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Overview

— Support for PCI-Express message-shared interrupts (MSIs)
• Local bus controller (LBC)

— Multiplexed 32-bit address and data operating at up to 133 MHz
— Eight chip selects support eight external slaves

• Integrated DMA controller
— Four-channel controller
— All channels accessible by both the local and the remote masters
— Supports transfers to or from any local memory or I/O port
— Ability to start and flow control each DMA channel from external 3-pin interface

• Device performance monitor 
— Supports eight 32-bit counters that count the occurrence of selected events
— Ability to count up to 512 counter-specific events
— Supports 64 reference events that can be counted on any of the 8 counters
— Supports duration and quantity threshold counting 
— Burstiness feature that permits counting of burst events with a programmable time between 

bursts
— Triggering and chaining capability
— Ability to generate an interrupt on overflow

• Dual I2C controllers
— Two-wire interface
— Multiple master support
— Master or slave I2C mode support
— On-chip digital filtering rejects spikes on the bus

• Boot sequencer
— Optionally loads configuration data from serial ROM at reset via the I2C interface
— Can be used to initialize configuration registers and/or memory
— Supports extended I2C addressing mode
— Data integrity checked with preamble signature and CRC

• DUART
— Two 4-wire interfaces (SIN, SOUT, RTS, CTS)
— Programming model compatible with the original 16450 UART and the PC16550D

• IEEE 1149.1-compatible, JTAG boundary scan
• Available as 1023 pin Hi-CTE flip chip ceramic ball grid array (FC-CBGA)
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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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Ethernet: Enhanced Three-Speed Ethernet (eTSEC), MII Management

8.2.3.2 MII Receive AC Timing Specifications

Table 31 provides the MII receive AC timing specifications.
 

Figure 14 provides the AC test load for eTSEC.

Figure 14. eTSEC AC Test Load

Figure 15 shows the MII receive AC timing diagram.

Figure 15. MII Receive AC Timing Diagram

Table 31. MII Receive AC Timing Specifications
At recommended operating conditions with L/TVDD of 3.3 V ± 5%.

Parameter/Condition Symbol 1 Min Typ Max Unit

RX_CLK clock period 10 Mbps tMRX
2,3 — 400 — ns

RX_CLK clock period 100 Mbps tMRX
3 — 40 — ns

RX_CLK duty cycle tMRXH/tMRX 35 — 65 %

RXD[3:0], RX_DV, RX_ER setup time to RX_CLK tMRDVKH 10.0 — — ns

RXD[3:0], RX_DV, RX_ER hold time to RX_CLK tMRDXKH 10.0 — — ns

RX_CLK clock rise time (20%-80%) tMRXR
2 1.0 — 4.0 ns

RX_CLK clock fall time (80%-20%) tMRXF
2 1.0 — 4.0 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).

2. Guaranteed by design.
3. ±100 ppm tolerance on RX_CLK frequency

Output Z0 = 50 Ω LVDD/2
RL = 50 Ω

RX_CLK

RXD[3:0]

tMRDXKL

tMRX

tMRXH

tMRXR

tMRXF

RX_DV
RX_ER

tMRDVKH

Valid Data
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Ethernet: Enhanced Three-Speed Ethernet (eTSEC), MII Management

8.2.4.2 TBI Receive AC Timing Specifications

Table 33 provides the TBI receive AC timing specifications.

Figure 17 shows the TBI receive AC timing diagram.

