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Figure 1. MPC8641 and MPC8641D
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1.1 Key Features
The following lists an overview of the MPC8641 key feature set:

• Major features of the e600 core are as follows:
— High-performance, 32-bit superscalar microprocessor that implements the PowerPC ISA
— Eleven independent execution units and three register files

– Branch processing unit (BPU) 
– Four integer units (IUs) that share 32 GPRs for integer operands
– 64-bit floating-point unit (FPU)
– Four vector units and a 32-entry vector register file (VRs)
– Three-stage load/store unit (LSU)

— Three issue queues, FIQ, VIQ, and GIQ, can accept as many as one, two, and three instructions, 
respectively, in a cycle. 

— Rename buffers
— Dispatch unit
— Completion unit
— Two separate 32-Kbyte instruction and data level 1 (L1) caches 
— Integrated 1-Mbyte, eight-way set-associative unified instruction and data level 2 (L2) cache 

with ECC
— 36-bit real addressing
— Separate memory management units (MMUs) for instructions and data
— Multiprocessing support features 
— Power and thermal management
— Performance monitor 
— In-system testability and debugging features 
— Reliability and serviceability

• MPX coherency module (MCM)
— Ten local address windows plus two default windows
— Optional low memory offset mode for core 1 to allow for address disambiguation

• Address translation and mapping units (ATMUs)
— Eight local access windows define mapping within local 36-bit address space
— Inbound and outbound ATMUs map to larger external address spaces
— Three inbound windows plus a configuration window on PCI Express
— Four inbound windows plus a default window on serial RapidIO 
— Four outbound windows plus default translation for PCI Express 
— Eight outbound windows plus default translation for serial RapidIO with segmentation and 

sub-segmentation support
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The power dissipation for the MPC8641 single core device is shown in Table 6. 
Table 6. MPC8641 Power Dissipation (Single Core)

Power Mode
Core Frequency 

(MHz)
Platform 

Frequency (MHz)

VDD_Coren, 
VDD_PLAT 

(Volts)

Junction 
Temperature 

Power
(Watts)

Notes

Typical

1500 MHz 600 MHz 1.1 V

65 oC 20.3 1, 2

Thermal
105 oC

25.2 1, 3

Maxim 28.9 1, 4

Typical

1333 MHz 533 MHz 1.05 V

65 oC 16.3 1, 2

Thermal 
105 oC

20.2 1, 3

Maximum 23.2 1, 4

Typical
1250 MHz

500 MHz
1.05 V

65 oC 16.3 1, 2

Thermal 
105 oC

20.2 1, 3

Maximum 23.2 1, 4

Typical
1000 MHz 400 MHz 1.05 V

65 oC 16.3 1, 2

Thermal 
105 oC

20.2 1, 3

Maximum 23.2 1, 4

Typical
1000 MHz 500 MHz 0.95 V,

1.05 V

65 oC 11.6 1, 2, 5

Thermal 
105 oC

14.4 1, 3, 5

Maximum 16.5 1, 4, 5

Notes:
1. These values specify the power consumption at nominal voltage and apply to all valid processor bus frequencies and 

configurations. The values do not include power dissipation for I/O supplies.
2. Typical power is an average value measured at the nominal recommended core voltage (VDD_Coren) and 65°C junction 

temperature (see Table 2)while running the Dhrystone 2.1 benchmark and achieving 2.3 Dhrystone MIPs/MHz. 
3. Thermal power is the average power measured at nominal core voltage (VDD_Coren) and maximum operating junction 

temperature (see Table 2) while running the Dhrystone 2.1 benchmark and achieving 2.3 Dhrystone MIPs/MHz and a typical 
workload on platform interfaces.

4. Maximum power is the maximum power measured at nominal core voltage (VDD_Coren) and maximum operating junction 
temperature (see Table 2) while running a test which includes an entirely L1-cache-resident, contrived sequence of 
instructions which keep all the execution units maximally busy.

