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Overview

1 Overview

The following section provides a high-level overview of the MPC8541E features. Figure 1 shows the
major functional units within the MPC8541E.
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Figure 1. MPC8541E Block Diagram

1.1 Key Features

The following lists an overview of the MPC8541E feature set.
» Embedded €500 Book E-compatible core
— High-performance, 32-bit Book E-enhanced core that implements the PowerPC architecture
— Dual-issue superscalar, 7-stage pipeline design
— 32-Kbyte L1 instruction cache and 32-Kbyte L 1 data cache with parity protection
— Lockable L1 caches—entire cache or on aper-line basis
— Separate locking for instructions and data
— Single-precision floating-point operations
— Memory management unit especially designed for embedded applications
— Enhanced hardware and software debug support
— Dynamic power management
— Performance monitor facility
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Overview

» Security Engineis optimized to handle all the algorithms associated with IPSec, SSL/TLS, SRTP,
|[EEE Std 802.11i™, iSCSI, and IKE processing. The Security Engine contains 4 Crypto-channels,
aController, and a set of crypto Execution Units (EUs). The Execution Units are:

Public Key Execution Unit (PKEU) supporting the following:

— RSA and Diffie-Hellman

— Programmable field size up to 2048-bits

Elliptic curve cryptography

F2m and F(p) modes

— Programmable field size up to 511-bits

Data Encryption Standard Execution Unit (DEU)

— DES, 3DES

— Two key (K1, K2) or Three Key (K1, K2, K3)

— ECB and CBC modes for both DES and 3DES

Advanced Encryption Standard Unit (AESU)

— Implements the Rinjdael symmetric key cipher

— Key lengths of 128, 192, and 256 bits.Two key

— ECB, CBC, CCM, and Counter modes

ARC Four execution unit (AFEU)

— Implements a stream cipher compatible with the RC4 agorithm

— 40- to 128-bit programmable key

Message Digest Execution Unit (MDEU)

— SHA with 160-bit or 256-bit message digest

— MD5 with 128-bit message digest

— HMAC with either algorithm

Random Number Generator (RNG)

4 Crypto-channels, each supporting multi-command descriptor chains
— Static and/or dynamic assignment of crypto-execution units via an integrated controller
— Buffer size of 256 Bytes for each execution unit, with flow control for large data sizes

» High-performance RISC CPM

Two full-duplex fast communications controllers (FCCs) that support the following protocol:
— |EEE Sd 802.3™/Fast Ethernet (10/100)

Serial peripheral interface (SPI) support for master or slave

1°C bus controller

Genera-purpose parallel ports—16 parallel 1/0 lines with interrupt capability

» 256 Kbytes of on-chip memory

Can act as a 256-Kbyte level-2 cache

Can act as a 256-Kbyte or two 128-K byte memory-mapped SRAM arrays
Can be partitioned into 128-Kbyte L2 cache plus 128-Kbyte SRAM

Full ECC support on 64-bit boundary in both cache and SRAM modes
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Electrical 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 -0.3101.32 \Y
0.3 to 1.43 (for 1 GHz only)
PLL supply voltage AVpp -0.31t01.32 \Y
0.3 to 1.43 (for 1 GHz only)
DDR DRAM I/O voltage GVpp —-0.3t0 3.63
Three-speed Ethernet I/0, MIl management voltage LVpp -0.3 t0 3.63
-0.31t02.75
CPM, PCI, local bus, DUART, system control and power OVpp -0.3 t0 3.63 \Y 3
management, 1°C, and JTAG 1/O voltage
Input voltage DDR DRAM signals MV N —-0.3 to (GVpp + 0.3) \ 2,5
DDR DRAM reference MV ger —-0.3 to (GVpp + 0.3) \ 2,5
Three-speed Ethernet signals LViN —-0.3to (LVpp + 0.3) \ 4,5
CPM, Local bus, DUART, OV —0.3 to (OVpp + 0.3)1 Vv 5
SYSCLK, system control and
power management, I°C, and
JTAG signals
PCI OV|n —-0.3 to (OVpp + 0.3) \" 6
Storage temperature range Tsta -55to 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.

