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Understanding Embedded - Microprocessors

Embedded microprocessors are specialized computing
chips designed to perform specific tasks within an
embedded system. Unlike general-purpose
microprocessors found in personal computers, embedded
microprocessors are tailored for dedicated functions within
larger systems, offering optimized performance, efficiency,
and reliability. These microprocessors are integral to the
operation of countless electronic devices, providing the
computational power necessary for controlling processes,
handling data, and managing communications.

Applications of Embedded - Microprocessors

Embedded microprocessors are utilized across a broad
spectrum of applications, making them indispensable in
modern technology. In consumer electronics, they power
devices such as smartphones, tablets, and smart home
appliances, enabling advanced features and connectivity.
In the automotive industry, embedded microprocessors are
critical for engine control units (ECUs), infotainment
systems, and advanced driver-assistance systems (ADAS).
Industrial automation relies on these microprocessors for
controlling machinery, managing production lines, and
ensuring safety protocols. Medical devices, including
diagnostic equipment and patient monitoring systems,
depend on embedded microprocessors for accurate data
processing and reliable performance. Additionally,
embedded microprocessors are used in
telecommunications, aerospace, and defense applications,
where precision and dependability are paramount.

Common Subcategories of Embedded -
Microprocessors

Embedded microprocessors can be categorized into
several common subcategories based on their
architecture, performance, and intended application.
These include:

General-Purpose Microprocessors: Designed for
a wide range of applications, offering a balance of
performance and flexibility.

Application-Specific Integrated Circuits
(ASICs): Custom-designed for specific tasks,
providing optimal performance for particular
applications.

Digital Signal Processors (DSPs): Specialized for
real-time signal processing tasks, ideal for audio,
video, and communication systems.

System on Chip (SoC): Integrates the
microprocessor with other system components, such
as memory and peripherals, on a single chip for
compact and efficient designs.
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Overview

• DDR memory controllers
— Dual 64-bit memory controllers (72-bit with ECC)
— Support of up to a 300-MHz clock rate and a 600-MHz DDR2 SDRAM
— Support for DDR, DDR2 SDRAM
— Up to 16 Gbytes per memory controller
— Cache line and page interleaving between memory controllers. 

• Serial RapidIO interface unit
— Supports RapidIO Interconnect Specification, Revision 1.2 
— Both 1x and 4x LP-Serial link interfaces 
— Transmission rates of 1.25-, 2.5-, and 3.125-Gbaud (data rates of 1.0-, 2.0-, and 2.5-Gbps) per 

lane
— RapidIO–compliant message unit
— RapidIO atomic transactions to the memory controller

• PCI Express interface
— PCI Express 1.0a compatible
— Supports x1, x2, x4, and x8 link widths
— 2.5 Gbaud, 2.0 Gbps lane

• Four enhanced three-speed Ethernet controllers (eTSECs)
— Three-speed support (10/100/1000 Mbps)
— Four IEEE 802.3, 802.3u, 802.3x, 802.3z, 802.3ac, 802.3ab-compatible controllers
— Support of the following physical interfaces: MII, RMII, GMII, RGMII, TBI, and RTBI

— Support a full-duplex FIFO mode for high-efficiency ASIC connectivity
— TCP/IP off-load
— Header parsing
— Quality of service support
— VLAN insertion and deletion
— MAC address recognition
— Buffer descriptors are backward compatible with PowerQUICC II and PowerQUICC III 

programming models
— RMON statistics support
— MII management interface for control and status

• Programmable interrupt controller (PIC)
— Programming model is compliant with the OpenPIC architecture
— Supports 16 programmable interrupt and processor task priority levels
— Supports 12 discrete external interrupts and 48 internal interrupts
— Eight global high resolution timers/counters that can generate interrupts
— Allows processors to interrupt each other with 32b messages
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Power Characteristics

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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Input Clocks

should meet the MPC8641 input cycle-to-cycle jitter requirement. Frequency modulation and spread are 
separate concerns, and the MPC8641 is compatible with spread spectrum sources if the recommendations 
listed in Table 9 are observed.

It is imperative to note that the processor’s minimum and maximum SYSCLK, core, and VCO frequencies 
must not be exceeded regardless of the type of clock source. Therefore, systems in which the processor is 
operated at its maximum rated e600 core frequency should avoid violating the stated limits by using 
down-spreading only.

SDn_REF_CLK and SDn_REF_CLK was designed to work with a spread spectrum clock (+0 to 0.5% 
spreading at 30–33kHz rate is allowed), assuming both ends have same reference clock. For better results 
use a source without significant unintended modulation.

4.2 Real Time Clock Timing
The RTC input is sampled by the platform clock (MPX clock). The output of the sampling latch is then 
used as an input to the counters of the PIC. There is no jitter specification. The minimum pulse width of 
the RTC signal should be greater than 2x the period of the MPX clock. That is, minimum clock high time 
is 2 × tMPX, and minimum clock low time is 2 × tMPX. There is no minimum RTC frequency; RTC may be 
grounded if not needed.