5. These power numbers are for Part Number MC8641xx1000NX only. VDD_Coren = 0.95 V and VDD_PLAT = 1.05 V.
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6 DDR and DDR2 SDRAM
This section describes the DC and AC electrical specifications for the DDR SDRAM interface of the 
MPC8641. Note that DDR SDRAM is Dn_GVDD(typ) = 2.5 V and DDR2 SDRAM is 
Dn_GVDD(typ) = 1.8 V. 

6.1 DDR SDRAM DC Electrical Characteristics
Table 13 provides the recommended operating conditions for the DDR2 SDRAM component(s) of the 
MPC8641 when Dn_GVDD(typ) = 1.8 V.

Table 14 provides the DDR2 capacitance when Dn_GVDD(typ) = 1.8 V.

Table 13. DDR2 SDRAM DC Electrical Characteristics for Dn_GVDD(typ) = 1.8 V

Parameter/Condition Symbol Min Max Unit Notes

I/O supply voltage Dn_GVDD 1.71 1.89 V 1

I/O reference voltage Dn_MVREF 0.49 × Dn_GVDD 0.51 × Dn_GVDD V 2

I/O termination voltage VTT Dn_MVREF – 0.0
4

Dn_MVREF + 0.04 V 3

Input high voltage VIH Dn_MVREF+ 0.1
25

Dn_GVDD + 0.3 V —

Input low voltage VIL –0.3 Dn_MVREF –  0.125 V —

Output leakage current IOZ –50 50 μA 4

Output high current (VOUT = 1.420 V) IOH –13.4 — mA —

Output low current (VOUT = 0.280 V) IOL 13.4 — mA —

Notes:
1. Dn_GVDD is expected to be within 50 mV of the DRAM Dn_GVDD at all times.
2. Dn_MVREF is expected to be equal to 0.5 × Dn_GVDD, and to track Dn_GVDD DC variations as measured at the 

receiver. Peak-to-peak noise on Dn_MVREF may not exceed ±2% of the DC value.
3. VTT is not applied directly to the device. It is the supply to which far end signal termination is made and is expected to be 

equal to Dn_MVREF. This rail should track variations in the DC level of Dn_MVREF.
4. Output leakage is measured with all outputs disabled, 0 V ≤ VOUT ≤ Dn_GVDD.

Table 14. DDR2 SDRAM Capacitance for Dn_GVDD(typ)=1.8 V

Parameter/Condition Symbol Min Max Unit Notes

Input/output capacitance: DQ, DQS, DQS CIO 6 8 pF 1

Delta input/output capacitance: DQ, DQS, DQS CDIO — 0.5 pF 1

Note:
1. This parameter is sampled. Dn_GVDD = 1.8 V ± 0.090 V, f = 1 MHz, TA = 25°C, VOUT = Dn_GVDD/2, VOUT 

(peak-to-peak) = 0.2 V.
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6.2 DDR SDRAM AC Electrical Characteristics
This section provides the AC electrical characteristics for the DDR SDRAM interface.

6.2.1 DDR SDRAM Input AC Timing Specifications
Table 18 provides the input AC timing specifications for the DDR2 SDRAM when Dn_GVDD(typ)=1.8 V.

Table 19 provides the input AC timing specifications for the DDR SDRAM when Dn_GVDD(typ)=2.5 V.

Table 20 provides the input AC timing specifications for the DDR SDRAM interface.

Table 18. DDR2 SDRAM Input AC Timing Specifications for 1.8-V Interface
At recommended operating conditions

Parameter Symbol Min Max Unit Notes

AC input low voltage
400, 533 MHz

600 MHz

VIL
— Dn_MVREF – 0.25

Dn_MVREF – 0.20

V —

AC input high voltage
400, 533 MHz

600 MHz

VIH
Dn_MVREF + 0.25
Dn_MVREF + 0.20

—
V —

Table 19. DDR SDRAM Input AC Timing Specifications for 2.5-V Interface
At recommended operating conditions.

Parameter Symbol Min Max Unit Notes

AC input low voltage VIL — Dn_MVREF – 0.31 V —

AC input high voltage VIH Dn_MVREF + 0.31 — V —

Table 20. DDR SDRAM Input AC Timing Specifications
At recommended operating conditions.