2. 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.

3. Caution: OV |y 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.

4. Caution: LV 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.

5. (M,L,0)V,y and MVigg may overshoot/undershoot to a voltage and for a maximum duration as shown in Figure 2.

6. 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 MPC8541Erequiresitspower railsto be applied in aspecific sequencein order to ensure proper device
operation. These requirements are as follows for power up:

1. Vpp, AVppn

2. GVpp, LVpp, OVpp (1/0 supplies)
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Electrical Characteristics

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 ten percent of theirs.

NOTE

If the items on line 2 must precede items on line 1, please ensure that the
delay does 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 1/O power supplies ramp prior to the Vpp
core supply, the 1/Os onthe MPC8541E may drivealogic oneor zero during

power-up.

21.3 Recommended Operating Conditions

Table 2 provides the recommended operating conditions for the MPC8541E. Note that the valuesin
Table 2 are the recommended and tested operating conditions. Proper device operation outside of these
conditionsis not guaranteed.

Table 2. Recommended Operating Conditions

Characteristic Symbol Recommended Value Unit
Core supply voltage Vpp 1.2V +60mV \Y
1.3 V+ 50 mV (for 1 GHz only)
PLL supply voltage AVpp 1.2V +£60mV \"
1.3V =50 mV (for 1 GHz only)
DDR DRAM 1/O voltage GVpp 25V +125mV
Three-speed Ethernet I/O voltage LVbp 3.3V <+ 165 mV \
25V +125mV
PCI, local bus, DUART, system control and power management, OVpp 3.3V =165 mV \
12C, and JTAG /O voltage
Input voltage DDR DRAM signals MV N GND to GVpp \
DDR DRAM reference MVRger GND to GVpp \
Three-speed Ethernet signals LV N GND to LVpp \
PCI, local bus, DUART, OVin GND to OVpp Vv
SYSCLK, system control and
power management, I°C, and
JTAG signals
Die-junction Temperature T 0to 105 °C
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Power Characteristics

The estimated typical power dissipation for thisfamily of PowerQUICC 111 devicesis shown in Table 4.

Table 4. Power Dissipation(!) (2)

CCB Frequency (MHz) Core Frequency (MHz) Vob Typical Power®@ (w) | Maximum Power(® (W)

200 400 1.2 4.4 6.1

500 1.2 4.7 6.5

600 1.2 5.0 6.8

267 533 1.2 4.9 6.7

667 1.2 5.4 7.2

800 1.2 5.8 8.6

333 667 1.2 5.5 7.4

833 1.2 6.0 8.8

1000©® 1.3 9.0 12.2

Notes:
The values do not include 1/0O supply power (OVpp, LVpp, GVpp) or AVpp,.
Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site (board)
temperature, ambient temperature, air flow, power dissipation of other components on the board, and board thermal

resistance. Any customer design must take these considerations into account to ensure the maximum 105 degrees junction
temperature is not exceeded on this device.

1.
2.

6.

Dhrystone 2.1 benchmark application.

power

an artificial smoke test.

The nominal recommended Vpp = 1.3V for this speed grade.

Notes:

1.

o o bk~ w D

. Typical power is based on a nominal voltage of Vpp = 1.2V, a nominal process, a junction temperature of Tj= 105° C, and a
. Thermal solutions likely need to design to a value higher than Typical Power based on the end application, Tx target, and 1/0

. Maximum power is based on a nominal voltage of Vpp = 1.2V, worst case process, a junction temperature of T;= 105° C, and
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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

MPC8541E.

6.1 DDR SDRAM DC Electrical Characteristics
Table 11 provides the recommended operating conditions for the DDR SDRAM component(s) of the

MPC8541E.

