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Overview

1 Overview

The following section provides a high-level overview of the MPC8540 features. Figure 1 shows the major
functional units within the MPC8540.
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Figure 1. MPC8540 Block Diagram

1.1 Key Features

The following lists an overview of the MPC8540 feature set.

» High-performance, 32-bit Book E—enhanced core that implements the Power Architecture

— 32-Kbyte L1 instruction cache and 32-Kbyte L1 data cache with parity protection. Caches can
be locked entirely or on a per-line basis. Separate locking for instructions and data

— Memory management unit (MMU) especially designed for embedded applications
— Enhanced hardware and software debug support

— Performance monitor facility (similar to but different from the MPC8540 performance monitor
described in Chapter 18, “Performance Monitor.”
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Electrical Characteristics

2.1.2 Power Sequencing
The MPC8540 requires its power rails to be applied in a specific sequence in order to ensure proper device
operation. These requirements are as follows for power up:
1. Vpp, AVpp
2. GVpp, LVpp, OVpp (I/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.

NOTE

If the items on line 2 must precede items on line 1, please ensure that the
delay will not exceed 500 ms and the power sequence is not done greater
than once per day in production environment.

NOTE

From a system standpoint, if the I/O power supplies ramp prior to the Vpp
core supply, the 1/0s on the MPC8540 may drive a logic one or zero during
power-up.

2.1.3 Recommended Operating Conditions

Table 2 provides the recommended operating conditions for the MPC8540. Note that the values in Table 2
are the recommended and tested operating conditions. Proper device operation outside of these conditions
IS not guaranteed.

Table 2. Recommended Operating Conditions

Characteristic Symbol Recommended Unit
Value

Core supply voltage Vbb \%
For devices rated at 667 and 833 MHz 12V +60mVv
For devices rated at 1 GHz 13V£50mv

PLL supply voltage AVpp \Y,
For devices rated at 667 and 833 MHz 12V +60mVv
For devices rated at 1 GHz 13V£50mv
DDR DRAM I/O voltage GVpp 25V +125mV
Three-speed Ethernet I/O voltage LVpp 3.3V £165mV
25V +125mVv

PCI/PCI-X, local bus, RapidlO, 10/100 Ethernet, Ml management, DUART, OVpp 3.3V+165mV V

system control and power management, 1°C, and JTAG 1/0 voltage
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4.3 RapidlO Transmit Clock Input Timing

RESET Initialization

Table 9 provides the RapidlO transmit clock input (RIO_TX_CLK_IN) AC timing specifications for the

MPC8540.

Table 9. RIO_TX_CLK_IN AC Timing Specifications

Parameter/Condition Symbol Min Typical Max Unit Notes
RIO_TX_CLK_IN frequency freLk 125 — — MHz
RIO_TX_CLK_IN cycle time treLk — — 8 ns
RIO_TX_CLK_IN duty cycle tRCLKH/tRCLK 48 — 52 % 1
Notes:

1. Requires £100 ppm long term frequency stability. Timing is guaranteed by design and characterization.
4.4 Real Time Clock Timing
Table 10 provides the real time clock (RTC) AC timing specifications for the MPC8540.
Table 10. RTC AC Timing Specifications
Parameter/Condition Symbol Min Typical Max Unit Notes
RTC clock high time trRTCH 2X — — ns
tcee_cik
RTC clock low time tRTCL 2x — — ns
tce_cik

5 RESET Initialization

This section describes the AC electrical specifications for the RESET initialization timing requirements of

the MPC8540. Table 7 provides the RESET initialization AC timing specifications for the MPC8540.

Table 11. RESET Initialization Timing Specifications

Parameter/Condition Min Max Unit Notes
Required assertion time of HRESET 100 — us
Minimum assertion time for SRESET 512 — SYSCLKs 1
PLL input setup time with stable SYSCLK before 100 — us
HRESET negation
Input setup time for POR configs (other than PLL config) 4 — SYSCLKs 1
with respect to negation of HRESET
Input hold time for POR configs (including PLL config) 2 — SYSCLKs 1
with respect to negation of HRESET
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DDR SDRAM

Table 13. DDR SDRAM DC Electrical Characteristics (continued)

Parameter/Condition Symbol Min Max Unit Notes

MVRgg input leakage current IVREE — 100 pA

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

2.MVReg 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 MV 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 MVigg. This rail should track variations in the DC level of MVggr.