Figure 17. TBI Receive AC Timing Diagram

Table 33. TBI Receive 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

PMA_RX_CLK[0:1] clock period tTRX
3 — 16.0 — ns

PMA_RX_CLK[0:1] skew tSKTRX 7.5 — 8.5 ns

PMA_RX_CLK[0:1] duty cycle tTRXH/tTRX 40 — 60 %

RCG[9:0] setup time to rising PMA_RX_CLK tTRDVKH 2.5 — — ns

RCG[9:0] hold time to rising PMA_RX_CLK tTRDXKH 1.5 — — ns

PMA_RX_CLK[0:1] clock rise time (20%-80%) tTRXR
2 0.7 — 2.4 ns

PMA_RX_CLK[0:1] clock fall time (80%-20%) tTRXF
2 0.7 — 2.4 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, tTRDVKH symbolizes TBI receive 
timing (TR) with respect to the time data input signals (D) reach the valid state (V) relative to the tTRX clock reference (K) going 
to the high (H) state or setup time. Also, tTRDXKH symbolizes TBI receive timing (TR) with respect to the time data input signals 
(D) went invalid (X) relative to the tTRX clock reference (K) going to the high (H) state. Note that, in general, the clock reference 
symbol representation is based on three letters representing the clock of a particular functional. For example, the subscript of 
tTRX represents the TBI (T) receive (RX) clock. For rise and fall times, the latter convention is used with the appropriate letter: 
R (rise) or F (fall). For symbols representing skews, the subscript is skew (SK) followed by the clock that is being skewed (TRX).

2. Guaranteed by design.
3. ±100 ppm tolerance on PMA_RX_CLK[0:1] frequency

PMA_RX_CLK1

RCG[9:0]

tTRX

tTRXH

tTRXR

tTRXF

tTRDVKH

PMA_RX_CLK0

tTRDXKH

tTRDVKH

tTRDXKH

tSKTRX

tTRXH

Valid Data Valid Data
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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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Local Bus

Figure 27. Local Bus Signals (PLL Bypass Mode)

NOTE
In PLL bypass mode, LCLK[n] is the inverted version of the internal clock 
with the delay of tLBKHKT. In this mode, signals are launched at the rising edge 
of the internal clock and are captured at falling edge of the internal clock, 
with the exception of the LGTA/LUPWAIT signal, which is captured at the 
rising edge of the internal clock.

Output Signals:
LA[27:31]/LBCTL/LBCKE/LOE/

LSDA10/LSDWE/LSDRAS/
LSDCAS/LSDDQM[0:3]

tLBKLOV2

LCLK[n]

Input Signals:
LAD[0:31]/LDP[0:3]

Output (Data) Signals:
LAD[0:31]/LDP[0:3]

LALE

tLBIXKH1

Input Signal:
LGTA

Output (Address) Signal:
LAD[0:31]

tLBIVKH1

tLBIXKL2

tLBIVKL2

tLBKLOX1

tLBKLOZ2

tLBOTOT

Internal launch/capture clock

tLBKLOX2

tLBKLOV1

tLBKLOV3

tLBKLOZ1

tLBKHKT

tLBKLOV4

LUPWAIT
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JTAG

Figure 32 provides the AC test load for TDO and the boundary-scan outputs.

Figure 32. AC Test Load for the JTAG Interface

Figure 33 provides the JTAG clock input timing diagram.

Figure 33. JTAG Clock Input Timing Diagram

Output hold times:
Boundary-scan data

TDO
tJTKLDX
tJTKLOX

30
30

—
—

ns
5, 6

JTAG external clock to output high impedance:
Boundary-scan data

TDO
tJTKLDZ
tJTKLOZ

3
3

19
9

ns
5, 6

Notes:
1. All outputs are measured from the midpoint voltage of the falling/rising edge of tTCLK to the midpoint of the signal in question. 

The output timings are measured at the pins. All output timings assume a purely resistive 50-Ω load (see Figure 32). 
Time-of-flight delays must be added for trace lengths, vias, and connectors in the system.

2. The symbols used for timing specifications herein follow the pattern of t(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, tJTDVKH symbolizes JTAG 
device timing (JT) with respect to the time data input signals (D) reaching the valid state (V) relative to the tJTG clock reference 
(K) going to the high (H) state or setup time. Also, tJTDXKH symbolizes JTAG timing (JT) with respect to the time data input 
signals (D) went invalid (X) relative to the tJTG clock reference (K) going to the high (H) state. Note that, in general, the clock 
reference symbol representation is based on three letters representing the clock of a particular functional. For rise and fall 
times, the latter convention is used with the appropriate letter: R (rise) or F (fall).

