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Overview

— Contiguous or discontiguous memory mapping

— Read-modify-write support for Rapidl O atomic increment, decrement, set, and clear
transactions

— Sleep mode support for self refresh SDRAM
— Supports auto refreshing
— On-the-fly power management using CKE signal
— Registered DIMM support
— Fast memory access via JTAG port
— 2.5-V SSTL2 compatible I/0
* RapidlO interface unit
— 8-bit Rapidl O 1/0O and messaging protocols
— Source-synchronous double data rate (DDR) interfaces
— Supports small type systems (small domain, 8-bit device ID)
— Supports four priority levels (ordering within alevel)
— Reordering across priority levels
— Maximum data payload of 256 bytes per packet
— Packet pacing support at the physical layer
— CRC protection for packets
— Supports atomic operations increment, decrement, set, and clear
— LVDSsignaling
* RapidlO—compliant message unit
— Oneinbound data message structure (inbox)
— One outbound data message structure (outbox)
— Supports chaining and direct modes in the outbox
— Support of up to 16 packets per message
— Support of up to 256 bytes per packet and up to 4 Kbytes of data per message
— Supports one inbound doorbell message structure
* Programmable interrupt controller (PIC)
— Programming model is compliant with the OpenPIC architecture
— Supports 16 programmable interrupt and processor task priority levels
— Supports 12 discrete external interrupts
— Supports 4 message interrupts with 32-bit messages

— Supports connection of an external interrupt controller such as the 8259 programmable
interrupt controller

— Four global high resolution timers/counters that can generate interrupts
— Supports 22 other internal interrupt sources

— Supports fully nested interrupt delivery

— Interrupts can be routed to external pin for external processing

MPC8560 Integrated Processor Hardware Specifications, Rev. 4.2

Freescale Semiconductor 5



Overview

— Interrupts can be routed to the €500 core's standard or critical interrupt inputs
— Interrupt summary registers allow fast identification of interrupt source
« 12C controller
— Two-wire interface
— Multiple master support
— Master or slave 1°C mode support
— On-chip digital filtering rejects spikes on the bus
* Boot sequencer
— Optionally loads configuration data from serial ROM at reset viathe 12C interface
— Can be used to initialize configuration registers and/or memory
— Supports extended 1°C addressi ng mode
— Dataintegrity checked with preamble signature and CRC
* Local bus controller (LBC)
— Multiplexed 32-bit address and data operating at up to 166 MHz
— Eight chip selects support eight external slaves
— Upto eight-beat burst transfers
— The 32-, 16-, and 8-bit port sizes are controlled by an on-chip memory controller
— Three protocol engines available on a per chip select basis:
— General purpose chip select machine (GPCM)
— Three user programmable machines (UPMs)
— Dedicated single datarate SDRAM controller
— Parity support
— Default boot ROM chip select with configurable bus width (8-,16-, or 32-hit)
* Two three-speed (10/100/1Gb) Ethernet controllers (TSECS)
— Dual IEEE 802.3, 802.3u, 802.3x, 802.3z, 802.3ac, 802.3ab compliant controllers
— Support for different Ethernet physical interfaces:
10/100/1Gb Mbps |IEEE 802.3 GMI|I
10/100 Mbps |IEEE 802.3 M|
10 Mbps IEEE 802.3 Ml
1000 Mbps IEEE 802.3z TBI
10/100/1Gb Mbps RGMII/RTBI
— Full- and half-duplex support

— Buffer descriptors are backward compatible with MPC8260 and MPC860T 10/100
programming models

— 9.6-Kbyte jumbo frame support
— RMON statistics support
— 2-Kbyte internal transmit and receive FIFOs

MPC8560 Integrated Processor Hardware Specifications, Rev. 4.2
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Electrical Characteristics

»  System 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
*  System access port
— Uses JTAG interface and a TAP controller to access entire system memory map
— Supports 32-bit accesses to configuration registers
— Supports cache-line burst accesses to main memory
— Supports large block (4-Kbyte) uploads and downloads
— Supports continuous bit streaming of entire block for fast upload and download
* |EEE Sd 1149.1™-compliant, JTAG boundary scan
» 783 FC-PBGA package

2 Electrical Characteristics

This section provides the electrical specifications and thermal characteristics for the MPC8560. The
MPCB8560 is currently targeted to these specifications. Some of these specifications are independent of the
1/0O cell, but are included for a more complete reference. These are not purely 1/0 buffer design
specifications.

