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Electrical Characteristics

2.1.2 Recommended Operating Conditions
Table 2 provides the recommended operating conditions for the MPC8641. Note that the values in Table 2 
are the recommended and tested operating conditions. Proper device operation outside of these conditions 
is not guaranteed. For details on order information and specific operating conditions for parts, see 
Section 21, “Ordering Information.”

Input voltage DDR and DDR2 SDRAM signals Dn_MVIN – 0.3 to (Dn_GVDD + 
0.3)

V 5

DDR and DDR2 SDRAM reference Dn_MVREF – 0.3 to (Dn_GVDD/2 + 
0.3)

V —

Three-speed Ethernet signals LVIN
TVIN

GND to (LVDD+ 0.3)
GND to (TVDD+ 0.3)

V  5

DUART, Local Bus, DMA, 
Multiprocessor Interrupts, System 
Control & Clocking, Debug, Test, 
Power management, I2C, JTAG and 
Miscellaneous I/O voltage

OVIN GND to (OVDD+ 0.3) V  5

Storage temperature range TSTG –55 to 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 maxima is not guaranteed. Stresses beyond those listed may affect device reliability or cause 
permanent damage to the device.

2. Core 1 characteristics apply only to MPC8641D. If two separate power supplies are used for VDD_Core0 and VDD_Core1, 
they must be kept within 100 mV of each other during normal run time.

3. The –0.3 to 2.75 V range is for DDR and –0.3 to 1.98 V range is for DDR2.
4. The 3.63V maximum is only supported when the port is configured in GMII, MII, RMII, or TBI modes; otherwise the 2.75V 

maximum applies. See Section 8.2, “FIFO, GMII, MII, TBI, RGMII, RMII, and RTBI AC Timing Specifications,” for details on 
the recommended operating conditions per protocol. 

5. During run time (M,L,T,O)VIN and Dn_MVREF may overshoot/undershoot to a voltage and for a maximum duration as shown 
in Figure 2.

Table 2. Recommended Operating Conditions

Characteristic Symbol
Recommended 

Value
Unit Notes

Cores supply voltages VDD_Core0, 
VDD_Core1

1.10 ± 50 mV V 1, 2, 8

1.05 ± 50 mV 1, 2, 7

0.95 ± 50 mV 1, 2, 12

Cores PLL supply AVDD_Core0, 
AVDD_Core1

1.10 ± 50 mV V 8, 13

1.05 ± 50 mV 7, 13

0.95 ± 50 mV 12, 13

SerDes Transceiver Supply (Ports 1 and 2) SVDD 1.10 ± 50 mV V 8, 11

1.05 ± 50 mV 7, 11

Table 1. Absolute Maximum Ratings1  (continued)

Characteristic Symbol
Absolute Maximum 

Value
Unit Notes
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Electrical Characteristics

NOTE
There is no required order sequence between the individual rails for this 
item (# 1). However, VDD_PLAT, AVDD_PLAT rails must reach 90% of 
their recommended value before the rail for Dn_GVDD, and Dn_MVREF (in 
next step) reaches 10% of their recommended value. AVDD type supplies 
must be delayed with respect to their source supplies by the RC time 
constant of the PLL filter circuit described in Section 20.2.1, “PLL Power 
Supply Filtering.” 

2. Dn_GVDD, Dn_MVREF 

NOTE
It is possible to leave the related power supply (Dn_GVDD, Dn_MVREF) 
turned off at reset for a DDR port that will not be used. Note that these power 
supplies can only be powered up again at reset for functionality to occur on 
the DDR port.

3. SYSCLK

The recommended order of power down is as follows:
1. Dn_GVDD, Dn_MVREF
2. All power rails other than DDR I/O (Dn_GVDD, Dn_MVREF).

NOTE
SYSCLK may be powered down simultaneous to either of item # 1 or # 2 in 
the power down sequence. Beyond this, the power supplies may power 
down simultaneously if the preservation of DDRn memory is not a concern. 

See Figure 3 for more details on the Power and Reset Sequencing details.
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DDR and DDR2 SDRAM

NOTE
For the ADDR/CMD setup and hold specifications in Table 21, it is 
assumed that the Clock Control register is set to adjust the memory clocks 
by 1/2 applied cycle.

MDQS epilogue end tDDKHME –0.6 0.6 ns 6

Note:  
1. The symbols used for timing specifications follow the pattern of t(first 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. 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, tDDKHAS symbolizes DDR timing (DD) for the time tMCK memory clock reference (K) 
goes from the high (H) state until outputs (A) are setup (S) or output valid time. Also, tDDKLDX symbolizes DDR 
timing (DD) for the time tMCK 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. ADDR/CMD includes all DDR SDRAM output signals except MCK/MCK, MCS, and MDQ/MECC/MDM/MDQS.
4. Note that tDDKHMH follows the symbol conventions described in note 1. For example, tDDKHMH describes the DDR 

timing (DD) from the rising edge of the MCK[n] clock (KH) until the MDQS signal is valid (MH). tDDKHMH can be 
modified through control of the DQS override bits (called WR_DATA_DELAY) in the TIMING_CFG_2 register. This 
will typically be set to the same delay as the clock adjust in the CLK_CNTL register. The timing parameters listed in 
the table assume that these 2 parameters have been set to the same adjustment value. See the MPC8641 
Integrated Processor Reference Manual for a description and understanding of the timing modifications enabled by 
use of these bits. 