4.V 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. V)L 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 < Vo1 < 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 Cio 6 8 pF 1
Delta input/output capacitance: DQ, DQS Coio — 0.5 pF 1

Note:
1.This parameter is sampled. GVpp =2.5V £ 0.125V, f=1 MHz, Ty = 25°C, Vout = GVpp/2, VouT (pPeak to peak) = 0.2 V.

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%.

Parameter Symbol Min Max Unit Notes
AC input low voltage VL — MVgge—0.31 \%
AC input high voltage Vi MVgge + 0.31 GVpp +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 MPC8540 consumes +550 ps of the total budget.
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Ethernet: Three-Speed,10/100, Mll Management

8.2.2 MIlI AC Timing Specifications
This section describes the MII transmit and receive AC timing specifications.

8.2.2.1 MIl Transmit AC Timing Specifications
Table 25 provides the MII transmit AC timing specifications.
Table 25. MIl 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
TX_CLK clock period 10 Mbps tyTx 2 — 400 — ns
TX_CLK clock period 100 Mbps tvTx — 40 — ns
TX_CLK duty cycle tMTXHAMTX 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 xRy tMTXE 2 1.0 — 4.0 ns

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

(reference)(state) fOT INPULS and tirst two letters of functional block)(reference)(state)(signal)(state) fOr Outputs. For example, tytiHpx
symbolizes MII transmit timing (MT) for the time ty,1x 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 ty;tx 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.

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

Figure 10. MIl Transmit AC Timing Diagram

MPC8540 Integrated Processor Hardware Specifications, Rev. 4.1

26 Freescale Semiconductor



Ethernet: Three-Speed,10/100, Mll Management

Figure 15 shows the MII transmit AC timing diagram.

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

Figure 15. MIl Transmit AC Timing Diagram

8.3.2.2 MIl Receive AC Timing Specifications
Table 32 provides the MII receive AC timing specifications.
Table 32. MIl Receive AC Timing Specifications

Parameter/Condition Symbol 1 Min Typ Max Unit
RX_CLK clock period 10 Mbps tVRX — 400 — ns
RX_CLK clock period 100 Mbps tMRX — 40 — ns
RX_CLK duty cycle IMRXHAMRX 35 — 65 %
RXDI[7:0], TX_DV, TX_ER setup time to RX_CLK {MRDVKH 10.0 — — ns
RXD[7:0], TX_DV, TX_ER hold time to RX_CLK tMRDXKH 10.0 — — ns
RX_CLK clock rise and fall time turxr: tvrxe 2| 1.0 — 4.0 ns

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

(reference)(state) fOT INPULS @Nd Yfirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tyrpykH
symbolizes MII receive timing (MR) with respect to the time data input signals (D) reach the valid state (V) relative to
the tyrx clock reference (K) going to the high (H) state or setup time. Also, tyrpxkn Symbolizes Mll receive timing
(GR) with respect to the time data input signals (D) went invalid (X) relative to the ty;rx clock reference (K) going to
the high (H) state or hold time. 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 ty,grx represents the Mil
(M) receive (RX) clock. For rise and fall times, the latter convention is used with the appropriate letter: R (rise) or F
(fall).
2.Signal timings are measured at 0.7 VV and 1.9 V voltage levels.

3.Guaranteed by design.
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Local Bus

Figure 19 through Figure 24 show the local bus signals.
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Figure 19. Local Bus Signals, Nonspecial Sighals Only (DLL Enabled)
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Local Bus

LSYNC_IN
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Figure 23. Local Bus Signals, GPCM/UPM Signals for LCCR[CLKDIV] =4 or 8 (DLL Enabled)
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JTAG

10 JTAG

This section describes the AC electrical specifications for the IEEE 1149.1 (JTAG) interface of the
MPC8540.