2.1 Overall DC Electrical Characteristics

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

2.1.1 Absolute Maximum Ratings
Table 1 provides the absolute maximum ratings.

Table 1. Absolute Maximum Ratings 1

Characteristic Symbol Max Value Unit Notes
Core supply voltage Vpp \Y —
For devices rated at 667 and 833 MHz -0.3t0 1.32
For devices rated at 1 GHz -0.31t01.43
PLL supply voltage AVpp \ —
For devices rated at 667 and 833 MHz -0.31t01.32
—-0.3t01.43

For devices rated at 1 GHz

MPC8560 Integrated Processor Hardware Specifications, Rev. 4.2
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Electrical Characteristics

Table 1. Absolute Maximum Ratings ! (continued)

Characteristic Symbol Max Value Unit Notes
DDR DRAM I/O voltage GVpp —-0.31t0 3.63 \ —
Three-speed Ethernet I/0 voltage LVpp -0.31t0 3.63 \" —
-0.3t02.75
CPM, PCI/PCI-X, local bus, RapidlO, 10/100 Ethernet,Mll OVpp —-0.3 10 3.63 \ 3

management, DUART, system control and power management,
12C, and JTAG I/O voltage

Input voltage DDR DRAM signals MV N —-0.3to (GVpp + 0.3) \ 2,5
DDR DRAM reference MVRger —-0.3 to (GVpp + 0.3) \ 2,5
Three-speed Ethernet signals LV N —-0.3 to (LVpp + 0.3) \ 4,5
CPM, Local bus, RapidlO, 10/100 OV|n —-0.3to (OVpp + 0.3) \ 5
Ethernet, SYSCLK, system
control and power management,
12C, and JTAG signals
PCI/PCI-X OV —0.3to (OVpp + 0.3) \ 6
Storage temperature range Tstg -551to0 150 °C —

Notes:

1.

Functional and tested operating conditions are given in Table 2. Absolute maximum ratings are stress ratings only, and
functional operation at the maximums is not guaranteed. Stresses beyond those listed may affect device reliability or cause
permanent damage to the device.

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

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

. Caution: LV|p must not exceed LVpp by more than 0.3 V. This limit may be exceeded for a maximum of 20 ms during

power-on reset and power-down sequences.
(M,L,0)V|y and MVRggg may overshoot/undershoot to a voltage and for a maximum duration as shown in Figure 2.

OV|y on the PCl interface may overshoot/undershoot according to the PCI Electrical Specification for 3.3-V operation, as
shown in Figure 3.

2.1.2 Power Sequencing

The MPCB8560 requiresits power railsto be applied in a specific sequencein order to ensure proper device
operation. These requirements are as follows for power up:

1. Vpp, AVpp
2. GVpp, LVpp, OVpp (/0 supplies)

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

MPC8560 Integrated Processor Hardware Specifications, Rev. 4.2
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Power Characteristics

Table 6 provides estimated I/O power numbersfor each block: DDR, PCI, Local Bus, RapidlO, TSEC, and

CPM.
Table 6. Estimated Typical /0 Power Consumption
Interface Parameter GVpp (2.5V) | OVpp (3.3 V) |LVpp (3.3 V) |LVpp (2.5 V) Units Notes

DDR I/O CCB = 200 MHz 0.46 — — — w 1
CCB =266 MHz 0.59 — — —
CCB = 300 MHz 0.66 — — —
CCB =333 MHz 0.73 — — —

PCI/PCI-X I/O 32-bit, 33 MHz — 0.04 — — w 2
32-bit 66 MHz — 0.07 — —
64-bit, 66 MHz — 0.14 — —
64-bit, 133 MHz — 0.25 — —

Local Bus I/O 32-bit, 33 MHz — 0.07 — — w 3
32-bit, 66 MHz — 0.13 — —
32-bit, 133 MHz — 0.24 — —
32-bit, 167 MHz — 0.30 — —

RapidlO 1/0 500 MHz data rate — 0.96 — — w 4

TSEC I/O Mil — — 10 — mW 5,6

GMII, TBI (2.5 V) — — — 40
GMII, TBI (3.3 V) — — 70 —
RGMII, RTBI — — — 40

CPM-FCC Mil — 15 — — mW 7
RMII — 13 — —
HDLC 16 Mbps — 9 — —
UTOPIA-8 SPHY — 60 — —
UTOPIA-8 MPHY — 100 — —
UTOPIA-16 SPHY — 94 — —
UTOPIA-16 MPHY — 135 — —

CPM-SCC HDLC 16 Mbps — 4 — — mW 7

MPC8560 Integrated Processor Hardware Specifications, Rev. 4.2
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DDR SDRAM

6.2.2 DDR SDRAM Output AC Timing Specifications

For chip selects MCSL1 and MCS2, there will always be at least 200 DDR memory clocks coming out of
self-refresh after an HRESET before a precharge occurs. This will not necessarily be the case for chip

sdects MCS0 and MCS3.