Parameter Symbol Min Max Unit Notes

Controller Skew for 
MDQS—MDQ/MECC

tCISKEW — ps 1, 2

600 MHz — –240 240 — 3

533 MHz — –300 300 — 3

400 MHz — –365 365 — —

Note:  
1. tCISKEW represents the total amount of skew consumed by the controller between MDQS[n] and any corresponding 

bit that will be captured with MDQS[n]. This should be subtracted from the total timing budget.
2. The amount of skew that can be tolerated from MDQS to a corresponding MDQ signal is called tDISKEW.This can be 

determined by the following equation: tDISKEW =+/–(T/4 – abs(tCISKEW)) where T is the clock period and 
abs(tCISKEW) is the absolute value of tCISKEW. 

3. Maximum DDR1 frequency is 400 MHz.
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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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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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8 Ethernet: Enhanced Three-Speed Ethernet (eTSEC), 
MII Management

This section provides the AC and DC electrical characteristics for enhanced three-speed and MII 
management.

8.1 Enhanced Three-Speed Ethernet Controller (eTSEC) 
(10/100/1Gb Mbps)—GMII/MII/TBI/RGMII/RTBI/RMII Electrical 
Characteristics

The electrical characteristics specified here apply to all gigabit media independent interface (GMII), media 
independent interface (MII), ten-bit interface (TBI), reduced gigabit media independent interface 
(RGMII), reduced ten-bit interface (RTBI), and reduced media independent interface (RMII) signals 
except management data input/output (MDIO) and management data clock (MDC). The RGMII and RTBI 
interfaces are defined for 2.5 V, while the GMII and TBI interfaces can be operated at 3.3 or 2.5 V. Whether 
the GMII or TBI interface is operated at 3.3 or 2.5 V, the timing is compatible with IEEE 802.3. The 
RGMII and RTBI interfaces follow the Reduced Gigabit Media-Independent Interface (RGMII) 
Specification Version 1.3 (12/10/2000). The RMII interface follows the RMII Consortium RMII 
Specification Version 1.2 (3/20/1998). The electrical characteristics for MDIO and MDC are specified in 
Section 9, “Ethernet Management Interface Electrical Characteristics.”

8.1.1 eTSEC DC Electrical Characteristics
All GMII, MII, TBI, RGMII, RMII and RTBI drivers and receivers comply with the DC parametric 
attributes specified in Table 24 and Table 25. The potential applied to the input of a GMII, MII, TBI, 
RGMII, RMII or RTBI receiver may exceed the potential of the receiver’s power supply (that is, a GMII 
driver powered from a 3.6-V supply driving VOH into a GMII receiver powered from a 2.5-V supply). 
Tolerance for dissimilar GMII driver and receiver supply potentials is implicit in these specifications. The 
RGMII and RTBI signals are based on a 2.5-V CMOS interface voltage as defined by JEDEC 
EIA/JESD8-5.

Table 24. GMII, MII, RMII, TBI and FIFO DC Electrical Characteristics

Parameter Symbol Min Max Unit Notes

Supply voltage 3.3 V LVDD
TVDD

3.135 3.465 V 1, 2 

Output high voltage
(LVDD/TVDD = Min, IOH = –4.0 mA)

VOH 2.40 — V —

Output low voltage
(LVDD/TVDD = Min, IOL = 4.0 mA)

VOL — 0.50 V —

Input high voltage VIH 2.0 — V —

Input low voltage VIL — 0.90 V —

Input high current
(VIN

 = LVDD, VIN = TVDD)
IIH — 40 μA 1, 2,3 
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Figure 10 shows the GMII transmit AC timing diagram.

Figure 10. GMII Transmit AC Timing Diagram

8.2.2.2 GMII Receive AC Timing Specifications

Table 29 provides the GMII receive AC timing specifications.

