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DDR SDRAM

6 DDR SDRAM

This section describes the DC and AC electrical specifications for the DDR SDRAM interface of the

MPC8560.

6.1 DDR SDRAM DC Electrical Characteristics
Table 13 provides the recommended operating conditions for the DDR SDRAM component(s) of the

MPC8560.

Table 13. DDR SDRAM DC Electrical Characteristics

Parameter/Condition Symbol Min Max Unit Notes

1/0O supply voltage GVpp 2.375 2.625 \ 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 MVgeg + 0.18 GVpp + 0.3 \ 4
Input low voltage Vi -0.3 MVgeg—0.18 \ 4
Output leakage current loz -10 10 UA 5
Output high current (Vo1 =1.95 V) loH -15.2 — mA —
Output low current (Vo1 = 0.35 V) loL 15.2 — mA —
MV ger input leakage current lyRer — 100 uA —

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

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

3.Vt 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 MVpggp.

4.V |y can tolerate an overshoot of 1.2V over GVpp for a pulse width of <3 ns, and the pulse width cannot be greater
than tyck- Vi can tolerate an undershoot of 1.2V below GND for a pulse width of <3 ns, and the pulse width
cannot be greater than tyck.

5.0utput leakage is measured with all outputs disabled, 0 V < Voyt < GVpp.

Table 14 provides the DDR capacitance.
Table 14. DDR SDRAM Capacitance

Parameter/Condition Symbol Min Max Unit Notes
Input/output capacitance: DQ, DQS, MSYNC_IN 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 +£0.125V, f =1 MHz, Tp = 25°C, Voy1 = GVpp/2, VouT (peak to peak) =0.2 V.

MPC8560 Integrated Processor Hardware Specifications, Rev. 4.2

18 Freescale Semiconductor



6.2 DDR SDRAM AC Electrical Characteristics

This section provides the AC electrical characteristics for the DDR SDRAM interface.

6.2.1 DDR SDRAM Input AC Timing Specifications
Table 15 provides the input AC timing specifications for the DDR SDRAM interface.

Table 15. DDR SDRAM Input AC Timing Specifications

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

DDR SDRAM

Parameter Symbol Min Max Unit Notes
AC input low voltage VL — MVggg — 0.31 \ —
AC input hlgh VOItage V|H MVREF +0.31 GVDD +0.3 \ —_—
MDQS—MDQ/MECC input skew per byte |  tpiskew ps 1,2
For DDR = 333 MHz -750 750
For DDR < 266 MHz -1125 1125

Note:

1.Maximum possible skew between a data strobe (MDQS[n]) and any corresponding bit of data (MDQ[8n + {0...7}] if
0<n< 7)or ECC (MECCI{0...7}] if n=8).

2.For timing budget analysis, the MPC8560 consumes 1550 ps of the total budget.
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Figure 4. DDR SDRAM Interface Input Timing
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DDR SDRAM

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

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

Parameter Symbol 1 Min Max Unit Notes

MDQS epilogue end tDDSHME 1.5 4.0 ns 7,8

Notes:

1.The symbols used for timing specifications follow the pattern of Yfirst two letters of functional block)(signal)(state) (reference)(state) for
inputs and tsirst 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 (OX or DX). For
example, tppkHov symbolizes DDR timing (DD) for the time tyck memory clock reference (K) goes from the high (H)
state until outputs (O) are valid (V) or output valid time. Also, tppk px Symbolizes DDR timing (DD) for the time tyck
memory clock reference (K) goes low (L) until data outputs (D) are invalid (X) or data output hold time.

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

3.Maximum possible clock skew between a clock MCK[n] and its relative inverse clock MCK]|n], or between a clock MCK[n]
and a relative clock MCK[m] or MSYNC_OUT. Skew measured between complementary signals at GVpp/2.

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

5.Note that tppgymH follows the symbol conventions described in note 1. For example, tppgywn describes the DDR timing
(DD) from the rising edge of the MSYNC_IN clock (SH) until the MDQS signal is valid (MH). tppgnmy can be modified
through control of the DQSS override bits in the TIMING_CFG_2 register. These controls allow the relationship between
the synchronous clock control timing and the source-synchronous DQS domain to be modified by the user. For best
turnaround times, these may need to be set to delay tppgymn an additional 0.25ty k. This will also affect typgHyp and
tpbpsnHme accordingly. See the MPC8560 PowerQUICC IlI Integrated Communications Processor Reference Manual for
a description and understanding of the timing modifications enabled by use of these bits.