Table 11. 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 MVpggg + 0.04 \ 3
Input high voltage Viy MVgeg + 0.18 GVpp+0.3 \ —
Input low voltage Vi -0.3 MVgeg—0.18 \ —
Output leakage current loz -10 10 UA 4
Output high current (Voyt = 1.95 V) loH -15.2 — mA —
Output low current (Voyt = 0.35 V) loL 15.2 — mA —
MVRger input leakage current lyRer — 5 uA —

Notes:

1. GVpp is expected to be within 50 mV of the DRAM GVpp at all times.
2. MVpggr 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. Vy7is not applied directly to the device. It is the supply to which far end signal termination is made and is expected to be
equal to MVggg. This rail should track variations in the DC level of MVggp.
4. Output leakage is measured with all outputs disabled, 0 V < Vg1 < GVpp.

Table 12 provides the DDR capacitance.

Table 12. DDR SDRAM Capacitance

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

Note:

1. This parameter is sampled. GVpp =2.5V £ 0.125 V, f = 1 MHz, Ty = 25°C, Voyt = GVpp/2, Vour (peak to peak) = 0.2 V.

MPC8541E PowerQUICC™ Ill Integrated Communications Processor Hardware Specification, Rev. 4.2
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DDR SDRAM

Table 14. DDR SDRAM Output AC Timing Specifications for Source Synchronous Mode (continued)
At recommended operating conditions with GVpp of 2.5V + 5%.

Parameter Symbol 1 Min Max Unit Notes
MCS(n) output hold with respect to MCK tDDKHCX — ns 4
333 MHz 2.0
266 MHz 2.65
200 MHz 3.8
MCK to MDQS tDDKHMH ns 5
333 MHz -0.9 0.3
266 MHz -1.1 0.5
200 MHz -1.2 0.6
MDQ/MECC/MDM output setup with respect to tDDKHDS, — ps 6
MDQS tbpkLDS
333 MHz 900
266 MHz 900
200 MHz 1200
MDQ/MECC/MDM output hold with respect to tDDKHDX, — ps 6
MDQS topKkLDX
333 MHz 900
266 MHz 900
200 MHz 1200
MDQS preamble start tDDKHMP —-0.5x tMCK -0.9 —-0.5 x tMCK +0.3 ns 7
MDQS epilogue end tbDKLME -0.9 0.3 ns 7

Notes:

1. The symbols used for timing specifications 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. Output hold time can be read as DDR timing
(DD) from the rising or falling edge of the reference clock (KH or KL) until the output went invalid (AX or DX). For example,
tbpkHas symbolizes DDR timing (DD) for the time tyycx memory clock reference (K) goes from the high (H) state until
outputs (A) are setup (S) or output valid time. Also, tppk px symbolizes DDR timing (DD) for the time ty;cx memory clock
reference (K) goes low (L) until data outputs (D) are invalid (X) or data output hold time.

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

3. In the source synchronous mode, MCK/MCK can be shifted in 1/4 applied cycle increments through the Clock Control
Register. For the skew measurements referenced for taoskew it is assumed that the clock adjustment is set to align the
address/command valid with the rising edge of MCK.

4. ADDR/CMD includes all DDR SDRAM output signals except MCK/MCK, MCS, and MDQ/MECC/MDM/MDQS. For the
ADDR/CMD setup and hold specifications, it is assumed that the Clock Control register is set to adjust the memory clocks
by 1/2 applied cycle. The MCSx pins are separated from the ADDR/CMD (address and command) bus in the HW spec. This
was separated because the MCSx pins typically have different loadings than the rest of the address and command bus,
even though they have the same timings.