Table 38 provides the JTAG AC timing specifications as defined in Figure 26 through Figure 29.
Table 38. 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 fite 0 33.3 MHz
JTAG external clock cycle time t 76 30 — ns
JTAG external clock pulse width measured at 1.4 V tITKHKL 15 — ns
JTAG external clock rise and fall times tyrer & yTaE 0 2 ns 6
TRST assert time trrsT 25 — ns 3
Input setup times: ns
Boundary-scan data L TDVKH 4 — 4
TMS, TDI LTIVKH 0 —
Input hold times: ns
Boundary-scan data L TDXKH 20 — 4
TMS, TDI tITIXKH 25 —
Valid times: ns
Boundary-scan data tyTkLDV 4 20 5
TDO TkLOV 4 25
Output hold times: ns
Boundary-scan data tyTkLDX S
TDO tTkLOX
JTAG external clock to output high impedance: ns
Boundary-scan data t3TKLDZ 3 19 5,6
TDO tyTKLOZ 3 9
Notes:

1.All outputs are measured from the midpoint voltage of the falling/rising edge of ty¢| 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 25). 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 t st 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,
tyrpvkH Symbolizes JTAG device timing (JT) with respect to the time data input signals (D) reaching the valid state

(V) relative to the ty7g clock reference (K) going to the high (H) state or setup time. Also, typxky Symbolizes JTAG
timing (JT) with respect to the time data input signals (D) went invalid (X) relative to the t;1g 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 tyc .

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

6.Guaranteed by design.
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PCI/PCI-X

12.2 PCI/PCI-X AC Electrical Specifications

This section describes the general AC timing parameters of the PCI/PCI-X bus of the MPC8540. Note that
the SYSCLK signal is used as the PCI input clock. Table 42 provides the PCI AC timing specifications at
66 MHz.

Table 42. 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 thCIXKH 0 — ns 2,4,9
REQ64 to HRESET ? setup time tPCRVRH 10 x tgysg — clocks | 5,6,10
HRESET to REQ64 hold time tPCRHRX 0 50 ns 6, 10
HRESET high to first FRAME assertion tPCRHEV 10 — clocks 7,10

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

block)(signal)(state) (reference)(state) fOr iNPULS and tsirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs.
For example, tpcpyky 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,
tpcruEy 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 tpcryey 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 ps.

9.Guaranteed by characterization.

10.Guaranteed by design.
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PCI/PCI-X

Figure 18 provides the AC test load for PCI and PCI-X.

Output 4@ Z=50Q >—\/v\/\—OVDD/2
RL =50Q

Figure 32. PCI/PCI-X AC Test Load

Figure 33 shows the PCI/PCI-X input AC timing conditions.

CLK

tecivkH —>
<— tpcixkH

Input

Figure 33. PCI-PCI-X Input AC Timing Measurement Conditions

Figure 34 shows the PCI/PCI-X output AC timing conditions.

w LN N

—> tpckHov

Output Delay

<— tpckHOZ —>

High-Impedance
Output

Figure 34. PCI-PCI-X Output AC Timing Measurement Condition

Table 43 provides the PCI-X AC timing specifications at 66 MHz.
Table 43. PCI-X AC Timing Specifications at 66 MHz

Parameter Symbol Min Max Unit Notes
SYSCLK to signal valid delay tpckHOV — 3.8 ns 1,23,
7,8
Output hold from SYSCLK tpcKHOX 0.7 — ns 1,10
SYSCLK to output high impedance tpckHOZ — 7 ns 1,4,8,11
Input setup time to SYSCLK tpcIVKH 17 — ns 3,5
Input hold time from SYSCLK tPCIXKH 0.5 — ns 10
REQ64 to HRESET setup time {PCRVRH 10 — clocks 11
HRESET to REQ64 hold time thCRHRX 0 50 ns 11
HRESET high to first FRAME assertion tpCRHFY 10 — clocks 9,11
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RapidlO

enough that increasing the length of the sequence does not cause the resulting eye pattern to change from
one that complies with the RapidlO receive mask to one that does not comply with the mask. The data
carried by any given data signal in the interface may not be correlated with the data carried by any other
data signal in the interface. The zero-crossings of the clock associated with a data signal shall be used as
the timing reference for aligning the multiple recordings of the data signal when the recordings are
overlaid.