5. Determined by maximum possible skew between a data strobe (MDQS) and any corresponding bit of data (MDQ), 
ECC (MECC), or data mask (MDM). The data strobe should be centered inside of the data eye at the pins of the 
microprocessor.

6. All outputs are referenced to the rising edge of MCK[n] at the pins of the microprocessor. Note that tDDKHMP follows 
the symbol conventions described in note 1.

7.  Maximum DDR1 frequency is 400 MHz
8.  Per the JEDEC spec the DDR2 duty cycle at 600 MHz is the average low and high cycle time values that are 

defined as the average pulse widths calculated across any consecutive 200 pulses. Jitter can sometimes force 
single low and high cycle times to drift from the average values. tJIT = ±125 ps.

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

Table 21. DDR SDRAM Output AC Timing Specifications (continued)
At recommended operating conditions.

Parameter Symbol 1 Min Max Unit Notes
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DUART

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

Figure 7. DDR AC Test Load

7 DUART
This section describes the DC and AC electrical specifications for the DUART interface of the MPC8641.

7.1 DUART DC Electrical Characteristics
Table 22 provides the DC electrical characteristics for the DUART interface.

7.2 DUART AC Electrical Specifications
Table 23 provides the AC timing parameters for the DUART interface.

Table 22. DUART DC Electrical Characteristics 

Parameter Symbol Min Max Unit

High-level input voltage VIH 2 OVDD + 0.3 V

Low-level input voltage VIL –0.3 0.8 V

Input current
(VIN 1 = 0 V or VIN = VDD)

IIN — ±5 μA

High-level output voltage
(OVDD = min, IOH = –100 μA)

VOH OVDD – 0.2 — V

Low-level output voltage
(OVDD = min, IOL = 100 μA)

VOL — 0.2 V

Note:
1. Note that the symbol VIN, in this case, represents the OVIN symbol referenced in Table 1 and Table 2.

Table 23. DUART AC Timing Specifications

Parameter Value Unit Notes

Minimum baud rate MPX clock/1,048,576 baud 1,2

Maximum baud rate MPX clock/16 baud 1,3

Oversample rate 16 — 1,4

Notes:
1. Guaranteed by design.
2. MPX clock refers to the platform clock.
3. Actual attainable baud rate will be limited by the latency of interrupt processing.
4. The middle of a start bit is detected as the 8th sampled 0 after the 1-to-0 transition of the start bit. Subsequent bit values are 

sampled each 16th sample.

Output Z0 = 50 Ω
RL = 50 Ω

Dn_GVDD/2
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Ethernet: Enhanced Three-Speed Ethernet (eTSEC), MII Management

clock to synchronously generate transmit data and outputs an echoed copy of the transmit clock back out 
onto the TSECn_GTX_CLK pin (while transmit data appears on TSECn_TXD[7:0], for example). It is 
intended that external receivers capture eTSEC transmit data using the clock on TSECn_GTX_CLK as a 
source-synchronous timing reference. Typically, the clock edge that launched the data can be used, since 
the clock is delayed by the eTSEC to allow acceptable set-up margin at the receiver. Note that there is 
relationship between the maximum FIFO speed and the platform speed. For more information see 
Section 18.4.2, “Platform to FIFO Restrictions.”

NOTE
The phase between the output clocks TSEC1_GTX_CLK and 
TSEC2_GTX_CLK (ports 1 and 2) is no more than 100 ps. The phase 
between the output clocks TSEC3_GTX_CLK and TSEC4_GTX_CLK 
(ports 3 and 4) is no more than 100 ps.

A summary of the FIFO AC specifications appears in Table 26 and Table 27.
Table 26. FIFO Mode Transmit AC Timing Specification

At recommended operating conditions with L/TVDD of 3.3 V ± 5% and 2.5 V ± 5%.

Parameter/Condition Symbol Min Typ Max Unit

TX_CLK, GTX_CLK clock period (GMII mode) tFIT 7.0 8.0 100 ns

TX_CLK, GTX_CLK clock period (Encoded mode) tFIT 5.3 8.0 100 ns

TX_CLK, GTX_CLK duty cycle tFITH/tFIT 45 50 55 %

TX_CLK, GTX_CLK peak-to-peak jitter tFITJ — — 250 ps

Rise time TX_CLK (20%–80%) tFITR — — 0.75 ns

Fall time TX_CLK (80%–20%) tFITF — — 0.75 ns

FIFO data TXD[7:0], TX_ER, TX_EN setup time to GTX_CLK tFITDV 2.0 — — ns

GTX_CLK to FIFO data TXD[7:0], TX_ER, TX_EN hold time tFITDX 0.5 — 3.0 ns

Table 27. FIFO Mode Receive AC Timing Specification
At recommended operating conditions with L/TVDD of 3.3 V ± 5% and 2.5 V ± 5%.

