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Electrical Characteristics

2 Electrical Characteristics
This section provides the AC and DC electrical specifications and thermal characteristics for the 
MPC8641. The MPC8641 is currently targeted to these specifications. 

2.1 Overall DC Electrical Characteristics
This section covers the ratings, conditions, and other characteristics. 

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

Table 1. Absolute Maximum Ratings1 

Characteristic Symbol
Absolute Maximum 

Value
Unit Notes

Cores supply voltages VDD_Core0, 
VDD_Core1

–0.3 to 1.21 V V 2

Cores PLL supply AVDD_Core0, 
AVDD_Core1

–0.3 to 1.21 V V —

SerDes Transceiver Supply (Ports 1 and 2) SVDD –0.3 to 1.21 V V —

SerDes Serial I/O Supply Port 1 XVDD_SRDS1 –0.3 to 1.21V V —

SerDes Serial I/O Supply Port 2 XVDD_SRDS2 –0.3 to 1.21 V V —

SerDes DLL and PLL supply voltage for Port 1 and Port 2 AVDD_SRDS1, 
AVDD_SRDS2

–0.3 to 1.21V V —

Platform Supply voltage VDD_PLAT –0.3 to 1.21V V —

Local Bus and Platform PLL supply voltage AVDD_LB,
AVDD_PLAT

–0.3 to 1.21V V —

DDR and DDR2 SDRAM I/O supply voltages D1_GVDD, 
D2_GVDD

–0.3 to 2.75 V V 3

–0.3 to 1.98 V V 3

eTSEC 1 and 2 I/O supply voltage LVDD –0.3 to 3.63 V V 4

–0.3 to 2.75 V V 4

eTSEC 3 and 4 I/O supply voltage TVDD –0.3 to 3.63 V V 4

–0.3 to 2.75 V V 4

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

OVDD –0.3 to 3.63 V V —



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

8 Freescale Semiconductor
 

Electrical Characteristics

SerDes Serial I/O Supply Port 1 XVDD_SRDS1 1.10 ± 50 mV V 8

1.05 ± 50 mV 7

SerDes Serial I/O Supply Port 2 XVDD_SRDS2 1.10 ± 50 mV V 8

1.05 ± 50 mV 7

SerDes DLL and PLL supply voltage for Port 1 and Port 2 AVDD_SRDS1, 
AVDD_SRDS2

1.10 ± 50 mV V 8

1.05 ± 50 mV 7

Platform Supply voltage VDD_PLAT 1.10 ± 50 mV V 8

1.05 ± 50 mV 7

Local Bus and Platform PLL supply voltage AVDD_LB, 
AVDD_PLAT

1.10 ± 50 mV V 8

1.05 ± 50 mV 7

DDR and DDR2 SDRAM I/O supply voltages D1_GVDD, 
D2_GVDD

2.5 V ± 125 mV V  9

1.8 V ± 90 mV V 9

eTSEC 1 and 2 I/O supply voltage LVDD 3.3 V ± 165 mV V 10

2.5 V ± 125 mV V 10

eTSEC 3 and 4 I/O supply voltage TVDD 3.3 V ± 165 mV V 10

2.5 V ± 125 mV V 10

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

OVDD 3.3 V ± 165 mV V 5

Input voltage DDR and DDR2 SDRAM signals Dn_MVIN GND to Dn_GVDD V 3, 6

DDR and DDR2 SDRAM reference Dn_MVREF Dn_GVDD/2 ± 1% V

Three-speed Ethernet signals LVIN
TVIN

GND to LVDD
GND to TVDD

V 4, 6

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

OVIN GND to OVDD V 5,6

Table 2. Recommended Operating Conditions (continued)

Characteristic Symbol
Recommended 

Value
Unit Notes
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DDR and DDR2 SDRAM

Figure 5 shows the DDR SDRAM output timing for the MCK to MDQS skew measurement (tDDKHMH).

Figure 5. Timing Diagram for tDDKHMH

Figure 6 shows the DDR SDRAM output timing diagram.

Figure 6. DDR SDRAM Output Timing Diagram
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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



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

42 Freescale Semiconductor
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8.2.7.2 RMII Receive AC Timing Specifications
 

Figure 21 provides the AC test load for eTSEC.

Figure 21. eTSEC AC Test Load

Figure 22 shows the RMII receive AC timing diagram.

