LFRE L21 0 BVpp 20
LGPL3/LFWP L22 0 BVpp 20
LGTA/LFRB/LGPL4/ L23 I/0 BVpp 24
LUPWAIT/LPBSE

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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Pin Assignments and Reset States

Table 1. Signal Reference by Functional Block (continued)

Name Package Pin Number Pin Type Power Supply Notes

LGPL5 L24 0 BVpp

LCLK[0:2] R25, M25, L26 0 BVpp

DIU/LCD Signals*

DIU_LD[23:16)/ R3, R10, T10, N7, N4, P6, P5, P4 0 OVpp 5,23
GPIO1[15:8]

DIU_LD[15:0)/ T3, R9, T9, R8, R7, R6, R4, T7, U5, T6, T5, 0 OVpp 5,14, 20, 23
GPIO1[31:16] W4, W5, W6, V4, V6

DIU_VSYNC V7 0 OVpp 20
DIU_HSYNC u7 0 OVpp 20
DIU_DE U4 0 OVpp 20
DIU_CLK_OuUT N6 0 OVpp

Programmable Interrupt Controller (PIC) Signals4

IRQ[0:5] L25, J23, K26, E23, K28, K22 [ OVpp
IRQ6/DMA1_DREQO G27 [ OVpp 22,23
IRQ7/DMA1_DACKO J25 [ OVpp 23
IRQ8/DMA1_DDONEOQ J27 [ OVpp 23
IRQ9/DMA1_DREQ3 H26 I OVpp 22,23
IRQ10/DMA1_DACK3 J26 I OVpp 23
IRQ11/DMA1_DDONE3  |K27 I OVpp 23
IRQ_OUT K23 0 OVpp 21,25
MCP A24 I OVpp

SMI B24 I OVpp

I2C Signals

[IC1_SDA/GPIO2[10] D24 I/0 OVpp 21, 23,25
[IC1_SCL/GPI02[9] E24 I/0 OVpp 21, 23,25
IIC2_SDA/SPISEL/ E27 I/0 OVpp 21, 23,25
GPIO2[12]

[1C2_SCL/SPICLK/ E28 I/0 OVpp 21, 23,25
GPIO2[11]

DUART Signals*

UART_SINO/SPIMOSI/ K24 | OVpp 23
GPI02[5]

UART_SOUTO/SPIMISO  |H25 o OVpp 23
UART_CTSO0/GPIO2[6] G24 [ OVpp 23
UART_RTSO G26 0 OVpp 20

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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Pin Assignments and Reset States

Table 1. Signal Reference by Functional Block (continued)

Name' Package Pin Number Pin Type Power Supply Notes
UART_SIN1/IR2_RXD/ F25 | OVpp 23
GPI102[7]

UART_SOUT1/IR2_TXD |H24 0 OVpp 23
UART_CTS1/GPIO2[8] c23 [ OVpp 23
UART_RTSH1 D23 o OVpp

IrDA Signals*
IR1_TXD/GPIO2[13] Fo7 0 OVpp 23
IR1_RXD/GPIO2[14] E26 | OVpp 23
IR_CLKIN F28 | OVpp
IR2_TXD/UART_SOUT1  |H24 o OVpp 23
IR2_RXD/UART_SIN1/ F25 | OVpp 23
GPI102[7]

SPI Signals

SPIMOSI/UART_SINO/ K24 I/0 OVpp 23
GPI02[5]
SPIMISO/UART_SOUTO  |H25 I/0 OVpp 23
SPISEL/IIC2_SDA/ E27 I OVpp 23
GPI102[12]
SPICLK/IIC2_SCL/ E28 | OVpp 23
GPI02[11]

SSI Signals® ©
SSI1_RXD/LA15 R19 | BVpp 23
SSI1_TXD/LA10 P19 o BVpp 23
SSI1_RFS/LA14 R18 I/0 BVpp 23
SSI1_TFS/LA11 M27 I/0 BVpp 23
SSI1_RCK/LA13 P28 I/0 BVpp 23
SSI1_TCK/LA12 u1s I/0 BVpp 23
SSI2_RXD/LA21 P21 | BVpp 23
SSI2_TXD/LA16 R20 0 BVpp 23
SSI2_RFS/LA20 P20 I/0 BVpp 23
SSI2_TFS/LA17 M18 I/0 BVpp 23
SSI2_RCK/LA19 N27 I/0 BVpp 23
SSI2_TCK/LA18 N18 I/0 BVpp 23

DMA Signals*
DMA1_DREQO/IRQS6/ G27 | OVpp 22,23
GP102[24]

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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Pin Assignments and Reset States

Table 1. Signal Reference by Functional Block (continued)

Name' Package Pin Number Pin Type Power Supply Notes
DMA1_DREQS/IRQ9/ H26 | OVpp 23
GPI102[26]

DMA1_DACKO/IRQ7/ J25 (0] OVpp 23
GPI02[25]

DMA1_DACKS/IRQ10/ J26 (0] OVpp 23
GPI102[27]

DMA1_DDONEO0/IRQ8 J27 o] OVpp 23
DMA1_DDONES3/IRQ11/ |K27 o] OVpp 23
GPI102[28]

DMA2_DREQO0/LCS5 R23 | OVpp 23
DMA2_DREQ3/ GPIO2[29] | H27 | OVpp 23
DMA2_DACKO0/LCS6 N26 (0] OVpp 23
DMA2_DACK3/ GPIO2[30] |H28 (0] OVpp 23
DMA2_DDONEO/LCS7 R26 (0] OVpp 23
DMA2_DDONE3/ J28 (0] OVpp 23
GPIO2[31]

General-Purpose Timer Signals*

GTM1_TIN1/GPIO2[15] us | OVpp 23
GTM1_TIN3/GPIO2[21] W2 | OVpp 23
GTM1_TGATE1/ V2 | OVpp 23
GPIO2[16]

GTM1_TGATES/ U1 | OVpp 23
GPI02[22]

GTM1_TOUT1/GPIO2[17] |W3 (0] OVpp 23
GTM1_TOUT3/GPIO2[23] |U2 (0] OVpp 23
GTM2_TIN1/GPI1O2[18] V1 | OVpp 23
GTM2_TGATE1/ Wi | OVpp 23
GPIO2[19]

GTM2_TOUT1/GPIO2[20] (V3 (0] OVpp 23

PCI Signals*
PCI_AD[31:0] M1, M2, M3, M4, M5,M7, L1, L6, J1, K2, K3, I/0 OVpp
K4, K5,K6,K7,H1,H7,G1, G2, G3, G4, G5,
G6, F1, F4, F6, F7, F8, D2, D3, E1, E2

PCI_C/BE[3:0] L2, J2, H6, F2 I/0 OVpp

PCI_PAR H5 I/0 OVpp

PCI_FRAME J3 /0 OVpp

PCI_TRDY J6 /0 OVpp
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Pin Assignments and Reset States

Table 1. Signal Reference by Functional Block (continued)

Name' Package Pin Number Pin Type Power Supply Notes

PCI_IRDY J5 I/0 OVpp

PCI_STOP E4 I/0 OVpp

PCI_DEVSEL J7 I/0 OVpp

PCI_IDSEL L5 [ OVpp

PCI_PERR H2 I/0 OVpp

PCI_SERR H3 I/0 OVpp

PCI_REQO N3 I/0 OVpp
PCI_REQ1/GPIO1[0] N1 I/0 OVpp 23
PCI_REQ2/GPIO1[2] P3 I/0 OVpp 23
PCI_REQ3/GPIO1[4] P1 I/0 OVpp 23
PCI_REQ4/GPIO1[6] P2 I/0 OVpp 23
PCI_GNTO N2 I/O OVpp
PCI_GNT1/GPIO1[1] T1 1’0 OVpp 23
PCI_GNT2/GPIO1[3] T2 I/0 OVpp 23
PCI_GNT3/GPIO1[5] R1 I/O OVpp 23
PCI_GNT4/GPIO1[7] R2 I/0 OVpp 23
PCI_CLK Ct [ OVpp

SerDes 1 Signals

SD1_TX[3:0] J13, G12, F10, H9 0 X1Vpp

SD1_TX[3:0] H13, F12, G10, J9 0 X1Vpp

SD1_RX[3:0] B9, D8, D5, B4 | S1Vpp

SD1_RX[3:0] A9, C8, C5, A4 I S1Vpp
SD1_REF_CLK A7 | S1Vpp
SD1_REF_CLK B7 | S1Vpp
SD1_PLL_TPD c7 0 X1Vpp 9,10
SD1_PLL_TPA B6 Analog S1Vpp 9, 11
SD1_IMP_CAL_TX E11 Analog X1Vpp 7
SD1_IMP_CAL_RX B3 Analog S1Vpp 8

SerDes 2 Signals

SD2_TX[7:0] F22, J21, F20, H19, J17, G16, H15, G14 o) X2Vpp

SD2_TX[7:0] G22, H21, G20, J19, H17, F16, J15, F14 0 X2Vpp

SD2_RX[7:0] B22, D21, B20, D19, C15, B14, C13, A12 | S2Vpp

SD2_RX][7:0] A22, C21, A20, C19, D15, A14, D13, B12 I S2Vpp
SD2_REF_CLK A18 | S2Vpp

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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Pin Assignments and Reset States

Table 1. Signal Reference by Functional Block (continued)

Name' Package Pin Number Pin Type Power Supply Notes
SD2_REF_CLK B18 [ S2Vpp
SD2_PLL_TPD D17 0] X2Vpp 9,10
SD2_PLL_TPA Cc17 Analog S2Vpp 9, 11
SD2_IMP_CAL_TX E21 Analog X2Vpp 7
SD2_IMP_CAL_RX B11 Analog S2Vpp 8

System Control Signals*
HRESET B23 I OVpp
HRESET_REQ J22 0 OVpp
SRESET A26 [ OVpp
CKSTP_IN ca7 [ OVpp
CKSTP_OUT F24 0 OVpp 21,25
Power Management Signals4
ASLEEP B26 o) OVpp 20
Debug Signals*
TRIG_IN K20 [ OVpp
TRIG_OUT/READY/ c28 (0] OVpp 14
QUIESCE
MSRCIDI[0:4] Y20, AB23, AB20, AB21, AC23 @) BVpp 14, 20
MDVAL AC20 o) BVpp 20
CLK_OuT G28 o] OVpp 18
Test Signals*
LSSD_MODE G23 I OVpp 26
TEST_MODE[0:1] K12, K10 | OVpp 26
JTAG Signals*
TCK D26 [ OVpp
TDI B25 [ OVpp 27
TDO D27 (0] OVpp 18
TMS C25 I OVpp 27
TRST A28 | OVpp 27
Additional Analog Signals

TEMP_ANODE C11 Thermal —
TEMP_CATHODE Cc10 Thermal —

Special Connection Requirement Pins

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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Pin Assignments and Reset States

Table 1. Signal Reference by Functional Block (continued)

1

power supply for
SerDes port 2

Name Package Pin Number Pin Type Power Supply Notes
No Connects B1, B10, C2, C3, E22, F18, G11, G18, H8, — — 16
H11, H14, J11, AA1, AA2, AA3, AA4
Power and Ground Signals
MV ger AE14 DDR2 reference GVpp/2
voltage
OVpp C24, C26, D1, E25, F3, G7, G25, H4, J24, LCD, general OVpp
K1, L4, L7, N5, P10, P7, T4, T8, V5, V8 purpose timer,
PCI, MPIC, I°C,
DUART, IrDA,
SPI, DMA,
system control,
clocking, debug,
test, JTAG, &
power
management
1/0O supply
GVpp Y2, Y16, AA7, AA24, AA26, AB14, AB17, DDR SDRAM GVpp
AC2, AC5, AC6, AC9, AC12, AC18, AC21, I/O supply
AC24,AC27, AE4, AE7, AE10, AE13, AE16,
AE19, AE22, AE25, AF2, AG5, AG8, AG11,
AG14, AG17, AG20, AG23, AG26, AH1
BVpp L27, M20, M24, P18, P22, P26, U19, U27, | eLBC & SSII/O BVpp
V24, W21, AA20 voltage
S1Vpp A3, A10, B5, B8, D4, D7 Receiver and S1Vpp
SerDes core
power supply for
port 1
S2Vpp A11, A15, A19, A23, B13, B17, B21, C14, Receiver and S2Vpp
C18, D12, D16, D20 SerDes core
power supply for
port 2
X1Vpp F11, G9, H12, J10, K13 Transmitter X1Vpp
power supply for
SerDes port 1
X2Vpp F13, F17, F21, G15, G19, H18, H22, J16, Transmitter X2Vpp
J20 power supply for
SerDes port 2
L1Vpp K14 Digital logic L1Vpp
power supply for
SerDes port 1
L2Vpp K16, K18 Digital logic L2Vpp

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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Pin Assignments and Reset States

Table 1. Signal Reference by Functional Block (continued)

Name Package Pin Number Pin Type Power Supply Notes
Vpp_Core L8,L10, M9, M11, M13, M15,N8,N10,N12, | Core voltage Vpp_Core
N14, N16, P9, P11, P13, P15, R12, R14, supply
R16, T11, T13, T15, U10, U12, U14, U186,
V9, V11,V13, V15, W8, W10, W12, W14,
W16, Y9, Y11, Y13, Y7, AA8, AA10, AA12,
AB9, AB11, AC8
Vpp_PLAT L12, L14, L16, L18, M17, P17, T17, V17, Platform supply | Vpp_PLAT
V19, W18, Y17, Y19, AA18 voltage
AVpp_Core A27 Core PLL supply| AVpp_Core
AVpp_PLAT B28 Platform PLL AVpp_PLAT
supply
AVpp_PCI A2 AVpp_PCI
SD1AVpp A6 SD1AVpp
SD2AVpp A16 SD2AVpp
SENSEVpp AC11 Vpp_Core 28
sensing pin
SENSEVgg AB12 Core GND 28
sensing pin
GND B2, B27, D25, E3, F26, F5, G8, H23, J4, GND
K25, L11, L13, L15, L17, L3, L9, M10, M12,
M14, M16, M6, M8, N11, N13, N15, N17,
N19,N25,N9, P12, P14, P16, P8,R11,R13,
R15, R17, R21, R27, R5, T12, T14, T16,
U11, U183, U15, U17, U25, U6, U8, U9, V10,
V12, V14, V16, V18, V22, V26, W11, W13,
W15, W17, W7, W9, Y10, Y12, Y14, Y18,
Y27, Y5, Y8, AA11AA13, AA14, AA16,
AA17, AA19, AA9, AB10, AB13, AB18,
AB19, AB22, AB25, AB3, AB7, AB8, AC14,
AD11, AD17, AD20, AD23, AD26, AD5,
ADS8, AE15, AF12, AF18, AF21, AF24,
AF27, AF3, AF6, AF9
SD1AGND (6]3] SerDes port 1
ground pin for
SD1AVpp
SD2AGND B16 SerDes port 2
ground pin for
SD2AVpp
SGND A5, A8, A13, A17, A21, B15, B19, C4, C9, | Ground pins for
C12, C16, C20, C22, D6, D9, D10, D11, SVpp
D14, D18, D22, E5, E6, E7, ES8, E9, E10,
E13, E14, E15, E16, E17, E18, E19, E20
XGND E12, F9, F15, F19, F23, G13, G17, G21, Ground pins for

H10, H16, H20, J8, J12, J14, J18, K8, K9,
K11, K15, K17, K19, K21

XVpp

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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Table 1. Signal Reference by Functional Block (continued)

Pin Assignments and Reset States

Name Package Pin Number Pin Type Power Supply Notes
Reset Configuration Signals'®

LAD[0:31] AA21, AA22, AA23, Y21, Y22, Y23, Y24, — BVpp
cfg_gpinout[0:31] W23, W24, W25, V28, V27, V25, V23, V21,

W22, U28, U26, U24, U22, U23, U20, U21,

W20, V20, T24, T25, T27, T26, T21, T22,

T23
LA10/SSI1_TXD P19 — BVpp
cfg_ssi_la_sel
LA[25:26] M23, N23 — BVpp
cfg_elbc_clkdiv[0:1]
LA27 N24 — BVpp
cfg_cpu_boot
DIU_LDI[10], LA[28:31] R6, M26, N20, N21, N22 — BVpp
cfg_sys_pll[0:4]
LWEO/LFWE/LBSO T19 — BVbp
cfg_pci_speed
LWE/LBS[1:3] T20, W19, T18 — BVpp
cfg_host_agt[0:2]
LBCTL, LALE, T28, R28, L21, W4 — BVpp
LGPL2/LOE/LFRE,
DIU_LD4
cfg_core_pll[0:3]
LGPLO/LFCLE L19 — BVpp 12
cfg_net2_div
LGPL1/LFALE L20 — BVpp
cfg_pci_clk
LGPL3/LFWP, LGPL5 L22, L24 — BVpp
cfg_boot_seq[0:1]
DIU_LDIO0] V6 — OVpp
cfg_elbc_ecc
DIU_LDJ[7:9] U5, T7, R4 — OVpp
cfg_io_ports[0:2]
DIU_LD[11:12] R7, R8 — OVpp
cfg_dram_type[0:1]
DIU_DE, DIU_LD[13:15] U4, T9,R9, T3 — OVpp
cfg_rom_loc[0:3]
DIU_VSYNC \4 — OVpp
cfg_pci_impd
DIU_HSYNC u7z — OVpp
cfg_pci_arb
UART_RTSO G26 — OVpp
cfg_wdt_en

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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Pin Assignments and Reset States

Table 1. Signal Reference by Functional Block (continued)

Name' Package Pin Number Pin Type Power Supply Notes
ASLEEP B26 — OVpp 13
cfg_core_speed
MSRCIDO Y20 — BVpp
cfg_mem_debug
MDVAL AC20 — BVpp
cfg_boot_vector
Notes:
1. Multi-pin signals such as LDP[0:3] have their physical package pin numbers listed in order corresponding to the signal names.
2. Stub series terminated logic type pins.
3. All SSI signals are multiplexed with eLBC signals.
4. Low voltage transistor-transistor logic (LVTTL) type pins.
5. DIU_LD[23:16] = RED[7:0].

DIU_LD[15:8] = GREEN[7:0].
DIU_LD[7:0] = BLUE[7:0].

6. The pins for the SSl interface on the device are multiplexed with certain eLBC signals, which have the ability to operate at a
different voltage than the other standard 1/O signals. If the device is configured such that the eLBC uses a different voltage
than standard 1/0O and an SSI port on the device is used, then level shifters are required on the SSI signals to ensure they
correctly interface to other devices on the board at the proper voltage.

7. This pin should be pulled to ground with a 100-Q resistor.

8. This pin should be pulled to ground with a 200-Q resistor.

9. These pins should be left floating.

10.This is a SerDes PLL/DLL digital test signal and is only for factory use.

11.This is a SerDes PLL/DLL analog test signal and is only for factory use.

12.This pin should be pulled down if the platform frequency is 400 MHz or below.

13.This pin should be pulled down if the core frequency is 800 MHz or below.

14.MSRCIDI[1:2], DIU_LD[5:6] and TRIG_OUT/READY should NOT be pulled down (or driven low) during reset.15. The pinsin
this section are reset configuration pins. Each pin 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.

16.These pins should be left floating.

17.Must be tied low if unused.

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

19.MDICJ0] should be connected to ground with an 18-Q resistor + 1 Q and MDIC[1] should be connected to GVpp with an 18-Q
resistor + 1 Q. These pins are used for automatic calibration of the DDR |Os.

20.This pin is a reset configuration pin and appears again in the Reset Configuration Signals section of this table. See the Reset
Configuration Signals section of this table for config name and connection details.

21.Recommend a weak pull-up resistor (1-10 kQ2) be placed from this pin to its power supply.

22.This multiplexed pin has input status in one mode and output in another.

23.This pin is a multiplexed signal for different functional blocks and appears more than once in this table.

24 For systems which boot from local bus (GPCM)-controlled flash, a pullup on LGPL4 is required.

25.This pin is open drain signal.

26.These are test signals for factory use only and must be pulled up (100 Q to 1 k) to OVpp for normal machine operation.

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

28.These pins are connected to the power/ground planes internally and may be used by the core power supply to improve
tracking and regulation.

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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Electrical Characteristics

2 Electrical Characteristics

This section provides the AC and DC electrical specifications for the MPC8610. The MPC86trengctargeted to these
specifications.