Parameter/Condition Symbol Min Typ Max Unit

RX_CLK clock period (GMII mode) tFIR
1

1 ±100 ppm tolerance on RX_CLK frequency

7.0 8.0 100 ns

RX_CLK clock period (Encoded mode) tFIR 
1 5.3 8.0 100 ns

RX_CLK duty cycle tFIRH/tFIR 45 50 55 %

RX_CLK peak-to-peak jitter tFIRJ — — 250 ps

Rise time RX_CLK (20%–80%) tFIRR — — 0.75 ns

Fall time RX_CLK (80%–20%) tFIRF — — 0.75 ns

RXD[7:0], RX_DV, RX_ER setup time to RX_CLK tFIRDV 1.5 — — ns

RXD[7:0], RX_DV, RX_ER hold time to RX_CLK tFIRDX 0.5 — — ns
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Ethernet: Enhanced Three-Speed Ethernet (eTSEC), MII Management

Timing diagrams for FIFO appear in Figure 8 and Figure 9.
.

Figure 8. FIFO Transmit AC Timing Diagram

Figure 9. FIFO Receive AC Timing Diagram

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

8.2.2.1 GMII Transmit AC Timing Specifications

Table 28 provides the GMII transmit AC timing specifications.
Table 28. GMII Transmit AC Timing Specifications

At recommended operating conditions with L/TVDD of 3.3 V ± 5% and 2.5 V ± 5%.

Parameter/Condition Symbol 1 Min Typ Max Unit

GMII 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_EN delay  tGTKHDX 0.5 — 5.0 ns

GTX_CLK data clock rise time (20%-80%) tGTXR
2 — — 1.0 ns

tFIT

tFITH

tFITF

tFITDX

TXD[7:0]
TX_EN

GTX_CLK

TX_ER

tFITDV

tFITR

tFIR

tFIRH
tFIRF

tFIRR

RX_CLK

RXD[7:0]
RX_DV
RX_ER

valid data

tFIRDXtFIRDV
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Local Bus

10 Local Bus
This section describes the DC and AC electrical specifications for the local bus interface of the MPC8641.

10.1 Local Bus DC Electrical Characteristics
Table 40 provides the DC electrical characteristics for the local bus interface operating at OVDD = 3.3 V 
DC.

10.2 Local Bus AC Electrical Specifications
Table 41 describes the timing parameters of the local bus interface at OVDD = 3.3 V with PLL enabled. 
For information about the frequency range of local bus see Section 18.1, “Clock Ranges.”

Table 40. Local Bus DC Electrical Characteristics (3.3 V DC)

Parameter Symbol Min Max Unit

High-level input voltage VIH 2 OVDD + 0.3 V

Low-level input voltage VIL –0.3 0.8 V

Input current 
(VIN 

1 = 0 V or VIN = OVDD)
IIN — ±5 μA

High-level output voltage 
(OVDD = min, IOH = –2 mA)

VOH OVDD – 0.2 — V

Low-level output voltage 
(OVDD = min, IOL = 2 mA)

VOL — 0.2 V

Note:
1. Note that the symbol VIN, in this case, represents the OVIN symbol referenced in Table 1 and Table 2.

Table 41. Local Bus Timing Parameters (OVDD = 3.3 V)m - PLL Enabled

Parameter Symbol 1 Min Max Unit Notes

Local bus cycle time tLBK 7.5 — ns 2

Local Bus Duty Cycle tLBKH/tLBK 45 55 % —

LCLK[n] skew to LCLK[m] or LSYNC_OUT tLBKSKEW — 150 ps 7, 8

Input setup to local bus clock (except LGTA/LUPWAIT) tLBIVKH1 1.8 — ns 3, 4

LGTA/LUPWAIT input setup to local bus clock tLBIVKH2 1.7 — ns 3, 4

Input hold from local bus clock (except LGTA/LUPWAIT) tLBIXKH1 1.0 — ns 3, 4

LGTA/LUPWAIT input hold from local bus clock tLBIXKH2 1.0 — ns 3, 4

LALE output transition to LAD/LDP output transition (LATCH hold 
time)

tLBOTOT 1.5 — ns 6

Local bus clock to output valid (except LAD/LDP and LALE) tLBKHOV1 — 2.0 ns —

Local bus clock to data valid for LAD/LDP tLBKHOV2 — 2.2 ns —

Local bus clock to address valid for LAD tLBKHOV3 — 2.3 ns —
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High-Speed Serial Interfaces (HSSI)

• The input amplitude requirement
— This requirement is described in detail in the following sections.

Figure 39. Receiver of SerDes Reference Clocks

13.2.2 DC Level Requirement for SerDes Reference Clocks
The DC level requirement for the MPC8641D SerDes reference clock inputs is different depending on the 
signaling mode used to connect the clock driver chip and SerDes reference clock inputs as described 
below.