Figure 22. RMII Receive AC Timing Diagram

Table 37. RMII Receive AC Timing Specifications
At recommended operating conditions with L/TVDD of 3.3 V ± 5%.

Parameter/Condition Symbol 1 Min Typ Max Unit

REF_CLK clock period tRMR 15.0 20.0 25.0 ns

REF_CLK duty cycle tRMRH/tRMR 35 50 65 %

REF_CLK peak-to-peak jitter tRMRJ — — 250 ps

Rise time REF_CLK (20%–80%) tRMRR 1.0 — 2.0 ns

Fall time REF_CLK (80%–20%) tRMRF 1.0 — 2.0 ns

RXD[1:0], CRS_DV, RX_ER setup time to REF_CLK rising 
edge

tRMRDV 4.0 — — ns

RXD[1:0], CRS_DV, RX_ER hold time to REF_CLK rising 
edge

tRMRDX 2.0 — — ns

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

for inputs and t(first two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tMRDVKH symbolizes MII receive 
timing (MR) with respect to the time data input signals (D) reach the valid state (V) relative to the tMRX clock reference (K) going 
to the high (H) state or setup time. Also, tMRDXKL symbolizes MII receive timing (GR) with respect to the time data input signals 
(D) went invalid (X) relative to the tMRX clock reference (K) going to the low (L) state 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 tMRX represents the MII (M) receive (RX) clock. For rise and fall times, the latter convention is used with the 
appropriate letter: R (rise) or F (fall).

Output Z0 = 50 Ω LVDD/2
RL = 50 Ω

REF_CLK

RXD[1:0]

tRMRDX

tRMR

tRMRH

tRMRR

tRMRF

CRS_DV
RX_ER

tRMRDV

Valid Data
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Ethernet Management Interface Electrical Characteristics

Figure 23 provides the AC test load for eTSEC.

Figure 23. eTSEC AC Test Load

NOTE
Output will see a 50-Ω load since what it sees is the transmission line.

Figure 24 shows the MII management AC timing diagram.

Figure 24. MII Management Interface Timing Diagram

MDIO to MDC hold time tMDDXKH 0 — — ns —

MDC rise time tMDCR — — 10 ns 4

MDC fall time tMDHF — — 10 ns 4

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

(reference)(state) for inputs and t(first two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tMDKHDX 
symbolizes management data timing (MD) for the time tMDC from clock reference (K) high (H) until data outputs (D) are 
invalid (X) or data hold time. Also, tMDDVKH symbolizes management data timing (MD) with respect to the time data input 
signals (D) reach the valid state (V) relative to the tMDC clock reference (K) going to the high (H) state or setup time. For 
rise and fall times, the latter convention is used with the appropriate letter: R (rise) or F (fall).

2. This parameter is dependent on the system clock speed. (The maximum frequency is the maximum platform frequency 
divided by 64.)

3. This parameter is dependent on the system clock speed. (That is, for a system clock of 267 MHz, the maximum frequency 
is 8.3 MHz and the minimum frequency is 1.2 MHz; for a system clock of 375 MHz, the maximum frequency is 11.7 MHz 
and the minimum frequency is 1.7 MHz.)

4. Guaranteed by design.
5. tMPXCLK is the platform (MPX) clock

Table 39. MII Management AC Timing Specifications (continued)
At recommended operating conditions with OVDD is 3.3 V ± 5%.

Parameter/Condition Symbol 1 Min Typ Max Unit Notes

Output Z0 = 50 Ω OVDD/2
RL = 50 Ω

MDC

tMDDXKH

tMDC

tMDCH

tMDCR

tMDCF

tMDDVKH

tMDKHDX

MDIO

MDIO

(Input)

(Output)
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I2C

12.2 I2C AC Electrical Specifications
Table 46 provides the AC timing parameters for the I2C interfaces. 

Capacitance for each I/O pin CI — 10 pF —

Notes:
1. Output voltage (open drain or open collector) condition = 3 mA sink current.
2. Refer to the MPC8641 Integrated Host Processor Reference Manual for information on the digital filter used.
3. I/O pins will obstruct the SDA and SCL lines if OVDD is switched off.

Table 46. I2C AC Electrical Specifications
All values refer to VIH (min) and VIL (max) levels (see Table 45).