While the method used to make the recordings and overlay them to form the eye pattern is not specified,
the method used shall be demonstrably equivalent to the following method. The signal under test is
repeatedly recorded with a digital oscilloscope in infinite persistence mode. Each recording is triggered by
a zero-crossing of the clock associated with the data signal under test. Roughly half of the recordings are
triggered by positive-going clock zero-crossings and roughly half are triggered by negative-going clock
zero-crossings. Each recording is at least 1.9 Ul in length (to ensure that at least one complete eye is
formed) and begins 0.5 Ul before the trigger point (0.5 Ul before the associated clock zero-crossing).
Depending on the length of the individual recordings used to generate the eye pattern, one or more
complete eyes will be formed. Regardless of the number of eyes, the eye whose center is immediately to
the right of the trigger point is the eye used for compliance testing.

An example of an eye pattern generated using the above method with recordings 3 Ul in length is shown
in Figure 41. In this example, there is no skew between the signal under test and the associated clock used
to trigger the recordings. If skew was present, the eye pattern would be shifted to the left or right relative
to the oscilloscope trigger point.

< 05Ul >»<—— 10Ul —>»<— 1.0 Ul —>

o
= 0
_ A
A
Oscilloscope T Eye Used for
(Recording) L—— Compliance L Eye Pattern
Trigger Point Testing

Figure 41. Example Receiver Input Eye Pattern
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Table 53. MPC8540 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, .22, K24, M24, M23, K27, K26, K22, J28, /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, Al16, L15, G15, E15,
C14, K13, C15, D15, E14, D14, D13, E13, D12,
All, F13, H13, A13, B12
MECCI0:7] N20, M20, L19, E19, C21, A21, G19, A19 I/0 GVpp
MDMJ[0:8] L24, H28, F24, L21, E18, E16, G14, B13, M19 (0] GVpp
MDQSJ[0:8] L26, J25, D25, A22, H18, F16, F14, C13, C20 /0 GVpp
MBA[0:1] B18, B19 (0] GVpp
MA[0:14] N19, B21, F21, K21, M21, C23, A23, B24, H23, (0] GVpp
G24, K19, B25, D27, J14, J13
MWE D17 (@] GVpp
MRAS F17 (@] GVpp
MCAS J16 (@] GVpp
MCS[0:3] H16, G16, J15, H15 (@] GVpp
MCKE[0:1] E26, E28 (0] GVpp 11
MCK][0:5] J20, H25, A15, D20, F28, K14 (0] GVpp
MCK][0:5] F20, G27, B15, E20, F27, L14 (0] GVpp
MSYNC_IN M28 I GVpp
MSYNC_OUT N28 (0] GVpp
Local Bus Controller Interface
LA[27] ui1s (0] OVpp 59
LA[28:31] T18,T19, T20, T21 (@] OVpp 7,9
LAD[0:31] AD26, AD27, AD28, AC26, AC27, AC28, AA22, /0 OVpp
AA23, 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 (@) OVpp 8,9
LBCTL V20 (@) OVpp 9
LCKE u23 (0] OVpp
LCLK]0:2] u27, uU28, v18 (@] OVpp
LCS[0:4] Y27, Y28, W27, W28, R27 (0] OVpp 18
LCS5/DMA_DREQ2 R28 1/0 OVpp 1
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Package and Pin Listings

Table 53. MPC8540 Pinout Listing (continued)