5. Note that tppkHmn follows the symbol conventions described in note 1. For example, tppkHmn describes the DDR timing
(DD) from the rising edge of the MCK(n) clock (KH) until the MDQS signal is valid (MH). In the source synchronous mode,
MDQS can launch later than MCK by 0.3 ns at the maximum. However, MCK may launch later than MDQS by as much as
0.9 ns. tppkHmH €an be modified through control of the DQSS override bits in the TIMING_CFG_2 register. In source
synchronous mode, this typically is set to the same delay as the clock adjust in the CLK_CNTL register. The timing
parameters listed in the table assume that these two parameters have been set to the same adjustment value. See the
MPCB8555E PowerQUICC™ Il 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 MPC8541E.

7. All outputs are referenced to the rising edge of MCK(n) at the pins of the MPC8541E. Note that tppkpmp follows the symbol
conventions described in note 1.

MPC8541E PowerQUICC™ Ill Integrated Communications Processor Hardware Specification, Rev. 4.2

18 Freescale Semiconductor



'
A

DUART

Figure 6 provides the AC test |oad for the DDR bus.

Output 4€> Z,=500Q <>—\A/\/¥GVDD/2
RL=50Q

Figure 6. DDR AC Test Load

Table 15. DDR SDRAM Measurement Conditions

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

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

7 DUART

This section describes the DC and AC electrical specifications for the DUART interface of the
MPC8541E.

7.1 DUART DC Electrical Characteristics
Table 16 provides the DC electrical characteristics for the DUART interface of the MPC8541E.

Table 16. DUART DC Electrical Characteristics

Parameter Symbol Test Condition Min Max Unit
High-level input voltage VIH Vout = Von (min) or 2 OVpp + 0.3 \"
Low-level input voltage Vi Vout < VoL (max) -0.3 0.8 \
Input current N Vin'=0VorVy=Vpp — +5 uA
High-level output voltage Vou OVpp = min, OVpp—-0.2 — \
lon =—100 nA
Low-level output voltage VoL OVpp = min, Ig. = 100 pA — 0.2 \"

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

MPC8541E PowerQUICC™ Ill Integrated Communications Processor Hardware Specification, Rev. 4.2
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Ethernet: Three-Speed, MIl Management

7.2 DUART AC Electrical Specifications
Table 17 provides the AC timing parameters for the DUART interface of the MPC8541E.
Table 17. DUART AC Timing Specifications

Parameter Value Unit Notes
Minimum baud rate foos_cLk / 1048576 baud 3
Maximum baud rate fcos oLk / 16 baud 1,3
Oversample rate 16 — 2,3
Notes:

1. Actual attainable baud rate is limited by the latency of interrupt processing.

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

3. Guaranteed by design.

8 Ethernet: Three-Speed, Mill Management

This section provides the AC and DC electrical characteristics for three-speed, 10/100/1000, and Ml|
management.

8.1 Three-Speed Ethernet Controller (TSEC)
(10/100/1000 Mbps)—GMII/MII/TBI/RGMII/RTBI Electrical
Characteristics

The electrical characteristics specified here apply to all GMII (gigabit media independent interface), the
MII (mediaindependent interface), TBI (ten-bit interface), RGMII (reduced gigabit mediaindependent
interface), and RTBI (reduced ten-bit interface) signals except MDIO (management datainput/output) and
MDC (management data clock). The RGMII and RTBI interfaces are defined for 2.5 V, while the GMI|I
and TBI interfaces can be operated at 3.3V or 2.5 V. Whether the GMI1, MlI, or TBI interface is operated
at 3.3 0r 2.5V, the timing is compliant with the IEEE 802.3 standard. The RGMII and RTBI interfaces
follow the Hewlett-Packard reduced pin-count interface for Gigabit Ethernet Physical Layer Device
Specification Version 1.2a(9/22/2000). The electrical characteristicsfor MDIO and MDC are specified in
Section 8.3, “ Ethernet Management Interface Electrical Characteristics.”