6.2.2.1 DLL Enabled Mode

Table 16 and Table 17 provide the output AC timing specifications and measurement conditionsfor the

DDR SDRAM interface with the DDR DLL enabled.

Table 16. DDR SDRAM Output AC Timing Specifications-DLL Mode

At recommended operating conditions with GVpp of 2.5 V + 5%.

Parameter Symbol 1 Min Max Unit Notes

MCK]|n] cycle time, (MCK[n]/MCKIn] crossing) tMck 6 10 ns 2
On Chlp Clock Skew tMCKSKEW —_— 150 ps 3, 8
MCK]|n] duty cycle tMCKH/tMCK 45 55 % 8
ADDR/CMD Output valid tDDKHOV —_— 3 ns 4, 9
ADDR/CMD output invalid tbpkHOX 1 — ns 4,9
Write CMD to first MDQS Capture edge tDDSHMH tMCK +1.5 tMCK +4.0 ns 5
MDQ/MECC/MDM output setup with respectto |  tppkpps, — ps 6,9
MDQS topkLDs

333 MHz 900

266 MHz 1100

200 MHz 1200
MDQ/MECC/MDM output hold with respect to tDDKHDX, — ps 6,9
MDQS topkLDX

333 MHz 900

266 MHz 1100

200 MHz 1200
MDQS preamble start tDDSHMP 0.75 x tMCK +1.5 0.75 x tMCK +4.0 ns 7,8

MPC8560 Integrated Processor Hardware Specifications, Rev. 4.2
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Ethernet: Three-Speed, MIl Management

Table 20. GMII, Mil, RGMII, RTBI, and TBI DC Electrical Characteristics

Parameters Symbol Min Max Unit
Supply voltage 2.5 V LVpp 2.37 2.63 \%
Output high voltage (LVpp = Min, loy =—1.0 mA) Vou 2.00 LVpp + 0.3 %
Output low voltage (LVpp = Min, Ig_ = 1.0 mA) VoL GND -0.3 0.40 \
Input high voltage Viy 1.70 LVpp+ 0.3 \
Input low voltage ViL -0.3 0.70 \
Input high current (Vi ' = LVpp) I — 10 HA
Input low current (Vj\ ' = GND) I -15 — uA

Note:

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

7.2 GMIl, MIl, TBI, RGMII, and RTBI AC Timing Specifications
The AC timing specifications for GMII, MlI, TBI, RGMII, and RTBI are presented in this section.

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

7211

GMII Transmit AC Timing Specifications
Table 21 provides the GMII transmit AC timing specifications.

Table 21. GMII Transmit AC Timing Specifications

At recommended operating conditions with LV of 3.3 V + 5%, or LVpp=2.5V + 5%.

Parameter/Condition Symbol * Min Typ Max Unit
GTX_CLK clock period taTx — 8.0 — ns
GTX_CLK duty cycle taTxH/taTX 40 — 60 %
GMIl data TXD[7:0], TX_ER, TX_EN setup time tGTKHDV 2.5 — — ns
GTX_CLK to GMII data TXD[7:0], TX_ER, TX_ENdelay |  tgTknDX ° 0.5 — 5.0 ns

MPC8560 Integrated Processor Hardware Specifications, Rev. 4.2
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Ethernet: Three-Speed, MIl Management

7.2.3 TBI AC Timing Specifications

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

7.2.3.1 TBI Transmit AC Timing Specifications

Table 25 provides the TBI transmit AC timing specifications.

Table 25. TBI Transmit AC Timing Specifications

At recommended operating conditions with LVpp of 3.3 V + 5%, or LVpp=2.5V + 5%.