2.1 Overall DC Electrical Characteristics

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

2.1.1 Absolute Maximum Ratings

Table 2provides the absolute maximum ratings.
Table 2. Absolute Maximum Ratings1

Characteristic Symbol Recommended Unit | Notes
Value
Core supply voltages Vpp_Core -0.3t0 1.21
Core PLL supply AVpp_Core -0.3t0 1.21
SerDes receiver and core power supply (ports 1 and 2) S1Vpp -0.3to0 1.21
S2Vpp
SerDes transmitter power supply (ports 1 and 2) X1Vpp -0.3to0 1.21 \"
X2Vpp
SerDes digital logic power supply (ports 1 and 2) L1Vpp -0.3to0 1.21 \"
L2Vpp
Serdes PLL supply voltage (ports 1 and 2) SD1AVpp -0.3to0 1.21 \%
SD2AVpp
Platform supply voltage Vpp_PLAT -0.3to0 1.21
PCI and platform PLL supply voltage AVpp_PCI -0.3to0 1.21
AVpp_PLAT
DDR/DDR2 SDRAM 1/O supply voltages GVpp -0.3t02.75
Local bus and SSI I/O voltage BVpp —-0.310 3.63
LCD, PCI, general purpose timer, MPIC, IrDA, DUART, DMA, OVpp —0.310 3.63
interrupts, system control and clocking, debug, test, JTAG, power
management, 1°C, SPI, and miscellaneous I/O voltage
Input voltage DDR/DDR2 SDRAM signals MV N (GND -0.3) to \" 2
(GVDD + 03)
DDR/DDR2 SDRAM reference MVgee (GND -0.3) to \ 2
(GVDD/2 + 03)
Local bus /0 voltage BV|n (GND - 0.3) to % 2
(BVDD + 03)
LCD, PCI, general purpose, MPIC, IrDA, DUART, OV (GND -0.3) to \% 2
DMA, interrupts, system control and clocking, (OVpp + 0.3)
debug, test, JTAG, power management, 12C, SPI
and miscellaneous I/O voltage

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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Table 2. Absolute Maximum Ratings' (continued)

Characteristic Symbol Recommended Unit | Notes
Value
Storage temperature range Tsta -55to 150 °C

Notes:

' 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 device reliability or cause
permanent damage to the device.

2 During run time (M, B, O)Vn and MVgeg may overshoot/undershoot to a voltage and for a maximum duration as shown in
Table 2.

2.1.2 Recommended Operating Conditions

Table 3provides the recommended operating conditions for the MPC8610. Note that the vailss Bare the recommended
and tested operating conditions. Proper device operation outside of these conditions is not Jukmarde&ails on order
information and specific operating conditions for parts,Seetion 4, “Ordering Information.”

Table 3. Recommended Operating Conditions

Characteristic Symbol Recommended Unit | Notes
Value
Core supply voltages Vpp_Core 1.025 + 50 mV v 1
1.00 £ 50 mV 2
Core PLL supply AVpp_Core 1.025 + 50 mV v 1.3
1.00 £ 50 mV 2.3
SerDes receiver and core power supply (ports 1 and 2) S1Vpp 1.025 + 50 mV \ 1,4
S2Vpp >
1.00 + 50 mV
SerDes transmitter power supply (ports 1 and 2) X1Vpp 1.025 + 50 mV \" 1
X2Vpp >
1.00 + 50 mV
SerDes digital logic power supply (ports 1 and 2) L1Vpp 1.025 + 50 mV \" 1
L2Vpp >
1.00 + 50 mV
Serdes PLL supply voltage (ports 1 and 2) SD1AVpp 1.025 + 50 mV v 1.3
SD2AV
pD 1.00 + 50 mV 2,3
Platform supply voltage Vpp_PLAT 1.025 + 50 mV \Y 1
1.00 £ 50 mV 2
PCI and platform PLL supply voltage AVpp_PCI 1.025 + 50 mV v 1.3
AV PLAT
bb— 1.00 + 50 mV 2,3
DDR and DDR2 SDRAM 1/O supply voltages GVpp 25V +125mV, \" 5
1.8V +90 mV
Local bus and SSI I/O voltage BVpp 3.3V+165mV \
25V +125mV
1.8V +90 mV

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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Table 3. Recommended Operating Conditions (continued)

Recommended

Characteristic Symbol Unit | Notes
Value
LCD, PCl, general timer, MPIC, IrDA, DUART, DMA, interrupts, system OVpp 3.3V +165mV \ 6
control and clocking, debug, test, JTAG, power management, 1°C, SPI,
and miscellaneous I/O voltage
Input voltage DDR and DDR2 SDRAM signals MV (GND - 0.3) to % 75
(GVDD + 03)
DDR and DDR2 SDRAM reference MVgee (GND -0.3) to \ 7
(GVDD/2 + 03)
Local Bus 1/O voltage BV |y (GND - 0.3) to 7
(BVDD + 03)
LCD, PCI, general purpose timer, MPIC, IrDA, OV (GND -0.3) to v 7.6
DUART, DMA, interrupts, system control and (OVpp + 0.3)

clocking, debug, test, JTAG, power management,
I2C, SPI, and miscellaneous /0 voltage

Junction temperature range T, 0to 105 °C

—-401to 105 8

Notes:

1

o N o O

Applies to devices marked with a core frequency of 1333 MHz. Refer to Table Part Numbering Nomenclature to determine if
the device has been marked for a core frequency of 1333 MHz.

Applies to devices marked with a core frequency below 1333 MHz. Refer to Table Part Numbering Nomenclature to determine
if the device has been marked for a core frequency below 1333 MHz.

AVDD measurements are made at the input of the R/C filter described in Section 3.2.1, “PLL Power Supply Filtering,” and not
at the processor pin.

PCI Express interface of the device is expected to receive signals from 0.175 to 1.2 V. Refer to Section 2.18.4.3, “Differential
Receiver (RX) Input Specifications,” for more information.

Caution: MV must meet the overshoot/undershoot requirements for GVpp as shown in Figure 2.

Caution: OV must meet the overshoot/undershoot requirements for OVpp as shown in Figure 2.

Timing limitations for (M, B, O) V|y and MV ggg during regular run time is provided in Figure 2.

Applies to devices marked MC8610TxxyyyyMz for extended temperature range. Note that MC8610Txx1333Jz is not offered.

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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Figure 2shows the undershoot and overshoot voltages at the interfaces of the MPC8610.

GND .- i e -
GND-03V - 1 — — — — — — — — — — —
ViL
GND -0.7V - - - - —
Sl e Not to Exceed 10%
I OftCLK1 Lol
Note:

1. tg K references clocks for various functional blocks as follows:
For DDR, tg g references MCK.

For LBIU, tg g references LCLK.

For PCI, tg  references PCI_CLK or SYSCLK.

For I2C and JTAG, tg  references SYSCLK.

Figure 2. Overshoot/Undershoot Voltage for M/B/OV |y

The MPC8610 core voltage must always be provided at nomsl @ore (sedable 3for actual recommended core voltage).
\oltage to the external interface 1/0s are provided through separate sets of supply pinsting pnovided at the voltages
shown inTable 3 The input voltage threshold scales with respect to the associated I/O supply voltageb&»éd receivers
are simple CMOS 1/O circuits and satisfy appropriate LVCMOS type specifications. TheSDBRM interface uses a
single-ended differential receiver referenced to each externally suppliggignal (nominally set to Gyp/2) as is
appropriate for the (SSTL-18 and SSTL-2) electrical signaling standards.

21.3 Output Driver Characteristics

Table 4provides information on the characteristics of the output driver strengths. The valuedianagny estimates.

Table 4. Output Drive Capability

Programmable Suppl
Driver Type Output Impedance PRy Notes
Voltage
()

DDR signals 18 GVpp=25V 1,4,6
36 (half strength mode)

DDR2 signals 18 GVpp=18V 1,5,6
36 (half strength mode)

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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Table 4. Output Drive Capability (continued)

Electrical Characteristics

Programmable Suppl
Driver Type Output Impedance PRy Notes
Voltage
(©)
Local bus 25 BVpp =33V 2
35 BVpp=25V
45 (default) BVpp=33V
45 (default) BVpp=25V
125 BVpp=1.8V
PCI, DUART, DMA, interrupts, system control and clocking, debug, 45 OVpp=33V
test, JTAG, power management, and miscellaneous 1/O voltage
1’c 150 OVpp=3.3V
PCI Express 100 XVpp=10V 3
Notes:

1. See the DDR control driver registers in the MPC8610 Integrated Host Processor Reference Manual, for more information.
2. See the POR impedance control register in the MPC8610 Integrated Host Processor Reference Manual, for more information

about local bus signals and their drive strength programmability.

3. See Section 1, “Pin Assignments and Reset States,” for details on resistor requirements for the calibration of
SDn_IMP_CAL_TX and SDn_IMP_CAL_RX transmit and receive signals.

4. Stub series terminated logic (SSTL-25) type pins.
. Stub series terminated logic (SSTL-18) type pins.

()]

6. The drive strength of the DDR interface in half strength mode is at Tj= 105°C and at GVpp (min).

2.2 Power Sequencing

The MPC8610 requires its power rails to be applied in a specific sequence in ordeiréopeoger device operation. These

requirements are as follows:

The chronological order of power up is:
1. OVpp BVpp

2. VDD_PLAT, AVDD_PLAT, VDD_Core, AVDD_Core,AVDD_PC|, 3]VDD' XnVDD, SD’IAVDD (thIS rail must reach

90% of its value before the rail for G, and MVygg reaches 10% of its value)

3. GVDD' MVREF

4, SYSCLK
The order of power down is as follows:
1. SYSCLK

GVpp, MVger

2.
3. VDD_PLAT, AVDD_PLAT, VDD_Core, AVDD_Core, AVDD_PC|, 3]VDD' XnVDD, SD’IAVDD
4

Obp, BVpp
NOTE

AV pp type supplies should be delayed with respect to their source supplies by the RC time

constant of the PLL filter circuit described$ection 3.2, “Power Supply Design and

Sequencing.”
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Figure 3illustrates the power up sequence as described above.

A
33V4 OVpp
o 25V4 s N e — B
U) -
s . GVpp, = 1.8/2.5V
z TN MVRer
2 18V+ e — e _
Q N
(3 Vpp_PLAT, AVpp_PLAT
g AVpp_PCI, SnVpp, XnV,
210V 4+ pp_PCl, SnVpp, XnVpp
o SDnAVpp
o Vpp_Core, AVpp_Core
a
Vpp Stable
<— 100 ps Platform PLL —>
Relock Time?
0 -
<« Power Supply Ramp Up 2 > Time
SYSCLKS (not drawn to scale) m m
9
3 HRESET (& TRST /
< Asserted for o 6600°
7 - = - 100 LLS4 - — - PLL
L -y
Reset
Configuration Pins
<— 5
Cycles Setup and Hold Time ©
Notes:

1. Dotted waveforms correspond to optional supply values for a specified power supply. See Table 3.

2. Ther recommended maximum ramp up time for power supplies is 20 milliseconds.

3. Refer to Section 2.5, “RESET Initialization” for additional information on PLL relock and reset signal
assertion timing requirements.

4. Refer to Table 9 for additional information on reset configuration pin setup timing requirements. In
addition see Figure 53 regarding HRESET and JTAG connection details including TRST.

5. e600 PLL relock time is 100 microseconds maximum plus 255 MPX_clk cycles.

6. Stable PLL configuration signals are required as stable SYSCLK is applied. All other POR configuration
inputs are required 4 SYSCLK cycles before HRESET negation and are valid at least 2 SYSCLK cycles
after HRESET has negated (hold requirement). See Section 2.5, “RESET Initialization,” for more
information on setup and hold time of reset configuration signals.

7. The rail for VDD_PLAT, AVDD_PLAT, VDD_COI'e, AVDD_COf'e, AVDD_PC|, SnVDD, XnVDD, and SDnAVDD
must reach 90% of its value before the rail for GVpp and MVggg reaches 10% of its value.

8. SYSCLK must be driven only AFTER the power for the various power supplies is stable.

9. The reset configuration signals for DRAM types must be valid before HRESET is asserted.

Figure 3. MPC8610 Power Up Sequencing
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2.3

Power Characteristics

The power dissipation for the MPC8610 device is showrelnie 5
Table 5. MPC8610 Power Dissipation

Electrical Characteristics

Core/Platform Vpp_Core, Junction Power

Power Mode Frequency Vpp_PLAT Temp::rature (Watts) Notes
(MHz) () (°C)
Typical 65 10.7 1,2
Thermal 1333/533 1.025 121 1,3
Maximum 105 16 1,4
Typical 65 8.4 1,2
Thermal 1066/533 1.00 9.8 1,3
Maximum 105 13 1,4
Typical 65 5.8 1,2
Thermal 800/400 1.00 7.2 1,3
Maximum 109 9.5 1,4
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.
2. Typical power is an average value measured at the nominal recommended core voltage (Vpp_Core) and 65°C junction
temperature (see Table 3) while running the Dhrystone 2.1 benchmark and achieving 2.3 Dhrystone MIPs/MHz with the core
at 100% efficiency. This parameter is not 100% tested but periodically sampled.
3. Thermal power is the average power measured at nominal core voltage (Vpp_Core) and maximum operating junction
temperature (see Table 3) while running the Dhrystone 2.1 benchmark and achieving 2.3 Dhrystone MIPs/MHz on the core
and a typical workload on platform interfaces. This parameter is not 100% tested but periodically sampled.
4. Maximum power is the maximum power measured at nominal core voltage (Vpp_Core) and maximum operating junction

temperature (see Table 3) while running a test which includes an entirely L1-cache-resident, contrived sequence of

instructions which keep all the execution units maximally busy on the core.

The estimated maximum power dissipation for individual power supplies of the MPC861W isiafi@ble 6

Table 6. MPC8610 Individual Supply Maximum Power Dissipation’

Component Description Supply(lv\;oltage Es(:’.vaPt(:;v)er Notes
Core voltage supply Vpp_Core =1.025V @ 1333 MHz 14.0
Vpp_Core = 1.00 V @ 1066 MHz 12.0
Core PLL voltage supply AVpp_Core =1.025V @ 1333 MHz 0.0125
AVpp_Core =1.00V @ 1066 MHz 0.0125
Platform source supply Vpp_PLAT =1.025V @ 1333 MHz 4.5
Vpp_PLAT =1.00 V @ 1066 MHz 4.3
MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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Table 6. MPC8610 Individual Supply Maximum Power Dissipation1 (continued)

i Supply Voltage Est. Power
Component Description V) (Watts) Notes
Platform PLL voltage supply AVpp_PLAT =1.025V @ 1333 MHz 0.0125
AVpp_PLAT =1.00V @ 1066 MHz 0.0125

Notes:

1. This is a maximum power supply number which is provided for power supply and board design information. The numbers are
based on 100% utilization for each component. The components listed are not expected to have 100% usage simultaneously
for all components. Actual numbers may vary based on activity. Note that the production parts should have a total maximum
power value based on Table 5. The ‘Est.’ in the Est. Power column is to emphasize that these numbers are based on
theoretical estimates. The device is tested to ensure that the sum of all four supplies does not exceed the power stated in
Table 5. No specific supply should ever exceed its individual amount estimated in Table 6.

2.3.1 Frequency Derating

To reduce power consumption, these devices support frequency derating if theel n@dxénum processor core frequency and
reduced maximum platform frequency requirements are observed. The reduced maxinassoprare frequency, resulting
maximum platform frequency and power consumption are provid&ahite 7 Only those parameters Tiable 7are affected;

all other parameter specifications are unaffected.

Table 7. Core Frequency, Platform Frequency and Power Consumption Derating

Maximum Rated Maximum Derated Vpp_Core
Core/Platform DD— ’ Typical Power Thermal Power | Maximum Power
Core Frequency Vpp_PLAT
. . Frequency (Watts) (Watts) (Watts)
(Device Marking) V)
(MHz)

1333J N/A

1066J 1000/400 1.00 8.0 9.4 12.5

800G 667/333 1.00 5.0 6.4 8.5

2.4 Input Clocks

Table 8provides the system clock (SYSCLK) DC specifications for the MPC8610.
Table 8. SYSCLK DC Electrical Characteristics (OVpp = 3.3 V + 165 mV)

Parameter Symbol Min Max Unit
High-level input voltage Viy 2 OVpp + 0.3 \
Low-level input voltage Vi -0.3 0.8 \
Input current (Vin'=0 V or Viy = Vpp) N — +5 uA

' Note that the symbol V,y, in this case, represents the OV, symbol referenced in Table 2 and Table 3.
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241 System Clock Timing

Table 9provides the system clock (SYSCLK) AC timing specifications for the MPC8610.
Table 9. SYSCLK AC Timing Specifications

Parameter/Condition Symbol Min Typical Max Unit Notes
SYSCLK frequency fsyscoLk 33 — 133 MHz 1
SYSCLK cycle time tsyscLk 7.5 — — ns —
SYSCLK rise and fall time ks ke 0.6 1.0 1.2 ns 2
SYSCLK duty cycle tkHk/tsyscLk 40 — 60 % 3
SYSCLK jitter — — — +150 ps 4,5

Notes:

All specifications at recommended operating conditions (see Table 3) with OVpp=3.3 V + 165 mV.

1. Caution: The platform to SYSCLK clock ratio and €600 core to platform clock ratio settings must be chosen such that the
resulting SYSCLK, platform, and e600 (core) frequencies do not exceed their respective maximum or minimum operating
frequencies. Refer to Section 3.1.2, “Platform/MPX to SYSCLK PLL Ratio” and Section 3.1.3, “e600 Core to MPX/Platform
Clock PLL Ratio,” for ratio settings.

. Rise and fall times for SYSCLK are measured at 0.4 and 2.7 V.

. Timing is guaranteed by design and characterization.

. This represents the short term jitter only and is guaranteed by design.

. 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. Note that the frequency modulation
for SYSCLK reduces significantly for the spread spectrum source case. This is to guarantee what is supported based on
design.

a b~ wOwN

2411 SYSCLK and Spread Spectrum Sources

Spread spectrum clock sources are a popular way to control electetinagterference emissions (EMI) by spreading the
emitted noise over a wider spectrum and reducing the peak noise magnitude. dtleseuwlces intentionally add long-term
jitter in order to diffuse the EMI spectral content. The jitter specificatiomgiv&able 9considers short-term (cycle-to-cycle)
jitter only and the clock generator’s cycle-to-cycle output jitter should theeMPC8610 input cycle-to-cycle jitter
requirement. Frequency modulation and spread are separate concerns, and the MPCBgiidecwith spread spectrum
sources if the recommendations listedable 10are observed.

Table 10. Spread Spectrum Clock Source Recommendations

Parameter Min Max Unit Notes
Frequency modulation — 50 kHz 1
Frequency spread — 1.0 % 1,2

Notes:

All specifications at recommended operating conditions (see Table 3).

1. Guaranteed by design.

2. SYSCLK frequencies resulting from frequency spreading, and the resulting core and VCO frequencies, must meet the
minimum and maximum specifications given in Table 10.

Itis imperative to note that the processor’s minimum and maximun€&Xscore, and VCO frequencies must not be exceeded

regardless of the type of clock source. Therefore, systems in which the processoatisdoat its maximum rated e600 core
frequency should avoid violating the stated limits by using down-spreading only.
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SDn_REF_CLK and SB_REF_CLKwas 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 resultsitesevaithout significant unintended
modulation.

24.2 Real Time Clock Timing

The RTC input is sampled by the platform clock. The output of the sampling latch is thes asddut to the counters ofth
PIC. There is no jitter specification. The minimum pulse width of the RTC signal should ber ghea % the period of the
platform clock. That is, minimum clock high time is2y,px, and minimum clock low time iS22 t;px. There is no minimum
RTC frequency; RTC may be grounded if not needed.

243 PCI/PCI-X Reference Clock Timing

When the PCI/PCI-X controller is configured for asynchronous operation, the referericéoclite PCI/PCI-X controller is
not the SYSCLK input, but instead the RCCLK. Table 1provides the PCI/PCI-X reference clock AC timing specifications
for the MPC8610.