8.1.1 TSEC DC Electrical Characteristics

All GMII, MII, TBI, RGMII, and RTBI drivers and receivers comply with the DC parametric attributes
specified in Table 18 and Table 19. The potential applied to the input of a GMII, MII, TBI, RGMII, or
RTBI receiver may exceed the potential of the receiver’s power supply (for example, a GMII driver
powered from a3.6-V supply driving V o intoaGMI1 receiver powered from a2.5-V supply). Tolerance
for dissmilar GMII driver and receiver supply potentialsisimplicit in these specifications. The RGMI|
and RTBI signals are based on a 2.5V CMOS interface voltage as defined by JEDEC EIA/JESDS-5.

MPC8541E PowerQUICC™ Ill Integrated Communications Processor Hardware Specification, Rev. 4.2

Freescale Semiconductor 21



Ethernet: Three-Speed, MIl Management

8.2 GMII, Mil, TBI, RGMII, and RTBI AC Timing Specifications
The AC timing specifications for GMII, MII, TBI, RGMII, and RTBI are presented in this section.

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

8.2.2 GMII Transmit AC Timing Specifications
Table 20 provides the GMII transmit AC timing specifications.

Table 20. GMII Transmit AC Timing Specifications
At recommended operating conditions with LVpp 0of 3.3 V + 5%.

Parameter/Condition Symbol 1 Min Typ Max Unit
GTX_CLK clock period taTx — 8.0 — ns
GTX_CLK duty cycle tetxH/taTX 40 — 60 %
GMII data TXD[7:0], TX_ER, TX_EN setup time taTkHDV 25 — — ns
GTX_CLK to GMII data TXD[7:0], TX_ER, TX_EN delay tGTKHDX 0.5 — 5.0 ns
GTX_CLK data clock rise and fall times tatxr°. taTxR> — — 1.0 ns

Notes:

1. The symbols used for timing specifications herein follow the pattern tirst two letters of functional block)(signal)(state) (reference)(state)
for inputs and tfirst two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tgrkHpy symbolizes GMII
transmit timing (GT) with respect to the tgry clock reference (K) going to the high state (H) relative to the time date input
signals (D) reaching the valid state (V) to state or setup time. Also, tg1kHpx Symbolizes GMII transmit timing (GT) with respect
to the tgTx clock reference (K) going to the high state (H) relative to the time date input signals (D) going invalid (X) or hold
time. Note that, in general, the clock reference symbol representation is based on three letters representing the clock of a
particular functional. For example, the subscript of gy represents the GMII(G) transmit (TX) clock. For rise and fall times,
the latter convention is used with the appropriate letter: R (rise) or F (fall).

2. Signal timings are measured at 0.7 V and 1.9 V voltage levels.

3. Guaranteed by characterization.

4. Guaranteed by design.

Figure 7 shows the GMII transmit AC timing diagram.

[ taTx > taTxR —>

GTX_CLK

taTXH —> taTxF —>
TXD[7:0]
TX_EN
TX_ER

< tgTkHDX —>
taTKHDV <

Figure 7. GMII Transmit AC Timing Diagram
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Ethernet: Three-Speed, MIl Management

Figure 14 shows the RBMII and RTBI AC timing and multiplexing diagrams.

<«——tRaT
tRGTH —
GTX_CLK R
(At Transmitter)
tskraT —>| [<—
TXD[8:5][3:0] \/TXD[8:5
TXD[7:4][3:0] ><TXD[3-°] TXDE7:4%>< >< < >< ><
TXD[4] \/ TXD[9
> CTL XBRIXDERX X K K X
—> tskrGT
TX_CLK
(At PHY) M
RXD[8:5][3:0] —\/RXD[85 /
RXD[7:4][3:0] ><RXD[3-°] RXD[7:4 >< > ><
tSKRGT —>|

oL G ED KX

—> tskraT
RX_CLK
(At PHY)

Figure 14. RGMII and RTBI AC Timing and Multiplexing Diagrams

8.3 Ethernet Management Interface Electrical Characteristics

The electrical characteristics specified here apply to M1l management interface signals MDIO
(management data i nput/output) and MDC (management data clock). The electrical characteristics for
GMII, RGMII, TBI and RTBI are specified in Section 8.1, “Three-Speed Ethernet Controller (TSEC)
(10/100/1000 Mbps)—GMII/MII/TBI/RGMII/RTBI Electrical Characteristics.”