6.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 MPC8560.

7.All outputs are referenced to the rising edge of MSYNC_IN (S) at the pins of the MPC8560. Note that tppgyp follows the
symbol conventions described in note 1. For example, tppgypp describes the DDR timing (DD) from the rising edge of
the MSYNC_IN clock (SH) for the duration of the MDQS signal precharge period (MP).

8.Guaranteed by design.

9.Guaranteed by characterization.

Figure 5 provides the AC test |oad for the DDR bus.

Output 4€> Zp=50Q WGVDD/Z
R_ =50 Q

Figure 5. DDR AC Test Load

Table 17. DDR SDRAM Measurement Conditions

Symbol DDR Unit Notes
VTH MVREF +0.31V \ 1
VOUT 0.5 x GVDD \ 2

Notes:
1.Data input threshold measurement point.
2.Data output measurement point.
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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

7.2.2 MIl AC Timing Specifications
This section describes the M1 transmit and receive AC timing specifications.

7.2.2.1 Ml Transmit AC Timing Specifications
Table 23 provides the MII transmit AC timing specifications.
Table 23. MIl Transmit AC Timing Specifications

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

Parameter/Condition Symbol 1 Min Typ Max Unit
TX_CLK clock period 10 Mbps tmTX 2 — 400 — ns
TX_CLK clock period 100 Mbps tvTx — 40 — ns
TX_CLK duty cycle tTXHAMTX 35 — 65 %
TX_CLK to MIl data TXD[3:0], TX_ER, TX_EN delay tMTKHDX 1 5 15 ns
TX_CLK data clock rise and fall time tvTxR: tTXE 2 1.0 — 4.0 ns

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

(reference)(state) fOr iNPuts and tirst two letters of functional block)(reference)(state) (signal) (state) for outputs. For example, tytkHpx
symbolizes MII transmit timing (MT) for the time tyy1x clock reference (K) going high (H) until data outputs (D) are

invalid (X). Note that, in general, the clock reference symbol representation is based on two to three letters
representing the clock of a particular functional. For example, the subscript of tyy1x represents the MII(M) transmit
(TX) clock. For rise and fall times, the latter convention is used with the appropriate letter: R (rise) or F (fall).

2.Signal timings are measured at 0.7 V and 1.9 V voltage levels.
3.Guaranteed by design.

Figure 10 shows the MII transmit AC timing diagram.

[ tmrx > tMTxR —>
TX_CLK
tmTxH tMTxF —>
TXD[3:0]
TX_EN ><
TX_ER
—>| tMTKHDX

Figure 10. MIl Transmit AC Timing Diagram
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Local Bus

Table 31. Local Bus General Timing Parameters—DLL Enabled (continued)

Parameter POR Configuration Symbol 1 Min Max Unit Notes
Local bus clock to output high impedance | TSEC2_TXD[6:5]=00 | t_gkHoz2 — 25 ns 7,9
for LAD/LDP
TSEC2_TXDI[6:5] = 11 3.8
(default)

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

for inputs and t(Firs’[ two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tLBixkH1 Symbolizes local
bus timing (LB) for the input (l) 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.

2.All timings are in reference to LSYNC_IN for DLL enabled mode.

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

4.All signals are measured from OVpp/2 of the rising edge of LSYNC_IN for DLL enabled to 0.4 x OV of the signal in question
for 3.3-V signaling levels.

5.Input timings are measured at the pin.

6.The value of t goroT is defined as the sum of 1/2 or 1 ccb_clk cycle as programmed by LBCR[AHD], and the number of local
bus buffer delays used as programmed at power-on reset with configuration pins TSEC2_TXD[6:5].

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

8.Guaranteed by characterization.
9.Guaranteed by design.

Table 32 describes the general timing parameters of the local businterface of the MPC8560 with the DLL
bypassed.