Parameter/Condition Symbol 1 Min Typ Max Unit
GTX_CLK clock period trrx — 8.0 — ns
GTX_CLK duty cycle trrxH/tTrx 40 — 60 %
TCG[9:0] setup time GTX_CLK going high trTkHDV 2.0 — — ns
TCG[9:0] hold time from GTX_CLK going high trTKHDX 1.0 — — ns
GTX_CLK clock rise and fall time xR, HTXE 22 — — 1.0 ns

Notes:

1.The symbols used for timing specifications herein follow the pattern of tst two letters of functional block)(signal)(state
)(reference)(state) fOF INPULS @nd tirst two letters of functional block)(reference)(state)(signal)(state) fOr OUtputs. For example, trrkHpy
symbolizes the TBI transmit timing (TT) with respect to the time from t1x (K) going high (H) until the referenced data
signals (D) reach the valid state (V) or setup time. Also, trTkHpx Symbolizes the TBI transmit timing (TT) with respect
to the time from tr1x (K) going high (H) until the referenced data signals (D) reach the invalid state (X) or hold time.
Note that, in general, the clock reference symbol representation is based on three letters representing the clock of a
particular functional. For example, the subscript of tr1y represents the TBI (T) transmit (TX) clock. For rise and fall

times, the latter convention is used with the appropriate letter: R (rise) or F (fall).
2.Signal timings are measured at 0.7 V and 1.9 V voltage levels.

3.Guaranteed by design.

Figure 12 shows the TBI transmit AC timing diagram.

GTX_CLK

trxH

> trTXR —>

trTxF —>

TCG[9:0]

X

trrkHDY —>

—> trTKHDX

Figure 12. TBI Transmit AC Timing Diagram
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Table 31. Local Bus General Timing Parameters—DLL Enabled (continued)

Local Bus

Parameter POR Configuration Symbol 1 Min Max Unit Notes
Input setup to local bus clock (except — tLBIVKH1 1.8 — ns 4,5,8
LUPWAIT)
LUPWAIT input setup to local bus clock — tLBIVKH2 1.7 — ns 4,5
Input hold from local bus clock (except — tLBIXKH1 0.5 — ns 4,5,8
LUPWAIT)
LUPWAIT input hold from local bus clock — tLBIXKH2 1.0 — ns 4,5
LALE output transition to LAD/LDP output — t BoTOT 1.5 — ns 6
transition (LATCH hold time)
Local bus clock to output valid (except TSEC2_TXD[6:5] =00 | t gkHOV1 — 2.0 ns 4,8
LAD/LDP and LALE)
TSEC2_TXDI[6:5] = 11 3.5
(default)
Local bus clock to data valid for LAD/LDP | TSEC2_TXD[6:5] = 00 | t gknove — 22 ns 4,8
TSEC2_TXDI[6:5] = 11 37
(default)
Local bus clock to address valid for LAD TSEC2_TXDI[6:5] = 00 | t gkHOV3 — 23 ns 4,8
TSEC2_TXDI[6:5] = 11 3.8
(default)
Local bus clock to LALE assertion t BKHOV4 — 2.3 ns 4,8
Output hold from local bus clock (except TSEC2_TXDI[6:5] =00 | tgkHOX1 0.7 — ns 4,8
LAD/LDP and LALE)
TSEC2_TXDI[6:5] = 11 1.6
(default)
Output hold from local bus clock for TSEC2_TXDI[6:5] = 00 | t gkHOX2 0.7 — ns 4,8
LAD/LDP
TSEC2_TXDI[6:5] = 11 1.6
(default)
Local bus clock to output high Impedance | TSEC2_TXD[6:5] =00 | t gkHoz1 — 25 ns 7,9
(except LAD/LDP and LALE)
TSEC2_TXDI[6:5] = 11 3.8
(default)
MPC8560 Integrated Processor Hardware Specifications, Rev. 4.2
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JTAG
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JTAG

This section describes the AC electrical specifications for the IEEE 1149.1 (JTAG) interface of the
MPC8560.

Table 39 provides the JTAG AC timing specifications as defined in Figure 32 through Figure 35.

Table 39. JTAG AC Timing Specifications (Independent of SYSCLK) 1

At recommended operating conditions (see Table 2).