Table 11. PCIn_CLK AC Timing Specifications

Parameter/Condition Symbol Min Typ Max Unit Notes
PCIn_CLK frequency frcicLk 16 — 133 MHz —
PCIn_CLK cycle time tpcicLK 7.5 — 60 ns —
PCIn_CLK rise and fall time tpcikns tPCIKL 0.6 1.0 2.1 ns 1,2
PCln_CLK duty cycle tpcikHKkL/tPCICLK 40 — 60 % 2

Notes:
1. Rise and fall times for SYSCLK are measured at 0.6 and 2.7 V.
2. Timing is guaranteed by design and characterization.

244 Platform Frequency Requirements for PCI-Express

The MPX platform clock frequency must be considered for proper operation of the high-sp&egrRSs interface as
described below.

For proper PCI Express operation, the MPX clock frequency must be greater gguml to:
527 MHz x (PCI-Express link width)
16/ (1 + cfg_net2_div)

Note that at MPX = 333 - 400 MHz, cfg_net2_div = 0 and at MPX > 400 MHz, cfg_net2_div = 1. Therefareyvehnating
PCI Express in x8 link width, the MPX platform frequency must be 333-400 MHz with cfg_net2_div = 0 or greater than
equal to 527 MHz with cfg_net2_div = 1.

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2
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245 Other Input Clocks

For information on the input clocks of other functional blocks of the platform such as SerDes gpeeiffeesection of this
document.

2.5 RESET Initialization

Table 12describes the AC electrical specifications for the RESET initialization timingresgents of the MPC8610.
Table 12. RESET Initialization Timing Specifications

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

Notes:
1. SYSCLK is he primary clock input for the device.
2. This is related to HRESET assertion time.

Table 13provides the PLL lock times.
Table 13. PLL Lock Times

Parameter/Condition Min Max Unit Notes

PLL lock times (platform, PCI and €600 core) — 100 us 1

Notes:
1. The PLL lock time for the e600 core PLL requires an additional 255 platform clock cycles.

2.6 DDR and DDR2 SDRAM

This section describes the DC and AC electrical specifications for the DDR SDRAM interfhee®C8610. Note that DDR
SDRAM is GVpp = 2.5 V and DDR2 SDRAM is Gyp = 1.8 V.
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2.6.1

DDR SDRAM DC Electrical Characteristics

Table 14provides the recommended operating conditions for the DDR2 SDRAM component(s) of the [aR@&61

GVDD(typ) =18V

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

Parameter/Condition Symbol Min Max Unit Notes

1/0O supply voltage GVpp 1.71 1.89 \ 1
I/0 reference voltage MVger 0.49 x GVpp 0.51 x GVpp Vv 2
I/0 termination voltage Vit MVggg — 0.04 MVggg + 0.04 \ 3
Input high voltage Viy MVRger + 0.125 GVpp + 0.3 \

Input low voltage Vi -0.3 MVger —0.125 \

Output leakage current loz -50 50 UA 4
Output high current (Vo = 1.420 V) loH -13.4 — mA

Output low current (Vo1 = 0.280 V) loL 13.4 — mA

Notes:

1. GVpp is expected to be within 50 mV of the DRAM GV at all times.
2. MVRggr is expected to be equal to 0.5 x GVpp, and to track GVpp DC variations as measured at the receiver. Peak-to-peak
noise on MVggr may not exceed +2% of the DC value.
3. Vy7is not applied directly to the device. It is the supply to which far end signal termination is made and is expected to be
equal to MVggg This rail should track variations in the DC level of MVRggg
4. Output leakage is measured with all outputs disabled, 0 V < Vg1 < GVpp.

Table 15provides the DDR capacitance when g\typ) = 1.8 V.
Table 15. 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
Delta input/output capacitance: DQ, DQS, DQS Cobio — 0.5 pF 1

Note:

1. This parameter is sampled. GVpp =1.8 V £0.090 V, f = 1 MHz, Tp = 25°C, Voyt = GVpp/2, Vout (peak-to-peak) = 0.2 V.

Table 16provides the recommended operating conditions for the DDR SDRAM component(s) whglitypy= 2.5 V.

Table 16. DDR SDRAM DC Electrical Characteristics for GVpp (typ) = 2.5V

Parameter/Condition Symbol Min Max Unit Notes
1/0O supply voltage GVpp 2.375 2.625 \ 1
1/0 reference voltage MVRer 0.49 x GVpp 0.51 x GVpp \ 2
I/0 termination voltage Vit MVggg — 0.04 MVggg + 0.04 \ 3
Input high voltage Viy MVggg + 0.15 GVpp + 0.3 \
Input low voltage Vi -0.3 MVgegg—-0.15 \
Output leakage current loz -50 50 A 4
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Table 16. DDR SDRAM DC Electrical Characteristics for GVpp (typ) = 2.5 V (continued)

Electrical Characteristics

Parameter/Condition Symbol Min Max Unit Notes
Output high current (Voyt = 1.95 V) loH -16.2 — mA
Output low current (Vgyt = 0.35 V) loL 16.2 — mA

Notes:

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

2. MVRgeg 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 MVger may not exceed +2% of the DC value.

3. V1t is not applied directly to the device. It is the supply to which far end signal termination is made and is expected to be
equal to MVggg This rail should track variations in the DC level of MVgge
4. Output leakage is measured with all outputs disabled, 0 V < Vg1 < GVpp.

Table 17provides the DDR capacitance when gG\typ)=2.5 V.

Table 17. DDR SDRAM Capacitance for GVpp (typ) =2.5V

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

Note:

1. This parameter is sampled. GVpp = 2.5V +0.125 V, f =1 MHz, Tp = 25°C, Voyt = GVpp/2, VouT (peak-to-peak) = 0.2 V.

Table 18provides the current draw characteristics for d}

Table 18. Current Draw Characteristics for MVggg

Parameter/Condition Symbol Min Max Unit Notes
Current draw for MVggg IMVREE — 500 A 1
Note:
1. The voltage regulator for MVggg must be able to supply up to 500 pA current.
2.6.2 DDR SDRAM AC Electrical Characteristics
This section provides the AC electrical characteristics for the DDR/DDR2 SDRAM irgerfac
2.6.2.1 DDR SDRAM Input AC Timing Specifications
Table 19provides the input AC timing specifications for the DDR2 SDRAM wherpg(typ)=1.8 V.

Table 19. DDR2 SDRAM Input AC Timing Specifications for 1.8-V Interface
At recommended operating conditions.

Parameter Symbol Min Max Unit

AC input low voltage Vi — MVggg - 0.25 \
AC input high voltage Viy MVggg + 0.25 — \
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Table 20provides the input AC timing specifications for the DDR SDRAM wherp&#p)=2.5 V.

Table 20. DDR SDRAM Input AC Timing Specifications for 2.5-V Interface
At recommended operating conditions.

Parameter Symbol Min Max Unit
AC input low voltage Vi — MVggg - 0.31 \
AC input high voltage Viy MVggg + 0.31 — \

Table 21provides the input AC timing specifications for the DDR SDRAM interface.

Table 21. DDR SDRAM Input AC Timing Specifications
At recommended operating conditions.

Parameter Symbol Min Max Unit Notes
Controller Skew for MDQS—MDQ/MECC tciskew ps 1,2
533 MHz -300 300 3
400 MHz -365 365
333 MHz -390 390

Notes:

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 tp,gkgw- This can be
determined by the following equation: thskew = =(T/4 — abs(iciskew)), Where T is the clock period and abs(tciskew) is the
absolute value of tgiskew-

3. Maximum DDR1 frequency is 400 MHz.

Figure 4shows the DDR SDRAM input timing for the MDQS to MDQ skew measuremgagigy)-

oKl V —n——a—»
MCK[n] /\ /\ /\ /\ N\ /N
< Mok ——> | | | | |

: : | | | : |

MDQS[n] : \ / BK_/—\_/l |
| :\J | | | |

| | | | | |

| | | | | |

MDQ | ' | | |
Mo oM o

| ' —>| |<— lolskew | | |

| | | |

|
tDISKEW —»| |<— | |

Figure 4. DDR Input Timing Diagram for tDISKEW
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2.6.2.2 DDR SDRAM Output AC Timing Specifications

Table 22. DDR SDRAM Output AC Timing Specifications
At recommended operating conditions.

Parameter Symbol1 Min Max Unit Notes
MCK]|n] cycle time, MCK[n)/MCK]|n] crossing tvck 3 10 ns 2
MCK duty cycle tMCKH/tMCK %
533 MHz 47 53 8
400 MHz 47 53 8
333 MHz 47 53
ADDR/CMD output setup with respectto MCK|  tppknas ns 3
533 MHz 1.48 — 7
400 MHz 1.95 —
333 MHz 2.40 —
ADDR/CMD output hold with respect to MCK tDDKHAX ns 3
533 MHz 1.48 — 7
400 MHz 1.95 —
333 MHz 2.40 —
MCS[n] output setup with respect to MCK tobkHes ns 3
533 MHz 1.48 — 7
400 MHz 1.95 —
333 MHz 2.40 —
MCS[n] output hold with respect to MCK tDDKHCX ns 3
533 MHz 1.48 — 7
400 MHz 1.95 —
333 MHz 2.40 —
MCK to MDQS Skew tDDKHMH -0.6 0.6 ns 4
MDQ/MECC/MDM output setup with respect tpDKHDS, ps 5
to MDQS tbpkLDS
533 MHz 590 — 7
400 MHz 700 —
333 MHz 900 —
MDQ/MECC/MDM output hold with respectto | tppkHpx, ps 5
MDQS tbpkLDX
533 MHz 590 — 7
400 MHz 700 —
333 MHz 900 —
MDQS preamble start tDDKHMP —0.5 x tMCK - 0.6 —0.5x tMCK +0.6 ns 6
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Table 22. DDR SDRAM Output AC Timing Specifications (continued)

At recommended operating conditions.

Parameter Symbol1 Min Max Unit Notes

MDQS epilogue end tDDKHME -0.6 0.6 ns 6

Notes:

1.

w N

©

The symbols used for timing specifications follow the pattern of t it two letters of functional block)(signal)(state)(reference)(state) fO
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,
tppkHAs symbolizes DDR timing (DD) for the time ty,cx memory clock reference (K) goes from the high (H) state until outputs
(A) are setup (S) or output valid time. Also, tppk| px sSymbolizes DDR timing (DD) for the time ty;cx memory clock reference
(K) goes low (L) until data outputs (D) are invalid (X) or data output hold time.

. All MCK/MCK 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, tppknvH 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 MPC8610 Integrated Host Processor Reference Manual, for a description and understanding of
the timing modifications enabled by use of these bits.

. Determined by maximum possible skew between a data strobe (MDQS) and any corresponding bit of data (MDQ), ECC

(MECC), or data mask (MDM). The data strobe should be centered inside of the data eye at the pins of the microprocessor.

. All outputs are referenced to the rising edge of MCK[n] at the pins of the microprocessor. Note that tppkympe follows the

symbol conventions described in note 1.

. Maximum DDR1 frequency is 400 MHz.

Per the JEDEC spec the DDR2 duty cycle at 400 and 533 MHz is the low and high cycle time values.

NOTE

For the ADDR/CMD setup and hold specification§able 22 it is assumed that the clock
control register is set to adjust the memory clocks by 1/2 applied cycle.

Figure 5shows the DDR SDRAM output timing for the MCK to MDQS skew measuremg#itiiin)-

MCKI[n] ——\i \/
MCK([n] | /\
:4— tMICK —>

| | |
| 'DDKHMHmMax) = 0.6 ns

R N D

|
|
|
| |
| |
MDQS : :
| |
| | |
| 'DDKHMH(min) = -0.6 hs
| |
|
|
|
|
|
|

MDQS

Figure 5. Timing Diagram for tDDKHMH
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Figure 6shows the DDR SDRAM output timing diagram.

MeKin] - \/ /A VA VA VA
MCK{n] /N /N /N /N /N N\
< mok —> l l l l l
| | | | | | | |
| | | | | | | |
—> < topkHas »tbDKHES : : | : !
> < tbpokHax tDDKHCX | | | |
| | | | | |
ADDR/CMD Write AO NOOPR I I I I :
| | | | |
| | | | | | | |
[ | | | | | | |
' 1DDKHMP! - | | | | |
| | | tDDKHMH' | | | |
| | | | | | | |
| | > < 1 | 1 | |
| | | | | | | |
MDQS|n] I I ’\ 1 I I I I I
| | | ! | | |
! ' —>| < lppkHDS | I —> |<— 'oKHME
: : : —! ’4* topkLDs : : :
MDQ[x] DO D1
—>‘ <— tDDKLDX
tDDKHDX —>|  [<—

Figure 6. DDR SDRAM Output Timing Diagram

Figure 7provides the AC test load for the DDR bus.

OQutput 4@ Zy=500Q O

VA

R.=50Q

GVpp/2

Figure 7. DDR AC Test Load

2.7 Local Bus

This section describes the DC and AC electrical specifications for the local bhimsciatef the MPC8610.

2.71 Local Bus DC Electrical Characteristics

Table 23provides the DC electrical characteristics for the local bus ittedgerating at Byp = 3.3 V.
Table 23. Local Bus DC Electrical Characteristics (BVpp = 3.3 V)

Parameter Symbol Min Max Unit
High-level input voltage Viy 2 BVpp + 0.3 \
Low-level input voltage Vi -0.3 0.8 \
Input current (V' =0V or Vi = BVpp) N — +5 uA
High-level output voltage (BVpp = min, loy = -2 mA) Vou BVpp—0.2 — \
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Table 23. Local Bus DC Electrical Characteristics (BVpp = 3.3 V) (continued)

Parameter Symbol Min Max Unit
Low-level output voltage (BVpp = min, Ig. =2 mA) VoL — 0.2 \
Note:
1. The symbol V|, in this case, represents the BV symbol referenced in Table 2 and Table 3.
Table 24provides the DC electrical characteristics for the local bus icedperating at Byp = 2.5V DC.
Table 24. Local Bus DC Electrical Characteristics (BVpp = 2.5 V)
Parameter Symbol Min Max Unit
High-level input voltage Viy 1.70 BVpp + 0.3 \
Low-level input voltage ViL -0.3 0.7 \
Input current (V"= 0V or V\ = BVpp) Iin — +15 nA
High-level output voltage (BVpp = min, Igy = -1 mA) Vou 2.0 —
Low-level output voltage (BVpp = min, g = 1 mA) VoL — 0.4
Note:
1. The symbol V|, in this case, represents the BV y symbol referenced in Table 2 and Table 3.
Table 25provides the DC electrical characteristics for the local bus icedperating at Byp = 1.8 V.
Table 25. Local Bus DC Electrical Characteristics (BVpp = 1.8 V)
Parameter Symbol Min Max Unit
High-level input voltage Viy 1.3 BVpp + 0.3 \
Low-level input voltage ViL -0.3 0.8 \
Input current (V' =0 V or Vi = BVpp) Iin — +15 nA
High-level output voltage (BVpp = min, Igy = -1 mA) Vou 1.42 —
Low-level output voltage (BVpp = min, g = 1 mA) VoL — 0.2

Note:

1. The symbol V|, in this case, represents the BV y symbol referenced in Table 2 and Table 3.

2.7.2

Local Bus AC Electrical Specifications

Table 26describes the general timing parameters of the local bus interfacg,gt-B¥3 V, 2.5 V and 1.8 V. For information

about the frequency range of local bus Seetion 3.1.1, “Clock Ranges.”

Table 26. Local Bus Timing Parameters (BVpp =3.3V, 2.5V and 1.8 V)

Parameter Symbol1 Min Max Unit Notes
Local bus cycle time t Bk 7.5 — ns
Local bus duty cycle t BkHALBK 45 55 Y%
LCLK[n] skew to LCLK[m] t BKSKEW — 100 ps 2,7
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Table 26. Local Bus Timing Parameters (BVpp = 3.3 V, 2.5 V and 1.8 V) (continued)

Parameter Symbol1 Min Max Unit Notes
Input setup to local bus clock (except LGTA/LUPWAIT) tLBIVKH1 4.5 — ns 3,4
LGTA/LUPWAIT input setup to local bus clock tL BIVKL2 4.3 — ns 3,4
Input hold from local bus clock (except LGTA/LUPWAIT) L BIXKH1 — 0.8 ns 3,4
LGTA/LUPWAIT input hold from local bus clock tLBIXKL2 — 0.7 ns 3,4
LALE output transition to LAD/LDP output transition tLBoTOT 0.75 — ns 5
(LATCH hold time)
Local bus clock to output valid (except LAD/LDP and LALE) t BkLOV1 — 1.1 ns
Local bus clock to data valid for LAD/LDP t BkLOV2 — 1.2 ns 3
Local bus clock to address valid for LAD, and LALE t BkLOV3 — 1.2 ns 3
Local bus clock to LALE assertion t BkLOV4 — 1.4 ns
Output hold from local bus clock (except LAD/LDP and t BKLOX1 -0.6 — ns 3
LALE)
Output hold from local bus clock for LAD/LDP t BkLOX? -0.6 — ns 3
Local bus clock to output high Impedance (except t BkLOZ1 — 2.5 ns 6
LAD/LDP and LALE)
Local bus clock to output high Impedance for LAD/LDP t BkLOZ2 — 2.5 ns 6

Note:

1

- The symbols used for timing specifications follow the pattern of ;s 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, 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 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.

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

complementary signals at BVpp/2. Skew number is valid only when LCLK[m] and LCLK|n] have the same load.

. All signals are measured from BVpp/2 of the edge of local bus clock to 0.4 x BV pp of the signal in question for 3.3-V signaling

levels.

. Input timings are measured at the pin.
. The value of t ggroT is the measurement of the minimum time between the negation of LALE and any change in LAD.
. 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.

. Guaranteed by design.

Figure 8provides the AC test load for the local bus.

Output 4€> Z,=50Q <>—\A/\/¥BVDD/2
RL=50Q

Figure 8. Local Bus AC Test Load

Figure 9to Figure 11show the local bus signals.
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NOTE

Output signals are latched at the falling edge of LCLK and input signals are captured at the
rising edge of LCLK, with the exception of the LGTAJPWAIT signal, which is captured
at the falling edge of LCLK.

LCLK[n]

Input Signals:
LAD[0:31]/LDP[0:3]

Input Signal:
LGTA

LUPWAIT

Output Signals:
LA[27:31)/LBCTL/LBCKE/LOE/
LFCLE/LFALE/LFRE/
LFWP/LLWE

Output (Data) Signals:
LADI[0:31]/LDP[0:3]

Output (Address) Signal:
LAD[0:31]

LALE

|
1 |

| |
I I | L BIVKH1—>1 !

| | | |
: | | <t BIXKH1 |
A, Lo oo T A [
| | | | |
| | | | |
| | | | !
| | | i < tBivkLe >
| | | I T
| - -------- -0 - [ - _\ - - e
I I | I I
| | | | r—tLBIXKL2
| | | | |
I I | I |
| | | | |
Tttt STt ST Y/ N
| | | T T t
| [ t | ' —>1 1 BKLOZ1 [<—
| : LBKLOVI — | | < : UBKLOXt ! <
| |
SERRRRREEEES AERREEEE K OO
| [ |
I I | I I
I | | [ I
| | tiekLove > |<— | —> IBKLOZ2 (<
I I I !
s 00
| | |

| | |
: | UBKLOVE > | < , lBkioxe > |«
I I I
[ r--~-"°-tt Tt |_
| | | T T

| |
: | tBKkLovs > < tLgoToT | <
| | 1

Figure 9. Local Bus Signals
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GPCM/FCM
Mode Output Signals: |
LCS[0:7)/LWE

GPCM Mode Input Signal: A oo B .
LGTA

UPM Mode Input Signal:
LUPWAIT

Input Signals: |
LAD[0:31]/LDP[0:3]

UPM Mode Output Signals: [
LCS[0:7)/LBS[0:3)/LGPL[0:5] ,

Electrical Characteristics

T

[
|
|
T3 |
|

t >
tiekLovi —> LBKLOXT

tLBIVKH1 —>1

—> :<—tLBIXKH1

____________ o N A U

Figure 10. Local Bus Signals, GPCM/UPM/FCM Signals for LCRR[CLKDIV] = 2 (Clock Ratio of 4)
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T

T2

T3

T4

GPCM/FCM

[
[
!
[
|
[
LCLK ’
[
|
[
|
[
|

Mode Output Signals:
LCS[0:7)/LWE

GPCM Mode Input Signal: |
LGTA

UPM Mode Input Signal:
LUPWAIT

BKLOZ1

<— t BIVKH1 >
Input Signals: !
LAD[0:31)/LDPJ[0:3]

------------ 4 |- - -

)

|
e— tLBIXKH1
|

UPM Mode Output Signals:
LCS[0:7)/LBS[0:3)/LGPL[0:5] '

Figure 11. Local Bus Signals, GPCM/UPM/FCM Signals for LCRR[CLKDIV] = 4 or 8 (Clock Ratio of 8 or 16)

2.8 Display Interface Unit

This section describes the DIU DC and AC electrical specifications.