Parameter Symbol 1 Min Max Unit

SCL clock frequency fI2C 0 400 kHz

Low period of the SCL clock tI2CL
 4 1.3 — μs

High period of the SCL clock tI2CH
 4 0.6 — μs

Setup time for a repeated START condition tI2SVKH
 4 0.6 — μs

Hold time (repeated) START condition (after this period, the first 
clock pulse is generated)

tI2SXKL
 4 0.6 — μs

Data setup time tI2DVKH
 4 100 — ns

Data input hold time:
CBUS compatible masters

I2C bus devices

tI2DXKL
—
0 2

—
— μs

Rise time of both SDA and SCL signals tI2CR 20 + 0.1 CB
5 300 ns

Fall time of both SDA and SCL signals tI2CF 20 + 0.1 Cb 5 300 ns

Data output delay time tI2OVKL — 0.9 3 μs

Set-up time for STOP condition tI2PVKH 0.6 — μs

Bus free time between a STOP and START condition tI2KHDX 1.3 — μs

Noise margin at the LOW level for each connected device 
(including hysteresis)

VNL 0.1 × OVDD — V

Table 45. I2C DC Electrical Characteristics (continued)
At recommended operating conditions with OVDD of 3.3 V ± 5%.

Parameter Symbol Min Max Unit Notes
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High-Speed Serial Interfaces (HSSI)

To illustrate these definitions using real values, consider the case of a CML (Current Mode Logic) 
transmitter that has a common mode voltage of 2.25 V and each of its outputs, TD and TD, has a swing 
that goes between 2.5 V and 2.0 V. Using these values, the peak-to-peak voltage swing of each signal (TD 
or TD) is 500 mV p-p, which is referred as the single-ended swing for each signal. In this example, since 
the differential signaling environment is fully symmetrical, the transmitter output’s differential swing 
(VOD) has the same amplitude as each signal’s single-ended swing. The differential output signal ranges 
between 500 mV and –500 mV, in other words, VOD is 500 mV in one phase and –500 mV in the other 
phase. The peak differential voltage (VDIFFp) is 500 mV. The peak-to-peak differential voltage (VDIFFp-p) 
is 1000 mV p-p.

13.2 SerDes Reference Clocks
The SerDes reference clock inputs are applied to an internal PLL whose output creates the clock used by 
the corresponding SerDes lanes. The SerDes reference clocks inputs are SDn_REF_CLK and 
SDn_REF_CLK for PCI Express and Serial RapidIO.

The following sections describe the SerDes reference clock requirements and some application 
information.

13.2.1 SerDes Reference Clock Receiver Characteristics
Figure 39 shows a receiver reference diagram of the SerDes reference clocks.

• The supply voltage requirements for XVDD_SRDSn are specified in Table 1 and Table 2.
• SerDes Reference Clock Receiver Reference Circuit Structure

— The SDn_REF_CLK and SDn_REF_CLK are internally AC-coupled differential inputs as 
shown in Figure 39. Each differential clock input (SDn_REF_CLK or SDn_REF_CLK) has a 
50-Ω termination to SGND followed by on-chip AC-coupling. 

— The external reference clock driver must be able to drive this termination.
— The SerDes reference clock input can be either differential or single-ended. Refer to the 

Differential Mode and Single-ended Mode description below for further detailed requirements.
• The maximum average current requirement that also determines the common mode voltage range

— When the SerDes reference clock differential inputs are DC coupled externally with the clock 
driver chip, the maximum average current allowed for each input pin is 8 mA. In this case, the 
exact common mode input voltage is not critical as long as it is within the range allowed by the 
maximum average current of 8 mA (refer to the following bullet for more detail), since the 
input is AC-coupled on-chip.

— This current limitation sets the maximum common mode input voltage to be less than 0.4 V 
(0.4 V/50 = 8 mA) while the minimum common mode input level is 0.1 V above SGND. For 
example, a clock with a 50/50 duty cycle can be produced by a clock driver with output driven 
by its current source from 0 mA to 16 mA (0–0.8 V), such that each phase of the differential 
input has a single-ended swing from 0 V to 800 mV with the common mode voltage at 400 mV.