Parameter Symbol 2 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 tTKHKL 15 — ns —
JTAG external clock rise and fall times tyter & tyTGE 0 2 ns 6
TRST assert time trRsT 25 — ns 3
Input setup times: ns
Boundary-scan data tTDVKH 4 - 4
TMS, TDI tTIVKH 0 —
Input hold times: ns
Boundary-scan data tTDXKH 20 — 4
TMS, TDI tUTIXKH 25 -
Valid times: ns
Boundary-scan data tyTKLDY 4 20 S
TDO tytkLOV 4 25
Output hold times: — ns
Boundary-scan data tyTKLDX 5
TDO tyTkLOX
JTAG external clock to output high impedance: ns
Boundary-scan data tyTKLDZ 3 19 56
TDO tTkLOZ 3 9
Notes:

1.All outputs are measured from the midpoint voltage of the falling/rising edge of ttg  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 31). Time-of-flight delays must be added for trace lengths, vias, and connectors in the system.

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

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

4.Non-JTAG signal input timing with respect to ty¢ k.

5.Non-JTAG signal output timing with respect to tt¢ .

6.Guaranteed by design.

MPC8560 Integrated Processor Hardware Specifications, Rev. 4.2
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Figure 31 provides the AC test load for TDO and the boundary-scan outputs of the MPC8560.

Output 4@ Zp=50Q HWOVDD/z
R, =50 Q

Figure 31. AC Test Load for the JTAG Interface

Figure 32 provides the JTAG clock input timing diagram.

JTAG
External Clock

VM = Midpoint Voltage (OVpp/2)

Figure 32. JTAG Clock Input Timing Diagram

Figure 33 provides the TRST timing diagram.

TRST VM VM

>

< trRsT >|

VM = Midpoint Voltage (OVpp/2)

Figure 33. TRST Timing Diagram

Figure 34 provides the boundary-scan timing diagram.

JTAG
External Clock N VM N VM
tToVKH —>  |<—
§ <— 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 34. Boundary-Scan Timing Diagram
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12C

Figure 35 provides the test access port timing diagram.

JTAG \
External Clock N N M
UTIVKH —>  [<—
8 <— LTIXKH
Input
TDI, TMS N < >< Data Valid >< >
< tyTkLOV
tyTkLOX — <—
TDO Qutput Data Valid

— t1KLOZ J<—

TDO Output Data Valid > 4 N

VM = Midpoint Voltage (OVpp/2)

Figure 35. Test Access Port Timing Diagram

11 12C

This section describes the DC and AC electrical characteristics for the 12C interface of the M PC8560.

11.1 12C DC Electrical Characteristics

Table 40 provides the DC electrical characteristics for the 1°C interface of the MPC8560.
Table 40. I°C 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 tioKHKL 0 50 ns 2
by the input filter
Input current each 1/O pin (input voltage is I -10 10 nA 3
between 0.1 x OVpp and 0.9 x OVpp(max)
Capacitance for each 1/0 pin C — 10 pF —
Notes:

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

2.Refer to the MPC8560 Power QUICC |11 Integrated Communications Processor Preliminary 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.
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Package and Pin Listings

Table 54. MPC8560 Pinout Listing (continued)

Power

Signal Package Pin Number Pin Type Supply Notes
JTAG
TCK AF21 | OVpp —
TDI AG21 | OVpp 12
TDO AF19 (0] OVpp 11
TMS AF23 | OVpp 12
TRST AG23 | OVpp 12
DFT
LSSD_MODE AG19 | OVpp 21
L1_TSTCLK AB22 | OVpp 21
L2 _TSTCLK AG22 | OVpp 21
TEST_SEL AH20 | OVpp 3
Thermal Management
THERMO AG2 | — 14
THERM1 AH3 | — 14
Power Management
ASLEEP AG18 I/0 9,19
Power and Ground Signals
AVpp1 AH19 Power for e500 PLL | AVpp1 —
1.2V)
AVpp2 AH18 Power for CCB PLL | AVpp2 —
1.2V)
AVpp3 AH17 Power for CPM PLL | AVpp3 —
1.2V)
GND A12, A17, B3, B14, B20, B26, B27, C2, C4, C11,C17, — — —
C19, C22,C27, D8, E3, E12, E24, F11, F18, F23, G9,
G12, G25, H4, H12, H14, H17, H20, H22, H27, J19,
J24, K5, K9, K18, K23, K28, L6, L20, L25, M4, M12,
M14, M16, M22, M27, N2, N13, N15, N17, P12, P14,
P16, P23, R13, R15, R17, R20, R26, T3, T8, T10, T12,
T14,T16,U6, U13, U15,U16,U17, U21,V7,V10, V26,
W5, W18, W23, Y8, Y16, AA6, AA13, AB4, AB11,
AB19, AC6, AC9, AD3, AD8, AD17, AF2, AF4, AF10,
AF13, AF15, AF27, AG3, AG7, AG26
GVpp A14, A20, A25, A26, A27, A28, B17, B22, B28, C12, Power for DDR GVpp —
C28, D16, D19, D21, D24, D28, E17, E22, F12, F15, | DRAM I/O Voltage
F19, F25, G13, G18, G20, G23, G28, H19, H24, J12, 2.5V)
J17, 422, J27, K15, K20, K25, L13, L23, L28, M25, N21
MPC8560 Integrated Processor Hardware Specifications, Rev. 4.2
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Clocking