• Differential Mode
— The input amplitude of the differential clock must be between 400 mV and 1600 mV 

differential peak-peak (or between 200 mV and 800 mV differential peak). In other words, 
each signal wire of the differential pair must have a single-ended swing less than 800mV and 
greater than 200 mV. This requirement is the same for both external DC-coupled or 
AC-coupled connection.

— For external DC-coupled connection, as described in Section 13.2.1, “SerDes Reference 
Clock Receiver Characteristics,” the maximum average current requirements sets the 
requirement for average voltage (common mode voltage) to be between 100 mV and 400 mV. 
Figure 40 shows the SerDes reference clock input requirement for DC-coupled connection 
scheme.

— For external AC-coupled connection, there is no common mode voltage requirement for the 
clock driver. Since the external AC-coupling capacitor blocks the DC level, the clock driver 
and the SerDes reference clock receiver operate in different command mode voltages. The 
SerDes reference clock receiver in this connection scheme has its common mode voltage set to 
SGND. Each signal wire of the differential inputs is allowed to swing below and above the 
command mode voltage (SGND). Figure 41 shows the SerDes reference clock input 
requirement for AC-coupled connection scheme.

• Single-ended Mode
— The reference clock can also be single-ended. The SDn_REF_CLK input amplitude 

(single-ended swing) must be between 400 mV and 800 mV peak-peak (from Vmin to Vmax) 
with SDn_REF_CLK either left unconnected or tied to ground. 

Input
Amp

50 Ω

50 Ω

SDn_REF_CLK

SDn_REF_CLK
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High-Speed Serial Interfaces (HSSI)

— The SDn_REF_CLK input average voltage must be between 200 and 400 mV. Figure 42 shows 
the SerDes reference clock input requirement for single-ended signaling mode.

— To meet the input amplitude requirement, the reference clock inputs might need to be DC or 
AC-coupled externally. For the best noise performance, the reference of the clock could be DC 
or AC-coupled into the unused phase (SDn_REF_CLK) through the same source impedance as 
the clock input (SDn_REF_CLK) in use.

Figure 40. Differential Reference Clock Input DC Requirements (External DC-Coupled)

Figure 41. Differential Reference Clock Input DC Requirements (External AC-Coupled)

Figure 42. Single-Ended Reference Clock Input DC Requirements

SDn_REF_CLK

SDn_REF_CLK

Vmax < 800 mV

Vmin > 0V

100 mV < Vcm < 400 mV

200 mV < Input Amplitude or Differential Peak < 800 mV

SDn_REF_CLK

SDn_REF_CLK

Vcm

200 mV < Input Amplitude or Differential Peak < 800 mV

Vmax < Vcm + 400 mV

Vmin > Vcm - 400 mV

SDn_REF_CLK

SDn_REF_CLK

400 mV < SDn_REF_CLK Input Amplitude < 800 mV

0V
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High-Speed Serial Interfaces (HSSI)

Figure 46 shows the SerDes reference clock connection reference circuits for a single-ended clock driver. 
It assumes the DC levels of the clock driver are compatible with MPC8641D SerDes reference clock 
input’s DC requirement.

Figure 46. Single-Ended Connection (Reference Only)

50 Ω

50 ΩSDn_REF_CLK

SDn_REF_CLK

100 Ω differential PWB trace
SerDes Refer. 
CLK Receiver

Clock Driver

CLK_Out

Single-Ended 
CLK Driver Chip MPC8641D

33 Ω

Total 50 Ω. Assume clock driver’s 
output impedance is about 16 Ω.

50 Ω
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PCI Express

14.1 DC Requirements for PCI Express SDn_REF_CLK and 
SDn_REF_CLK

For more information, see Section 13.2, “SerDes Reference Clocks.”

14.2 AC Requirements for PCI Express SerDes Clocks
Table 48 lists AC requirements.

14.3 Clocking Dependencies
The ports on the two ends of a link must transmit data at a rate that is within 600 parts per million (ppm) 
of each other at all times. This is specified to allow bit rate clock sources with a +/– 300 ppm tolerance.

14.4 Physical Layer Specifications
The following is a summary of the specifications for the physical layer of PCI Express on this device. For 
further details as well as the specifications of the Transport and Data Link layer please use the PCI 
EXPRESS Base Specification. REV. 1.0a document.

14.4.1 Differential Transmitter (TX) Output 
Table 49 defines the specifications for the differential output at all transmitters (TXs). The parameters are 
specified at the component pins.

Table 48. SDn_REF_CLK and SDn_REF_CLK AC Requirements

Symbol Parameter Description Min Typical Max Units Notes

tREF REFCLK cycle time — 10 — ns —

tREFCJ REFCLK cycle-to-cycle jitter. Difference in the period of any two 
adjacent REFCLK cycles

— — 100 ps —

tREFPJ Phase jitter. Deviation in edge location with respect to mean 
edge location

–50 — 50 ps —

Table 49. Differential Transmitter (TX) Output Specifications

Symbol Parameter Min Nom Max Units Comments

UI Unit Interval 399.88 400 400.12 ps Each UI is 400 ps ± 300 ppm. UI does not account for 
Spread Spectrum Clock dictated variations. See Note 
1.