— If the device driving the SDn_REF_CLK and SDn_REF_CLK inputs cannot drive 50 Ω to 
SGND DC, or it exceeds the maximum input current limitations, then it must be AC-coupled 
off-chip.
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PCI Express

TTX-EYE Minimum TX Eye 
Width

0.70 — — UI The maximum Transmitter jitter can be derived as 
TTX-MAX-JITTER = 1 – TTX-EYE= 0.3 UI.
See Notes 2 and 3.

TTX-EYE-MEDIAN-to-

MAX-JITTER

Maximum time 
between the jitter 
median and 
maximum 
deviation from 
the median.

— — 0.15 UI Jitter is defined as the measurement variation of the 
crossing points (VTX-DIFFp-p = 0 V) in relation to a 
recovered TX UI. A recovered TX UI is calculated over 
3500 consecutive unit intervals of sample data. Jitter 
is measured using all edges of the 250 consecutive UI 
in the center of the 3500 UI used for calculating the TX 
UI. See Notes 2 and 3.

TTX-RISE, TTX-FALL D+/D– TX Output 
Rise/Fall Time

0.125 — — UI See Notes 2 and 5

VTX-CM-ACp RMS AC Peak 
Common Mode 
Output Voltage

— — 20 mV VTX-CM-ACp = RMS(|VTXD+ + VTXD-|/2 – VTX-CM-DC)
VTX-CM-DC = DC(avg) of |VTX-D+ + VTX-D-|/2 
See Note 2

VTX-CM-DC-ACTIVE-

IDLE-DELTA

Absolute Delta of 
DC Common 
Mode Voltage 
During L0 and 
Electrical Idle

0 — 100 mV |VTX-CM-DC (during L0) – VTX-CM-Idle-DC (During Electrical 

Idle)|<=100 mV
VTX-CM-DC = DC(avg) of |VTX-D+ + VTX-D-|/2 [L0]
VTX-CM-Idle-DC = DC(avg) of |VTX-D+ + VTX-D-|/2 
[Electrical Idle] 
See Note 2.

VTX-CM-DC-LINE-DELTA Absolute Delta of 
DC Common 
Mode between 
D+ and D–

0 — 25 mV |VTX-CM-DC-D+ – VTX-CM-DC-D-| <= 25 mV
VTX-CM-DC-D+ = DC(avg) of |VTX-D+|
VTX-CM-DC-D- = DC(avg) of |VTX-D-|
See Note 2.

VTX-IDLE-DIFFp Electrical Idle 
differential Peak 
Output Voltage

0 — 20 mV VTX-IDLE-DIFFp = |VTX-IDLE-D+ –VTX-IDLE-D-| <= 20 mV
See Note 2. 

VTX-RCV-DETECT The amount of 
voltage change 
allowed during 
Receiver 
Detection

— — 600 mV The total amount of voltage change that a transmitter 
can apply to sense whether a low impedance 
Receiver is present. See Note 6.

VTX-DC-CM The TX DC 
Common Mode 
Voltage

0 — 3.6 V The allowed DC Common Mode voltage under any 
conditions. See Note 6.

ITX-SHORT TX Short Circuit 
Current Limit

— — 90 mA The total current the Transmitter can provide when 
shorted to its ground

TTX-IDLE-MIN Minimum time 
spent in 
Electrical Idle

50 — — UI Minimum time a Transmitter must be in Electrical Idle 
Utilized by the Receiver to start looking for an 
Electrical Idle Exit after successfully receiving an 
Electrical Idle ordered set

Table 49. Differential Transmitter (TX) Output Specifications (continued)

Symbol Parameter Min Nom Max Units Comments
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Serial RapidIO

Continuous Jitter Test Pattern (CJPAT) defined in Annex 48A of IEEE 802.3ae. All lanes of the LP-Serial 
link shall be active in both the transmit and receive directions, and opposite ends of the links shall use 
asynchronous clocks. Four lane implementations shall use CJPAT as defined in Annex 48A. Single lane 
implementations shall use the CJPAT sequence specified in Annex 48A for transmission on lane 0. The 
amount of data represented in the eye shall be adequate to ensure that the bit error ratio is less than 10-12. 
The eye pattern shall be measured with AC coupling and the compliance template centered at 0 Volts 
differential. The left and right edges of the template shall be aligned with the mean zero crossing points of 
the measured data eye. The load for this test shall be 100 Ω resistive +/– 5% differential to 2.5 GHz. 