Signal Package Pin Number Pin Type SPS;VpGI‘; Notes

TSEC2_RX_CLK E10 [ LVpp
10/100 Ethernet (MIl) Interface
FEC_TXDI[3:0] M1, N1, N4, N5 o} OVpp
FEC_TX_EN P11 o) OVpp
FEC_TX_ER P10 o) OVpp
FEC_TX_CLK V6 | OVpp
FEC_CRS N10 [ OVpp
FEC_COL N11 [ OVpp
FEC_RXD[3:0] N9, N8, N7, N6 | OVpp
FEC_RX_DV P8 [ OVpp
FEC_RX_ER P9 [ OVpp
FEC_RX_CLK V9 | OVpp
RapidlO Interface
RIO_RCLK Y25 | OVpp
RIO_RCLK Y24 [ OVpp
RIO_RDI[0:7] T25, U25, V25, W25, AA25, AB25, AC25, AD25 I OVpp
W_RD[O:?] T24,U24, V24, W24, AA24, AB24, AC24, AD24 I OVpp
RIO_RFRAME AE27 | OVpp
RIO_RFRAME AE26 [ OVpp
RIO_TCLK AC20 O OVpp 11
RIO_TCLK AE21 o} OVpp 11
RIO_TDI[0:7] AE18, AC18, AD19, AE20, AD21, AE22, AC22, O OVpp
AD23
W_TD[O:?] AD18, AE19, AC19, AD20, AC21, AD22, AE23, O OVpp
AC23
RIO_TFRAME AE24 o) OVpp
RIO_TFRAME AE25 o} OVpp
RIO_TX_CLK_IN AF24 [ OVpp
RIO_TX_CLK_IN AF25 | OVpp
I°C interface

IIC_SDA AH22 I/O OVpp 4,20
IIC_SCL AH23 I/O OVpp 4,20
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15 Clocking

This section describes the PLL configuration of the MPC8540. Note that the platform clock is identical to
the CCB clock.

15.1 Clock Ranges

Table 54 provides the clocking specifications for the processor core and Table 55 provides the clocking
specifications for the memory bus.

Table 54. Processor Core Clocking Specifications

Maximum Processor Core Frequency
Characteristic 667 MHz 833 MHz 1 GHz Unit Notes
Min Max Min Max Min Max
e500 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, 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 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 55. 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

The platform clock is the clock that drives the L2 cache, the DDR SDRAM data rate, and the €500 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 56.

There is no default for this PLL ratio; these signals must be pulled to the desired values.
Table 56. CCB Clock Ratio

Lil[gggl\]/asllijgen(;s 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 e500 Core PLL Ratio

Table 57 describes the clock ratio between the €500 core complex bus (CCB) and the €500 core clock. This
ratio is determined by the binary value of LALE and LGPL2 at power up, as shown in Table 57.

Table 57. €500 Core to CCB Ratio

Binary Value of

LALE, LGPL2 Signals Ratio Description

00 2:1 e500 core:CCB
01 5:2 €500 core:CCB
10 3:1 e500 core:CCB
11 7:2 €500 core:CCB
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Alpha Novatech 408-749-7601
473 Sapena Ct. #15

Santa Clara, CA 95054

Internet: www.alphanovatech.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-millennium.com

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, such as thermal
performance at a given air velocity, spatial volume, mass, attachment method, assembly, and cost. Several
heat sinks offered by Aavid Thermalloy, Alpha Novatech, IERC, Chip Coolers, Millennium Electronics,
and Wakefield Engineering offer different heat sink-to-ambient thermal resistances, that will allow the
MPC8540 to function in various environments.

16.2.1 Recommended Thermal Model

For system thermal modeling, the MPC8540 thermal model is shown in Figure 46. Five cuboids are used
to represent this device. To simplify the model, the solder balls and substrate are modeled as a single block
29x29x1.47 mm with the conductivity adjusted accordingly. For modeling, the planar dimensions of the
die are rounded to the nearest mm, so the die is modeled as 10x12 mm at a thickness of 0.76 mm. The
bump/underfill layer is modeled as a collapsed resistance between the die and substrate assuming a
conductivity of 0.6 in-plane and 1.9 W/meK in the thickness dimension of 0.76 mm. The lid attach
adhesive is also modeled as a collapsed resistance with dimensions of 10x12x0.050 mm and the
conductivity of 1 W/meK. The nickel plated copper lid is modeled as 12x14x1 mm. Note that the die and
lid are not centered on the substrate; there is a 1.5 mm offset documented in the case outline drawing in
Figure 44,
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Figure 47 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