3. TRST is an asynchronous level sensitive signal. The setup time is for test purposes only.
4. Non-JTAG signal input timing with respect to tTCLK.
5. Non-JTAG signal output timing with respect to tTCLK.
6. Guaranteed by design.

Table 44. JTAG AC Timing Specifications (Independent of SYSCLK) 1 (continued)
At recommended operating conditions (see Table 3).

Parameter Symbol 2 Min Max Unit Notes

Output Z0 = 50 Ω OVDD/2
RL = 50 Ω

JTAG

tJTKHKL tJTGR

External Clock VMVMVM

tJTG tJTGF

VM = Midpoint Voltage (OVDD/2)
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High-Speed Serial Interfaces (HSSI)

13.2.3 Interfacing With Other Differential Signaling Levels
With on-chip termination to SGND, the differential reference clocks inputs are HCSL (High-Speed 
Current Steering Logic) compatible DC-coupled. 

Many other low voltage differential type outputs like LVDS (Low Voltage Differential Signaling) can be 
used but may need to be AC-coupled due to the limited common mode input range allowed (100 to 400 
mV) for DC-coupled connection. 

LVPECL outputs can produce signal with too large amplitude and may need to be DC-biased at clock 
driver output first, then followed with series attenuation resistor to reduce the amplitude, in addition to 
AC-coupling.

NOTE
Figure 43 to Figure 46 below are for conceptual reference only. Due to the 
fact that clock driver chip's internal structure, output impedance and 
termination requirements are different between various clock driver chip 
manufacturers, it is very possible that the clock circuit reference designs 
provided by clock driver chip vendor are different from what is shown 
below. They might also vary from one vendor to the other. Therefore, 
Freescale Semiconductor can neither provide the optimal clock driver 
reference circuits, nor guarantee the correctness of the following clock 
driver connection reference circuits. The system designer is recommended 
to contact the selected clock driver chip vendor for the optimal reference 
circuits with the MPC8641D SerDes reference clock receiver requirement 
provided in this document. 
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High-Speed Serial Interfaces (HSSI)

Figure 43 shows the SerDes reference clock connection reference circuits for HCSL type clock driver. It 
assumes that the DC levels of the clock driver chip is compatible with MPC8641D SerDes reference clock 
input’s DC requirement.

Figure 43. DC-Coupled Differential Connection with HCSL Clock Driver (Reference Only)

Figure 44 shows the SerDes reference clock connection reference circuits for LVDS type clock driver. 
Since LVDS clock driver’s common mode voltage is higher than the MPC8641D SerDes reference clock 
input’s allowed range (100 to 400 mV), AC-coupled connection scheme must be used. It assumes the 
LVDS output driver features 50-Ω termination resistor. It also assumes that the LVDS transmitter 
establishes its own common mode level without relying on the receiver or other external component.

Figure 44. AC-Coupled Differential Connection with LVDS Clock Driver (Reference Only)

Figure 45 shows the SerDes reference clock connection reference circuits for LVPECL type clock driver. 
Since LVPECL driver’s DC levels (both common mode voltages and output swing) are incompatible with 

50 Ω

50 ΩSDn_REF_CLK

SDn_REF_CLK

Clock Driver 100 Ω differential PWB trace

Clock driver vendor dependent 
source termination resistor

SerDes Refer. 
CLK ReceiverClock Driver

CLK_Out

CLK_Out

HCSL CLK Driver Chip

33 Ω

33 Ω

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

MPC8641D

CLK_Out

50 Ω

50 ΩSDn_REF_CLK

SDn_REF_CLK

Clock Driver 100 Ω differential PWB trace
SerDes Refer. 
CLK ReceiverClock Driver

CLK_Out

CLK_Out

LVDS CLK Driver Chip

10 nF

10 nF

MPC8641D
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High-Speed Serial Interfaces (HSSI)