Table 32. Local Bus General Timing Parameters—DLL Bypassed

Parameter POR Configuration | Symbol 1 Min Max Unit Notes
Local bus cycle time — LBk 6.0 — ns 2
Internal launch/capture clock to LCLK delay — {1 BKHKT 2.3 3.9 ns 8
LCLKI[n] skew to LCLK[m] or LSYNC_OUT — L BKSKEW — 150 ps 3,9
Input setup to local bus clock (except — 1LBIVKH1 5.7 — ns 4,5
LUPWAIT)
LUPWAIT input setup to local bus clock — tLBIVKH2 5.6 — ns 4,5
Input hold from local bus clock (except — tLBIXKH1 -1.8 — ns 4,5
LUPWAIT)
LUPWAIT input hold from local bus clock — tLBIXKH2 -1.3 — ns 4,5
LALE output transition to LAD/LDP output — t soTOT 1.5 — ns 6
transition (LATCH hold time)
Local bus clock to output valid (except TSEC2_TXD[6:5] =00 | t gkLov1 — -0.3 ns 4
LAD/LDP and LALE)
TSEC2_TXD[6:5] = 11 1.2
(default)
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Local Bus

LSYNC_IN

T

I
T2 |
—_ |

T3

T4

re— 1 BKHOV1 —>
|

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

UPM Mode Input Signal: + 1|
LUPWAIT T

Input Signals:
LAD[0:31)LDP[0:3] V-~~~ """~~~ e Y, Fommmmmmmmme ¢
(DLL Bypass Mode)

|

| |

| tLBKHOZ1 —>, <—
|

|
<t BKHOV1

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

Figure 21. Local Bus Signals, GPCM/UPM Signals for LCCR[CLKDIV] = 4 or 8 (DLL Enabled)
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CPM

Figure 24 shows the FCC internal clock.

BRG_OUT

—> triXKH !
G :
|

FCClnputSignals --------{  J------ oo oo oo

FCC Output Signals

(When GFMR TCI = 0)

FCC Output Signals
(When GFMR TCI = 1)

Figure 24. FCC Internal AC Timing Clock Diagram

Figure 25 shows the FCC external clock.

Serial Clock In

—> tFEIXKH !
tFEIVKH < :
|

FCC Input Signals - -------

FCC Output Signals
(When GFMR TCI = 0)

trEKHOX —>
FCC Output Signals

(When GFMR TCI = 1)

Figure 25. FCC External AC Timing Clock Diagram

Figure 26 shows Ethernet collision timing on FCCs.

COL/CRS
(Input)

3 trccH >

Figure 26. Ethernet Collision AC Timing Diagram (FCC)
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Figure 27 shows the SCC/SPI external clock.

Serial Clock In

Input Signals:
SCC/SPI
(See Note)

|
r&«— tNEKHOX ——>

Output Signals:
SCC
(See Note)

Output Signals:
SPI
(See Note)

tNEIXKH

:<— tsEkHOX ———> !

Note: The clock edge is selectable on SCC and SPI.
Figure 27. SCC/SPI AC Timing External Clock Diagram

Figure 28 shows the SCC/SPI internal clock.

BRG_OUT

—> t
_ tNIvkH —>
Input Signals: '

SCC/SPI - - -+
(See Note) |

~ ty

Output Signals: |
SCC/SPI - -------------- ==
(See Note) '

NIIXKH

IKHOX

Note: The clock edge is selectable on SCC and SPI.

Figure 28. SCC/SPI AC Timing Internal Clock Diagram

Figure 29 shows TDM input and output signals.

Serial Clock In

< trpIxXKH

troivkH —>:

TDM Input Signals

|
:<— t
|
TDM Output Signals
Note: There are 4 possible TDM timing conditions:
1. Input sampled on the rising edge and output
2. Input sampled on the rising edge and output
3. Input sampled on the falling edge and output
4. Input sampled on the falling edge and output

TDKHOX

driven on the rising edge (shown).
driven on the falling edge.
driven on the falling edge.
driven on the rising edge.

Figure 29. TDM Signal AC Timing Diagram
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CPM

Table 36 shows CPM 12C AC Timing.