8.3.1 MIl Management DC Electrical Characteristics

The MDC and MDIO are defined to operate at asupply voltage of 3.3 V. The DC electrical characteristics
for MDIO and MDC are provided in Table 27.

Table 27. MIl Management DC Electrical Characteristics

Parameter Symbol Conditions Min Max Unit
Supply voltage (3.3 V) OVpp — 3.13 3.47 \Y
Output high voltage Vou lon=-1.0mA | LVpp=Min 2.10 LVpp + 0.3 %
Output low voltage VoL lo.=1.0mA LVpp = Min GND 0.50 \
Input high voltage VIH — 1.70 — \"
Input low voltage ViL — — 0.90 \"

MPC8541E PowerQUICC™ Ill Integrated Communications Processor Hardware Specification, Rev. 4.2
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Internal launch/capture clock
T1

T3

LCLK

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

UPM Mode Input Signal:
LUPWAIT

Input Signals:
LADI[0:31}/LDP[0:3]
(DLL Bypass Mode)

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

—> tLBKHKT

Local Bus

tLBkLOVI —>

|
| tLBKLOXT —>

<t glvkH2 >
:(—tLBIXKHZ
|

<— t BKLOZ1

T
tLBIVKHT >

|
<1 BIXKH1

Figure 20. Local Bus Signals, GPCM/UPM Signals for LCCR[CLKDIV] =2 (DLL Bypass Mode)
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CPM

Figure 24 through Figure 29 represent the AC timing from Table 33 and Table 34. Note that although the
specifications generally reference the rising edge of the clock, these AC timing diagrams al so apply when
the falling edge is the active edge.

Figure 24 shows the FCC internal clock.

BRG_OUT

—> triXKH !
G :
|

FCClnputSignals --------{ - oo m 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 CLKIN

—> tFEIXKH
tFEIVKH <

FCC Input Signals - -------

|

|

|

FCC Output Signals :
(When GFMR TCI = 0) |
|
|
|
|
|

tFEKHOX —>

FCC Output Signals ' L
(When GFMR TCl = 1) . |

Figure 25. FCC External AC Timing Clock Diagram

Figure 26 shows Ethernet collision timing on FCCs.

COL
(Input)

| |
e—— treccH —————>

Figure 26. Ethernet Collision AC Timing Diagram (FCC)
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PCI

13.2 PCI AC Electrical Specifications

This section describes the general AC timing parameters of the PCI bus of the MPC8541E. Note that the
SY SCLK signal isused asthe PCI input clock. Table 42 provides the PCI AC timing specifications at 66

MHz.
NOTE
PCI Clock can be PCI1_CLK or SY SCLK based on POR config inpuit.
NOTE
The input setup time does not meet the PCI specification.
Table 42. PCI AC Timing Specifications at 66 MHz
Parameter Symbol 1 Min Max Unit Notes
Clock to output valid tPcKHOV — 6.0 ns 2,3
QOutput hold from Clock tpckHOX 2.0 — ns 2,9
Clock to output high impedance tpckHOZ — 14 ns 2,3,10
Input setup to Clock tpCIVKH 3.3 — ns 2,4,9
Input hold from Clock tPcIXKH 0 — ns 2,4,9
REQ64 to HRESET 9 setup time tPcRVRH 10 x tgyg — clocks | 5,6,10
HRESET to REQ64 hold time tPCRHRX 0 50 ns 6,10
HRESET high to first FRAME assertion tpCRHEY 10 — clocks 7,10
Notes:

1.