MPC8641D SerDes reference clock input’s DC requirement, AC-coupling has to be used. Figure 45 
assumes that the LVPECL clock driver’s output impedance is 50 Ω. R1 is used to DC-bias the LVPECL 
outputs prior to AC-coupling. Its value could be ranged from 140 Ω to 240 Ω depending on clock driver 
vendor’s requirement. R2 is used together with the SerDes reference clock receiver’s 50-Ω termination 
resistor to attenuate the LVPECL output’s differential peak level such that it meets the MPC8641D SerDes 
reference clock’s differential input amplitude requirement (between 200 mV and 800 mV differential 
peak). For example, if the LVPECL output’s differential peak is 900 mV and the desired SerDes reference 
clock input amplitude is selected as 600mV, the attenuation factor is 0.67, which requires R2 = 25 Ω. 
Please consult clock driver chip manufacturer to verify whether this connection scheme is compatible with 
a particular clock driver chip.

Figure 45. AC-Coupled Differential Connection with LVPECL Clock Driver (Reference Only)

50 Ω

50 ΩSDn_REF_CLK

SDn_REF_CLK

Clock Driver 100 Ω differential PWB trace
SerDes Refer. 
CLK ReceiverClock Driver

CLK_Out

CLK_Out

LVPECL CLK 
Driver Chip

R2

R2

R1

MPC8641D

R1

10nF

10nF

10nF
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PCI Express

TTX-IDLE-SET-TO-IDLE Maximum time to 
transition to a 
valid Electrical 
idle after sending 
an Electrical Idle 
ordered set

— — 20 UI After sending an Electrical Idle ordered set, the 
Transmitter must meet all Electrical Idle Specifications 
within this time. This is considered a debounce time 
for the Transmitter to meet Electrical Idle after 
transitioning from L0.

TTX-IDLE-TO-DIFF-DATA Maximum time to 
transition to valid 
TX specifications 
after leaving an 
Electrical idle 
condition

— — 20 UI Maximum time to meet all TX specifications when 
transitioning from Electrical Idle to sending differential 
data. This is considered a debounce time for the TX to 
meet all TX specifications after leaving Electrical Idle

RLTX-DIFF Differential 
Return Loss

12 — — dB Measured over 50 MHz to 1.25 GHz. See Note 4

RLTX-CM Common Mode 
Return Loss

6 — — dB Measured over 50 MHz to 1.25 GHz. See Note 4

ZTX-DIFF-DC DC Differential 
TX Impedance

80 100 120 Ω TX DC Differential mode Low Impedance

ZTX-DC Transmitter DC 
Impedance

40 — — Ω Required TX D+ as well as D- DC Impedance during 
all states

LTX-SKEW Lane-to-Lane 
Output Skew

— — 500 + 
2 UI

ps Static skew between any two Transmitter Lanes within 
a single Link

CTX AC Coupling 
Capacitor

75 — — nF All Transmitters shall be AC coupled. The AC coupling 
is required either within the media or within the 
transmitting component itself. See Note 8.

Tcrosslink Crosslink 
Random 
Timeout

0 — — ms This random timeout helps resolve conflicts in 
crosslink configuration by eventually resulting in only 
one Downstream and one Upstream Port. See Note 7.

Notes:
1. No test load is necessarily associated with this value.
2. Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 52 and measured over 

any 250 consecutive TX UIs. (Also refer to the transmitter compliance eye diagram shown in Figure 50)
3. A TTX-EYE = 0.70 UI provides for a total sum of deterministic and random jitter budget of TTX-JITTER-MAX = 0.30 UI for the 

Transmitter collected over any 250 consecutive TX UIs. The TTX-EYE-MEDIAN-to-MAX-JITTER median is less than half of the total 
TX jitter budget collected over any 250 consecutive TX UIs. It should be noted that the median is not the same as the mean. 
The jitter median describes the point in time where the number of jitter points on either side is approximately equal as opposed 
to the averaged time value.

4. The Transmitter input impedance shall result in a differential return loss greater than or equal to 12 dB and a common mode 
return loss greater than or equal to 6 dB over a frequency range of 50 MHz to 1.25 GHz. This input impedance requirement 
applies to all valid input levels. The reference impedance for return loss measurements is 50 Ω to ground for both the D+ and 
D- line (that is, as measured by a Vector Network Analyzer with 50 ohm probes—see Figure 52). Note that the series 
capacitors CTX is optional for the return loss measurement. 