Table 36. CPM 12C AC Timing

Characteristic Symbol Min Max Unit
SCL clock frequency (slave) fscL 0 FMAX1 Hz
SCL clock frequency (master) fscL BRGCLK/16512 BRGCLK/48 Hz
Bus free time between transmissions tspHDL 1/(2.2 * fgcL) — s
Low period of SCL tscLcH 1/(2.2 * f5cL) — S
High period of SCL tscHeL 1/(2.2* fgcL) — S
Start condition setup time 2 tscHDL 2/(divider * fggy) — S
Start condition hold time 2 tspLoL 3/(divider * fgcy) — s
Data hold time 2 tscLpx 2/(divider * fgcy ) — s
Data setup time 2 tspvcH 3/(divider * fgcy) — s
SDA/SCL rise time tsrisE — 1/(10 * fgcL) s
SDA/SCL fall time tSFALL — 1/(33 " fscu) s
Stop condition setup time tscHDH 2/(divider * fggy) — S

Notes:

1.Fy1ax = BRGCLK/(min_divider*prescaler). Where prescaler=25-12MODE[PDIV]; and min_divider=12 if digital filter

disabled and 18 if enabled.

Example #1: if 2MODE[PDIV]=11 (prescaler=4) and I2MODE[FLT]=0 (digital filter disabled) then

FMAX=BRGCLK/48

Example #2: if 2MODE[PDIV]=00 (prescaler=32) and I2MODE[FLT]=1 (digital filter enabled) then

FMAX=BRGCLK/576
2.divider =fgg| /prescaler.

In master mode: divider = BRGCLK/(fgc *prescaler) = 2*(I2BRG[DIV]+3)
In slave mode: divider = BRGCLK/(fgg *prescaler)

Figure 30 isaadiagram of CPM 12C Bus Timing.

/

SDA \
tspHoL || tscLcH
tSCHDL P
7
SCL
- —
tspLoL («—>

Figure 30. CPM I2C Bus Timing Diagram

tsrisE tsraLL >
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PCI/PCI-X

12.2 PCI/PCI-X AC Electrical Specifications

This section describesthe general AC timing parameters of the PCI/PCI-X bus of the MPC8560. Note that
the SY SCLK signal isused asthe PCI input clock. Table 43 provides the PCI AC timing specifications at
66 MHz.

Table 43. PCI AC Timing Specifications at 66 MHz

Parameter Symbol 1 Min Max Unit Notes
SYSCLK to output valid tpcKHOV — 6.0 ns 2
Output hold from SYSCLK tPcKHOX 2.0 — ns 2,9
SYSCLK to output high impedance tpckHOZ — 14 ns 2,3,10
Input setup to SYSCLK tpcIvKH 3.0 — ns 2,4,9
Input hold from SYSCLK tPCIXKH 0 — ns 2,4,9
REQ64 to HRESET ° setup time tpCRVARH 10 x tgys — clocks | 5,6, 10
HRESET to REQ64 hold time tPCRHRX 0 50 ns 6,10
HRESET high to first FRAME assertion tPCRHFV 10 — clocks 7,10

Notes:
1.Note that the symbols used for timing specifications herein follow the pattern of tirst two letters of functional

block)(signal)(state) (reference)(state) fOr iNputs and tsirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs.
For example, tpc vk symbolizes PCI/PCI-X timing (PC) with respect to the time the input signals (I) reach the

valid state (V) relative to the SYSCLK clock, tgys, reference (K) going to the high (H) state or setup time. Also,
tpcrurv Symbolizes PCI/PCI-X 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.

2.See the timing measurement conditions in the PCI 2.2 Local Bus Specifications.

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

4.Input timings are measured at the pin.

5.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 15, “Clocking.”

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

7.The timing parameter tpcryry is @ minimum of 10 clocks rather than the minimum of 5 clocks in the PCI 2.2 Local
Bus Specifications.

8.The reset assertion timing requirement for HRESET is 100 pus.
9.Guaranteed by characterization.
10.Guaranteed by design.
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RapidlO

* The peak differential signal of the transmitter output or receiver input, isA — B volts.
* The peak-to-peak differential signal of the transmitter output or receiver input, is2 x (A —B) volts.

TD or RD

AV
TD or RD >< ><
BV

Figure 42. Differential Peak-to-Peak Voltage of Transmitter or Receiver

To illustrate these definitions using numerical values, consider the case where a LV DS transmitter has a
common mode voltage of 1.2 V and each signal has a swing that goes between 1.4 and 1.0 V. Using these
values, the peak-to-peak voltage swing of the signals TD, TD, RD, and RD is 400 mV. The differential
signal ranges between 400 and —400 mV. The peak differential signal is 400 mV, and the peak-to-peak
differential signal is 800 mV.