15.9.2 Jitter Test Measurements
For the purpose of jitter measurement, the effects of a single-pole high pass filter with a 3 dB point at (Baud 
Frequency)/1667 is applied to the jitter. The data pattern for jitter measurements is the Continuous Jitter 
Test Pattern (CJPAT) pattern defined in Annex 48A of IEEE 802.3ae. All lanes of the LP-Serial link shall 
be active in both the transmit and receive directions, and opposite ends of the links shall use asynchronous 
clocks. Four lane implementations shall use CJPAT as defined in Annex 48A. Single lane implementations 
shall use the CJPAT sequence specified in Annex 48A for transmission on lane 0. Jitter shall be measured 
with AC coupling and at 0 Volts differential. Jitter measurement for the transmitter (or for calibration of a 
jitter tolerance setup) shall be performed with a test procedure resulting in a BER curve such as that 
described in Annex 48B of IEEE 802.3ae.

15.9.3 Transmit Jitter
Transmit jitter is measured at the driver output when terminated into a load of 100 Ω resistive +/– 5% 
differential to 2.5 GHz. 

15.9.4 Jitter Tolerance
Jitter tolerance is measured at the receiver using a jitter tolerance test signal. This signal is obtained by first 
producing the sum of deterministic and random jitter defined in Section 8.6 and then adjusting the signal 
amplitude until the data eye contacts the 6 points of the minimum eye opening of the receive template 
shown in Figure 8-4 and Table 8-11. Note that for this to occur, the test signal must have vertical waveform 
symmetry about the average value and have horizontal symmetry (including jitter) about the mean zero 
crossing. Eye template measurement requirements are as defined above. Random jitter is calibrated using 
a high pass filter with a low frequency corner at 20 MHz and a 20 dB/decade roll-off below this. The 
required sinusoidal jitter specified in Section 8.6 is then added to the signal and the test load is replaced 
by the receiver being tested. 
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16 Package
This section details package parameters and dimensions.

16.1 Package Parameters for the MPC8641
The package parameters are as provided in the following list. The package type is 33 mm × 33 mm, 1023 
pins. There are two package options: high-lead Flip Chip-Ceramic Ball Grid Array (FC-CBGA), and 
lead-free (FC-CBGA).

For all package types:
Die size 12.1 mm × 14.7 mm
Package outline 33 mm × 33 mm
Interconnects  1023
Pitch 1 mm
Total Capacitor count 43 caps; 100 nF each

For high-lead FC-CBGA (package option: HCTE1 HX)
Maximum module height  2.97 mm
Minimum module height 2.47 mm
Solder Balls 89.5% Pb 10.5% Sn
Ball diameter (typical2) 0.60 mm

For RoHS lead-free FC-CBGA (package option: HCTE1 VU) and lead-free FC-CBGA (package option: 
HCTE1 VJ)

Maximum module height  2.77 mm
Minimum module height 2.27 mm
Solder Balls 95.5% Sn 4.0% Ag 0.5% Cu
Ball diameter (typical2) 0.60 mm

1 High-coefficient of thermal expansion
2 Typical ball diameter is before reflow
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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
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LCS[6]/DMA_DACK[2] E23 O OVDD 7, 10

LCS[7]/DMA_DDONE[2] F23 O OVDD 7, 10

LWE[0:3]/
LSDDQM[0:3]/

LBS[0:3]