VTX-DIFFp-p Differential 
Peak-to-Peak 
Output Voltage

0.8 — 1.2 V VTX-DIFFp-p = 2*|VTX-D+ – VTX-D-| See Note 2.

VTX-DE-RATIO De- Emphasized 
Differential 
Output Voltage 
(Ratio)

–3.0 –3.5 –4.0 dB Ratio of the VTX-DIFFp-p of the second and following 
bits after a transition divided by the VTX-DIFFp-p of the 
first bit after a transition. See Note 2.
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15.7 Receiver Specifications
LP-Serial receiver electrical and timing specifications are stated in the text and tables of this section.

Receiver input impedance shall result in a differential return loss better that 10 dB and a common mode 
return loss better than 6 dB from 100 MHz to (0.8)*(Baud Frequency). This includes contributions from 
on-chip circuitry, the chip package and any off-chip components related to the receiver. AC coupling 
components are included in this requirement. The reference impedance for return loss measurements is 
100 Ohm resistive for differential return loss and 25 Ohm resistive for common mode.

Table 58. Transmitter Differential Output Eye Diagram Parameters

Transmitter Type
VDIFFmin 

(mV)
VDIFFmax 

(mV)
A (UI) B (UI)

1.25 GBaud short range 250 500 0.175 0.39

1.25 GBaud long range 400 800 0.175 0.39

2.5 GBaud short range 250 500 0.175 0.39

2.5 GBaud long range 400 800 0.175 0.39

3.125 GBaud short range 250 500 0.175 0.39

3.125 GBaud long range 400 800 0.175 0.39

Table 59. Receiver AC Timing Specifications—1.25 GBaud

Characteristic Symbol
Range

Unit Notes
Min Max

Differential Input Voltage VIN 200 1600 mV p-p Measured at receiver

Deterministic Jitter Tolerance JD 0.37 — UI p-p Measured at receiver

Combined Deterministic and Random 
Jitter Tolerance

JDR 0.55 — UI p-p Measured at receiver

Total Jitter Tolerance1 JT 0.65 — UI p-p Measured at receiver

Multiple Input Skew SMI — 24 ns Skew at the receiver input 
between lanes of a multilane 
link

Bit Error Rate BER — 10–12 — —

Unit Interval UI 800 800 ps +/– 100 ppm

Note:  
1. Total jitter is composed of three components, deterministic jitter, random jitter and single frequency sinusoidal jitter. The 

sinusoidal jitter may have any amplitude and frequency in the unshaded region of Figure 55. The sinusoidal jitter component 
is included to ensure margin for low frequency jitter, wander, noise, crosstalk and other variable system effects.
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Package

8. Note that for MPC8641 (single core) the solder balls for the following signals/pins are not populated in the package: 
VDD_Core1 (R16, R18, R20, T17, T19, T21, T23, U16, U18, U22, V17, V19, V21, V23, W16, W18, W20, W22, Y17, 
Y19, Y21, Y23, AA16, AA18, AA20, AA22, AB23, AC24) and SENSEVDD_Core1 (U20).

Figure 58. MPC8641D Lead-Free FC-CBGA Dimensions

NOTES for Figure 58
1. All dimensions are in millimeters.
2. Dimensions and tolerances per ASME Y14.5M-1994.
3. Maximum solder ball diameter measured parallel to datum A.
4. Datum A, the seating plane, is defined by the spherical crowns of the solder balls.
5. Capacitors may not be present on all devices.
6. Caution must be taken not to short capacitors or expose metal capacitor pads on package top. 
7. All dimensions symmetrical about centerlines unless otherwise specified.
8. Note that for MPC8641 (single core) the solder balls for the following signals/pins are not populated in the package: 

VDD_Core1 (R16, R18, R20, T17, T19, T21, T23, U16, U18, U22, V17, V19, V21, V23, W16, W18, W20, W22, Y17, 
Y19, Y21, Y23, AA16, AA18, AA20, AA22, AB23, AC24) and SENSEVDD_Core1 (U20).



MPC8641 and MPC8641D Integrated Host Processor Hardware Specifications, Rev. 3

94 Freescale Semiconductor
 

Signal Listings

TSEC1_TXD[0:7]/
GPOUT[0:7]

AF25, AC23,AG24, AG23, AE24, AE23, 
AE22, AD22

O LVDD 6, 10

TSEC1_TX_EN AB22 O LVDD 36

TSEC1_TX_ER AH26 O LVDD —

TSEC1_TX_CLK AC22 I LVDD 40

TSEC1_GTX_CLK AH25 O LVDD 41

TSEC1_CRS AM24 I/O LVDD 37

TSEC1_COL AM25 I LVDD —

TSEC1_RXD[0:7]/
GPIN[0:7]