A timing edgeisthe zero-crossing of a differential signal. Each skew timing parameter on a parallel bus
is synchronously measured on two signals relative to each other in the same cycle, such as data to data,
datato clock, or clock to clock. A skew timing parameter may be relative to the edge of asignal or to the
middle of two sequential edges.

Static skew represents the timing difference between signals that does not vary over time regardless of
system activity or data pattern. Path length differences are a primary source of static skew.

Dynamic skew representsthe amount of timing difference between signalsthat is dependent on the activity
of other signals and varies over time. Crosstalk between signals is a source of dynamic skew.

Eye diagrams and compliance masks are a useful way to visualize and specify driver and receiver
performance. This technique is used in several serial bus specifications. An example compliance mask is
shownin Figure 43. The key differencein the application of thistechnique for aparallel busisthat the data
is source synchronousto its bus clock while serial datais referenced to its embedded clock. Eye diagrams
reveal the quality (cleanness, openness, goodness) of adriver output or receiver input. An advantage of
using an eye diagram and a compliance mask is that it allows specifying the quality of a signal without
requiring separate specifications for effects such as rise time, duty cycle distortion, data dependent
dynamic skew, random dynamic skew, etc. This allows the individual semiconductor manufacturer
maximum flexibility to trade off various performance criteria while keeping the system performance
constant.

In using the eye pattern and compliance mask approach, the quality of the signal is specified by the
compliance mask. The mask specifiesthe maximum permissible magnitude of the signal and the minimum
permissible eye opening. The eye diagram for the signal under test is generated according to the
specification. Compliance is determined by whether the compliance mask can be positioned over the eye
diagram such that the eye pattern falls entirely within the unshaded portion of the mask.

Serial specifications have clock encoded with the data, but the LP-LVDS physical layer defined by
Rapidl O is a source synchronous parallel port so additional specifications to include effects that are not
found in serial links are required. Specifications for the effect of bit to bit timing differences caused by
static skew have been added and the eye diagrams specified are measured relative to the associated clock
in order to include clock to data effects. With the transmit output (or receiver input) eye diagram, the user
can determine if the transmitter output (or receiver input) is compliant with an oscilloscope with the
appropriate software.
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RapidlO

Table 50. RapidlO Driver AC Timing Specifications—1 Gbps Data Rate

Range
Characteristic Symbol Unit Notes
Min Max

Differential output high voltage Voup 200 540 mV 1
Differential output low voltage VoLp —-540 —200 mV 1
Duty cycle DC 48 52 % 2,6
Vop rise time, 20%—80% of peak to peak tFALL 100 — ps 3,6
differential signal swing

Vop fall time, 20%—-80% of peak to peak trisE 100 — ps 6
differential signal swing

Data valid DV 575 — ps 6
Skew of any two data outputs topAIR — 100 ps 4,6
Skew of single data outputs to associated clock tSKEW PAIR -100 100 ps 5,6

Notes:

1.See Figure 44.

2.Requires =100 ppm long term frequency stability.

3.Measured at Vop =0 V.

4 Measured using the RapidlO transmit mask shown in Figure 44.
5.See Figure 49.

6.Guaranteed by design.

The compliance of driver output signals TD[0:15] and TFRAME with their minimum data valid window
(DV) specification shall be determined by generating an eye pattern for each of the data signals and
comparing the eye pattern of each data signal with the Rapidl O transmit mask shown in Figure 44. The
value of X2 used to construct the mask shall be (1 — DV ,j,)/2. A signal is compliant with the data valid
window specification if the transmit mask can be positioned on the signal’s eye pattern such that the eye
pattern falls entirely within the unshaded portion of the mask.

VOHDmax

VoHpmin [~ =~ -~~~ | N

S I I
g/ 0 _______ | | N

) I |

>O | |

V | |
ODmax [~~~ -~~~ ~ ] T T T T T T

:: DV >:

VoLbmin | :

| |
0 X2 1-X2 1

Time (UI)

Figure 44. RapidlO Transmit Mask
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Package and Pin Listings

3. Maximum solder ball diameter measured parallel to datum A.

Datum A, the seating plane, is defined by the spherical crowns of the solder balls.

Capacitors may not be present on all devices.

Caution must be taken not to short capacitors or exposed metal capacitor pads on package top.
The socket lid must always be oriented to A1.