GTX_CLK data clock fall time (80%-20%) tGTXF
2 — — 1.0 ns

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

2. Guaranteed by design.

Table 29. GMII 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

RX_CLK clock period tGRX
3 — 8.0 — ns

RX_CLK duty cycle tGRXH/tGRX 40 — 60 ns

RXD[7:0], RX_DV, RX_ER setup time to RX_CLK tGRDVKH 2.0 — — ns

RXD[7:0], RX_DV, RX_ER hold time to RX_CLK tGRDXKH 0.5 — — ns

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

Table 28. GMII Transmit AC Timing Specifications (continued)
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

GTX_CLK

TXD[7:0]

tGTKHDX

tGTX

tGTXH

tGTXR

tGTXF

tGTKHDV

TX_EN
TX_ER
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Figure 11 provides the AC test load for eTSEC.

Figure 11. eTSEC AC Test Load

Figure 12 shows the GMII receive AC timing diagram.

Figure 12. GMII Receive AC Timing Diagram

RX_CLK clock fall time (80%-20%) tGRXF
2 — — 1.0 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, tGRDVKH symbolizes GMII 
receive timing (GR) with respect to the time data input signals (D) reaching the valid state (V) relative to the tRX clock 
reference (K) going to the high state (H) or setup time. Also, tGRDXKL symbolizes GMII receive timing (GR) with respect to 
the time data input signals (D) went invalid (X) relative to the tGRX 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 tGRX represents the GMII (G) 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

Table 29. GMII Receive AC Timing Specifications (continued)
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

Output LVDD/2
RL = 50 Ω

Z0 = 50 Ω

RX_CLK

RXD[7:0]

tGRDXKH

tGRX

tGRXH

tGRXR

tGRXF

tGRDVKH

RX_DV
RX_ER
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8.2.7 RMII AC Timing Specifications
This section describes the RMII transmit and receive AC timing specifications.

8.2.7.1 RMII Transmit AC Timing Specifications

The RMII transmit AC timing specifications are in Table 36.

Figure 20 shows the RMII transmit AC timing diagram.

Figure 20. RMII Transmit AC Timing Diagram

Table 36. RMII Transmit 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 tRMT — 20.0 — ns

REF_CLK duty cycle tRMTH/tRMT 35 50 65 %

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

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

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

REF_CLK to RMII data TXD[1:0], TX_EN delay tRMTDX 1.0 — 10.0 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, tMTKHDX symbolizes MII 
transmit timing (MT) for the time tMTX clock reference (K) going high (H) until data outputs (D) are invalid (X). Note that, in 
general, the clock reference symbol representation is based on two to three letters representing the clock of a particular 
functional. For example, the subscript of tMTX represents the MII(M) transmit (TX) clock. For rise and fall times, the latter 
convention is used with the appropriate letter: R (rise) or F (fall).

REF_CLK

TXD[1:0]

tRMTDX

tRMT

tRMTH

tRMTR

tRMTF

TX_EN
TX_ER
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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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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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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 
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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
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13.2.4 AC Requirements for SerDes Reference Clocks
The clock driver selected should provide a high quality reference clock with low phase noise and 
cycle-to-cycle jitter. Phase noise less than 100 kHz can be tracked by the PLL and data recovery loops and 
is less of a problem. Phase noise above 15 MHz is filtered by the PLL. The most problematic phase noise 
occurs in the 1–15 MHz range. The source impedance of the clock driver should be 50 Ω to match the 
transmission line and reduce reflections which are a source of noise to the system.

Table 47 describes some AC parameters common to PCI Express and Serial RapidIO protocols.

Figure 47. Differential Measurement Points for Rise and Fall Time

Table 47. SerDes Reference Clock Common AC Parameters
At recommended operating conditions with XVDD_SRDS1 or XVDD_SRDS2 = 1.1V ± 5% and 1.05V ± 5%.