15 Clocking

This section describesthe PLL configuration of the MPC8560. Note that the platform clock isidentical to
the CCB clock.

15.1 Clock Ranges

Table 55 provides the clocking specifications for the processor core and Table 56 provides the clocking
specifications for the memory bus.

Table 55. Processor Core Clocking Specifications

Maximum Processor Core Frequency
Characteristic 667 MHz 833 MHz 1 GHz Unit Notes
Min Max Min Max Min Max
€500 core processor frequency 400 667 400 833 400 1000 MHz 1,2,3

Notes:

1.Caution: The CCB to SYSCLK ratio and 500 core to CCB ratio settings must be chosen such that the resulting SYSCLK
frequency, €500 (core) frequency, and CCB frequency do not exceed their respective maximum or minimum operating
frequencies. Refer to Section 15.2, “Platform/System PLL Ratio,” and Section 15.3, “e500 Core PLL Ratio,” for ratio
settings.

2.)The minimum e500 core frequency is based on the minimum platform frequency of 200 MHz.

3.)The 1.0 GHz core frequency is based on a 1.3 V VDD supply voltage.

Table 56. Memory Bus Clocking Specifications

Maximum Processor Core Frequency
Characteristic 667 MHz 833 MHz 1 GHz Unit Notes
Min Max Min Max Min Max
Memory bus frequency 100 166 100 166 100 166 MHz 1,2,3

Notes:

1.Caution: The CCB to SYSCLK ratio and 500 core to CCB ratio settings must be chosen such that the resulting SYSCLK
frequency, e500 (core) frequency, and CCB frequency do not exceed their respective maximum or minimum operating
frequencies. Refer to Section 15.2, “Platform/System PLL Ratio,” and Section 15.3, “e500 Core PLL Ratio,” for ratio
settings.

2.The memory bus speed is half of the DDR data rate, hence, half of the platform clock frequency.

3.)The 1.0 GHz core frequency is based on a 1.3 V VDD supply voltage.
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15.2 Platform/System PLL Ratio

Clocking

The platform clock is the clock that drives the L2 cache, the DDR SDRAM datarate, and the e500 core
complex bus (CCB), and is also called the CCB clock. The values are determined by the binary value on

LA[28:31] at power up, as shown in Table 57.
There is no default for this PLL ratio; these signals must be pulled to the desired values.

Table 57. CCB Clock Ratio

Binary Value of LA[28:31] Signals Ratio Description
0000 16:1 ratio CCB clock: SYSCLK (PCI bus)
0001 Reserved
0010 2:1 ratio CCB clock: SYSCLK (PCI bus)
0011 3:1 ratio CCB clock: SYSCLK (PCI bus)
0100 4:1 ratio CCB clock: SYSCLK (PCI bus)
0101 5:1 ratio CCB clock: SYSCLK (PCI bus)
0110 6:1 ratio CCB clock: SYSCLK (PCI bus)
0111 Reserved
1000 8:1 ratio CCB clock: SYSCLK (PCI bus)
1001 9:1 ratio CCB clock: SYSCLK (PCI bus)
1010 10:1 ratio CCB clock: SYSCLK (PCI bus)
1011 Reserved
1100 12:1 ratio CCB clock: SYSCLK (PCI bus)
1101 Reserved
1110 Reserved
1111 Reserved

15.3 €500 Core PLL Ratio
Table 58 describesthe clock ratio between the €500 core complex bus (CCB) and the €500 coreclock. This

ratio is determined by the binary value of LALE and LGPL 2 at power up, as shown in Table 58.
Table 58. €500 Core to CCB Ratio

Binary Value of LALE, LGPL2 Signals | Ratio Description

00 2:1 e500 core:CCB
01 5:2 e500 core:CCB
10 3:1 e500 core:CCB

11

7:2 €500 core:CCB
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Thermal

Figure 53 depicts the primary heat transfer path for a package with an attached heat sink mounted to a
printed-circuit board.