2.8.1 DIU DC Electrical Characteristics

Table 27provides the DIU DC electrical characteristics.
Table 27. DIU DC Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage Viy 2 OVpp + 0.3 \
Low-level input voltage Vi -0.3 0.8 \
Input current (V)" = 0 V or Viy = Vpp, N — +5 uA
High-level output voltage (OVpp = mn, Igy =—100 pA) Vou OVpp—-0.2 — \
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Table 27. DIU DC Electrical Characteristics (continued)

Parameter Symbol Min Max Unit

Low-level output voltage (OVpp = min, Io, = 100 pA) VoL — 0.2 \"

Note:
1. The symbol V|, in this case, represents the OV|y symbol referenced in Table 2 and Table 3.

2.8.2 DIU AC Timing Specifications

Figure 12depicts the horizontal timing (timing of one line), including both the horizontal sync pulse andath&lda
parameters shown in the diagram are programmable. This timing diagram corresponds to positivefibla
DIU_CLK_OUT signal and active-high polarity of the DIHSYNC, DIU_VSYNC, and DIU_DE signals. By default, all
control signals and the display data are generated at the rising edge afrthed ipikel clock, and the DIU_CLK_OUT output
to drive the panel has the same polarity with the internal pixel clock. User can seledathg of the DIU_HSYNC and
DIU_VSYNC signal (via the SYN_POL register), whether active-high or active-low, theltisfagtive-high. The DIU_DE
signal is always active-high.

B tHsp =
St i tPwH tBPH tsw tFpPH
artof Line |¢ > < >l > |<
Y<——>—trcp
r "
DIU_CLK_OUT | L , |

N\ -
DIU_LD Invalid| Data 1 W X XpeLa XX Invalid Data
- =

,\l

DIU_HSYNC__| N

\ \

,\l
DIU_DE ,\l ,\l ,\l

Figure 12. TFT DIU/LCD Interface Timing Diagram—Horizontal Sync Pulse
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Figure 13depicts the vertical timing (timing of one frame), including both the vertical sync pulse and th&lldzdsameters
shown in the diagram are programmable.

Tvsp

Tpwv |, Tbpv Tsh p Tpv

A
y
A 4
v
A

Start of Frame

< o Thsp

o | | [ | e | o

DIU_LD >< N ><
. - i 2 3 DELTA_Y Invalid Data
(Line Data) Invalid|Data 1 >< >< _,X\_ _

N
DIU_VSYNC | N N N

DIU_DE I\, I\, | H H U :_: H '\,

Figure 13. TFT DIU/LCD Interface Timing Diagram—Vertical Sync Pulse

Table 28shows timing parameters of signals presentddgare 12andFigure 13
Table 28. DIU Interface AC Timing Parameters—Pixel Level

Parameter Symbol Value Unit Notes
Display pixel clock period tpcp 7.5 (minimum) ns 1,2
HSYNC width towH PW_H x tpcp ns
HSYNC back porch width tepH BP_H X tpcp ns
HSYNC front porch width trpy FP_H x tpcp ns
Screen width tsw DELTA_X X tpcp ns
HSYNC (line) period tysp (PW_H + BP_H + DELTA_X + FP_H) X tpcp ns
VSYNC width towy PW_V X tygp ns
HSYNC back porch width tgpy BP_V x tygp ns
HSYNC front porch width tepy FP_V x tygp ns
Screen height tsy DELTA_Y x tygp ns
VSYNC (frame) period tysp (PW_V + BP_V + DELTA_Y + FP_H) x tygp ns

Notes:

! Display interface pixel clock period immediate value (in nanoseconds).
2 Display pixel clock frequency must also be less than or equal to 1/3 the platform clock.
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The DELTA_X and DELTA_Y parameters are programmed via the DISP_SIZE regiséePW_H, BP_H, and FP_H
parameters are programmed via the HSYN_PARA register; and the PW_V, BP_V, and FRn®tgrarare programmed via
the VSYN_PARA register.

Figure 14depicts the synchronous display interface timing for access leveTaael 29lists the timing parameters.

tpIuKHOV

—> <—tDIuKHOX
DIU_HSYNC
DIU_VSYNC
DIU_DE
DIU_LD

DIU_CLK_OUT _ X/_\J_\
tokn | toke
Figure 14. LCD Interface Timing Diagram—Access Level
NOTE
The DIU_OUT_CLK edge and phase delay is selectable via the Global Utilities CKDVDR

register.

Table 29. LCD Interface Timing Parameters—Access Level

Parameter Symbol Min Typ Max Unit
LCD interface pixel clock high time tokH 0.35 x tpgp 0.5 x tpcp 0.65 x tpgp ns
LCD interface pixel clock low time tokL 0.35 x tpgp 0.5 x tpcp 0.65 x tpgp ns
LCD interface pixel clock to ouput valid tpiukHOV — — 2 ns
LCD interface output hold from pixel clock tpIuKHOX tpcp — 2 — — ns

29 I2C

This section describes the DC and AC electrical characteristics fdiQhetérfaces of the MPC8610.

2.9.1 I2C DC Electrical Characteristics

Table 30provides the DC electrical characteristics for @ interfaces.

Table 30. IC DC Electrical Characteristics
At recommended operating conditions with OVpp of 3.3 V + 5%.

Parameter Symbol Min Max Unit Notes
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
Pulse width of spikes which must be suppressed by the tioKHKL 0 50 ns 2
input filter
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Table 30. I2C DC Electrical Characteristics (continued)
At recommended operating conditions with OVpp of 3.3 V + 5%.

Parameter Symbol Min Max Unit Notes

Input current each 1/O pin (input voltage is between I -10 10 nA 3
0.1 x OVDD and 0.9 x OVDD(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. Refer to the MPC8610 Integrated Host Processor Reference Manual, for information on the digital filter used.

3. 1/0 pins will obstruct the SDA and SCL lines if OVpp is switched off.

2.9.2  I?C AC Electrical Specifications
Table 31provides the AC timing parameters for tR€ interfaces.

Table 31. I’C AC Electrical Specifications
All values refer to V| (min) and V,_(max) levels (see Table 30).
Parameter Symbol1 Min Max Unit

SCL clock frequency floc 0 400 kHz
Low period of the SCL clock tiocL? 1.3 — us
High period of the SCL clock t|20H4 0.6 — us
Setup time for a repeated START condition t|23VKH4 0.6 — us
Hold time (repeated) START condition (after this period, the first t|23XKL4 0.6 — us
clock pulse is generated)

Data setup time t|2DVKH4 100 — ns
Data input hold time: tioDxKL us

CBUS compatible masters — —
I°C bus devices 02 —

Data ouput delay time toOVKL — 0.93 us
Setup time for STOP condition ti2PVKH 0.6 — us
Bus free time between a STOP and START condition tioKHDX 1.3 — us
Noise margin at the LOW level for each connected device (including VL 0.1 x OVpp — \
hysteresis)

Noise margin at the HIGH level for each connected device (including VNH 0.2 x OVpp — \
hysteresis)
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Table 31. I2C AC Electrical Specifications (continued)

All values refer to V| (min) and V,_(max) levels (see Table 30).

Electrical Characteristics

Parameter

Symbol'

Min

Max Unit

Capacitive load for each bus line

Cb

400

pF

Notes:

1. The symbols used for timing specifications follow the pattern of t it two letters of functional block)(signal)(state)(referenge) (state) for
inputs and tfirst two letters of functional block)(reference)(state)(signal)(state) O outputs. For example, tj2pykH symbolizes I°C timing (12)
with respect to the time data input signals (D) reach the valid state (V) relative to the tj5¢ clock reference (K) going to the high
(H) state or setup time. Also, tjogxk symbolizes 1’c timing (12) for the time that the data with respect to the start condition
(S) went invalid (X) relative to the to¢ 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).

2. As a transmitter, the MPC8610 provides a delay time of at least 300 ns for the SDA signal (referred to the Vi, 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 MPC8610 acts as the 1°C bus master while transmitting, MPC8610 drives both SCL and SDA. As long as the load on
SCL and SDA are balanced, MPC8610 would not cause unintended generation of Start or Stop condition. Therefore, the
300 ns SDA output delay time is not a concern. If, under some rare condition, the 300 ns SDA output delay time is required
for MPC8610 as transmitter, the following setting is recommended for the FDR bit field of the I2CFDR register to ensure both
the desired 1°C SCL clock frequency and SDA output delay time are achieved, assuming that the desired I2C SCL clock
frequency is 400 kHz and the digital filter sampling rate register (I2CDFSRR) is programmed with its default setting of 0x10

(decimal 16):
I2C source clock frequency 533 MHz
FDR bit setting O0x0A
Actual FDR divider selected 1536
Actual I°C SCL frequency generated 347 kHz

400

MHz

0x07

102
391

4
kHz

333 MHz
Ox2A
896

371 kHz

266 MHz
0x05
704

378 kHz

For the detail of I°C frequency calculation, refer to Freescale application note AN2919, Determining the Pc Frequency
Divider Ratio for SCL. Note that the 12C source clock frequency is equal to the MPX clock frequency for MPC8610.
3. The maximum topxk has only to be met if the device does not stretch the LOW period (tj5¢c) ) of the SCL signal.

4. Guaranteed by design.

Figure 15provides the AC test load for th&Q.

Zy=50Q

Output 4®

Figure 15. I°C AC Test Load

Figure 16shows the AC timing diagram for th&Q bus.

_1}4

> <— t2pvkH

Lo

tosxkL

|/

SCL

tiacH ﬁ

X

<— tioDxKL

<t tiosvkH

tiokHKL —>| [<—

WOVDD/Z
R. =50 Q

tiopvkH

Figure 16. IC Bus AC Timing Diagram
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2.10 DUART

This section describes the DC and AC electrical specifications for the DUART iet@fféte MPC8610.

2.10.1 DUART DC Electrical Characteristics

Table 32provides the DC electrical characteristics for the DUART interface.
Table 32. DUART DC Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage Viy 2 OVpp + 0.3 \
Low-level input voltage Vi -0.3 0.8 \
Input current (Vn' = 0 V or Vj\ = Vpp) N — +5 uA
High-level output voltage (OVpp = mn, gy = =100 pA) Vou OVpp—-0.2 —
Low-level output voltage (OVpp = min, Io. = 100 pA) VoL — 0.2

Note:
1. The symbol V|, in this case, represents the OV|y symbol referenced in Table 2 and Table 3.

2.10.2 DUART AC Electrical Specifications

Table 33provides the AC timing parameters for the DUART interface.
Table 33. DUART AC Timing Specifications

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

Notes:

1. Guaranteed by design.

2. Actual attainable baud rate will be limited by the latency of interrupt processing.

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

2.11 Fast/Serial Infrared Interfaces (FIRI/SIRI)

The fast/serial infrared interfaces (FIRI/SIRI) implements asynchronous infrared protocols (FIFSIR)Eat are defined by
IrDA (Infrared Data Association). Refer to http://www.IrDA.org for details on HiR &IR protocols.

2.12 Synchronous Serial Interface (SSI)

This section describes the DC and AC electrical specifications for the SSldeteffthe MPC8610.

2.12.1 SSI DC Electrical Characteristics

Table 34provides SSI DC electrical characteristics.
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Table 34. SSI DC Electrical Characteristics (3.3 V DC)

Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage Viy 2 BVpp + 0.3 \
Low-level input voltage Vi -0.3 0.8 \
Input current (BV\' = 0 V or BV)\ = BVpp) IIN — +5 A
High-level output voltage (BVpp = min, loy = -2 mA) Vou BVpp—0.2 —
Low-level output voltage (BVpp = min, Ig. =2 mA) VoL — 0.2

Note:

1. The symbol BV)y, in this case, represents the BV symbol referenced in Table 2 and Table 3.

2.12.2 SSI AC Timing Specifications

All timings for the SSI are given for a noninverted serial clock polarity (TSCKP/RSEBPRand a noninverted frame sync
(TFSI/RFSI = 0). If the polarity of the clock and/or the frame sync have been inverted, aflittgereémains valid by inverp
the clock signal STCK/SRCK and/or the frame sync STFS/SRFS shown in the followingatadb légures.

For internal frame sync operation using external clock, the FS timing will be satinat @f Tx Data.

2.12.2.1

SSI Transmitter Timing with Internal Clock

Table 35provides the transmitter timing parameters with internal clock.

Table 35. SSI Transmitter with Internal Clock Timing Parameters

Parameter Symbol Min Max Unit
Internal Clock Operation
(Tx/Rx) CK clock period SSH1 81.4 — ns
(Tx/Rx) CK clock high period SS2 36.0 — ns
(Tx/Rx) CK clock rise time SS3 — 6 ns
(Tx/Rx) CK clock low period SS4 36.0 — ns
(Tx/Rx) CK clock fall time SS5 — 6 ns
(Tx) CK high to FS high SS10 — 15.0 ns
(Tx) CK high to FS low SS12 — 15.0 ns
(Tx/Rx) internal FS rise time SS14 — 6 ns
(Tx/Rx) internal FS fall time SS15 — 6 ns
(Tx) CK high to STXD valid from high impedance SS16 — 15.0 ns
(Tx) CK high to STXD high/low SS17 — 15.0 ns
(Tx) CK high to STXD high impedance SS18 — 15.0 ns
STXD rise/fall time SS19 — 6 ns
Synchronous Internal Clock Operation
SRXD setup before (Tx) CK falling SS42 10.0 — ns
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Table 35. SSI Transmitter with Internal Clock Timing Parameters (continued)

Parameter Symbol Min Max Unit
SRXD hold after (Tx) CK falling SS43 0 — ns
Loading SS52 — 25 pF

Figure 17provides the SSI transmitter timing with internal clock.

<«——SS1 —>»
SS SS5—>»] |« > |« SS3
SS82 <> <> SS4
SSIn_TCK —\‘,\
(Output) -&_/ \
SS10 —> -< e —> <«—S5S12
SSIn_TFS i
(Output) —»)/ |<T-SS14
SS15 3| |«
SS16— <«—> SS17 >»| |- > SS18 |=
SSIn_TXD ' 55
(Output) [¥e T
EP)
SS43— <> >| |«— ss19
SS42 > < e

SSin_RXD >< 23
(Input) 55 ) (

Note: SRXD input in synchronous mode only.

Figure 17. SSI Transmitter with Internal Clock Timing Diagram
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2.12.2.2

SSI Receiver Timing with Internal Clock

Table 36provides the receiver timing parameters with internal clock.

Electrical Characteristics

Table 36. SSI Receiver with Internal Clock Timing Parameters

Parameter Symbol Min Max Unit
Internal Clock Operation
(Tx/Rx) CK clock period SSH1 81.4 — ns
(Tx/Rx) CK clock high period SS2 36.0 — ns
(Tx/Rx) CK clock rise time SS3 — 6 ns
(Tx/Rx) CK clock low period SS4 36.0 — ns
(Tx/Rx) CK clock fall time SS5 — 6 ns
(Rx) CK high to FS high SS11 — 15.0 ns
(Rx) CK high to FS low SS13 — 15.0 ns
SRXD setup time before (Rx) CK low SS20 10.0 — ns
SRXD hold time after (Rx) CK low SS21 0 — ns
Figure 18provides the SSI receiver timing with internal clock.
l«e— SS1 —>
SS5 —> - < SS3
SS2 > |l«—>— SS4
SSIn_TCK 1
(Output)
SS11 —> I(— « |<—— S813
SSIn_RFS 27
(Output) \
SS20 —»| |«
<>»— SS21
(¢d
SSIn_RXD i ><_
(Input) ¢
¥
Figure 18. SSI Receiver with Internal Clock Timing Diagram
2.12.2.3 SSI Transmitter Timing with External Clock
Table 37provides the transmitter timing parameters with external clock.
Table 37. SSI Transmitter with External Clock Timing Parameters
Parameter Symbol Min Max Unit
External Clock Operation
(Tx/Rx) CK clock period SS22 81.4 — ns
(Tx/Rx) CK clock high period SS23 36.0 — ns
(Tx/Rx) CK clock rise time SS24 — 6.0 ns
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Table 37. SSI Transmitter with External Clock Timing Parameters (continued)

Parameter Symbol Min Max Unit
(Tx/Rx) CK clock low period SS25 36.0 — ns
(Tx/Rx) CK clock fall time SS26 — 6.0 ns
(Tx) CK high to FS high SS31 -10.0 15.0 ns
(Tx) CK high to FS low SS33 10.0 — ns
(Tx) CK high to STXD valid from high impedance SS37 — 15.0 ns
(Tx) CK high to STXD high/low $S38 — 15.0 ns
(Tx) CK high to STXD high impedance SS39 — 15.0 ns
Synchronous External Clock Operation
SRXD setup before (Tx) CK falling SS44 10.0 — ns
SRXD hold after (Tx) CK falling SS45 2.0 — ns
SRXD rise/fall time SS46 — 6.0 ns

Figure 19provides the SSI transmitter timing with external clock.

l«—— SS22—— >

SS23 <«—>»| |[«——>[—SS25

8826 —>| |« —>| |« SS24

SSin_TCK ' —y«\_/ N\

(Input)
§S31 —>| |= > |<—ssss

SSIn_TFS \ i S S:

un
(e

(Input)
| SS39 |«
SS37 — «—> SS38— |=
SSIn_TXD 55
(Output) 5
<«—>—SS45
SS44 —»| | c
C
SSIn_RXD 35 ><_
(Input) 55
Note: SRXD input in synchronous mode only SS46 —>»| | =<

Figure 19. SSI Transmitter with External Clock Timing Diagram
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2.12.2.4 SSI Receiver Timing with External Clock

Table 38provides the receiver timing parameters with external clock.

Table 38. SSI Receiver with External Clock Timing Parameters

Parameter Symbol Min Max Unit
External Clock Operation
(Tx/Rx) CK clock period SS22 81.4 — ns
(Tx/Rx) CK clock high period SS23 36.0 — ns
(Tx/Rx) CK clock rise time SS24 — 6.0 ns
(Tx/Rx) CK clock low period SS25 36.0 — ns
(Tx/Rx) CK clock fall time SS26 — 6.0 ns
(Rx) CK high to FS high SS32 -10.0 15.0 ns
(Rx) CK high to FS low SS34 10.0 — ns
(Tx/Rx) external FS rise time SS35 — 6.0 ns
(Tx/Rx) external FS fall time SS36 — 6.0 ns
SRXD setup time before (Rx) CK low SS40 10.0 — ns
SRXD hold time after (Rx) CK low SS41 2.0 — ns

Figure 20provides the SSI receiver timing with external clock.

[ €«—— SS22——>
SS26—» |« < SS24

SS823 > <«—>»1— SS825

A

SSIn_TCK
(Inputy —— ———

A

SS32 —» [€—SS34

C

p)
SSIn_RFS SS35 —x»|/ [« §§S§
(Input) <>

—SS41
SS36 —>»| |<—

SS40 —»| |
SSIn_RXD £b) ><
(Input) S

Figure 20. SSI Receiver with External Clock Timing Diagram
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2.13 Global Timer Module

This section describes the DC and AC electrical specifications for the globahtimaelle (GTM) of the MPC8610.

2.13.1 GTM DC Electrical Characteristics

Table 39provides the DC electrical characteristics for the MPC8610 global timer module pins,ngd&idvin_TINN,
GTMn_TOUTn, GTMn_TGATEn, and RTC.

Table 39. GTM DC Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage Viy 2 OVpp + 0.3 \
Low-level input voltage Vi -0.3 0.8 \
Input current (Vn' = 0 V or Vi\ = Vpp) N — +5 A
High-level output voltage (OVpp = min, Igy = =100 pA) Vou OVpp—0.2 —
Low-level output voltage (OVpp = min, Io, = 100 pA) VoL — 0.2

Note:
1. The symbol V|, in this case, represents the OV|y symbol referenced in Table 2 and Table 3.