Parameter Symbol Min Max Unit Notes

Rising Edge Rate Rise Edge Rate 1.0 4.0 V/ns 2, 3

Falling Edge Rate Fall Edge Rate 1.0 4.0 V/ns 2, 3

Differential Input High Voltage VIH +200 mV 2

Differential Input Low Voltage VIL — –200 mV 2

Rising edge rate (SDn_REF_CLK) to falling edge rate 
(SDn_REF_CLK) matching

Rise-Fall 
Matching

— 20 % 1, 4

Notes:
1. Measurement taken from single ended waveform.
2. Measurement taken from differential waveform.
3. Measured from –200 mV to +200 mV on the differential waveform (derived from SDn_REF_CLK minus SDn_REF_CLK). The 
signal must be monotonic through the measurement region for rise and fall time. The 400 mV measurement window is centered 
on the differential zero crossing. See Figure 47.
4. Matching applies to rising edge rate for SDn_REF_CLK and falling edge rate for SDn_REF_CLK. It is measured using a 200 
mV window centered on the median cross point where SDn_REF_CLK rising meets SDn_REF_CLK falling. The median cross 
point is used to calculate the voltage thresholds the oscilloscope is to use for the edge rate calculations. The Rise Edge Rate 
of SDn_REF_CLK should be compared to the Fall Edge Rate of SDn_REF_CLK, the maximum allowed difference should not 
exceed 20% of the slowest edge rate. See Figure 48.

VIH = +200 mV

VIL = –200 mV

0.0 V

SD_REF_CLKn – 
SD_REF_CLKn

Fall Edge RateRise Edge Rate
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14.4.2 Transmitter Compliance Eye Diagrams
The TX eye diagram in Figure 50 is specified using the passive compliance/test measurement load (see 
Figure 52) in place of any real PCI Express interconnect + RX component. 

There are two eye diagrams that must be met for the transmitter. Both eye diagrams must be aligned in 
time using the jitter median to locate the center of the eye diagram. The different eye diagrams will differ 
in voltage depending whether it is a transition bit or a de-emphasized bit. The exact reduced voltage level 
of the de-emphasized bit will always be relative to the transition bit.

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
It is recommended that the recovered TX UI is calculated using all edges in 
the 3500 consecutive UI interval with a fit algorithm using a minimization 
merit function (that is, least squares and median deviation fits).

Figure 50. Minimum Transmitter Timing and Voltage Output Compliance Specifications

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

[De-Emphasized Bit]

0.07 UI = UI – 0.3 UI (JTX-TOTAL-MAX)

566 mV (3 dB ) >= VTX-DIFFp-p-MIN >= 505 mV (4 dB )

[Transition Bit]
VTX-DIFFp-p-MIN = 800 mV

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

[Transition Bit]
VTX-DIFFp-p-MIN = 800 mV
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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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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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20.8 Configuration Pin Muxing
The MPC8641 provides the user with power-on configuration options which can be set through the use of 
external pull-up or pull-down resistors of 4.7 kΩ on certain output pins (see customer visible configuration 
pins). These pins are generally used as output only pins in normal operation. 

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

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

The platform PLL ratio and e600 PLL ratio configuration pins are not equipped with these default pull-up 
devices.

20.9 JTAG Configuration Signals
Correct operation of the JTAG interface requires configuration of a group of system control pins as 
demonstrated in Figure 68. Care must be taken to ensure that these pins are maintained at a valid deasserted 
state under normal operating conditions as most have asynchronous behavior and spurious assertion will 
give unpredictable results.

Boundary-scan testing is enabled through the JTAG interface signals. The TRST signal is optional in the 
IEEE 1149.1 specification, but is provided on all processors that implement the Power Architecture 
technology. The device requires TRST to be asserted during reset conditions to ensure the JTAG boundary 
logic does not interfere with normal chip operation. While it is possible to force the TAP controller to the 
reset state using only the TCK and TMS signals, more reliable power-on reset performance will be 
obtained if the TRST signal is asserted during power-on reset. Because the JTAG interface is also used for 
accessing the common on-chip processor (COP) function, simply tying TRST to HRESET is not practical.

The COP function of these processors allows a remote computer system (typically a PC with dedicated 
hardware and debugging software) to access and control the internal operations of the processor. The COP 
port connects primarily through the JTAG interface of the processor, with some additional status 
monitoring signals. The COP port requires the ability to independently assert HRESET or TRST in order 
to fully control the processor. If the target system has independent reset sources, such as voltage monitors, 
watchdog timers, power supply failures, or push-button switches, then the COP reset signals must be 
merged into these signals with logic.

The arrangement shown in Figure 67 allows the COP port to independently assert HRESET or TRST, 
while ensuring that the target can drive HRESET as well. 