N o g s

14.3 Pinout Listings

Table 54 provides the pin-out listing for the MPC8560, 783 FC-PBGA package.
Table 54. MPC8560 Pinout Listing

. . . Power
Signal Package Pin Number Pin Type Supply Notes
PCI/PCI-X

PCI_ADI[63:0] AA14, AB14, AC14, AD14, AE14, AF14, AG14, AH14, I/0 OVpp 17

V15, W15, Y15, AA15, AB15, AC15, AD15, AG15,

AH15, V16, W16, AB16, AC16, AD16, AE16, AF16,

V17, W17,Y17, AA17, AB17, AE17, AF17, AF18, AH6,
AD7, AE7, AH7, AB8, AC8, AF8, AG8, AD9, AE9, AF9,
AG9, AH9, W10, Y10, AA10, AE11, AF11, AG11,
AH11, V12, W12, Y12, AB12, AD12, AE12, AG12,
AH12, V13, Y13, AB13, AC13

PCI_C_BE[7:0] AG13, AH13, V14, W14, AH8, AB10, AD11, AC12 I/O OVpp 17
PCI_PAR AA11 I/0 OVpp —
PCI_PAR64 Y14 I/0 OVpp —
PCI_FRAME AC10 I/0 OVpp 2
PCI_TRDY AG10 I/0 OVpp 2
PCI_IRDY AD10 /0 OVpp 2
PCI_STOP Vi1 I/0 OVpp 2
PCI_DEVSEL AH10 /0 OVpp 2
PCI_IDSEL AA9 | OVpp —
PCI_REQ64 AE13 I/0 OVpp | 5,10
PCI_ACK64 AD13 /0 OVpp 2
PCI_PERR W11 I/0 OVpp 2
PCI_SERR Y11 /0 OVpp 2,4
PCI_REQO AF5 I/0 OVpp —
PCI_REQ[1:4] AF3, AE4, AG4, AE5 | OVpp —
PCI_GNTIO0] AE6 I/0 OVpp —
PCI_GNT[1:4] AG5, AH5, AF6, AG6 O OVpp 5,9
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Table 54. MPC8560 Pinout Listing (continued)

Package and Pin Listings

. . . Power
Signal Package Pin Number Pin Type Supply Notes
DDR SDRAM Memory Interface
MDQ[0:63] M26, L27, L22, K24, M24, M23, K27, K26, K22, J28, I/0 GVpp —
F26, E27, J26, J23, H26, G26, C26, E25, C24, E23,
D26, C25, A24, D23, B23, F22, J21, G21, G22, D22,
H21, E21, N18,J18, D18, L17, M18, L18, C18, A18,
K17, K16, C16, B16, G17, L16, A16, L15, G15, E15,
C14, K13, C15, D15, E14, D14, D13, E13, D12, A11,
F13, H13, A13, B12
MECCI0:7] N20, M20, L19, E19, C21, A21, G19, A19 /0 GVpp —
MDMI[0:8] L24, H28, F24, L21, E18, E16, G14, B13, M19 (0] GVpp —
MDQS[0:8] L26, J25, D25, A22, H18, F16, F14, C13, C20 /0 GVpp —
MBA[0:1] B18, B19 (0] GVpp —
MAJ[0:14] N19, B21, F21, K21, M21, C23, A23, B24, H23, G24, (0] GVpp —
K19, B25, D27, J14, J13
MWE D17 (0] GVpp —
MBAS F17 0 GVpp -
MCAS J16 (0] GVpp —
MCSJ[0:3] H16, G16, J15, H15 (0] GVpp —
MCKE[0:1] E26, E28 (0] GVpp 11
MCK][0:5] J20, H25, A15, D20, F28, K14 O GVpp —
MCK{0:5] F20, G27, B15, E20, F27, L14 O GVpp —
MSYNC_IN M28 | GVpp —
MSYNC_OUT N28 (0] GVpp —
Local Bus Controller Interface
LA[27] u18 (0] OVpp 5,9
LA[28:31] T18, T19, T20, T21 (0] OVpp 7,9
LAD[0:31] AD26, AD27, AD28, AC26, AC27,AC28, AA22, AA23, I/0 OVpp —
AA26, Y21, Y22,Y26, W20, W22, W26, V19, T22, R24,
R23, R22, R21, R18, P26, P25, P20, P19, P18, N22,
N23, N24, N25, N26
LALE V21 (0] OVpp 8,9
LBCTL V20 (0] OVpp 9
LCKE u23 (0] OVpp —
LCLKJ[0:2] u27, Uzs, v18 (0] OVpp —
LCS[0:4] Y27, Y28, W27, W28, R27 (0] OVpp 18
LCS5/DMA_DREQ2 R28 I/0 OVpp 1
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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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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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Document Revision History