2.13.2 GTM AC Timing Specifications

Table 40provides the GTM input and output AC timing specifications.
Table 40. GTM Input and Output AC Timing Specification1

Characteristic Symbol? Min Unit Notes
GTM inputs—minimum pulse width teTiwiD 7.5 ns 3
GTM outputs—minimum pulse width taTowID 12 ns

Notes:

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

2. Timer inputs and outputs are asynchronous to any visible clock. Timer outputs should be synchronized before use by external
synchronous logic. Timer inputs are required to be valid for at least tg)p 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.

Figure 21provides the AC test load for the GTM.

Output 4€> Zp=50Q (HWOVDD/Z
R. =50 Q

Figure 21. GTM AC Test Load
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2.14 GPIO

This section describes the DC and AC electrical specifications for the GPI© MRE8610.

2.14.1 GPIO DC Electrical Characteristics

Table 41provides the DC electrical characteristics for the GPIO.
Table 41. GPIO DC Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage Viy 2 OVpp + 0.3 \
Low-level input voltage Vi -0.3 0.8 \
Input current (Vy' = 0 V or Vi\ = Vpp) N — +5 uA
High-level output voltage (OVpp = min, Igy = =100 pA) Vou OVpp—-0.2 —
Low-level output voltage (OVpp = min, Io. = 100 pA) VoL — 0.2

Note:
1. The symbol V|, in this case, represents the OV, symbol referenced in Table 2 and Table 3.

2.14.2 GPIO AC Timing Specifications

Table 42provides the GPIO input and output AC timing specifications.
Table 42. GPIO Input and Output AC Timing Specifications1

Characteristic Symbol? Min Unit Notes
GPIO inputs—minimum pulse width tgPiwiD 7.5 ns 3
GPIO outputs—minimum pulse width taPowID 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 tpyp 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.

Figure 22provides the AC test load for the GPIO.

Output 4€> Zp=50Q (HWOVDD/z
R. =50 Q

Figure 22. GPIO AC Test Load
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2.15 Serial Peripheral Interface (SPI)

This section describes the DC and AC electrical specifications for the SPIdeteffthe MPC8610.

2.15.1 SPI DC Electrical Characteristics

Table 43provides the SPI DC electrical characteristics.
Table 43. SPI DC Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage Viy 2 OVpp + 0.3 \
Low-level input voltage Vi -0.3 0.8 \
Input current (Vn' = 0 V or Vi\ = Vpp) N — +5 uA
High-level output voltage (OVpp = mn, gy = =100 pA) Vou OVpp—-0.2 —
Low-level output voltage (OVpp = min, Io, = 100 pA) VoL — 0.2

Note:
1. The symbol V|, in this case, represents the OV|y symbol referenced in Table 2 and Table 3.

2.15.2 SPI AC Timing Specifications

Table 44provides the SPI input and output AC timing specifications.
Table 44. SPI AC Timing Specifications1

Characteristic Symbol? Min Max Unit
SPI outputs valid—master mode (internal clock) delay tNIKHOV 1 ns
SPI outputs hold—master mode (internal clock) delay tNIKHOX -0.2 ns
SPI outputs valid—slave mode (external clock) delay tNEKHOV 8 ns
SPI outputs hold—slave mode (external clock) delay tNEKHOX 2 ns
SPI inputs—master mode (internal clock input setup time tNIIVKH 4 ns
SPI inputs—master mode (internal clock input hold time tNIIXKH 0 ns
SPI inputs—slave mode (external clock) input setup time tNEIVKH 4 ns
SPI inputs—slave mode (external clock) input hold time tNEIXKH 2 ns

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

2. The symbols for timing specifications follow the pattern of Yfirst 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, tNIKHOX symbolizes the internal timing
(NI) for the time SPICLK clock reference (K) goes to the high state (H) until outputs (O) are invalid (X).
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Figure 23provides the AC test load for the SPI.

Output 4@ Z,=50Q WOVDD/Z
RL =50 Q

Figure 23. SPI AC Test Load

Figure 24throughFigure 25represent the AC timings froable 44 Note that although the specifications generally reference
the rising edge of the clock, these AC timing diagrams also apply when the falling dogadsive edge.

Figure 24shows the SPI timings in slave mode (external clock).

SPICLK (output)

—> . INEIXKH : : |

Input Signals: | NEIVKH ! : [
sPIMISO -  fe------d R LR TR TR B R SRR

(See Note) T I ! t I

| | | NEKHOX |

e—tNEKHOV —>| | < |

Output Signals: ' 1 : |
SPIMOS|I  ~-------icceacaaao D EET T REEE

(See Note) . : .

Note: The clock edge is selectable on SPI.

Figure 24. SPI AC Timing in Slave Mode (External Clock) Diagram

Figure 25shows the SPI timings in master mode (internal clock).

SPICLK (output)

_):t tNIxKH | : |

Input Signals: | NIIVKH | | |
SPIMISO  -{  feeeeee-d B R R ECEEEEEEEE (EERE

(See Note) . | | ‘ |

| | Ll | NiKHOX !

Output Signals . tNnikHOV —> I |

utput Si : ; .

SPIMOSI -~ -l T R

(See Note) | : .

Note: The clock edge is selectable on SPI.

Figure 25. SPI AC Timing in Master Mode (Internal Clock) Diagram
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2.16 PCI Interface

This section describes the DC and AC electrical specifications for the PCI bfisciater

2.16.1 PCI DC Electrical Characteristics

Table 45provides the DC electrical characteristics for the PCI interface.
Table 45. PCI DC Electrical Characteristics’

Parameter Symbol Min Max Unit
High-level input voltage Viy 2 OVpp + 0.3 \
Low-level input voltage Vi -0.3 0.8 \
Input current (V;y2 =0V or Vi\ = Vpp) IN — +5 uA
High-level output voltage (OVpp = min, Igy = =100 pA) Vou OVpp—-0.2 —
Low-level output voltage (OVpp = min, Io. = 100 pA) VoL — 0.2

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 |y, in this case, represents the OV,y symbol referenced in Table 2 and Table 3.

2.16.2 PCI AC Electrical Specifications

This section describes the general AC timing parameters of the PCI bus. Note the8@1eKSsignal is used as the PCI input
clock. Table 46provides the PCI AC timing specifications at 66 MHz.

Table 46. PCI AC Timing Specifications at 66 MHz

Parameter Symbol’ Min Max Unit Notes

SYSCLK to output valid tpckHOV 1.5 7.4 ns 2,312

SYSCLK to output high impedance tpckHOZ — 14 ns 2,4, 11

Input setup to SYSCLK tpcIvKH 3.7 — ns 2,5,10,
13

Input hold from SYSCLK tpCIXKH 0.8 — ns 2,5,10,
14

REQ64 to HRESET ? setup time tPcRVRH 10 x tgyg — clocks | 6,7, 11
HRESET to REQ64 hold time tPCRHRX 0 50 ns 7, 11
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Table 46. PCI AC Timing Specifications at 66 MHz (continued)

Parameter Symbol1 Min Max Unit Notes

HRESET high to first FRAME assertion tPCRHEV 10 — clocks 8, 11

Notes:

1.

9.

The symbols used for timing specifications follow the pattern of t it two letters of functional block)(signal)(state)(reference)(state) fO
inputs and tfirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tp)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 PCl 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 3.1, “System
Clocking.”

. The setup and hold time is with respect to the rising edge of HRESET.
8.

The timing parameter tpcrypy 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 pus.

10.Guaranteed by characterization.
11.Guaranteed by design.
12. The timing parameter tpckHoy is @ minimum of 1.5 ns and a maximum of 7.4 ns rather than the minimum of 2 ns and a

maximum of 6 ns in the PCI 2.2 Local Bus Specifications.

13. The timing parameter tpc vk is @ minimum of 3.7 ns rather than the minimum of 3 ns in the PCI 2.2 Local Bus Specifications.
14. The timing parameter tpc xkH is @ minimum of 0.8 ns rather than the minimum of 0 ns in the PCI 2.2 Local Bus Specifications.

Figure 15provides the AC test load for PCI.

Output %) Z,=50Q <>—\A/\/¥OVDD/2
R =50 Q

Figure 26. PCI AC Test Load

Figure 27shows the PCI input AC timing conditions.

CLK

tpeivkH —>
<— tpCIXKH

Input

Figure 27. PCI Input AC Timing Measurement Conditions
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Figure 28shows the PCI output AC timing conditions.

—> <— tpckHov

Output Delay

<— tpckHOZ —>

High-Impedance
OQutput

Figure 28. PCI Output AC Timing Measurement Condition

2.17 High-Speed Serial Interfaces (HSSI)

TheMPC8610 features two Serializer/Deserializer (SerDes) interfadas used for high-speed serial interconnect
applications. The SerDes1 interface is dedicated for PCI Express (x1/x2/x4) data transf&exOds2 interface is dedicated
for PCI Express (x1/x2/x4/x8) data transfers.

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

2.17.1 Signal Terms Definition

The SerDes utilizes differential signaling to transfer data across thidis&ri@his section defines terms used in the dpsion
and specification of differential signals.

Figure 29shows how the signals are defined. For illustration purpose, only one SerDes lane is usedptiode¥ he figure
shows waveform for either a transmitter output ¢SDX and SIh_TX) or a receiver input (SD RX and SI_RX). Each
signal swings between A volts and B volts where A > B.
Using this waveform, the definitions are as follows. To simplify illustratiba following definitions assume that the SerDes
transmitter and receiver operate in a fully symmetrical differential signaetimgonment.
1. Single-ended swing
The transmitter output signals and the receiver input signats BQ SDn_TX, SDn_RX, and SI_RX each have a
peak-to-peak swing of A — B volts. This is also referred as each signal wire’s single-eimtgd s
2. Differentialoutput volage, \gp (or differential output swing):
The differential output voltage (or swing) of the transmitteypMs defined as the difference of the two complimentary
output voltages: ¥p, 1x — Vapn Tx. The Vop value can be either positive or negative.
3. Differential input voltage, ¥ (or differential input swing):
The differential input voltage (or swing) of the receiveg, Ms defined as the difference of the two complimentary
input voltages: \¥p, rx — Vspn rx: The Vp value can be either positive or negative.
4. Differential peak voltage, Mrrp
The peak value of the differential transmitter output signal or the differentiive input signal is defined as
differential peak voltage, Mrrp= |A — B| volts.
5. Differential peak-to-peak, Mrrp-p

Since the differential output signal of the transmitter and the differential signal of the receiver each range from
A —B to -(A — B) volts, the peak-to-peak value of the differential transmitter output sigtied differential receiver
input signal is defined as differential peak-to-peak voltaggeph p= 2 * Vpjrep= 2 * |(A — B)| volts, which is twice
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of differential swing in amplitude, or twice of the differential peak. For exartipdegutput differential peak-peak
voltage can also be calculated ag\irrp.p = 2 * [Vopl-

6. Differential waveform
The differential waveform is constructed by subtracting the inverting signal (B for example) from the
noninverting signal (SB_TX, for example) within a differential pair. There is only one sigraadet curve in a
differential waveform. The voltage represented in the differentisefeam is not referenced to ground. Refer to
Figure 38as an example for differential waveform.

7. Common mode voltage, .M
The common mode voltage is equal to one half of the sum of the voltages between eaclrcohdusztlanced
interchange circuit and ground. In this example, for SerDes outpytoMi= (Vspn Tx + Vspn 7%)/2 = (A + B)/2,
which is the arithmetic mean of the two complimentary output voltages within gedifa pair. In a system, the
common mode voltage may often differ from one component’s output to the other’s inpetirBes, it may be even
different between the receiver input and driver output circuits within the samenentplt's also referred as the DC
offset in some occasion.

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

Differential Swing, Vip or Vop=A—-B
Differential Peak Voltage, Vprr, = IA — Bl
Differential Peak-Peak Voltage, Vprrpp = 2*VpiFrp (N0t shown)

Figure 29. Differential Voltage Definitions for Transmitter or Receiver

To illustrate these definitions using real values, consider the case of a CML (coodmtogic) transmitter that has a commo
mode voltage of 2.25 V and each of its outputs, TD andHER a swing that goes between 2.5 and 2.0 V. Using these values,
the peak-to-peak voltage swing of each signal (TD oy i$B00 mV p-p, which is referred as the single-ended swing for each
signal. In this example, since the differential signaling environmédullyssymmetrical, the transmitter output’s differeati

swing (Vgp) has the same amplitude as each signal’s single-ended swing. The téfergput signal ranges between 500 mV
and —500 mV, in other words,d4 is 500 mV in one phase and —-500 mV in the other phase. The peak differential voltage
(Vpirep) is 500 mV. The peak-to-peak differential voltagey (. is 1000 mV p-p.

2.17.2 SerDes Reference Clocks

The SerDes reference clock inputs are applied to an internal PLL whose outfag thealock used by the corresponding
SerDes lanes. The SerDes reference clocks inputs areREF_CLK and SB_REF_CLKfor PCI Express.

The following sections describe the SerDes reference clock requirements and somea@pjifcatation.

2.17.2.1 SerDes Reference Clock Receiver Characteristics

Figure 30shows a receiver reference diagram of the SerDes reference clocks.
* The supply voltage requirements fonXpp are specified iTable 2andTable 3
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SerDes reference clock receiver reference circuit structure

— The SDh_REF_CLK and SB_REF_CLKare internally AC-coupled differential inputs as showFrigure 30
Each differential clock input (S REF_CLK or SB_REF_CLK) has a 502 termination to SGND followed by
on-chip AC-coupling.

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

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

The maximum average current requirement that also determines the common ragke namige

— When the SerDes reference clock differential inputs are DC couplat@&tevith the clock driver chip, the
maximum average current allowed for each input pin is 8 mA. In this case, the@xatbo mode input voltage
is not critical as long as it is within the range allowed by the maximum averagetafrBemA (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 ®ltadpe less than 0.4 V (0.4 V/50 = 8 mA)
while the minimum common mode input level is 0.1 V above SGND. For example, a clocka®ii0aduty cycle
can be produced by a clock driver with output driven by its current source from 0 to 16 mA\Y(P-€u8h that
each phase of the differential input has a single-ended swing from 0 V to 800 mV witimim®n mode voltage
at 400 mV.

— If the device driving the S REF_CLK and SB_REF_CLKinputs cannot drive 5Q to SGND 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
SDn_REF_CLK [X

SDn_REF_CLK '—(
50 Q

Figure 30. Receiver of SerDes Reference Clocks

Input
Amp

2.17.2.2 DC Level Requirement for SerDes Reference Clocks

The DC level requirement for the MPC8610 SerDes reference clock inputs is different depending on the signalisganode

to connect the clock driver chip and SerDes reference clock inputs as described below.

Differential mode

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

— For external DC-coupled connection, as describegkittion 2.17.2.1, “SerDes Reference Clock Receiver
Characteristics,the maximum average current requirements sets the requiremewtfaga voltage (common

mode voltage) to be between 100 and 400 Rijure 31shows the SerDes reference clock input requirement for

DC-coupled connection scheme.
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— For external AC-coupled connection, there is no common mode voltage requirement foclkhdrigler. Since
the external AC-coupling capacitor blocks the DC level, the clock driver and thesSef®ence clock receiver
operate in different command mode voltages. The SerDes referenkeeateiver in this connection scheme has
its common mode voltage set to SGND. Each signal wire of the differential in@lisied to swing below and
above the command mode voltage (SGNEure 32shows the SerDes reference clock input requirement for
AC-coupled connection scheme.

* Single-ended mode

— The reference clock can also be single-ended. Thre BEF_CLK input amplitude (single-ended swing) must be
between 400 and 800 mV peak-peak (fropg Mo Vima With SDn_REF_CLKeither left unconnected or tied to
ground.

— The SDh_REF_CLK input average voltage must be between 200 and 40Bigwe 33shows the SerDes
reference clock input requirement for single-ended signaling mode.

— To meet the input amplitude requirement, the reference clock inputs might need@ beAC-coupled
externally. For the best noise performance, the reference of the clock could be DC- or A&ti-adoghe unused
phase (Sb_REF_CLK) through the same source impedance as the clock inpat BF_CLK) in use.

200 mV < Input Amplitude or Differential Peak < 800 mV

SDn_REF_CLK | Vimax < 800 mV
4/ 100 mV < Vg < 400 mV
SDn_REF_CLK Vinin 20V

Figure 31. Differential Reference Clock Input DC Requirements (External DC-Coupled)

200mV < Input Amplitude or Differential Peak < 800 mV
SDn_REF_CLK / Vmax < Vem + 400 mV

SDn_REF_CLK Vinin = Vem — 400 mV

Figure 32. Differential Reference Clock Input DC Requirements (External AC-Coupled)

400 mV < SDn_REF_CLK Input Amplitude < 800 mV
_____ |

SDn_REF_CLK 4/

SDn_REF_CLK /

Figure 33. Single-Ended Reference Clock Input DC Requirements

{

oV
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2.17.2.3 Interfacing With Other Differential Signaling Levels

*  With on-chip termination to SGND, the differential reference clocks inputs @& Hhigh-speed current steering
logic) compatible DC-coupled.

» Many other low voltage differential type outputs like LVDS (low voltage differential signaling) casdaebut may
need to be AC-coupled due to the limited common mode input range allowed (100 to 400 D&)doupled
connection.

» LVPECL outputs can produce signal with too large amplitude and may need to be DC-biased at @ockutinin
first, then followed with series attenuation resistor to reduce the amplitude, in addition to AC-coupling

NOTE

Figure 34to Figure 37are for conceptual reference only. Due to the fact that clock driver
chip's internal structure, output impedance and termination requirements aentliffer
between various clock driver chip manufacturers, it is very possible that thkecaioit
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 chipfeerticer
optimal reference circuits with the MPC8610 SerDes reference clock receiver requirement
provided in this document.

Figure 34shows the SerDes reference clock connection reference circuits for HCSL type clocKtdassimes that the DC
levels of the clock driver chip is compatible with MPC8610 SerDes reference clock inputégDi@zment.

HCSL CLK Driver Chip | MPC8610

CLK_Out SDn_REF_CLK 50 Q

| | |

| | |

| | |

| | 330 | [l

| S — : |
| |

| . | SerDes Refer.

[ Clock Driver | : CLK Receiver :

| | | 1 |

| — X X I—0

| CLKOut | SDn_REF_CLK |
| 50 Q |

| |

| | |

Lo 1 Clock driver vendor dependent | |
L |

. source termination resistor
Total 50 Q. Assume clock driver’'s

output impedance is about 16 Q.

Figure 34. DC-Coupled Differential Connection with HCSL Clock Driver (Reference Only)

Figure 35shows the SerDes reference clock connection reference circuits for LVDS type cleckSirice LVDS clock
driver’s common mode voltage is higher than the MPC8610 SerDes reference clock inpués ainge (100 to 400 mV),
AC-coupled connection scheme must be used. It assumes the LVDS output dtivessf8a€2 termination resistor. It also
assumes that the LVDS transmitter establishes its own common mode level without relyiegemreitrer or other external
component.
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LVDS CLK Driver Chip MPC8610

SDn_REF_CLK 50 Q

| | |
| | |
| CLK_Out | 10nF |

. | [ |
| X—+— | I X |}
| | / : SerDes Refer :
| Clock Driver | 100 Q Differential PWB Trace | CLK Receiver |
| | S~ | |
| K—+—} —— X [0

T 11 ] |
| CLK Out | 10nF SDanEF_CLK |
| | | 50 Q |
| | | |
L - — — — — | Lo 1

Figure 35. AC-Coupled Differential Connection with LVDS Clock Driver (Reference Only)

Figure 36shows the SerDes reference clock connection reference circuits for LVPECL type clockSineel VPECL

driver’'s DC levels (both common mode voltages and output swing) are incompatible with MP@8b&8 &ference clock
input’s DC requirement, AC-coupling has to be ugédure 36assumes that the LVPECL clock driver’s output impedance is
50Q. R1is used to DC-bias the LVPECL outputs prior to AC-coupling. Its value could be ranged frtorR20@ depending

on clock driver vendor’s requirement. R2 is used together with the SerDes refecshomceiver’'s 532 termination resistor

to attenuate the LVPECL output’s differential peak level such that it medt#RB8610 SerDes reference clock’s differential
input amplitude requirement (between 200 and 800 mV differential peak). Fapkxaf the LVPECL output’s differential
peak is 900 mV and the desired SerDes reference clock input amplitude is sa$e808dmV, the attenuation factor is 0.67,
which requires R2 =28. Please consult clock driver chip manufacturer to verify whether this connediemeds compatible
with a particular clock driver chip.

r— - - - — — al r———— - - - - - - - - - — al
| LVPECL CLK Driver Chip | | MPC8610
| | |
SDn| REF_CLK 50 Q
CLK_OUt R2 OnF J‘ -
X | x 1

R1 400 Q Differential PWB Trace

R2 \ 10 nF

Clock Driver CLK Receiver

|
|
| SerDes Refer.
|
|

SDn, REF_CLK
R1 T 50 Q

Figure 36. AC-Coupled Differential Connection with LVPECL Clock Driver (Reference Only)
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Figure 37shows the SerDes reference clock connection reference circuits for a single-endedock dssumes the DC
levels of the clock driver are compatible with MPC8610 SerDes reference clock input's DC regquirem

Single-Ended CLK | MPC8610

Driver Chip

output impedance is about 16 Q.

|
| — SDn,REF_CLK <50Q

|
|
Total 50 Q. Assume clock driver's |
|

330 T
Clock Driver : X I I
CLK_Out | / | SerDes Refer
| 100 Q Differential PWB Trace | CLK Receiver.
| —X |0
| SDn_LREF_CLK
| 50 Q 50 Q
|

Figure 37. Single-Ended Connection (Reference Only)

2.17.2.4 AC Requirements for SerDes Reference Clocks

The clock driver selected should provide a high quality reference clock with low pbae and cycle-to-cycle jitter. Phase
noise less than 100 kHz can be tracked by the PLL and data recovery loops and is less of aRirabkenvise above 15 MHz
is filtered by the PLL. The most problematic phase noise occurs in the 1-15avigiz. The source impedance of the clock
driver should be 5@ to match the transmission line and reduce reflections which are a source of noise to the system

Table 47describes some AC parameters common to PCI Express protocols.

Table 47. SerDes Reference Clock Common AC Parameters
At recommended operating conditions with X1Vpp or X2Vpp =1.0 V + 5% and 1.025 V + 5%.

Parameter Symbol Min Max Unit Notes
Rising Edge Rate Rise Edge Rate 1.0 4.0 Vins 2,3
Falling Edge Rate Fall Edge Rate 1.0 4.0 V/ins 2,3
Differential Input High Voltage ViH +200 mV 2
Differential Input Low Voltage Vi — -200 mV 2
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Table 47. SerDes Reference Clock Common AC Parameters (continued)
At recommended operating conditions with X1Vpp or X2Vpp = 1.0 V £ 5% and 1.025 V + 5%.

Parameter Symbol Min Max Unit Notes
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 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 38.

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 39.

Rize Edge Rate Fall Edge Rate
|| ||

———m e ——————

V|H =+200mV A W N
OO0V e e e e A -
V|L = '200 mV —————————————— e it Bt Tttt o bbbl bl
1 1
SDn_REF_CLK ! ! ! :
minus ! ! i |
SDn_REF_CLK
Figure 38. Differential Measurement Points for Rise and Fall Time
S5 REF CLK S5 REF GLK e Thise
SDn_REF_CLK SDn_REF_CLK

4 5 /
VeRoss mepian +100 MV

VEROSS MEDIAN VeROSS MEDIAN y

.

Venoss mepian 100 mV
SDn_REF_CLK

SDn_REF_CLK

Figure 39. Single-Ended Measurement Points for Rise and Fall Time Matching

The other detailed AC requirements of the SerDes reference clocks is defined by each paidaoebased on application
usage. Refer to the following sections for detailed information:

» Section 2.18.2, “AC Requirements for PCI Express SerDes Clocks”
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2.17.3 SerDes Transmitter and Receiver Reference Circuits

Figure 40shows the reference circuits for SerDes data lane’s transmitter angerecei

SD1_TXnor SD1_RXn or

SD2_TXn SD2_RXn
50 Q N

50 Q

A X
SD1_TXnor SD1_RXn or 250Q
SD2_TXn SD2_RXn

Figure 40. SerDes Transmitter and Receiver Reference Circuits

Receiver

Transmitter

The DC and AC specification of SerDes data lanes are defined in each interface protocobskxnti¢?Cl Express) in this
document based on the application usage:”

* Section 2.18, “PCI Express”

Note that external AC Coupling capacitor is required for the above serial tramsnpissiocols with the capacitor value defih
in specification of each protocol section.

2.18 PCI Express

This section describes the DC and AC electrical specifications for the PCI &kmesf the MPC8610.

2.18.1 DC Requirements for PCI Express SDn_REF_CLK and
SDn_REF_CLK

For more information, se®ection 2.17.2, “SerDes Reference Clocks.”

2.18.2 AC Requirements for PCI Express SerDes Clocks

Table 48lists AC requirements.
Table 48. SDn_REF_CLK and SDn_REF_CLK AC Requirements

Symbol Parameter Description Min Typ Max Units
tRer REFCLK cycle time — 10 — ns
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 -50 — 50 ps
edge location

2.18.3 Clocking Dependencies

The ports on the two ends of a link must transmit data at a rate that is within 6Q8epamilion (ppm) of each other af al
times. This is specified to allow bit rate clock sources with a +300 ppm tolerance.
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2.18.4 Physical Layer Specifications

The following is a summary of the specifications for the physical layer of PCI Express orvibés Ber further details aself
as the specifications of the transport and data link layer, usgihexpress Base Specification, Rev. 1.0a.

2.18.4.1 Differential Transmitter (TX) Output

Table 49defines the specifications for the differential output at all tratters (TXs). The parameters are specified at the
component pins.

Table 49. Differential Transmitter (TX) Output Specifications

Symbol Parameter Min | Nom | Max | Units Comments
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 1
VTX-DIFFp-p Differential 08 1 2 V VTX-DIFFp-p = 2*|VTX-D+ - VTX-D—l See NOte 2
peak-to-peak
output voltage
VTX-DE-RATIO De- emphasized | -3.0 | -3.5 | -4.0 dB  |Ratio of the V1x.p|rFp-p Of the second and following
differential bits after a transition divided by the Vx.pirrp-p Of the
output voltage first bit after a transition. See Note 2
(ratio)
Trx-EYE Minimum TX eye | 0.70 Ul | The maximum transmitter jitter can be derived as
width Trx-max-oirter = 1 = Trx-eve= 0-3 UL
See Notes 2 and 3
T1x-EYE-MEDIAN-to- Maximum time 0.15 Ul |Jitter is defined as the measurement variation of the
MAX-JITTER between the jitter crossing points (Vrx.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 is measured using all edges of the 250 consecutive Ul
the median. in the center of the 3500 Ul used for calculating the TX
Ul. See Notes 2 and 3
T1x-RISE> TTX-FALL D+/D-TX output | 0.125 Ul |See Notes 2 and 5
rise/fall time
Vrx-cM-ACp RMS AC peak 20 | mV  \Vrx.om-acp = RMS(IV1xp, = V1xp-12 = Vix-cm-pc)
common mode Vrx-cm-pc = DCavg) Of V1x.p4 = Vx-p-112
output voltage See Note 2
V1x-cm-Dc-ACTIVE-  |Absolute deltaof | 0 100 | mV |IV1x-cM-DC (during LO) ~ VTX-CM-Idie-DC (During Electrical
IDLE-DELTA DC common |d|e)|<=100 mV
Znoc_je v&l;aged V1x-cm-n¢ = DC(ayg) Of V1.4 — V7x.0-1/12 [LO]
rin n
Iu : tg | .; Vrx-cM-idie-DC = DCavg) Of IV1x-ps — VTx-D-1/2
electrical idle [Electrical Idle]
See Note 2
V1x-cM-DC-LINE-DELTA |Absolute deltaof | 0 25 | mV |IV1x.cm-pc-D+ ~ VTx-cm-Dc-D-| <= 25 mV
DC common V1x.cM-DC-D+ = DC(avg) Of Vx4l
mode between V. -DC £V |
TX-CM-DC-D- = Pl avg) OT IVTx-D-
D+ and D-
See Note 2
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Table 49. Differential Transmitter (TX) Output Specifications (continued)

Symbol Parameter Min | Nom | Max | Units Comments

VIX-IDLE-DIFFp Electrical idle 0 20 mV  \Vrx.pLE-DIFFp = IVTX-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 receiver
allowed during is present. See Note 6
receiver
detection

V1x-DC-CM The TXDC 0 3.6 V  |The allowed DC common mode voltage under any
common mode conditions. See Note 6
voltage

ITx-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 utilized by the receiver to start looking for an electrical
electrical idle idle exit after successfully receiving an electrical idle

ordered set

T1x-IDLE-SET-TO-IDLE |Maximum time to 20 Ul |After sending an electrical idle ordered set, the
transition to a transmitter must meet all electrical idle specifications
valid electrical within this time. This is considered a debounce time
idle after sending for the transmitter to meet electrical idle after
an electrical idle 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-DIFF Differential 12 dB [Measured over 50 MHz to 1.25 GHz. See Note 4
return loss

RLyx.cm Common mode 6 dB [Measured over 50 MHz to 1.25 GHz. See Note 4
return loss

Z1X-DIFF-DC DC differential 80 100 | 120 Q | TX DC differential mode low impedance
TX 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 any two transmitter lanes within
output skew 2 Ul 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.
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Table 49. Differential Transmitter (TX) Output Specifications (continued)

Symbol Parameter Min | Nom | Max | Units Comments
Tcrosslink Crosslink 0 1 ms | This random timeout helps resolve conflicts in
random 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 43 and measured over
any 250 consecutive TX Uls. (Also refer to the transmitter compliance eye diagram shown in Figure 41.)

3.) A Trx.pye = 0.70 Ul provides for a total sum of deterministic and random jitter budget of Ttx_jTrER-MAX = 0.30 Ul for the
transmitter collected over any 250 consecutive TX Uls. The T1x.gpyE-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 Q to ground for both the D+ and
D- line (that is, as measured by a vector network analyzer with 50-Q probes—see Figure 43). Note that the series capacitors
Crx is optional for the return loss measurement.

5.) Measured between 20—-80% at transmitter package pins into a test load as shown in Figure 43 for both V1y_p, and Vry_p_.

6.) See Section 4.3.1.8 of the PCI Express Base Specifications, Rev. 1.0a.

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

2.18.4.2 Transmitter Compliance Eye Diagrams
The TX eye diagram ifrigure 41is specified using the passive compliance/test measurement lod&dgisee43 in place of
any real PCI Express interconnect + RX component.

There are two eye diagrams that must be met for the transmitter. Botliagyams must be aligned in time using the jitter
median to locate the center of the eye diagram. The different eyrauiis will differ in voltage depending whether it is a
transition bit or a de-emphasized bit. The exact reduced voltage level of¢hepti@sized 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 datgeThagram is created using all edges
of the 250 consecutive Ul in the center of the 3500 Ul used for calculating the TX Ul.

NOTE

It is recommended that the recovered TX Ul is calculated using all edges3ibOhe
consecutive Ul interval with a fit algorithm using a minimization merit function (i.e., least
squares and median deviation fits).
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Vex-piFF =0 mV
(D+ D- Crossing Point)

Ve
Ve

N V1x-piIFF = 0 mV
“. (D+ D- Crossing Point)
AN

[Transition Bit]
V1x-DIFFp-p-MIN = 800 mV

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

N 7/
| ) .
6\0.07 Ul=Ul-0.3 Ul (JTX-TOTAL-MAX)/
N 7/
AN [Transition Bit] I
V1x-DIFFp-p-MiIN = 800 mV,
N N p /
N 7/
N /
A 7/
N 7/
N 7/
A 7/

Figure 41. Minimum Transmitter Timing and Voltage Output Compliance Specifications

2.18.4.3

Table 50defines the specifications for the differential input at all receivers \RX& parameters are specified at the
component pins.

Differential Receiver (RX) Input Specifications

Table 50. Differential Receiver (RX) Input Specifications

Symbol Parameter Min | Nom | Max | Units Comments
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 1.
VRX-DIFFp-p Differential 01 75 1 200 V VRX-DIFFp-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 transmitter
receiver eye jitter that can be tolerated by the receiver can be
width derived as TRX-MAX-JH—]—ER =1- TRX-EYE= 0.6 Ul.
See Notes 2 and 3
TRX-EYE-MEDIAN-to-MAX | Maximum time 0.3 Ul |Jitter is defined as the measurement variation of the

-JITTER

between the jitter
median and
maximum
deviation from
the median.

crossing points (Vrx.pirFp-p = 0 V) in relation to a
recovered TX Ul. A recovered TX Ul is calculated over
3500 consecutive unit intervals of sample data. Jitter
is measured using all edges of the 250 consecutive Ul
in the center of the 3500 Ul used for calculating the TX
Ul. See Notes 2, 3,and 7
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Table 50. Differential Receiver (RX) Input Specifications (continued)

Symbol Parameter Min | Nom | Max | Units Comments

VRX-CM-ACp AC peak 150 | mV  |Vgx.cm-acp = VRxp+ — VRxD-I/2 — VRx-cm-DC
common mode VRrx-cm-b¢ = DC(avg) Of IVRx-D+ — VRx-D-I/2
input voltage See Note 2

RLRx-DIFF Differential 15 dB |Measured over 50 MHz to 1.25 GHz with the D+ and
return loss D- lines biased at +300 and —300 mV, respectively.

See Note 4

RLrx-cm Common mode 6 dB |Measured over 50 MHz to 1.25 GHz with the D+ and
return loss D- lines biased at 0 V. See Note 4

ZRX-DIFF-DC DC differential 80 100 | 120 Q |RX DC differential mode impedance. See Note 5
input impedance

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 Impedance when
DC input the receiver terminations do not have power. See
impedance Note 6

VRx-IDLE-DET-DIFFp-p | Electrical idle 65 175 | mV |\VRx.pLE-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 ldle (Vrx.pirFp-p <

ENTERTIME electrical idle VRx-IDLE-DET-DIFFp-p) Must be recognized no longer
enter detect than TRX-|DLE-DET—D|FF-ENTER|NG to signal an
threshold unexpected idle condition.

integration time
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Table 50. 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 (e.g., 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 43 should be used
as the RX device when taking measurements (also refer to the receiver compliance eye diagram shown in Figure 42). 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 Try.eve-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 Q to ground for both the D+ and D- line (that is, as measured by
a Vector Network Analyzer with 50-Q probes—see Figure 43). 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 unconfigured 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.)Itis recommended that the recovered TX Ul is calculated using all edges in the 3500 consecutive Ul interval with a fit algorithm
using a minimization merit function. Least squares and median deviation fits have worked well with experimental and simulated
data.

2.18.5 Receiver Compliance Eye Diagrams

The RX eye diagram iRigure 42is specified using the passive compliance/test measurement lo&dg{see43 in place of
any real PCI Express RX component.

Note: In general, the minimum receiver eye diagram measured witothpliance/test measurement load {Sgare 43 will

be larger than the minimum receiver eye diagram measured over a rangermsststhe input receiver of any real PCI Express
component. The degraded eye diagram at the input receiver is due to traces intaenpatdkage as well as silicon parasitic
characteristics which cause the real PCI Express component to vary in impedance fronptiasceftest measurement load.
The input receiver eye diagram is implementation specific and is not specified.nipicent designer should provide
additional margin to adequately compensate for the degraded minimum receidergegen (shown ifrigure 42 expected at
the input receiver based on some adequate combination of systentisinstdad the return loss measured looking into the RX
package and silicon. The RX eye diagram must be aligned in time using thegiti@anrto locate the center of the eye diagram

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

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

The reference impedance for return loss measurement£id®@round for both the D+
and D- line (i.e., as measured by a vector network analyzer withfiobes—see
Figure 43. Note that the series capacitors, CTX, are optional for the return loss
measurement.

VRx-DIFF = 0 mV VRx-DIFF = 0 mV
(D+ D- Crossing Point) (D+ D- Crossing Point)

| <

0.4 Ul = Trx_gvE-MIN >

Figure 42. Minimum Receiver Eye Timing and Voltage Compliance Specification

2.18.5.1 Compliance Test and Measurement Load

The AC timing and voltage parameters must be verified at the measuremmgrapspecified within 0.2 inches of the package
pins, into a test/measurement load showRigure 43

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

TX
Silicon
+ Package

\ \
\ \
e |
D-Package : R=50Q R=50Q :
\ \

Pin

Figure 43. Compliance Test/Measurement Load

219 JTAG

This section describes the DC and AC electrical specifications for the IEEE 11#8@) interface of the MPC8610.

2.19.1 JTAG DC Electrical Characteristics

Table 51provides the JTAG DC electrical characteristics for the JTAG interface.
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Table 51. JTAG DC Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage Viy 2 OVpp + 0.3 \
Low-level input voltage Vi -0.3 0.8 \
Input current (Vn' = 0 V or Vi\ = Vpp) N — +5 uA
High-level output voltage (OVpp = mn, lgy = =100 pA) Vou OVpp—0.2 —
Low-level output voltage (OVpp = min, Io, = 100 pA) VoL — 0.2
Note:
1. The symbol V|, in this case, represents the OV|y symbol referenced in Table 2 and Table 3.
2.19.2 JTAG AC Electrical Specifications
Table 52provides the JTAG AC timing specifications as defineBigure 45throughFigure 47
Table 52. JTAG AC Timing Specifications (Independent of SYSCLK)'
At recommended operating conditions (see Table 3).
Symbol? Min Max Unit Notes
JTAG external clock frequency of operation fi1a 0 33.3 MHz
JTAG external clock cycle time tytg 30 — ns
JTAG external clock pulse width measured at 1.4 V YTKHKL 15 — ns
JTAG external clock rise and fall times tyrar & tyTaF 0 2 ns 6
TRST assert time trrsT 25 — ns 3
Input setup times: ns
Boundary-scan data tyTDVKH 4 — 4
TMS, TDI tTIVKH 0 —
Input hold times: ns
Boundary-scan data TDXKH 20 — 4
TMS, TDI tTIXKH 25 —
Valid times: ns
Boundary-scan data tyTKLDV 4 20 5
Output hold times: ns
Boundary-scan data tTKLDX 30 — 5
TDO tyTkLOX 30 —
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Table 52. JTAG AC Timing Specifications (Independent of SYSCLK)! (continued)
At recommended operating conditions (see Table 3).

Parameter Symbol2 Min Max Unit Notes
JTAG external clock to output high impedance: ns
Boundary-scan data tyTkLDZ 3 19 5,6

Notes:

1. All outputs are measured from the midpoint voltage of the falling/rising edge of tt¢ k to the midpoint of the signal in question.
The output timings are measured at the pins. All output timings assume a purely resistive 50-Q load (see Figure 15).
Time-of-flight delays must be added for trace lengths, vias, and connectors in the system.

2. The symbols used for timing specifications follow the pattern of tirst two letters of functional block)(signal)(state)(reference)(state) for
inputs and t(firs'[ two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tJTDVKH symbolizes JTAG device
timing (JT) with respect to the time data input signals (D) reaching the valid state (V) relative to the t g clock reference (K)
going to the high (H) state or setup time. Also, t j7pxkn Symbolizes JTAG timing (JT) with respect to the time data input signals
(D) went invalid (X) relative to the t ;7 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).

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

. Non-JTAG signal input timing with respect to trg k.

. Non-JTAG signal output timing with respect to tyc k.

. Guaranteed by design.

o O~ W

Figure 15provides the AC test load for TDO and the boundary-scan outputs.

Output 4® Zy=50Q Wovoo/z
R.=50Q

Figure 44. AC Test Load for the JTAG Interface

Figure 45provides the JTAG clock input timing diagram.

JTAG
External Clock

A

LT > traF —>
VM = Midpoint Voltage (OVpp/2)
Figure 45. JTAG Clock Input Timing Diagram

Figure 46provides the TRSTiming diagram.

TRST VM VM

<<

< trRsT >|

VM = Midpoint Voltage (OVpp/2)
Figure 46. TRST Timing Diagram
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Figure 47provides the boundary-scan timing diagram.