E21, F21, D22, E20 O OVDD 6

LBCTL D21 O OVDD —

LALE E19 O OVDD —

LGPL0/LSDA10 F20 O OVDD 25

LGPL1/LSDWE H20 O OVDD 25

LGPL2/LOE/
LSDRAS

J20 O OVDD —

LGPL3/LSDCAS K20 O OVDD 6

LGPL4/LGTA/
LUPWAIT/LPBSE

L21 I/O OVDD 42

LGPL5 J19 O OVDD 6

LCKE H19 O OVDD —

LCLK[0:2] G19, L19, M20 O OVDD —

LSYNC_IN M19 I OVDD —

LSYNC_OUT D20 O OVDD —

DMA Signals5

DMA_DREQ[0:1] E31, E32 I OVDD —

DMA_DREQ[2]/LCS[5] B23 I OVDD 9, 10

DMA_DREQ[3]/IRQ[9] B30 I OVDD 10

DMA_DACK[0:1] D32, F30 O OVDD —

DMA_DACK[2]/LCS[6] E23 O OVDD 10

DMA_DACK[3]/IRQ[10] C30 O OVDD 9, 10

DMA_DDONE[0:1] F31, F32 O OVDD —

DMA_DDONE[2]/LCS[7] F23 O OVDD 10

DMA_DDONE[3]/IRQ[11] D30 O OVDD 9, 10

Programmable Interrupt Controller Signals5

MCP_0 F17 I OVDD —

MCP _1 H17 I OVDD 12, S4

IRQ[0:8] G28, G29, H27, J23, M23, J27, F28, J24, 
L23

I OVDD —

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

Name1 Package Pin Number Pin Type Power Supply Notes
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SENSEVSS_Core0 P14 Core0 GND 
sensing pin

— 31

SENSEVSS_Core1 V20  Core1 GND 
sensing pin

— 12, 31, S3

SENSEVDD_PLAT N18  VDD_PLAT 
sensing pin

— 28

SENSEVSS_PLAT P18 Platform GND 
sensing pin

— 29

D1_GVDD B11, B14, D10, D13, F9, F12, H8, H11, 
H14, K10, K13, L8, P8, R6, U8, V6, W10, 
Y8, AA6, AB10, AC8, AD12, AE10, AF8, 
AG12, AH10, AJ8, AJ14, AK12, AL10, AL16

SDRAM 1 I/O 
supply

D1_GVDD
2.5 - DDR
1.8 DDR2

—

D2_GVDD B2, B5, B8, D4, D7, E2, F6, G4, H2, J6, K4, 
L2, M6, N4, P2, T4, U2, W4, Y2, AB4, AC2, 
AD6, AE4, AF2, AG6, AH4, AJ2, AK6, AL4, 
AM2

SDRAM 2 I/O 
supply

D2_GVDD
2.5 V - DDR
1.8 V - DDR2

—

OVDD B22, B25, B28, D17, D24, D27, F19, F22, 
F26, F29, G17, H21, H24, K19, K23, M21, 
AM30

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

OVDD

3.3 V

—

LVDD AC20, AD23, AH22 TSEC1 and 
TSEC2 I/O 

voltage

LVDD
2.5/3.3 V

—

TVDD AC17, AG18, AK20 TSEC3 and 
TSEC4 I/O 

voltage

TVDD
2.5/3.3 V

—

SVDD H31, J29, K28, K32, L30, M28, M31, N29, 
R30, T31, U29, V32, W30, Y31, AA29, 
AB32, AC30, AD31, AE29, AG30, AH31, 
AJ29, AK32, AL30, AM31

 Transceiver 
Power Supply 

SerDes
SVDD

1.05/1.1 V

—

XVDD_SRDS1 K26, L24, M27, N25, P26, R24, R28, T27, 
U25, V26 

 Serial I/O 
Power Supply 

for SerDes
Port 1

XVDD_SRDS1

1.05/1.1 V

—

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

Name1 Package Pin Number Pin Type Power Supply Notes
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Thermal

The Bergquist Company 800-347-4572
18930 West 78th St.
Chanhassen, MN 55317
Internet: www.bergquistcompany.com
Chomerics, Inc. 781-935-4850
77 Dragon Ct.
Woburn, MA 01801
Internet: www.chomerics.com
Dow-Corning Corporation 800-248-2481
Corporate Center 
PO Box 994 
Midland, MI 48686-0994
Internet: www.dowcorning.com
Shin-Etsu MicroSi, Inc. 888-642-7674
10028 S. 51st St.
Phoenix, AZ 85044
Internet: www.microsi.com
Thermagon Inc. 888-246-9050
4707 Detroit Ave.
Cleveland, OH 44102
Internet: www.thermagon.com

The following section provides a heat sink selection example using one of the commercially available heat 
sinks.