AL25, AL24, AK26, AK25, AM26, AF26, 
AH24, AG25

I LVDD 10

TSEC1_RX_DV AJ24 I LVDD —

TSEC1_RX_ER AJ25 I LVDD —

TSEC1_RX_CLK AK24 I LVDD 40

eTSEC Port 2 Signals5

TSEC2_TXD[0:3]/
GPOUT[8:15]

AB20, AJ23, AJ22, AD19 O LVDD 6, 10

TSEC2_TXD[4]/
GPOUT[12]

 AH23 O LVDD 6,10, 38

TSEC2_TXD[5:7]/
GPOUT[13:15]

AH21, AG22, AG21 O LVDD 6, 10

TSEC2_TX_EN AB21 O LVDD 36

TSEC2_TX_ER AB19 O LVDD 6, 38

TSEC2_TX_CLK AC21 I LVDD 40

TSEC2_GTX_CLK AD20 O LVDD 41

TSEC2_CRS AE20 I/O LVDD 37

TSEC2_COL AE21 I LVDD —

TSEC2_RXD[0:7]/
GPIN[8:15]

AL22, AK22, AM21, AH20, AG20, AF20, 
AF23, AF22

I LVDD 10

TSEC2_RX_DV AC19 I LVDD —

TSEC2_RX_ER AD21 I LVDD —

TSEC2_RX_CLK AM22 I LVDD 40

eTSEC Port 3 Signals5

TSEC3_TXD[0:3] AL21, AJ21, AM20, AJ20 O TVDD 6

TSEC3_TXD[4]/ AM19 O TVDD —

TSEC3_TXD[5:7] AK21, AL20, AL19 O TVDD 6

Table 63. MPC8641 Signal Reference by Functional Block (continued)

Name1 Package Pin Number Pin Type Power Supply Notes



MPC8641 and MPC8641D Integrated Host Processor Hardware Specifications, Rev. 3

102 Freescale Semiconductor
 

Signal Listings

TSEC3_TXD[6:7]/
cfg_tsec3_prtcl[0:1]

AL20, AL19 — LVDD —

TSEC4_TXD[0:3]/
cfg_io_ports[0:3]

AC18, AC16, AD18, AD17 — LVDD —

TSEC4_TXD[5]/
cfg_tsec4_reduce

AB18 — LVDD —

TSEC4_TXD[6:7]/
cfg_tsec4_prtcl[0:1]

AB17, AB16 — LVDD —

LAD[0:31]/
cfg_gpporcr[0:31]

A30, E29, C29, D28, D29, H25, B29, A29, 
C28, L22, M22, A28, C27, H26, G26, B27, 
B26, A27, E27, G25, D26, E26, G24, F27, 
A26, A25, C25, H23, K22, D25, F25, H22

— OVDD —

LWE[0]/
cfg_cpu_boot

E21 — OVDD —

LWE[1]/
cfg_rio_sys_size

F21 — OVDD —

LWE[2:3]/
cfg_host_agt[0:1]

D22, E20 — OVDD —

LDP[0:3], LA[27] /
cfg_core_pll[0:4]

A24, E24, C24, B24,
J21

— OVDD 22

LA[28:31]/
cfg_sys_pll[0:3]

K21, G22, F24, G21 — OVDD 22

LGPL[3], 
LGPL[5]/

cfg_boot_seq[0:1]

K20,
J19

— OVDD —

D1_MSRCID[0]/
cfg_mem_debug

F15 — OVDD —

D1_MSRCID[1]/
cfg_ddr_debug

K15 — OVDD —

Table 63. MPC8641 Signal Reference by Functional Block (continued)

Name1 Package Pin Number Pin Type Power Supply Notes
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example, assuming a Ti of 30°C, a Tr of 5°C, a package RθJC = 0.1, and a typical power consumption (Pd) 
of 43.4 W, the following expression for Tj is obtained:

Die-junction temperature: Tj = 30°C + 5°C + (0.1°C/W + 0.2°C/W + θsa) × 43.4 W

For this example, a Rθsavalue of 1.32 °C/W or less is required to maintain the die junction temperature 
below the maximum value of Table 2.

Though the die junction-to-ambient and the heat sink-to-ambient thermal resistances are a common 
figure-of-merit used for comparing the thermal performance of various microelectronic packaging 
technologies, one should exercise caution when only using this metric in determining thermal management 
because no single parameter can adequately describe three-dimensional heat flow. The final die-junction 
operating temperature is not only a function of the component-level thermal resistance, but the 
system-level design and its operating conditions. In addition to the component's power consumption, a 
number of factors affect the final operating die-junction temperature—airflow, board population (local 
heat flux of adjacent components), heat sink efficiency, heat sink placement, next-level interconnect 
technology, system air temperature rise, altitude, and so on.

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

For system thermal modeling, the MPC8641 thermal model is shown in Figure 62. Four cuboids are used 
to represent this device. The die is modeled as 12.4x15.3 mm at a thickness of 0.86 mm. See Section 3, 
“Power Characteristics” for power dissipation details. The substrate is modeled as a single block 
33x33x1.2 mm with orthotropic conductivity: 13.5 W/(m • K) in the xy-plane and 5.3 W/(m • K) in the 
z-direction. The die is centered on the substrate. The bump/underfill layer is modeled as a collapsed 
thermal resistance between the die and substrate with a conductivity of 5.3 W/(m • K) in the thickness 
dimension of 0.07 mm. Because the bump/underfill is modeled with zero physical dimension (collapsed 
height), the die thickness was slightly enlarged to provide the correct height. The C5 solder layer is 
modeled as a cuboid with dimensions 33x33x0.4 mm and orthotropic thermal conductivity of 0.034 W/(m 
• K) in the xy-plane and 9.6 W/(m • K) in the z-direction. An LGA solder layer would be modeled as a 
collapsed thermal resistance with thermal conductivity of 9.6W/(m • K) and an effective height of 0.1 mm. 
The thermal model uses approximate dimensions to reduce grid. Please refer to the case outline for actual 
dimensions.
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Figure 64. MPC8641 PLL Power Supply Filter Circuit (for cores)

The AVDD_SRDSn signals provide power for the analog portions of the SerDes PLL. To ensure stability 
of the internal clock, the power supplied to the PLL is filtered using a circuit similar to the one shown in 
following figure. For maximum effectiveness, the filter circuit is placed as closely as possible to the 
AVDD_SRDSn balls to ensure it filters out as much noise as possible. The ground connection should be 
near the AVDD_SRDSn balls. The 0.003-µF capacitor is closest to the balls, followed by the two 2.2-µF 
capacitors, and finally the 1 Ω resistor to the board supply plane. The capacitors are connected from 
AVDD_SRDSn to the ground plane. Use ceramic chip capacitors with the highest possible self-resonant 
frequency. All traces should be kept short, wide and direct.

Figure 65. SerDes PLL Power Supply Filter

Note the following:
• AVDD_SRDSn should be a filtered version of SVDD.
• Signals on the SerDes interface are fed from the SVDD power plan. 

20.2.2 PLL Power Supply Sequencing
For details on power sequencing for the AVDD type and supplies refer to Section 2.2, “Power Up/Down 
Sequence.”

20.3 Decoupling Recommendations
Due to large address and data buses, and high operating frequencies, the device can generate transient 
power surges and high frequency noise in its power supply, especially while driving large capacitive loads. 
This noise must be prevented from reaching other components in the MPC8641 system, and the device 
itself requires a clean, tightly regulated source of power. Therefore, it is recommended that the system 

 VDD_Core0/1 AVDD_Core0/1 
 2.2 µF  2.2 µF

 GND
Low ESL Surface Mount Capacitors

10 Ω

Filter Circuit (should not be used for Single core device)

Note: For single core device the filter circuit (in the dashed box) should
be removed and AVDD_Core1 should be tied to ground with a weak
(2-10 kΩ) pull-down resistor.

 

 2.2 µF 1 0.003 µF

 GND

1.0 Ω
AVDD_SRDSn

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

SVDD

 2.2 µF 1
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designer place at least one decoupling capacitor at each OVDD, Dn_GVDD, LVDD, TVDD, VDD_Coren, 
and VDD_PLAT pin of the device. These decoupling capacitors should receive their power from separate 
OVDD, Dn_GVDD, LVDD, TVDD, VDD_Coren, and VDD_PLAT and GND power planes in the PCB, 
utilizing short traces to minimize inductance. Capacitors may be placed directly under the device using a 
standard escape pattern. Others may surround the part.

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

In addition, it is recommended that there be several bulk storage capacitors distributed around the PCB, 
feeding the OVDD, Dn_GVDD, LVDD, TVDD, VDD_Coren, and VDD_PLAT planes, to enable quick 
recharging of the smaller chip capacitors. They should also be connected to the power and ground planes 
through two vias to minimize inductance. Suggested bulk capacitors—100–330 µF (AVX TPS tantalum 
or Sanyo OSCON).

20.4 SerDes Block Power Supply Decoupling Recommendations
The SerDes block requires a clean, tightly regulated source of power (SVDD and XVDD_SRDSn) to ensure 
low jitter on transmit and reliable recovery of data in the receiver. An appropriate decoupling scheme is 
outlined below.

Only surface mount technology (SMT) capacitors should be used to minimize inductance. Connections 
from all capacitors to power and ground should be done with multiple vias to further reduce inductance.

• First, the board should have at least 10 x 10-nF SMT ceramic chip capacitors as close as possible 
to the supply balls of the device. Where the board has blind vias, these capacitors should be placed 
directly below the chip supply and ground connections. Where the board does not have blind vias, 
these capacitors should be placed in a ring around the device as close to the supply and ground 
connections as possible.

• Second, there should be a 1-µF ceramic chip capacitor on each side of the device. This should be 
done for all SerDes supplies.

• Third, between the device and any SerDes voltage regulator there should be a 10-µF, low 
equivalent series resistance (ESR) SMT tantalum chip capacitor and a 100-µF, low ESR SMT 
tantalum chip capacitor. This should be done for all SerDes supplies.