AL A TR
WY TV °‘W\l Rl

Printed-Circuit Board—>

1

External Resistance Radiation Convection

(Note the internal versus external package resistance)

Figure 47. 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 is low 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 48 shows the thermal performance of three thin-sheet thermal-interface materials (silicone,
graphite/oil, floroether oil), a bare joint, and a joint with thermal grease as a function of contact pressure.
As shown, the performance of these thermal interface materials improves with increasing contact pressure.
The use of thermal grease significantly reduces the interface thermal resistance. The bare joint results in 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 holes in the printed-circuit board (see
Figure 45). 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 loses its grip. If the support fixture around the package prevents sliding 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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Table 61. 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”.

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 I/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”.
Updated Table 20 minimum and maximum baud rates.

Removed V,_and V4 references from Table 23, Table 24, Table 25, and Table 26.

Added reference level note to Table 23, Table 24, Table 25, Table 26, Table 27, Table 28, and Table 29.
Updated TXD references to TCG in Section 8.2.3.1, “TBI Transmit AC Timing Specifications”.
Updated PMA_RX_CLK references to RX_CLK in Section 8.2.3.2, “TBI Receive AC Timing Specifications”.
Updated trrkppx value in Table 27.

Updated RXD references to RCG in Section 8.2.3.2, “TBI Receive AC Timing Specifications”.
Updated Table 29 Note 2.

Removed V,_and V, references from Table 31, and Table 32.

Added reference level note to Table 31, and Table 32.

Corrected Figure 15 and Figure 16.

Corrected Table 34 fypc and typc to reflect the correct minimum operating frequency.
Updated Table 34 ty,pknpyv and typkrpx values for clarification.

Added t; gk and updated Note 2 in Table 37.

Corrected LGTA timing references in Figure 19.

Updated Figure 20, Figure 22, and Figure 24.

Updated Figure 44.

Clarified Table 53 Note 5.

Updated Table 54 and Table 55 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 62.

3.1 Updated Table 4 and Table 5.

Added Table 6.

Added MCK duty cycle to Table 16.

Updated fy pc, tvpe tmokHpy: @nd typkrpx Parameters in Table 34.

Added LALE to t, gkHoyz Parameter in Table 36 and Table 37, and updated Figure 19 and Figure 20.
Corrected active level designations of some of the pins in Table 53.

Updated Table 62.

MPC8540 Integrated Processor Hardware Specifications, Rev. 4.1

96 Freescale Semiconductor



Document Revision History

Table 61. Document Revision History (continued)

Rev. No.

Substantive Change(s)

3.0

Table 1—Corrected MIl management voltage reference
Section 2.1.3—New

Table 2—Corrected MIl management voltage reference
Table 4—Added Vpp power table

Table 5—Added AVpp power table

Table 7—New

Table 8—New

Table 9—New

Table 13—Added overshoot/undershoot note.

Figure 4—New

Table 16—Restated tycxskewi @S tmckskew: removed tyckskewe; added speed-specific minimum values for
333, 266, and 200 MHz; updated tppsyme Values.

Updated chapter to reflect that GMII, MIl and TBI can be run with 2.5V signalling.

Table 34—Added MDIO output valid timing

Table 36—Updated t| gk, tgixkH1: @nd tgoToT-

Table 37—New

Table 20, Table 22, Table 24—Updated clock reference

Table 44—Updated tpcyvkH

Section 14.1— Changed minimum height from 2.22 to 3.07 and maximum from 2.76 to 3.75

Table 53.—Updated MIl management voltage reference and added note 20.

Section 16.2.4.1—Changed eJC from 0.3 to 0.8; changed die-junction temperature from 67 to 71
Section 17.7—Added paragraph that begins “TSEC1_TXD[3:0]..."
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