JTAG \
External Clock N N M
tTDVKH —>|  |<—
. <— tyTDXKH
Boundary \ < >< Input _ >< >
Data Inputs Data Valid
< tyTkLDV
tyTkLDX —> <

Boundary

Data Outputs Qutput Data Valid

—> YTKLDZ ’47
Boundary .
Data Outputs Output Data Valid >4 N

VM = Midpoint Voltage (OVpp/2)

Figure 47. Boundary-Scan Timing Diagram

3 Hardware Design Considerations

This section provides electrical and thermal design recommendations fessfut@pplication of the MPC8610.

3.1 System Clocking

This section describes the PLL configuration of the MPC8610. Note that the platform chimhtisdl to the internal MPX bus
clock.
This device includes six PLLs, as follows:

1. The platform PLL generates the platform clock from the externally supplied S¥8@ut. The frequency ratio
between the platform and SYSCLK is selected using the platform PLL ratio configuratios téscaibed in
Section 3.1.2, “Platform/MPX to SYSCLK PLL Ratio.”

2. The e600 core PLL generates the core clock from the platform clock. Goerfiey ratio between the e600 core
clock and the platform clock is selected using the e600 PLL ratio configuration bits as descaetioim 3.1.3,
“e600 Core to MPX/Platform Clock PLL Ratio.”

3. The PCI PLL generates the clocking for the PCI bus
4. Each of the two SerDes blocks has a PLL.
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3.1.1 Clock Ranges

Table 53provides the clocking specifications for the processor core.
Table 53. Processor Core Clocking Specifications

Maximum Processor Core Frequency
Characteristic 800 MHz 1066 MHz 1333 MHz Unit Notes
Min Max Min Max Min Max
€600 core processor frequency 666 800 666 1066 666 1333 MHz 1,2,3

Notes:

1. Caution: The MPX clock to SYSCLK ratio and e600 core to MPX clock ratio settings must be chosen such that the resulting
SYSCLK frequency, e600 (core) frequency, and MPX clock frequency do not exceed their respective maximum or minimum
operating frequencies. Refer to Section 3.1.2, “Platform/MPX to SYSCLK PLL Ratio” and Section 3.1.3, “e600 Core to
MPX/Platform Clock PLL Ratio,” for ratio settings.

2. The minimum €600 core frequency is based on the minimum platform clock frequency of 333 MHz.

3. The reset config pin cfg_core_speed must be pulled low if the core frequency is 800 MHz or below.

Table 54provides the clocking specifications for the memory bus.
Table 54. Memory Bus Clocking Specifications

Maximum Processor Core

Frequency
Characteristic 800, 1066, 1333 MHz Unit Notes
Min Max
Memory bus clock frequency 166 266 MHz 1,2

Notes:

1. Caution: The MPX clock to SYSCLK ratio and e600 core to MPX clock ratio settings must be chosen such that the resulting
SYSCLK frequency, e600 (core) frequency, and MPX clock frequency do not exceed their respective maximum or minimum
operating frequencies. Refer to Section 3.1.2, “Platform/MPX to SYSCLK PLL Ratio.”

2. The memory bus clock speed is half the DDR/DDR2 data rate, hence, half the MPX clock frequency.

Table 55provides the clocking specifications for the local bus.

Table 55. Local Bus Clocking Specifications

Maximum Processor Core

Frequency
Characteristic 800, 1066, 1333 MHz Unit Notes
Min Max
Local bus clock speed 22 133 MHz 1

Note:
1. The local bus clock speed on LCLK[0:2] is determined by the MPX clock divided by the local bus ratio programmed in
LCRR[CLKDIV]. Refer to the MPC8610 Integrated Host Processor Reference Manual, for more information.
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Table 56provides the clocking specifications for the Platform/MPX bus.
Table 56. Platform/MPX Bus Clocking Specifications

Maximum Processor Core

Frequency
Characteristic 800, 1066, 1333 MHz Unit Notes
Min Max
Platform/MPX bus clock speed 333 533 MHz 1,2

Note:

1. Caution: The MPX clock to SYSCLK ratio and e600 core to MPX clock ratio settings must be chosen such that the resulting
SYSCLK frequency, e600 (core) frequency, and MPX clock frequency do not exceed their respective maximum or minimum
operating frequencies. Refer to Section 3.1.2, “Platform/MPX to SYSCLK PLL Ratio.”

2. For MPX clock frequencies at 400 MHz and below, cfg_net2_div must be pulled low.

3.1.2 Platform/MPX to SYSCLK PLL Ratio

The the clock that drives the internal MPX bus is called the platform clock. The freqpfeheyplatform clock is set usinhe
following reset signals, as shownTable 57

* SYSCLK input signal
e Binary value on DIU_LDJ[10], LA[28:31] (cfg_sys_pll[0:4] - reset config) at power up

These signals must be pulled to the desired values. Also note that the DDR data rate ésrttieinigfactor in selecting the
platform frequency, since the platform frequency must equal the DDRatata

For specifications on the PCI_CLK, refer to the PCI 2.2 Specification.
Table 57. Platform/SYSCLK Clock Ratios

Binary Value of Binary Value of
DIU_LDI[10], Platform:SYSCLK Ratio DIU_LDI[10], Platform:SYSCLK Ratio
LA[28:31] Signals LA[28:31] Signals
00010 2:1 01010 10:1
00011 3:1 01100 12:1
00100 4:1 01110 14:1
00101 5:1 01111 15:1
00110 6:1 10000 16:1
00111 7:1 10001 17:1
01000 8:1 10010 18:1
01001 9:1 All others Reserved
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3.1.3 e600 Core to MPX/Platform Clock PLL Ratio

The clock ratio between the e600 core and the platform clock is determinesl thipahy value of LBCTL, LALE,

LGPL2/LOHLFRE, DIU_LD4 (cfg_core_pll[0:3]-reset config) signals at power Tghle 58describes the supported ratios.
Note that cfg_core_speed must be pulled low if the core frequency is 800 MHz or below.

Table 58. €600 Core/Platform Clock Ratios

Binary Value of

LCI;-F?IZI%?%, €600 core: MPX/Platform Ratio
DIU_LD4 Signals

1000 2:1

1010 2.5:1

1100 3:1

1110 3.5:1

0000 4:1

0010 4.5:1

All Others Reserved

3.14 Frequency Options

3.1.4.1 SYSCLK and Platform Frequency Options

Table 59shows the expected frequency options for SYSCLK and platform frequencies.
Table 59. SYSCLK and Platform Frequency Options

SYSCLK (MHz)
Platform:
SYSCLK 33.33 66.66 83.33 100.00 111.11 133.33
Ratio
Platform/MPX Frequency (M Hz)1
3:1 333 400
4:1 333 400 533
5:1 333 500
6:1 400 500
8:1 533
10:1 333
12:1 400
16:1 533

' Platform/MPX Frequency values are shown rounded down to the nearest
whole number (decimal place accuracy removed)
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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 pips PA&t, AVpp_Core,

AV pp_PCl, and SBAV pp, respectively). The A¥p level should always be equivalent tgp), and preferably these voltages
will be derived directly from ¥p 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 reconsnsehden is to provide independent
filter circuits per PLL power supply, one to each of thesMype 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 MH# istraéd be built
with surface mount capacitors with minimum effective series inductance (EShgistnt with the recommendations of

Dr. Howard Johnson ikligh 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 spegifictipe pin being supplied to minimize noise coupled from
nearby circuits. It should be possible to route directly from the capacitors to gigt¥e pin, which is on the periphery of
783 FC-PBGA the footprint, without the inductance of vias.

Figure 48shows the filter circuit for the platform PLL power supplies gV PLAT).

10Q
Vpp_PLAT o VWA i _lc_ O AVpp_Plat
22 yF 2.2 yF

Low ESL Surface Mount Capacitors
GND

Figure 48. MPC8610 PLL Power Supply Filter Circuit (for Platform)

Figure 49shows the filter circuit for the core PLL power supply (Y Core).

10Q
Vpp_Core o VAATAA l i o AVpp_Core
2.2 uF 2.2 uF

Low ESL Surface Mount Capacitors
GND

Figure 49. MPC8610 PLL Power Supply Filter Circuit (for Core)

The SDhAV p signals provide power for the analog portions of the SerDes PLLs. To ensure stability ofrtta aidek, the
power supplied to the PLL is filtered using a circuit similar to the one sholigune 50 For maximum effectiveness, the filter
circuit is placed as closely as possible to theSDy balls to ensure it filters out as much noise as possible. The ground
connection should be near the8Y  balls. The 0.003-pF capacitor is closest to the balls, followed by the two 2.2-pF
capacitors, and finally the 1 ohm resistor to the board supply plane. The capacitorsiated from SBAV p to the ground
plane. Use ceramic chip capacitors with the highest possible self-resonantésediietraces should be kept short, wide and
direct.

1.0 Q

Voo o—WW—¢-

T

i O SDnAVDD
0.003 pF

22 pF ! i 2.2 pF !

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

Figure 50. SerDes PLL Power Supply Filter
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Note the following:
*  SDnAV pp should be a filtered version of $¥.
» Signals on the SerDes interface are fed from thgzsower plane.

3.3 Decoupling Recommendations

Due to large address and data buses, and high operating frequencies, the device carnrgesiert@ower surges and high
frequency noise in its power supply, especially while driving large capacitive loadsidi$¢ must be prevented from reaghin
other components in the MPC8610 system, and the device itself requires a clean, gghitgdesource of power. Therefore,
it is recommended that the system designer place at least one decouplaipcapaach Yp, BVpp, OVpp, GVpp,
Vpp_Core, and ¥p_PLAT pin of the device. These decoupling capacitors should receive their power framateag,
BVpp: OVpp, GVpp, Vpp_Core, \p_PLAT, and GND power planes in the PCB, utilizing short traces to minimize
inductance. Capacitors may be placed directly under the device using a standard esrap©®pats may surround the part.

These capacitors should have a value of 0.01 or 0.1 pF. Only ceramic SMT (surfaceectouibyy) 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 disaibuted the PCB, feeding theyl, BVpp,
OVpp: GVpp, Vpp_Core, and ¥p_PLAT planes, to enable quick recharging of the smaller chip capacitors. These bulk
capacitors should have a low ESR (equivalent series resistance) rating to ensuré tlespoiicse time necessary. They should
also be connected to the power and ground planes through two vias to minimize inductancte&bgte
capacitors—100-330 pF (AVX TPS tantalum or Sanyo OSCON).

3.4 SerDes Block Power Supply Decoupling Recommendations

The SerDes block requires a clean, tightly regulated source of pomi&gg&nd XV pp) 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. Confreatiafiscapacitors 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 capacittbseaas possible to the supply balls
of the device. Where the board has blind vias, these capacitors should bedpleatidbelow the chip supply and
ground connections. Where the board does not have blind vias, these capacitors should be placed in a ring around the
device as close to the supply and ground connections as possible.

» Second, there should be a 1-uF ceramic chip capacitor on each side of the devisleodlki be done for all SerDes
supplies.

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

3.5 Connection Recommendations

To ensure reliable operation, it is highly recommended to connect unused inputs topnatgsignal level. All unused ao#i
low inputs should be tied todf, BVpp, OVpp, GVpp, Vpp_Core, \pp_PLAT, XnVpp, and 3V pp as required. All unused
active high inputs should be connected to GND. All NC (no-connect) signals must remain unco@eezdind ground
connections must be made to all externghVBVpp, OVpp, GVpp, Vpp_Core, \bp_PLAT, XnVpp, ShVpp, and GND pins
of the device.

Special cases:

* Local Bus—If parity is not used, tie LDP[0:3] to ground via a L¥ré&sistor, tie LPBSE to O\f, via a 4.7-K2 resistor
(pull-up resistor). For systems which boot from local bus (GPCM)-controlled Flash, a jpullu@PL4 is required.
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» SerDes—Receiver lanes configured for PCI Express are allowed to be digedn@sowvould occur when a PCI
Express slot is connected but not populated). Directions for terminating the SerDessitjralssed iBection 3.10,
“Guidelines for High-Speed Interface Termination.”

3.6 Pull-Up and Pull-Down Resistor Requirements

The MPC8610 requires weak pull-up resistors (2-@0krecommended) on open drain type pins includ?ﬁgpins and PIC
interrupt pins.

Correct operation of the JTAG interface requires configuration of a group of system corgras piemonstrated ligure 53
Care must be taken to ensure that these pins are maintained at a valid destatedader normal operating conditions astmo
have asynchronous behavior and spurious assertion will give unpredictable results.

Refer to the PCI 2.2 specification for all pull-ups required for PCI.

The following pins must not be pulled down during power-on reset: DIU_LD[5:6], MSRCID[1:2], HRESET, &EQ
TRIG_OUT/READY.

The following are factory test pins and require strong pull up resistor<X300 K2) to OVpp: LSSD_MODE
TEST_MODE[0:3].

The following pins require weak pull-up resistors (2—4X) to their specific power supplies: L{34], LCY5]/DMA_DREQ2,
LCY6]/DMA_DACK|[2], LCS[7]/DMA_DDONE[2], IRQ_OUT, IIC1_SDA, IIC1_SCL, lIC2_SDA, lIC2_SCL, and
CKSTP_OUT.

The following pins should be pulled to ground with a ID€esistor: SD1_IMP_CAL_TX, SD2_IMP_CAL_TX. The following
pins should be pulled to ground with a 2QQesistor: SD1_IMP_CAL_RX, SD2_IMP_CAL_RX.

When the platform frequency is 400 MHz, cfg_platform_freq must be pulled down at reset. Also, cfdyped®or 1] must
be valid at power-up even before HRES&SEertion.

For other pin pull-up or pull-down recommendations of signalsSsetion 1, “Pin Assignments and Reset States.”

3.7  Output Buffer DC Impedance

The MPC8610 drivers are characterized over process, voltage, and temp€&@tatebuses, the driver is a push-pull
single-ended driver type (open drain f&€).

To measure gfor the single-ended drivers, an external resistor is connected from the chip pagg@O&ND. Then, the
value of each resistor is varied until the pad voltage ig@¥ (seeFigure 5). The output impedance is the average of two
components, the resistances of the pull-up and pull-down devices. When data is heldMiighc®sed (SW2 is open) and
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Rp is trimmed until the voltage at the pad equalsygR2. Rp then becomes the resistance of the pull-up devigeanR R
are designed to be close to each other in value. Then(Rs + Ry)/2.

RN

Sw2

Pad
Data

SWi1
Rp
OGND

Figure 51. Driver Impedance Measurement

Table 60summarizes the signal impedance targets. The driver impedancegaredtat minimum }p, nominal O\bp,
105°C.

Table 60. Impedance Characteristics

Local Bus, DUART, Control,
Impedance Configuration, Power PCl Express | DDR DRAM Symbol Unit
Management
RN 43 Target 25 Target 20 Target Z, w
Rp 43 Target 25 Target 20 Target Zy w

Note: Nominal supply voltages. See Table 3, T; = 105°C.

3.8 Configuration Pin Muxing

The MPC8610 provides the user with power-on configuration optidrsh can be set through the use of external pull-up or
pull-down resistors of 4.7¢k on certain output pins (see customer visible configuration pins). These pins are geisechds
output only pins in normal operation.

While HRESETIis asserted however, these pins are treated as inputs. The value presentsa mingtvehile HRESETS

asserted, is latched when HRES@&asserts, 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-chdpresittor of approximately 2@X This

value should permit the 4. &Xresistor to pull the configuration pin to a valid logic low level. The pull-up resistor is enabled
only during HRESETand for platform /system clocks after HRES&Jassertion 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 awitutputimal sighal

quality or delay disruption. The default value for all configuration bits treated this way hasbedadsuch that a highltege

level puts the device into the default state and external resistors aes redyl when non-default settings are requirechiey t

user.

Careful board layout with stubless connections to these pull-down resistors coupled with the largkthialpell-down
resistor should minimize the disruption of signal quality or speed for output pins thus configured.

The platform PLL ratio and €600 core PLL ratio configuration pins are not equipped witli&iask pull-up devices.
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3.9 JTAG Configuration Signals

Correct operation of the JTAG interface requires configuration of a group of system corgras piemonstrated liigure 53
Care must be taken to ensure that these pins are maintained at a valid destaseader normal operating conditions astmo
have asynchronous behavior and spurious assertion will give unpredictable results.

Boundary-scan testing is enabled through the JTAG interface signals. Thesigrallis optional in the IEEE 1149.1
specification, but is provided on all processors that implement the Powere&tahé technology. The device requires TRST

to be asserted during reset conditions to ensure the JTAG boundary logic does not interfere with normeaiatioip. &ghile

it is possible to force the TAP controller to the reset state using only tieam@ TMS signals, more reliable power-on reset
performance will be obtained if the TRSignal is asserted during power-on reset. Because the JTAG interface is also used for
accessing the common on-chip processor (COP) function, simply tying TRSRESETIis not practical.

The COP function of these processors allows a remote computer system (typically a PC eatiedddirdware and debugging
software) to access and control the internal operations of the processor. The COP port panragdisthrough the JTAG
interface of the processor, with some additional status monitoring signals. Theo€&t@&quires the ability to independently
assert HRESEDr TRSTin order to fully control the processor. If the target system has independent reset, suatcas
voltage monitors, watchdog timers, power supply failures, or push-button switches, then the COP resetusighalmerged
into these signals with logic.

The arrangement shown rigure 52allows the COP port to independently assert HRESETRST while ensuring that the
target can drive HRESEds well.

The COP interface has a standard header, showigume 52 for connection to the target system, and is based on the 0.025"
square-post, 0.100" centered header assembly (often called a Berg hdalegniector typically has pin 14 removed as a
connector key.

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

There is no standardized way to number the COP header sh&iguie 53 consequently, many different pin numbers have
been observed from emulator vendors. Some are numbered toftaotthen 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)dRRsgaf the numbering,
the signal placement recommendedrigure 53is common to all known emulators.

3.9.1 Termination of Unused Signals

If the JTAG interface and COP header will not be used, Freescale recommend®thiadatbnnections:

* TRSTshould be tied to HRESEffrough a 0-R isolation resistor so that it is asserted when the system resat sig
(HRESET) is asserted, ensuring that the JTAG scan chain is initialized during the power-on redetioeale
recommends that the COP header be designed into the system asrshure 53 If this is not possible, the
isolation resistor will allow future access to TRBTcase a JTAG interface may need to be wired onto the system in
future debug situations.

+ Tie TCK to OVpp through a 10-R resistor. This will prevent TCK from changing state and reading incatedat
into the device.

* No connection is required for TDI, TMS, or TDO.
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cop_TDO | [1] NC
COP_TDI COP_TRST
NC [6] | cop_vDD_SENSE

COP_TCK COP_CHKSTP_IN
cop_Tms | [9] NC

COP_SRESET | [11] [12] | NC

COP_FRESET Nopn

COP_CHKSTP_OUT GND

Figure 52. COP Connector Physical Pinout
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From Target | SRESET
Board Sources D_
(ifany) | HRESET
HRESET 10 kQ
13 > VAVaVan
SRESET
11 *—\/\VV—
10 kQ
WA
10 kQ
_ 10 kQ
TRST
(] 4
2 kQ
3 4
o | VDD_SENSE AR,
10 kQ
5
IE‘ 51 \/\/\/_
.5 CKSTP_OUT
(o] 10 kQ
11| |12 10 kQ
g 142
Nﬁin s CKSTP_IN A
k<] T™MS
§ 9>
COP Connector E ] TDO
Physical Pin Out o) <TDI
© sl»
TCK
7 >
21— NC
10 |— NC
12 — NC
16 ]

Notes:

SRESET
HRESET

OVDD
OVDD

OVDD

OVDD

TRST

OVpp

OVpp
CKSTP_OUT
OVpp

OVpp
CKSTP_IN
TMS

TDO

TDI

TCK

1. RUN/STOP, normally found on pin 5 of the COP header, is not implemented.
Connect pin 5 of the COP header to OVpp with a 10-kQ pull-up resistor.
2. Key location; pin 14 is not physically present on the COP header.

Figure 53. JTAG Interface Connection
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3.10 Guidelines for High-Speed Interface Termination

3.10.1 SerDes Interface

The high-speed SerDes interface can be disabled through the POR input cfg_io_ports[0:2] and througDB &R Ddgjister
in software. If a SerDes port is disabled through the POR input the user can not enable ittt @EMDISR register in
software. However, if a SerDes port is enabled through the POR input the user caritdtzahigh the DEVDISR register in
software. Disabling a SerDes port through software should be done on a temporary basis. Power isjaivead/forehe
SerDes interface, even if the port is disabled through either mechdiisla.61describes the possible enabled/disabled
scenarios for a SerDes port. The termination recommendations must be fdibowadh port.