20.5 Connection Recommendations
To ensure reliable operation, it is highly recommended to connect unused inputs to an appropriate signal 
level. In general all unused active low inputs should be tied to OVDD, Dn_GVDD, LVDD, TVDD, 
VDD_Coren, and VDD_PLAT, XVDD_SRDSn, and SVDD as required and unused active high inputs should 
be connected to GND. All NC (no-connect) signals must remain unconnected.

Special cases:
DDR - If one of the DDR ports is not being used the power supply pins for that port can be 
connected to ground so that there is no need to connect the individual unused inputs of that port to 
ground. Note that these power supplies can only be powered up again at reset for functionality to 
occur on the DDR port. Power supplies for other functional buses should remain powered.
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The following pins must be connected to GND:
• SDn_RX[7:0]
• SDn_RX[7:0]
• SDn_REF_CLK
• SDn_REF_CLK

NOTE
It is recommended to power down the unused lane through SRDS1CR1[0:7] 
register (offset = 0xE_0F08) and SRDS2CR1[0:7] register 
(offset = 0xE_0F44.) (This prevents the oscillations and holds the receiver 
output in a fixed state.) that maps to SERDES lane 0 to lane 7 accordingly. 

For other directions on reserved or no-connects pins see Section 17, “Signal Listings.”

20.6 Pull-Up and Pull-Down Resistor Requirements
The MPC8641 requires weak pull-up resistors (2–10 kΩ is recommended) on all open drain type pins. 

The following pins must NOT be pulled down during power-on reset: TSEC4_TXD[4], LGPL0/LSDA10, 
LGPL1/LSDWE, TRIG_OUT/READY, and D1_MSRCID[2].

The following are factory test pins and require strong pull up resistors (100 Ω –1 kΩ) to OVDD

LSSD_MODE, TEST_MODE[0:3].The following pins require weak pull up resistors (2–10 kΩ) to their 
specific power supplies: LCS[0:4], LCS[5]/DMA_DREQ2, LCS[6]/DMA_DACK[2], 
LCS[7]/DMA_DDONE[2], IRQ_OUT, IIC1_SDA, IIC1_SCL, IIC2_SDA, IIC2_SCL, and 
CKSTP_OUT.

The following pins should be pulled to ground with a 100-Ω resistor: SD1_IMP_CAL_TX, 
SD2_IMP_CAL_TX. The following pins should be pulled to ground with a 200-Ω resistor: 
SD1_IMP_CAL_RX, SD2_IMP_CAL_RX.

TSECn_TX_EN signals require an external 4.7-kΩ pull down resistor to prevent PHY from seeing a valid 
Transmit Enable before it is actively driven.

When the platform frequency is 400 MHz, TSEC1_TXD[1] must be pulled down at reset.

TSEC2_TXD[4] and TSEC2_TX_ER pins function as cfg_dram_type[0 or 1] at reset and MUST BE 
VALID BEFORE HRESET ASSERTION when coming out of device sleep mode.

20.6.1 Special instructions for Single Core device
The mechanical drawing for the single core device does not have all the solder balls that exist on the single 
core device. This includes all the balls for VDD_Core1 and SENSEVDD_Core1 which exist on the 
package for the dual core device, but not on the single core package. A solder ball is present for 
SENSEVSS_Core1 and needs to be connected to ground with a weak (2-10 kΩ) pull down resistor. 
Likewise, AVDD_Core1 needs to be pulled to ground as shown in Figure 64.

The mechanical drawing for the single core device is located in Section 16.2, “Mechanical Dimensions of 
the MPC8641 FC-CBGA.”
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21.2 Part Marking
Parts are marked as the example shown in Figure 70.

Figure 70. Part Marking for FC-CBGA Device

22 Document Revision History
Table 76 provides a revision history for the MPC8641D hardware specification.

Table 76. Document Revision History

Revision Date Substantive Change(s)

3 05/2014  • Updated the Serial RapidIO equation in Section 4.4, “Platform Frequency Requirements for 
PCI-Express and Serial RapidIO” 

 • Updated Section 19.2.4, “Temperature Diode,” by removing the ideality factor value.
 • Added VJ package type designator and footnotes to Table 74, “Part Numbering Nomenclature” and 

Section 16.1, “Package Parameters for the MPC8641.”

2 07/2009  • Added note 8 to Table 49, “Differential Transmitter (TX) Output Specifications.”
 • Added Revision E to Table 74, “Part Numbering Nomenclature.”

1 11/2008  • Added Section 4.4, “Platform Frequency Requirements for PCI-Express and Serial RapidIO.”
 • Removed the statement “Note that core processor speed of 1500 MHz is only available for the 

MPC8641D (dual core)” from Note 2 in Table 74 because a 1500 MHz core is offered for both 
MPC8641D (dual core) and MPC8641 (single core).

 • Added Note 8 to Figure 57 and Figure 58.

0 07/2008  • Initial Release
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