External Resistance Radiation Convection
A

Heat Sink——»
<« Thermal Interface Material

<«—— Die/Package
<«— Die Junction
-«—— Package/Leads

Internall Resistance

Printed-Circuit Board—

Y . .
External Resistance Radiation Convection

(Note the internal versus external package resistance)

Figure 53. Package with Heat Sink Mounted to a Printed-Circuit Board

The heat sink removes most of the heat from the device. Heat generated on the active side of the chip is
conducted through the silicon and through the lid, then through the heat sink attach material (or thermal
interface material), and finally to the heat sink. The junction-to-case thermal resistance islow enough that
the heat sink attach material and heat sink thermal resistance are the dominant terms.

16.2.3 Thermal Interface Materials

A thermal interface material is required at the package-to-heat sink interface to minimize the thermal
contact resistance. For those applications where the heat sink is attached by spring clip mechanism,
Figure 54 shows the thermal performance of three thin-sheet thermal-interface materials (silicone,
graphite/oil, floroether oil), abare joint, and ajoint with thermal grease as afunction of contact pressure.
Asshown, the performance of these thermal interface materialsimproveswith increasing contact pressure.
The use of thermal grease significantly reducesthe interface thermal resistance. The barejoint resultsin a
thermal resistance approximately six times greater than the thermal grease joint.

Heat sinks are attached to the package by means of a spring clip to holesin the printed-circuit board (see
Figure 51). Therefore, the synthetic grease offers the best thermal performance, especially at the low
interface pressure.

When removing the heat sink for re-work, it is preferable to slide the heat sink off slowly until the thermal
interface material losesitsgrip. If the support fixture around the package prevents diding off the heat sink,
the heat sink should be slowly removed. Heating the heat sink to 40-50°C with an air gun can soften the
interface material and make the removal easier. The use of an adhesive for heat sink attach is not
recommended.
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Thermal

Item Mo Ty MEI FN Description
1 1 MFRAME-2000 | HEATSINK FRAME
2 1 MSMK-1120 EXTRUDED HEATSIMK
3 1 MCLIP-1013 CLIP
4 4 MPPINS-1000 FRAME ATTACHMENT FINS

Mustrative source provided by
Millennium Electronics (MEND

Figure 57. Exploded Views (2) of a Heat Sink Attachment using a Plastic Fence

Thediejunction-to-ambient and the heat sink-to-ambient thermal resistances are common figure-of-merits
used for comparing the thermal performance of various microelectronic packaging technologies, one
should exercise caution when only using thismetric in determining thermal management because nosingle
parameter can adequately describe three-dimensional heat flow. The final die-junction operating
temperature is not only afunction of the component-level thermal resistance, but the system level design
and its operating conditions. In addition to the component’s power consumption, anumber of factors affect
the final operating die-junction temperature: airflow, board population (local heat flux of adjacent
components), system air temperature rise, altitude, etc.

Due to the complexity and the many variations of system-level boundary conditions for today’s

mi croel ectronic equipment, the combined effects of the heat transfer mechanisms (radiation convection
and conduction) may vary widely. For these reasons, we recommend using conjugate heat transfer models
for the boards, as well as, system-level designs.
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System Design Information

Figure 58 shows the PLL power supply filter circuit.

10Q
Vpp © VWA i ¥ 0 AVpp (or L2AVpp)
22 F 22 F

b Low ESL Surface Mount Capacitors

Figure 58. PLL Power Supply Filter Circuit

17.3 Decoupling Recommendations

Dueto large address and data buses, and high operating frequencies, the MPC8560 can generate transient
power surges and high frequency noisein its power supply, especialy whiledriving large capacitiveloads.
This noise must be prevented from reaching other componentsin the M PC8560 system, and the MPC8560
itself requires a clean, tightly regulated source of power. Therefore, it is recommended that the system
designer place at least one decoupling capacitor at each Vpp, OVpp, GVpp, and LVpp pins of the
MPC8560. These decoupling capacitors should receive their power from separate Vpp, OVpp, GVpp,
LVpp, and GND power planesin the PCB, utilizing short traces to minimize inductance. Capacitors may
be placed directly under the device using a standard escape pattern. Others may surround the part.

These capacitors should have avalue of 0.01 or 0.1 pF. Only ceramic SMT (surface mount technology)
capacitors should be used to minimize lead inductance, preferably 0402 or 0603 sizes.