8.
9.

Note that the symbols used for timing specifications herein follow the pattern of t st two letters of functional block)(signal)(state)
(reference)(state) O iNPUtS aNd Yfirst two letters of functional block)(reference)(state) (signal)(state) fOF OUtputs. For example, teciykn
symbolizes PCI timing (PC) with respect to the time the input signals (l) reach the valid state (V) relative to the SYSCLK
clock, tgys, reference (K) going to the high (H) state or setup time. Also, tpcrypy Symbolizes PCI timing (PC) with respect to
the time hard reset (R) went high (H) relative to the frame signal (F) going to the valid (V) state.

. See the timing measurement conditions in the PCI 2.2 Local Bus Specifications.
. For purposes of active/float timing measurements, the Hi-Z or off state is defined to be when the total current delivered

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

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

system clock period must be kept within the minimum and maximum defined ranges. For values see Section 15, “Clocking.”

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

Specifications.
The reset assertion timing requirement for HRESET is 100 ps.
Guaranteed by characterization.

10.Guaranteed by design.

Figure 16 provides the AC test load for PCI.

Output 4@ Zy=50Q (WOVDD/Z
R . =500Q

Figure 38. PCI AC Test Load
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Package and Pin Listings

Table 43. MPC8541E Pinout Listing (continued)

Signal Package Pin Number Pin Type :3:’;; Notes
TSEC2_CRS D9 [ Vpp —
TSEC2_COL F8 [ Vpp —
TSEC2_RXDI[7:0] F9, E9, C9, B9, A9, H9, G10, F10 [ Vpp —
TSEC2_RX_DV H8 [ Vpp —
TSEC2_RX_ER A8 [ WVpp —
TSEC2_RX_CLK E10 [ Vpp —

DUART
UART_CTSJ[0,1] Y2, Y3 I OVpp —
UART_RTSI0,1] Y1, AD1 o OVpp —
UART_SIN[O0,1] P11, AD5 [ OVpp —
UART_SOUTI0,1] N6, AD2 0 OVpp —
I2C interface
IIC_SDA AH22 I/0 OVpp 4,19
lIC_SCL AH23 I/0 OVpp 4,19
System Control
HRESET AH16 I OVpp —
HRESET_REQ AG20 0 OVpp 18
SRESET AF20 I OVpp —
CKSTP_IN M11 I OVpp —
CKSTP_OUT G1 0 OVpp 2,4
Debug
TRIG_IN N12 [ OVpp —
TRIG_OUT/READY G2 o OVpp 6,9,18
MSRCID[0:1] J9, G3 0 OVpp 56,9
MSRCID[2:3] F3, F5 o OVpp 6
MSRCID4 F2 0 OVpp 6
MDVAL F4 0 OVpp 6
Clock
SYSCLK AH21 [ OVpp —
RTC AB23 [ OVpp —
CLK_OUT AF22 0 OVpp —
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Clocking

15.3 e500 Core PLL Ratio

Table 47 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 47.

15.4 Frequency Options

Table 47. e500 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 €500 core:CCB

11

7:2 e500 core:CCB

Table 48 shows the expected frequency values for the platform frequency when using aCCB to SY SCLK

ratio in comparison to the memory bus speed.

Table 48. Frequency Options with Respect to Memory Bus Speeds

CCB to S_YSCLK SYSCLK (MHz)
Ratio
17 25 33 42 67 83 100 111 133
Platform/CCB Frequency (MHz)
2 200 222 267
3 200 250 300 333
4 267 333
5 208 333
6 200 250
8 200 267 333
9 225 300
10 250 333
12 200 300
16 267
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Thermal

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.

—@— Silicone Sheet (0.006 in.)