Table 62. Document Revision History (continued)

Rev. No. Substantive Change(s)

1.2 Section 1.1.1—Updated feature list.

Section 1.2.1.1—Updated notes for Table 1.

Section 1.2.1.2—Removed 5-V PClI interface overshoot and undershoot figure.

Section 1.2.1.3—Added this section to summarize impedance driver settings for various interfaces.
Section 1.4—Updated rows in Reset Initialization timing specifications table. Added a table with DLL and
PLL timing specifications.

Section 1.5.2.2—Updated note 6 of DDR SDRAM Output AC Timing Specifications table.

Section 1.7—Changed the minimum input low current from -600 to -15 pA for the RGMII DC electrical
characteristics.

Section 1.7.2—Changed LCS[3:4] to TSEC1_TXD[6:5]. Updated notes regarding LCS[3:4].
Section 1.13.2—Updated the mechanical dimensions diagram for the package.

Section 1.13.3—Updated the notes for LBCTL, TRIG_OUT, and ASLEEP. Corrected pin assignments
for IIC_SDA and IIC_SCL. Corrected reserved pin assignment of V11 to U11. V11 is actually PCI_STOP.

Section 1.14.1—Updated the table for frequency options with respect to platform/CCB frequencies.
Section 1.14.4—Edited Frequency options with respect to memory bus speeds.

1.1 Made updates throughout document.
Section 1.6.1—Added symbols and note for the GTX_CLK125 timing parameters.

Section 1.11.3—Updated pin list table: LGPL5/LSDAMUX to LGPL5, LA[27:29] and LA[30:31] to
LA[27:31], TRST to TRST, added GBE Clocking section and EC_GTX_CLK125 signal.

Figure 50—Updated pin 2 connection information.

1 Original Customer Version.
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Device Nomenclature

19 Device Nomenclature

Ordering information for the parts fully covered by this specification document is provided in
Section 19.1, “Part Numbers Fully Addressed by this Document.”

19.1 Part Numbers Fully Addressed by this Document

Table 63 provides the Freescal e part numbering nomenclature for the MPC8560. Note that the individual
part numbers correspond to a maximum processor core frequency. For available frequencies, contact your
local Freescale sales office. In addition to the processor frequency, the part numbering scheme also
includes an application modifier which may specify special application conditions. Each part number also
contains a revision code which refersto the die mask revision number.

Table 63. Part Numbering Nomenclature

MPC nnnn t pp ff(f) c r
Product Part Temperature Package 2 Processor Platform Revision Level
Code Identifier Range ' g Frequency >4 | Frequency

MPC 8560 Blank = 0 to 105°C PX =FC-PBGA |833=833MHz [L=333MHz |[B=Rev.2.0
C=-401t0 105°C VT = FC-PBGA | 667 = 667 MHz |J=266 MHz (SVR = 0x80700020)

(Pb-free) C =Rev. 2.1
(SVR = 0x80700021)

MPC 8560 Blank = 0 to 105°C PX = FC-PBGA | AQ =1.0 GHz F=333MHz |[B=Rev.2.0
C =-401t0 105°C VT = FC-PBGA (SVR = 0x80700020)

(Pb-free) C = Rev. 2.1

(SVR = 0x80700021)

Notes:

1.For Temperature Range=C, Processor Frequency is limited to 667 MHz.

2.See Section 14, “Package and Pin Listings” for more information on available package types.

3.Processor core frequencies supported by parts addressed by this specification only. Not all parts described in this
specification support all core frequencies. The core must be clocked at a minimum frequency of 400 MHz. A device
must not be used beyond the core frequency or platform frequency indicated on the device.

4. Designers should use the maximum power value corresponding to the core and platform frequency grades indicated on
the device. A lower maximum power value should not be assumed for design purposes even when running at a lower
frequency.
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