Table 61. SerDes Port Enabled/Disabled Configurations

Disabled through POR input Enabled through POR input

Enabled through DEVDISR SerDes port is disabled (and cannot | SerDes port is enabled
be enabled through DEVDISR)
Partial termination may be required1
Complete termination required (Reference clock is required)

(Reference clock not required

Disabled through DEVDISR SerDes port is disabled after software
SerDes port is disabled (through disables port
POR input)
Same termination requirements as
Complete termination required when the port is enabled through POR
(Reference clock not required) input?

(Reference clock is required)

! Partial termination when a SerDes port is enabled through both POR input and DEVDISR is determined by the
SerDes port mode. If port 1 is in x4 PCI Express mode, no termination is required because all pins are being
used. If port 1 is in x1/x2 PCI Express mode, termination is required on the unused pins. If port 2 is in x8 PCI
Express mode, no termination is required because all pins are being used. If port 1 is in x1/x2/x4 PCI Express
mode, termination is required on the unused pins.

If a SerDes port is enabled through the POR input and then disabled through DEVDISR, no hardware changes
are required. Termination of the SerDes port should follow what is required when the port is enabled through
both POR input and DEVDISR. See Note 1 for more information.

If the high-speed SerDes port requires complete or partial termination, the unusgtbpidse terminated as described ia th
section.
The following pins must be left unconnected (floating):
e SDn_TX[7:0]
e SDn_TX[7:0]
The following pins must be connected to GND:
*  SDn_RX[7:0]
SDn_RX[7:0]
SDbn_REF_CLK
+ SDn_REF _CLK
For other directions on reserved or no-connects pinsSeeton 1, “Pin Assignments and Reset States.”
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3.11 Guidelines for PCI Interface Termination

PCI termination if PCl is not used at all.
Option 1
« If PCl arbiter is enabled during POR,

— All AD pins will be driven to the stable states after POR. Therefdir&s pins can be floating. This includes
PCI_AD[31:0], PCI_C/BI3:0], and PCI_PAR signals.
— Al PCI control pins can be grouped together and tied tg,@W¥rough a single 10£k resistor.
— ltis optional to disable PCI block through DEVDISR register after POR reset.
Option 2
» If PCl arbiter is disabled during POR,

— All AD pins will be in the input state. Therefore, all ADs pins needetgtouped together and tied to gy
through a single (or multiple) 10ckresistor(s)

— Al PCI control pins can be grouped together and tied tg@W¥rough a single 10£k resistor
— ltis optional to disable PCI block through DEVDISR register after POR reset.

3.12 Thermal

This section describes the thermal specifications of the MPC8610.

3.12.1 Thermal Characteristics

Table 62provides the package thermal characteristics for the MPC8610.

Table 62. Package Thermal Characteristics'

Characteristic Symbol Value Unit | Notes
Junction-to-ambient thermal resistance, natural convection, single-layer (1s) board Reua 24 °C/W 1
Junction-to-ambient thermal resistance, natural convection, four-layer (2s2p) board Reua 18 °C/W 1
Junction-to-ambient thermal resistance, 200 ft/min airflow, single-layer (1s) board Rguma 18 °C/W 1
Junction-to-ambient thermal resistance, 200 ft/min airflow, four-layer (2s2p) board Rguma 15 °C/W 1
Junction-to-board thermal resistance Rous 10 °C/W 2
Junction-to-case thermal resistance ReJc <0.1 °C/W 3

Notes:

1. Junction-to-ambient thermal resistance determined per JEDEC JESD51-3 and JESD51-6. Thermal testboard meets JEDEC
specification for this package.

2. Junction-to-board thermal resistance determined per JEDEC JESD51-8. Thermal test board meets JEDEC specification for
the specified package.

3. Junction-to-case resistance is less than 0.1°C/W because the silicon die is the top of the packaging case..

3.12.2 Thermal Management Information

This section provides thermal management information for the flip-chip, plastic ball-grid arra9BE@8.) package for
air-cooled applications. Proper thermal control design is primarily dependtm system-level design—the heat sink, airflow
and thermal interface material. The MPC8610 implements several features desigsist toith thermal management,
including the temperature diode. The temperature diode allows an éxtevitge to monitor the die temperature in order to
detect excessive temperature conditions and alert the systefed@m 3.12.2.5, “Temperature Diod&t more information.
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To reduce the die-junction temperature, heat sinks are required; dwgegoténtial large mass of the heat sink, attachment
through the printed-circuit board is suggested. In any implementation of a heat sink stietfonge on the die should not
exceed ten pounds force (45 newtoR&jure 54shows a spring clip through the board. Occasionally the spring clip is attached
to soldered hooks or to a plastic backing structure. Screw and spring arrargeraaiso frequently used.

Heat Sink FC-PBGA Package

Heat Sink . (—l |_| |_| r
OO0

Thermal
Interface Material

- >

Printed-Circuit Board
Figure 54. FC-PBGA Package Exploded Cross-Sectional View with Several Heat Sink Options

Suitable heat sinks are commercially available from the following vendors:
Aavid Thermalloy 603-224-9988
80 Commercial St.
Concord, NH 03301
Internet: www.aavidthermalloy.com
Advanced Thermal Solutions 781-769-2800
89 Access Road #27.
Norwood, MA02062
Internet: www.gats.com
Alpha Novatech 408-749-7601
473 Sapena Ct. #12
Santa Clara, CA 95054
Internet: www.alphanovatech.com
Calgreg Thermal Solutions 888-732-6100
60 Alhambra Road, Suite 1
Warwick, RI 02886
Internet: www.calgreg.com
International Electronic Research Corporation (IERC) 818-842-7277
413 North Moss St.
Burbank, CA 91502
Internet: www.ctscorp.com
Millennium Electronics (MEI) 408-436-8770
Loroco Sites

671 East Brokaw Road
San Jose, CA 95112
Internet: www.mei-thermal.com
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Tyco Electronics 800-522-6752
Chip Coolers™

P.O. Box 3668

Harrisburg, PA 17105-3668

Internet: www.chipcoolers.com

Wakefield Engineering 603-635-5102
33 Bridge St.

Pelham, NH 03076

Internet: www.wakefield.com

Ultimately, the final selection of an appropriate heat sink depends on many factors thetmal performance at a given air
velocity, spatial volume, mass, attachment method, assembly, and cost.

3.12.2.1 Internal Package Conduction Resistance

For the exposed-die packaging technology describ&dbife 62 the intrinsic conduction thermal resistance paths are as
follows:

* The die junction-to-case thermal resistance

* The die junction-to-board thermal resistance

Figure 55depicts the primary heat transfer path for a package with an attached heat sink mounted t-eingtiiitboard.

External Resistance Radiation Convection
A

Heat Sink——
<«——— Thermal Interface Material

Internal|Resistance i <—— Die/Package

<—— Die Junction
<«—— Package/Leads

Printed-Circuit Board— %

Externa|v|:{esistance Radiation Convection

(Note the internal versus external package resistance.)
Figure 55. C4 Package with Heat Sink Mounted to a Printed-Circuit Board

The heat sink removes most of the heat from the device. Heat generated on thedactif/éhsi chip is conducted through the
silicon, then through the heat sink attach material (or thermal interfacdat)atnd finally to the heat sink. The
junction-to-case thermal resistance is low enough that the heat sink atteerfahand heat sink thermal resistance are the
dominant terms.

3.12.2.2 Thermal Interface Materials

A thermal interface material is recommended at the package-to-heat sinkcateriminimize the thermal contact resistance.
Figure 56shows the thermal performance of three thin-sheet themeaiface materials (silicone, graphite/oil, fluoroether oil),
a bare joint, and a joint with thermal grease as a function of contact pressure. As shpsrfptiheance of these thermal
interface materials improves with increasing contact pressure. The usentditgeease significantly reduces the interface
thermal resistance. In contrast, the bare joint results in a therméhnesigpproximately seven times greater than thendder
grease joint.
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Often, heat sinks are attached to the package by means of a spritoghdips in the printed-circuit board (deigure 59.
Therefore, synthetic grease offers the best thermal performance, cmgstterlow interface pressure, and is recommended.
Of course, the selection of any thermal interface material depends on mamg-fathermal performance requirements,
manufacturability, service temperature, dielectric properties, aod so on.

5 , , , , —@— Silicone Sheet (0.006 in.)
' ' ' ' - --+-- - Bare Joint
L ! ! | ! — O = Fluoroether Oil Sheet (0.007 in.)
— O — Graphite/Oil Sheet (0.005 in.)
- —il— Synthetic Grease
S 45 o ol PR SR o L
N. i »l 1 1
£ - el . |
3 . el ]
® | | | | | | S o
o L ' ' ' ' ' ' [ _
% | 1 1 | 1 1 |
® - B ! ' ! ' ! A
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i . - .
[ i : ' == — oo ]
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Contact Pressure (psi)

Figure 56. Thermal Performance of Select Thermal Interface Material

The board designer can choose between several types of thermal interface. Heat sivik m@hesals should be selected
based on high conductivity and mechanical strength to meet equipment shock/vibration requifdmeentre several
commercially available thermal interfaces and adhesive materials gdobvjdthe following vendors:

The Bergquist Company 800-347-4572
18930 West 748 St.

Chanhassen, MN 55317

Internet: www.bergquistcompany.com

Chomerics, Inc. 781-935-4850
77 Dragon Ct.

Woburn, MA 01801

Internet: www.chomerics.com

Dow-Corning Corporation 800-248-2481
Corporate Center

PO Box 994

Midland, MI 48686-0994

Internet: www.dowcorning.com

Shin-Etsu MicroSi, Inc. 888-642-7674
10028 S. 51st St.

Phoenix, AZ 85044

Internet: www.microsi.com
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Thermagon Inc. 888-246-9050
4707 Detroit Ave.

Cleveland, OH 44102

Internet: www.thermagon.com

3.12.2.3 Heat Sink Selection Example

This section provides a heat sink selection example using one of the commexaahble heat sinks.

For preliminary heat sink sizing, the die-junction temperature can be expeesstalows:
Tj =T + T + (Rysc* Roint + Rosa X Py
where:
T is the die-junction temperature
T; is the inlet cabinet ambient temperature
T, is the air temperature rise within the computer cabinet
Rgjcis the junction-to-case thermal resistance
Rgint is the adhesive or interface material thermal resistance
Rgsals the heat sink base-to-ambient thermal resistance
P4 is the power dissipated by the device

During operation, the die-junction temperatureg §hiould be maintained less than the value specifigedbte 3 The
temperature of air cooling the component greatly depends on the ambient inlet aiatanepard the air temperature rise
within the electronic cabinet. An electronic cabinet inlet-air temperatyren@ly range from 30to 40°C. The air temperature
rise within a cabinet (J may be in the range of 50 10°C. The thermal resistance of the thermal interface materjg
typically about 0.2C/W. For example, assuming adf 30°C, a T of 5°C, a package §c= 0.1, and a typical power
consumption () of 10 W, the following expression for T obtained:

Die-junction temperature: ;F 30°C + 5°C + (0.FC/W + 0.2C/W +059 x 10 W

For this example, agkyalue of 6.7C/W or less is required to maintain the die junction temperature below thenomaxialue
of Table 3

Though the die junction-to-ambient and the heat sink-to-ambient thermal resistanaemarmon figure-of-merit used for
comparing the thermal performance of various microelectronic packaging teghkesolone should exercise caution when only
using this metric in determining thermal management because no single parameteqeatedaescribe three-dimensional
heat flow. The final die-junction operating temperature is not only a function of the componetideweall resistance, bute
system-level design and its operating conditions. In addition to the component's power cimms@mpimber of factors affect
the final operating die-junction temperature—airflow, board population (local heat fluxaaeadjcomponents), heat sink
efficiency, heat sink placement, next-level interconnect technology, sgstéemperature rise, altitude, and so on.

Due to the complexity and variety of system-level boundary conditions for today's microeteetfoipiment, the combined
effects of the heat transfer mechanisms (radiation, convectidrcaamtuction) may vary widely. For these reasons, we
recommend using conjugate heat transfer models for the board as welkas eyl designs.

3.12.2.4 Recommended Thermal Model

For system thermal modeling, the MPC8610 thermal model is shokigune 57 Four cuboids are used to represent this
device. The die is modeled as 8.5 x 9.7 mm at a thickness of 0.86 mBe&em 2.3, “Power Characteristicégt power
dissipation details. The substrate is modeled as a single block 29 x 29 xm. d&hrorthotropic conductivity of

23.3 W/(m « K) in the xy-plane and 0.95 W/(m « K) in the z-direction. The die is centered saltsteate. The bump/underfill
layer is modeled as a collapsed thermal resistance between the digbatrdte with a conductivity of 8.1 W/(m « K) in the
thickness dimension of 0.07 mm. The C5 solder layer is modeled as a cuboid withai®&8s< 29 x 0.4 mm with orthotropic
thermal conductivity of 0.034 W/(m « K) in the xy-plane and 12.1 W/(m « K) in the z-direction. An LGA solder layer beoul
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modeled as a collapsed thermal resistance with thermal conductivity of 12.1 W/(md &) affective height of 0.1 mm. The
thermal model uses median dimensions to reduce grid. Please refer to the case outline for aogiahdime

The thermal model uses approximate dimensions to reduce grid. The approximatiadsnsgtpact thermal performance.
Please refer to the case outline for exact dimensions.

Conductivity Value Unit
Die
Die (8.5 x 9.7 x 0.86mm)
z Bump and Underfill
Silicon Temperature
dependent Substrate
Bump and Underfill (8.5 x 9.7 x 0.07 mm) Solder/Air
Collapsed Resistance Side View of Model (Not to Scale)
k, 8.1 W/(m o K) .
—_—>
Substrate (29 x 29 x 1.18 mm)
kx 23.3 W/(m  K) Substrate
ky 23.3
k, 0.95
Solder and Air (29 x 29 x 0.4 mm) Die
Ky 0.034 W/(m o K)
ky 0.034
k, 12.1 y

Top View of Model (Not to Scale)
Figure 57. MPC8610 Thermal Model

3.12.2.5 Temperature Diode

The MPC8610 has a temperature diode on the microprocessor that can be used in conjunctioerwsitetem temperature
monitoring devices (such as Analog Devices, ADT7461™). These devices use the negativaussmperfiicient of a diode
operated at a constant current to determine the temperature of the micrapranesss environment. For proper operation,
the monitoring device used should auto-calibrate the device by canceling oggtivariation of each MPC8610's internal
diode.

The following are the specifications of the MPC8610 on-board temperature diode:

V;>0.40V

V;<0.90V

Operating range 2—-300A
Diode leakage < 10 nA @ 125
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An approximate value of the ideality may be obtained by calibrating the device negpélceed operating temperature.
Ideality factor is defined as the deviation from the ideal diode equation:

Ve

Ifw = Is

Another useful equation is:

V-V, = nﬁ[lnhj
q I

Where:

It = Forward current

| = Saturation current

V4= Voltage at diode

V; = Voltage forward biased

Vy = Diode voltage while is flowing
V| = Diode voltage while,l is flowing
Iy = Larger diode bias current

[ = Smaller diode bias current

q = Charge of electron (1:61071°C)
n = Ideality factor (normally 1.0)

K = Boltzman’s constant (1.38 10723 Joules/K)
T = Temperature (Kelvins)

The ratio of |, to I_is usually selected to be 10:1. The above simplifies to the following:
V-V = 1.986 x 1074 x nT

Solving for T, the equation becomes:
1.986 x 107

4 Ordering Information

Ordering information for the parts fully covered by this specification document is proviS8edtion 4.1, “Part Numbers Fully
Addressed by This Documeht

4.1 Part Numbers Fully Addressed by This Document

Table 63provides the Freescale part numbering nomenclature for the MPC8610. Note that the individual part numbers
correspond to a maximum processor core frequency. For available frequencies,yoantiiral Freescale sales office. In
addition to the processor frequency, the part numbering scheme also includes an applicdfienwhath may specify special
application conditions. Each part number also contains a revision code whichiadferglie mask revision number.

MPC8610 Integrated Host Processor Hardware Specifications, Rev. 2

90 Freescale Semiconductor



Table 63. Part Numbering Nomenclature

Ordering Information

MC nnnn w XX yyyy M z
Product Part Core Processor DDR Speed
. | Temp? Package ' Frequency? P Product Revision Level
Code | Identifier (MHz)
(MHz)
T =-40° Revision B = 1.1
to 105°C | PX = Leaded sphere 1066, 800 System Version Register
FC-PBGA J =533 MHz |Value for Rev B:
MC 8610 G =400 MHz | 0x80A0_0011—MPC8610
Blank=0 | /T — RoHS lead free 1333, 1066, 800
t0105°C FC-PBGA
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. Extended temperature range devices are offered only with core frequencies of 1066 and 800 MHz.

Table 64shows the parts that are available for ordering and their operating conditions.

Table 64. Part Offerings and Operating Conditions

Part Offerings1 Operating Conditions

MC8610xx1333Jz Max CPU speed = 1333 MHz,
Max DDR = 533 MHz

MC8610xx1066Jz Max CPU speed = 1066 MHz,
Max DDR = 533 MHz

MC8610Txx1066Jz Max CPU speed = 1066 MHz,
Max DDR = 533 MHz
extended Temperature Rating

MC8610xx800Gz Max CPU speed = 800 MHz,
Max DDR = 400 MHz

MC8610Txx800Gz Max CPU speed = 800 MHz,
Max DDR =400 MHz
Extended temperature rating

Note:

' The xx in the part marking represents the package option.The ‘T’
represents the extended temperature rating. The ‘2’ represents the
revision letter. For more information see Table 63
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Package Information

4.2 Part Marking

Parts are marked as the example showFigare 58

MC8610

wxxyyyyMz
TWLYYWW

MMMM

Note:

TWLYYWW is the test code.

MMMM is the MOO (mask) number.
YWWLAZ is the assembly traceability code.

Figure 58. Part Marking for FC-PBGA Device

5 Package Information

This section details package parameters and dimensions.

5.1 Package Parameters for the MPC8610

The package parameters are as provided in the following list. The package type is 29 mm X733 mins. There are two
package options: leaded flip chip-plastic ball grid array (FC-PBGA) and RoHS lead~8eRBGA).

Die size 8.5 mm x 9.7 mm
Package outline 29 mm x 29 mm
Interconnects 783

Pitch 1 mm

Minimum module height 2.18 mm
Maximum module height 2.7 mm

Total capacitor count 23 caps; 100 nF each
For leaded FC-PBGA (package option: PX)

Solder balls 63% Sn 37% Pb

Ball diameter (typical) 0.50 mm

For RoHS lead-free FC-PBGA (package option: VT)

Solder balls 96.5% Sn, 3.5% Ag

Ball diameter (typical) 0.50 mm
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5.2 Mechanical Dimensions of the MPC8610 FC-PBGA

Figure 59shows the mechanical dimensions &oettom surface nomenclature of the MPC8610 lead-free FC-PBGA.
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Figure 59. MPC8610 FC-PBGA Dimensions
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Product Documentation

6 Product Documentation

The following documents are required for a complete description of the device ambdesl to design properly with the part.
» MPCB8610 Integrated Host Processor Reference Manual (document number: MPC8610RM)
* €600 PowerPC Core Reference Manual (document number: EGOOCORERM)

7 Revision History

Table 65summarizes revisions to this document.
Table 65. Revision History

Rev. No. Date Substantive Change(s)

2 1/2009 ¢ Updated Table of Contents

* Removed subheading Section 1.1. pin assignments.

* Promoted section 4.3, “Ordering Information,” and associated subsections to Section 4, “Ordering
Information.” Renumbered subsequent sections and subsections accordingly.

1 01/2009 | » Updated Table of Contents

* Removed Serial Rapid IO from Section 2.4.4, “Platform Frequency Requirements for PCI-Express”
because SRIO is not available on MPC8610.

Removed note in Table 21 and Table 22 that states “Minimum DDR2 frequency is 400 MHz.”

In Table 31, removed rows for tio., and ti,cr Added row for Cb.

Replaced 1067 with 1066 in Table 63.

Replaced CBGA with PBGA in Section 5.1, “Package Parameters for the MPC8610.”

0 10/2008 | Initial release.
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