5. Measured between 20-80% at transmitter package pins into a test load as shown in Figure 52 for both VTX-D+ and VTX-D-. 
6. See Section 4.3.1.8 of the PCI Express Base Specifications Rev 1.0a
7. See Section 4.2.6.3 of the PCI Express Base Specifications Rev 1.0a
8. MPC8641D SerDes transmitter does not have CTX built-in. An external AC Coupling capacitor is required.

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

Symbol Parameter Min Nom Max Units Comments
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PCI Express

provide additional margin to adequately compensate for the degraded minimum Receiver eye diagram 
(shown in Figure 51) expected at the input Receiver based on some adequate combination of system 
simulations and the Return Loss measured looking into the RX package and silicon. The RX eye diagram 
must be aligned in time using the jitter median to locate the center of the eye diagram. 

The eye diagram must be valid for any 250 consecutive UIs.

A recovered TX UI is calculated over 3500 consecutive unit intervals of sample data. The eye diagram is 
created using all edges of the 250 consecutive UI in the center of the 3500 UI used for calculating the TX 
UI.

NOTE
The reference impedance for return loss measurements is 50Ω to ground for 
both the D+ and D- line (that is, as measured by a Vector Network Analyzer 
with 50Ω probes—see Figure 52). Note that the series capacitors, CTX, are 
optional for the return loss measurement.

Figure 51. Minimum Receiver Eye Timing and Voltage Compliance Specification

14.5.1 Compliance Test and Measurement Load
The AC timing and voltage parameters must be verified at the measurement point, as specified within 0.2 
inches of the package pins, into a test/measurement load shown in Figure 52.

NOTE
The allowance of the measurement point to be within 0.2 inches of the 
package pins is meant to acknowledge that package/board routing may 
benefit from D+ and D– not being exactly matched in length at the package 
pin boundary.

VRX-DIFF = 0 mV
(D+ D– Crossing Point)

VRX-DIFF = 0 mV
(D+ D– Crossing Point)

VRX-DIFFp-p-MIN > 175 mV

0.4 UI = TRX-EYE-MIN
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Serial RapidIO

15.4 Equalization
With the use of high speed serial links, the interconnect media will cause degradation of the signal at the 
receiver. Effects such as Inter-Symbol Interference (ISI) or data dependent jitter are produced. This loss 
can be large enough to degrade the eye opening at the receiver beyond what is allowed in the specification. 
To negate a portion of these effects, equalization can be used. The most common equalization techniques 
that can be used are:

• A passive high pass filter network placed at the receiver. This is often referred to as passive 
equalization.

• The use of active circuits in the receiver. This is often referred to as adaptive equalization.

15.5 Explanatory Note on Transmitter and Receiver Specifications
AC electrical specifications are given for transmitter and receiver. Long run and short run interfaces at 
three baud rates (a total of six cases) are described.

The parameters for the AC electrical specifications are guided by the XAUI electrical interface specified 
in Clause 47 of IEEE 802.3ae-2002.

XAUI has similar application goals to serial RapidIO, as described in Section 8.1. The goal of this standard 
is that electrical designs for serial RapidIO can reuse electrical designs for XAUI, suitably modified for 
applications at the baud intervals and reaches described herein.

15.6 Transmitter Specifications
LP-Serial transmitter electrical and timing specifications are stated in the text and tables of this section.

The differential return loss, S11, of the transmitter in each case shall be better than
• –10 dB for (Baud Frequency)/10 < Freq(f) < 625 MHz, and
• –10 dB + 10log(f/625 MHz) dB for 625 MHz ≤ Freq(f) ≤ Baud Frequency

The reference impedance for the differential return loss measurements is 100 Ohm resistive. Differential 
return loss includes contributions from on-chip circuitry, chip packaging and any off-chip components 
related to the driver. The output impedance requirement applies to all valid output levels.

It is recommended that the 20%–80% rise/fall time of the transmitter, as measured at the transmitter output, 
in each case have a minimum value 60 ps.

It is recommended that the timing skew at the output of an LP-Serial transmitter between the two signals 
that comprise a differential pair not exceed 25 ps at 1.25 GB, 20 ps at 2.50 GB and 15 ps at 3.125 GB.
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Multiple output skew SMO — 1000 ps Skew at the transmitter output 
between lanes of a multilane 
link

Unit Interval UI 320 320 ps  +/– 100 ppm

Table 55. Long Run Transmitter AC Timing Specifications—1.25 GBaud

Characteristic Symbol
Range

Unit Notes
Min Max

Output Voltage, VO –0.40 2.30 Volts Voltage relative to COMMON 
of either signal comprising a 
differential pair

Differential Output Voltage VDIFFPP 800 1600 mV p-p —

Deterministic Jitter JD — 0.17 UI p-p —

Total Jitter JT — 0.35 UI p-p —

Multiple output skew SMO — 1000 ps Skew at the transmitter output 
between lanes of a multilane 
link

Unit Interval UI 800 800 ps  +/– 100 ppm

Table 56. Long Run Transmitter AC Timing Specifications—2.5 GBaud

Characteristic Symbol
Range

Unit Notes
Min Max

Output Voltage, VO –0.40 2.30 Volts Voltage relative to COMMON 
of either signal comprising a 
differential pair

Differential Output Voltage VDIFFPP 800 1600 mV p-p —

Deterministic Jitter JD — 0.17 UI p-p —

Total Jitter JT — 0.35 UI p-p —

Multiple output skew SMO — 1000 ps Skew at the transmitter output 
between lanes of a multilane 
link

Unit Interval UI 400 400 ps  +/– 100 ppm

Table 54. Short Run Transmitter AC Timing Specifications—3.125 GBaud (continued)

Characteristic Symbol
Range

Unit Notes
Min Max
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TSEC3_TX_EN AH19 O TVDD 36

TSEC3_TX_ER AH17 O TVDD —

TSEC3_TX_CLK AH18 I TVDD 40

TSEC3_GTX_CLK AG19 O TVDD 41

TSEC3_CRS AE15 I/O TVDD 37

TSEC3_COL AF15 I TVDD —

TSEC3_RXD[0:7] AJ17, AE16, AH16, AH14, AJ19, AH15, 
AG16, AE19

I TVDD —

TSEC3_RX_DV AG15 I TVDD —

TSEC3_RX_ER AF16 I TVDD —

TSEC3_RX_CLK AJ18 I TVDD 40

eTSEC Port 4 Signals5

TSEC4_TXD[0:3] AC18, AC16, AD18, AD17 O TVDD 6

TSEC4_TXD[4] AD16 O TVDD 25

TSEC4_TXD[5:7] AB18, AB17, AB16 O TVDD 6

TSEC4_TX_EN AF17 O TVDD 36

TSEC4_TX_ER AF19 O TVDD —

TSEC4_TX_CLK AF18 I TVDD 40

TSEC4_GTX_CLK AG17 O TVDD 41

TSEC4_CRS AB14 I/O TVDD 37

TSEC4_COL AC13 I TVDD —

TSEC4_RXD[0:7] AG14, AD13, AF13, AD14, AE14, AB15, 
AC14, AE17

I TVDD —

TSEC4_RX_DV AC15 I TVDD —

TSEC4_RX_ER AF14 I TVDD —

TSEC4_RX_CLK AG13 I TVDD 40

Local Bus Signals5

LAD[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

I/O OVDD 6

LDP[0:3] A24, E24, C24, B24 I/O OVDD 6, 22

LA[27:31] J21, K21, G22, F24, G21 O OVDD 6, 22

LCS[0:4] A22, C22, D23, E22, A23 O OVDD 7

LCS[5]/DMA_DREQ[2] B23 O OVDD 7, 9, 10

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

Name1 Package Pin Number Pin Type Power Supply Notes
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Note:  
1. Multi-pin signals such as D1_MDQ[0:63] and D2_MDQ[0:63] have their physical package pin numbers listed in order 

corresponding to the signal names. 
2. Stub Series Terminated Logic (SSTL-18 and SSTL-25) type pins.
3. If a DDR port is not used, it is possible to leave the related power supply (Dn_GVDD, Dn_MVREF) turned off at reset. Note 

that these power supplies can only be powered up again at reset for functionality to occur on the DDR port.
4. Low Voltage Differential Signaling (LVDS) type pins.
5. Low Voltage Transistor-Transistor Logic (LVTTL) type pins.
6. This pin is a reset configuration pin and appears again in the Reset Configuration Signals section of this table. See the Reset 

Configuration Signals section of this table for config name and connection details.
7. Recommend a weak pull-up resistor (1–10 kΩ) be placed from this pin to its power supply.
8. Recommend a weak pull-down resistor (2–10 kΩ) be placed from this pin to ground.
9. This multiplexed pin has input status in one mode and output in another
10. This pin is a multiplexed signal for different functional blocks and appears more than once in this table.
11. This pin is open drain signal.
12. Functional only on the MPC8641D.
13. These pins should be left floating.
14. These pins should be connected to SVDD.
15. These pins should be pulled to ground with a strong resistor (270-Ω to 330-Ω).
16. These pins should be connected to OVDD.
17.This is a SerDes PLL/DLL digital test signal and is only for factory use.
18. This is a SerDes PLL/DLL analog test signal and is only for factory use.
19. This pin should be pulled to ground with a 100-Ω resistor.
20. The pins in this section are reset configuration pins. Each pin has a weak internal pull-up P-FET which is enabled only when 

the processor is in the reset state. This pull-up is designed such that it can be overpowered by an external 4.7-kΩ pull-down 
resistor. However, if the signal is intended to be high after reset, and if there is any device on the net which might pull down 
the value of the net at reset, then a pullup or active driver is needed.

21. Should be pulled down at reset if platform frequency is at 400 MHz.
22. These pins require 4.7-kΩ pull-up or pull-down resistors and must be driven as they are used to determine PLL configuration 

ratios at reset. 
23. This output is actively driven during reset rather than being tri-stated during reset.
24 These JTAG pins have weak internal pull-up P-FETs that are always enabled.
25. This pin should NOT be pulled down (or driven low) during reset.
26.These are test signals for factory use only and must be pulled up (100-Ω to 1- kΩ.) to OVDD for normal machine operation.
27. Dn_MDIC[0] should be connected to ground with an 18-Ω resistor +/– 1-Ω and Dn_MDIC[1] should be connected Dn_GVDD 

with an 18-Ω resistor +/– 1-Ω. These pins are used for automatic calibration of the DDR IOs. 
28. Pin N18 is recommended as a reference point for determining the voltage of VDD_PLAT and is hence considered as the 

VDD_PLAT sensing voltage and is called SENSEVDD_PLAT. 
29. Pin P18 is recommended as the ground reference point for SENSEVDD_PLAT and is called SENSEVSS_PLAT. 
30.This pin should be pulled to ground with a 200-Ω resistor.
31.These pins are connected to the power/ground planes internally and may be used by the core power supply to improve 

tracking and regulation.
32. Must be tied low if unused
33. These pins may be used as defined functional reset configuration pins in the future. Please include a resistor pull up/down 

option to allow flexibility of future designs.
34. Used as serial data output for SRIO 1x/4x link.
35. Used as serial data input for SRIO 1x/4x link.
36.This pin requires an external 4.7-kΩ pull-down resistor to pevent PHY from seeing a valid Transmit Enable before it is actively 

driven.

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

Name1 Package Pin Number Pin Type Power Supply Notes
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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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21 Ordering Information
Ordering information for the parts fully covered by this specification document is provided in 
Section 21.1, “Part Numbers Fully Addressed by This Document.”

21.1 Part Numbers Fully Addressed by This Document
Table 74 provides the Freescale part numbering nomenclature for the MPC8641. Note that the individual 
part numbers correspond to a maximum processor core frequency. For available frequencies, contact your 
local Freescale sales office. In addition to the processor frequency, the part numbering scheme also 
includes an application modifier which may specify special application conditions. Each part number also 
contains a revision code which refers to the die mask revision number.

Table 74. Part Numbering Nomenclature

MC nnnn x xx nnnn x x

Product
Code

Part
 Identifier

Core 
Count

Package 1
Core Processor 

Frequency 2

(MHz)

DDR speed 
(MHz)

Product Revision Level

MC 8641

Blank = 
Single 
Core HX = High-lead 

HCTE FC-CBGA

VU = RoHS lead-free 
HCTE FC-CBGA5

VJ = lead-free HCTE 
FC-CBGA6

1000, 1250, 1333, 
1500

N = 500 MHz4

K = 600 MHz

J = 533 MHz

H = 500 MHz

G = 400 MHz

Revision B = 2.0
System Version Register 

Value for Rev B:
0x8090_0020 - MPC8641

0x8090_0120 - MPC8641D

Revision C = 2.1
System Version Register 

Value for Rev C:
0x8090_0021 - MPC8641

0x8090_0121 - MPC8641D

Revision E = 3.0
System Version Register 

Value for Rev E:
0x8090_0030 - MPC8641
0x8090_0130 - MPC8641D

D = Dual 
Core

Notes: 
1. See Section 16, “Package,” for more information on available package types.
2. Processor core frequencies supported by parts addressed by this specification only. Not all parts described in this 

specification support all core frequencies. Additionally, parts addressed by part number specifications may support other 
maximum core frequencies.

3. The P prefix in a Freescale part number designates a “Pilot Production Prototype” as defined by Freescale SOP 3-13. These 
parts have only preliminary reliability and characterization data. Before pilot production prototypes may be shipped, written 
authorization from the customer must be on file in the applicable sales office acknowledging the qualification status and the 
fact that product changes may still occur while shipping pilot production prototypes.

4. Part Number MC8641xxx1000NX is our low VDD_Coren device. VDD_Coren = 0.95 V and VDD_PLAT = 1.05 V.
5. VU part number is RoHS compliant with the permitted exception of the C4 die bumps.
6. VJ part number is entirely lead-free including the C4 die bumps.
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Table 75 shows the parts that are available for ordering and their operating conditions.
Table 75. Part Offerings and Operating Conditions

Part Offerings1

1 Note that the “xx” in the part marking represents the package option. The upper case “X” represents the 
revision letter. For more information see Table 74. 

Operating Conditions

MC8641Dxx1500KX Dual core
Max CPU speed = 1500 MHz, 
Max DDR = 600 MHz
Core Voltage = 1.1 volts

MC8641Dxx1333JX Dual core
Max CPU speed = 1333 MHz, 
Max DDR = 533 MHz
Core Voltage = 1.05 volts

MC8641Dxx1250HX Dual core
Max CPU speed = 1250 MHz, 
Max DDR = 500 MHz
Core Voltage = 1.05 volts

MC8641Dxx1000GX Dual core
Max CPU speed = 1000 MHz, 
Max DDR = 400 MHz
Core Voltage = 1.05 volts

MC8641Dxx1000NX Dual core
MAX CPU speed = 1000 MHz,
MAX DDR = 500 MHz
Core Voltage = 0.95 volts

MC8641xx1500KX Single core
Max CPU speed = 1500 MHz, 
Max DDR = 600 MHz
Core Voltage = 1.1 volts

MC8641xx1333JX Single core
Max CPU speed = 1333 MHz, 
Max DDR = 533 MHz
Core Voltage = 1.05 volts

MC8641xx1250HX Single core
Max CPU speed = 1250 MHz, 
Max DDR = 500 MHz
Core Voltage = 1.05 volts

MC8641xx1000HX Single core
Max CPU speed = 1000 MHz, 
Max DDR = 400 MHz
Core Voltage = 1.05 volts

MC8641xx1000NX Single core
Max CPU speed = 1000 MHz, 
Max DDR = 500 MHz
Core Voltage = 0.95 volts
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