4.3 eTSEC Gigabit Reference Clock Timing
Table 10 provides the eTSEC gigabit reference clocks (EC1_GTX_CLK125 and EC2_GTX_CLK125) AC 
timing specifications for the MPC8641.

Table 9. Spread Spectrum Clock Source Recommendations
At recommended operating conditions. See Table 2.

Parameter Min Max Unit Notes

Frequency modulation — 50 kHz 1

Frequency spread — 1.0 % 1, 2

Notes: 
1. Guaranteed by design.
2. SYSCLK frequencies resulting from frequency spreading, and the resulting core and VCO 

frequencies, must meet the minimum and maximum specifications given in Table 8.

Table 10. ECn_GTX_CLK125 AC Timing Specifications

Parameter/Condition Symbol Min Typical Max Unit Notes

ECn_GTX_CLK125 frequency fG125 — 125 ±100 
ppm

— MHz 3

ECn_GTX_CLK125 cycle time tG125 — 8 — ns —

ECn_GTX_CLK125 peak-to-peak jitter tG125J — — 250 ps 1
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RESET Initialization

5 RESET Initialization
This section describes the AC electrical specifications for the RESET initialization timing requirements of 
the MPC8641. Table 11 provides the RESET initialization AC timing specifications.

Table 12 provides the PLL lock times.

Table 11. RESET Initialization Timing Specifications

Parameter/Condition Min Max Unit Notes

Required assertion time of HRESET 100 — μs —

Minimum assertion time for SRESET_0 & SRESET_1 3 — SYSCLKs 1

Platform PLL input setup time with stable SYSCLK 
before HRESET negation

100 — μs 2

Input setup time for POR configs (other than PLL 
config) with respect to negation of HRESET 

4 — SYSCLKs 1

Input hold time for all POR configs (including PLL 
config) with respect to negation of HRESET 

2 — SYSCLKs 1

Maximum valid-to-high impedance time for actively 
driven POR configs with respect to negation of 
HRESET 

— 5 SYSCLKs 1

Notes:
1. SYSCLK is the primary clock input for the MPC8641. 
2 This is related to HRESET assertion time. Stable PLL configuration inputs are required when a stable SYSCLK is 

applied. See the MPC8641D Integrated Host Processor Reference Manual for more details on the power-on reset 
sequence.

Table 12. PLL Lock Times

Parameter/Condition Min Max Unit Notes

(Platform and E600) PLL lock times — 100 μs 1

Local bus PLL — 50 μs —

Note:  
1.The PLL lock time for e600 PLLs require an additional 255 MPX_CLK cycles.
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DDR and DDR2 SDRAM

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.



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

38 Freescale Semiconductor
 

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

LGTA/LUPWAIT input hold from local bus clock tLBIXKL2 –1.3 — ns 4, 5

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) tLBKLOV1 — –0.3 ns

Local bus clock to data valid for LAD/LDP tLBKLOV2 — –0.1 ns 4

Local bus clock to address valid for LAD tLBKLOV3 — 0 ns 4

Local bus clock to LALE assertion tLBKLOV4 — 0 ns 4

Output hold from local bus clock (except LAD/LDP and LALE) tLBKLOX1 –3.2 — ns 4

Output hold from local bus clock for LAD/LDP tLBKLOX2 –3.2 — ns 4

Local bus clock to output high Impedance (except LAD/LDP 
and LALE)

tLBKLOZ1 — 0.2 ns 7

Local bus clock to output high impedance for LAD/LDP tLBKLOZ2 — 0.2 ns 7

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, tLBIXKH1 symbolizes local bus 
timing (LB) for the input (I) to go invalid (X) with respect to the time the tLBK clock reference (K) goes high (H), in this case 
for clock one(1). Also, tLBKHOX symbolizes local bus timing (LB) for the tLBK clock reference (K) to go high (H), with respect 
to the output (O) going invalid (X) or output hold time. 

2. All timings are in reference to local bus clock for PLL bypass mode. Timings may be negative with respect to the local bus 
clock because the actual launch and capture of signals is done with the internal launch/capture clock, which precedes LCLK 
by tLBKHKT.

3. Maximum possible clock skew between a clock LCLK[m] and a relative clock LCLK[n]. Skew measured between 
complementary signals at BVDD/2.

4. All signals are measured from BVDD/2 of the rising edge of local bus clock for PLL bypass mode to 0.4 x BVDD of the signal 
in question for 3.3-V signaling levels.

5. Input timings are measured at the pin.
6. The value of tLBOTOT is the measurement of the minimum time between the negation of LALE and any change in LAD
7. For purposes of active/float timing measurements, the Hi-Z or off state is defined to be when the total current delivered 

through the component pin is less than or equal to the leakage current specification.
8. Guaranteed by characterization.

Table 42. Local Bus Timing Parameters—PLL Bypassed (continued)

Parameter Symbol 1 Min Max Unit Notes
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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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Ordering Information

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