15 4 --

0.5 4 --

Specific Thermal Resistance (K-in.2/W)
|

f f f f - --3-- - Bare Joint

—i— Synthetic Grease

— O — Floroether Oil Sheet (0.007 in.)
— O — Graphite/Qil Sheet (0.005 in.)

t t t t t f f
10 20 30 40 50 60 70
Contact Pressure (psi)

Figure 45. Thermal Performance of Select Thermal Interface Materials

80

The system board designer can choose between several types of thermal interface. There are several
commercially-available thermal interfaces provided by the following vendors:

Chomerics, Inc.

77 Dragon Ct.

781-935-4850

Woburn, MA 01888-4014
Internet; www.chomerics.com

Dow-Corning Corporation 800-248-2481
Dow-Corning Electronic Materials

2200 W. Salzburg Rd.

Midland, M1 48686-0997

Internet: www.dowcorning.com

Shin-Etsu MicroSi, Inc. 888-642-7674

10028 S. 51st St

Phoenix, AZ 85044
Internet; www.microsi.com

The Bergquist Company 800-347-4572

18930 West 781" St.
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System Design Information

17.6 Configuration Pin Multiplexing

The MPCB8541E provides the user with power-on configuration options which can be set through the use
of external pull-up or pull-down resistors of 4.7 k€2 on certain output pins (see customer visible
configuration pins). These pins are generally used as output only pinsin normal operation.

While HRESET is asserted however, these pins are treated as inputs. The value presented on these pins
while HRESET isasserted, islatched when HRESET deasserts, at which timetheinput receiver isdisabled
and the I/O circuit takes on its normal function. Most of these sampled configuration pins are equipped
with an on-chip gated resistor of approximately 20 k€. Thisvalue should permit the 4.7-kQ resistor to pull
the configuration pinto avalid logic low level. The pull-up resistor is enabled only during HRESET (and
for platform/system clocks after HRESET deassertion to ensure capture of the reset value). When the input
receiver is disabled the pull-up is also, thus allowing functional operation of the pin as an output with
minimal signal quality or delay disruption. The default valuefor all configuration bitstreated thisway has
been encoded such that a high voltage level putsthe device into the default state and external resistors are
needed only when non-default settings are required by the user.

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

The platform PLL ratio and €500 PLL ratio configuration pins are not equipped with these default pull-up
devices.

17.7 Pull-Up Resistor Requirements

The MPC8541E requires high resistance pull-up resistors (10 k< is recommended) on open drain type
pins.

Correct operation of the JTAG interface requires configuration of a group of system control pins as
demonstrated in Figure 52. Care must be taken to ensure that these pinsare maintained at avalid deasserted
state under normal operating conditions as most have asynchronous behavior and spurious assertion give
unpredictable results.

TSEC1 TXDI[3:0] must not be pulled low during reset. Some PHY chips have internal pulldowns that
could causethisto happen. If such PHY chipsare used, then apullup must be placed on these signalsstrong
enough to restore these signalsto alogical 1 during reset.

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

17.8 JTAG Configuration Signals

Boundary-scan testing is enabled through the JTAG interface signals. The TRST signal is optional in the
|EEE 1149.1 specification, but is provided on all processors that implement the Power Architecture. The
device requires TRST to be asserted during reset conditions to ensure the JTAG boundary logic does not
interfere with normal chip operation. Whileit is possibleto force the TAP controller to the reset state using
only the TCK and TMS signals, generally systems assert TRST during the power-on reset flow. Simply
tying TRST to HRESET isnot practical becausethe JTAG interfaceisal so used for accessing the common
on-chip processor (COP) function.

MPC8541E PowerQUICC™ Ill Integrated Communications Processor Hardware Specification, Rev. 4.2

Freescale Semiconductor 79



19.2 Part Marking

Parts are marked as the example shown in Figure 53.

Notes:

MPCnnnn
tppaaar
MMMMM
ATWLYYWWA
CcCcC

85xx
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.

Figure 53. Part Marking for FC-PBGA Device

Device Nomenclature
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