In addition, it is recommended that there be several bulk storage capacitors distributed around the PCB,
feeding the Vpp, OVpp, GVpp, and LVpp planes, to enable quick recharging of the smaller chip
capacitors. These bulk capacitors should have alow ESR (equivalent series resistance) rating to ensure the
quick responsetime necessary. They should a so be connected to the power and ground planesthrough two
vias to minimize inductance. Suggested bulk capacitors—100-330 uF (AV X TPS tantalum or Sanyo
OSCON).

17.4 Connection Recommendations

To ensurereliable operation, it is highly recommended to connect unused inputs to an appropriate signal
level. Unused active low inputs should be tied to OV pp, GVpp, or LV pp as required. Unused active high
inputs should be connected to GND. All NC (no-connect) signals must remain unconnected.

Power and ground connections must be made to all external Vpp, GVpp, LVpp, OVpp, and GND pins of
the MPC8560.

17.5 Output Buffer DC Impedance

The MPC8560 drivers are characterized over process, voltage, and temperature. There are two driver
types: a push-pull single-ended driver (open drain for I2C) for all buses except RapidlO, and a
current-steering differential driver for the RapidlO port.

To measure Z, for the single-ended drivers, an external resistor is connected from the chip pad to OVpp
or GND. Then, the value of each resistor is varied until the pad voltage is OV pp/2 (see Figure 59). The
output impedanceisthe average of two components, the resistances of the pull-up and pull-down devices.
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Document Revision History

Table 62. Document Revision History (continued)

Rev. No. Substantive Change(s)

3.2 Updated Table 1 and Table 2 with 1.0 GHz device parameter requirements.

Added Section 2.1.2, “Power Sequencing”.

Added CPM port signal drive strength to Table 3.

Updated Table 4 with Maximum power data.

Updated Table 4 and Table 5 with 1 GHz speed grade information.

Updated Table 6 with corrected typical 1/O power numbers.

Updated Table 7 Note 2 lower voltage measurement point.

Replaced Table 7 Note 5 with spread spectrum clocking guidelines.

Added to Table 8 rise and fall time information.

Added Section 4.4, “Real Time Clock Timing”.

Added precharge information to Section 6.2.2, “DDR SDRAM Output AC Timing Specifications”.
Removed V|_and V|4 references from Table 21, Table 22, Table 23, and Table 24.

Added reference level note to Table 21, Table 22, Table 23, Table 24, Table 25, Table 26, and Table 27.
Updated TXD references to TCG in Section 7.2.3.1, “TBI Transmit AC Timing Specifications”.
Updated tttkHpx value in Table 25.

Updated PMA_RX_CLK references to RX_CLK in Section 7.2.3.2, “TBI Receive AC Timing
Specifications”.

Updated RXD references to RCG in Section 7.2.3.2, “TBI Receive AC Timing Specifications”.
Updated Table 27 Note 2.

Corrected Table 29 fy;pc and typc to reflect the correct minimum operating frequency.
Updated Table 29 ty;pknpv and typkHpx values for clarification.

Added t gkpkT and updated Note 2 in Table 32.

Corrected LGTA timing references in Figure 17.

Updated Figure 18, Figure 20, and Figure 22.

Corrected FCC output timing reference labels in Figure 24 and Figure 25.

Updated Figure 50.

Clarified Table 54 Note 5.

Updated Table 55 and Table 56 with 1 GHz information.

Added heat sink removal discussion to Section 16.2.3, “Thermal Interface Materials”.
Corrected and added 1 GHz part number to Table 63.

3.1 Updated Table 4 and Table 5.

Added Table 6.

Added MCK duty cycle to Table 16.

Updated fypes tmpes tvokHDw @nd typkHpx Parameters in Table 29.

Added LALE to t; gkoys parameter in Table 31 and Table 32, and updated Figure 17.
Corrected active level designations of some of the pins in Table 54.

Updated Table 63.
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Device Nomenclature

19.2 Part Marking

Parts are marked as the example shown in Figure 62.

MPCnnnntppfffcr
ATWLYYWWA

MMMMM CCCCC
YWWLAZ

Notes: FC-PBGA

MMMMM is the 5-digit mask number.

ATWLYYWWA is the traceability code.

CCCCC is the country of assembly. This space is left blank if parts are assembled in the United States.
YWWLAZ is the assembly traceability code.

Figure 62. Part Marking for FC-PBGA Device
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