19.2.3 Heat Sink Selection Example
For preliminary heat sink sizing, the die-junction temperature can be expressed as follows:

 Tj = Ti + Tr + (RθJC + Rθint + Rθsa) × Pd 

where:
Tj is the die-junction temperature 
Ti is the inlet cabinet ambient temperature
Tr is the air temperature rise within the computer cabinet
RθJC is the junction-to-case thermal resistance
Rθint is the adhesive or interface material thermal resistance
Rθsa is the heat sink base-to-ambient thermal resistance
Pd is the power dissipated by the device

During operation, the die-junction temperatures (Tj) should be maintained less than the value specified in 
Table 2. The temperature of air cooling the component greatly depends on the ambient inlet air temperature 
and the air temperature rise within the electronic cabinet. An electronic cabinet inlet-air temperature (Ti) 
may range from 30° to 40°C. The air temperature rise within a cabinet (Tr) may be in the range of 5° to 
10°C. The thermal resistance of the thermal interface material (Rθint) is typically about 0.2°C/W. For 
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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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Local Bus - If parity is not used, tie LDP[0:3] to ground via a 4.7 kΩ resistor, tie LPBSE to OVDD 
via a 4.7 kΩ resistor (pull-up resistor). For systems which boot from Local Bus (GPCM)-controlled 
flash, a pullup on LGPL4 is required.
SerDes - Receiver lanes configured for PCI Express are allowed to be disconnected (as would 
occur when a PCI Express slot is connected but not populated). Directions for terminating the 
SerDes signals is discussed in Section 20.5.1, “Guidelines for High-Speed Interface Termination.”

20.5.1 Guidelines for High-Speed Interface Termination

20.5.1.1 SerDes Interface

The high-speed SerDes interface can be disabled through the POR input cfg_io_ports[0:3] and through the 
DEVDISR register in software. If a SerDes port is disabled through the POR input the user can not enable 
it through the DEVDISR register in software. However, if a SerDes port is enabled through the POR input 
the user can disable it through the DEVDISR register in software. Disabling a SerDes port through 
software should be done on a temporary basis. Power is always required for the SerDes interface, even if 
the port is disabled through either mechanism. Table 72 describes the possible enabled/disabled scenarios 
for a SerDes port. The termination recommendations must be followed for each port.

If the high-speed SerDes port requires complete or partial termination, the unused pins should be 
terminated as described in this section.

The following pins must be left unconnected (floating): 
• SDn_TX[7:0] 
• SDn_TX[7:0] 

Table 72. SerDes Port Enabled/Disabled Configurations

Disabled through POR input Enabled through POR input

Enabled through DEVDISR

SerDes port is disabled (and cannot be 
enabled through DEVDISR)

Complete termination required
(Reference Clock not required)

SerDes port is enabled

Partial termination may be required1

(Reference Clock is required)

1 Partial Termination when a SerDes port is enabled through both POR input and DEVDISR is determined by the 
SerDes port mode. If the port is in x8 PCI Express mode, no termination is required because all pins are being used. 
If the port is in x1/x2/x4 PCI Express mode, termination is required on the unused pins. If the port is in x4 Serial 
RapidIO mode termination is required on the unused pins.

Disabled through DEVDISR

SerDes port is disabled (through POR 
input)

Complete termination required
(Reference Clock not required)

SerDes port is disabled after software 
disables port

Same termination requirements as when 
the port is enabled through POR input2

(Reference Clock is required)

2 If a SerDes port is enabled through the POR input and then disabled through DEVDISR, no hardware changes are 
required. Termination of the SerDes port should follow what is required when the port is enabled through both POR 
input and DEVDISR. See Note 1 for more information.

Notes:
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Figure 68. JTAG/COP Interface Connection for one MPC8641 device
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3. The KEY location (pin 14) is not physically present on the COP header.

10 kΩ

TRST1
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10 kΩ

CKSTP_OUT
COP_CHKSTP_OUT
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KEY
No pin

COP Connector
Physical Pinout

1 2

NC

SRESET1

 

NC

OVDD

10 kΩ

10 kΩ HRESET1

4. Although pin 12 is defined as a No-Connect, some debug tools may use pin 12 as an additional GND pin for
improved signal integrity.

TCK

 4

5

5. This switch is included as a precaution for BSDL testing. The switch should be open during BSDL testing to avoid
accidentally asserting the TRST line. If BSDL testing is not being performed, this switch should be closed or removed.

10 kΩ

SRESET0 10 kΩ SRESET0

2. Populate this with a 10 Ω resistor for short-circuit/current-limiting protection.

1. The COP port and target board should be able to independently assert HRESET and TRST to the processor
 in order to fully control the processor as shown here.

Notes:


