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MPC8544E Overview

— Four banks of memory supported, each up to 4 Gbytes, to a maximum of 16 Gbytes
— DRAM chip configurations from 64 Mbits to 4 Gbits with x8/x16 data ports
— Full ECC support
— Page mode support

– Up to 16 simultaneous open pages for DDR
– Up to 32 simultaneous open pages for DDR2

— Contiguous or discontiguous memory mapping
— Sleep mode support for self-refresh SDRAM
— On-die termination support when using DDR2
— Supports auto refreshing
— On-the-fly power management using CKE signal
— Registered DIMM support
— Fast memory access via JTAG port
— 2.5-V SSTL_2 compatible I/O (1.8-V SSTL_1.8 for DDR2)

• 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
— Supports 4 message interrupts with 32-bit messages
— Supports connection of an external interrupt controller such as the 8259 programmable 

interrupt controller
— Four global high resolution timers/counters that can generate interrupts
— Supports a variety of other internal interrupt sources
— Supports fully nested interrupt delivery
— Interrupts can be routed to external pin for external processing.
— Interrupts can be routed to the e500 core’s standard or critical interrupt inputs.
— Interrupt summary registers allow fast identification of interrupt source.

• Integrated security engine (SEC) optimized to process all the algorithms associated with IPSec, 
IKE, WTLS/WAP, SSL/TLS, and 3GPP
— Four crypto-channels, each supporting multi-command descriptor chains

–  Dynamic assignment of crypto-execution units via an integrated controller
–  Buffer size of 256 bytes for each execution unit, with flow control for large data sizes

— PKEU—public key execution unit
– RSA and Diffie-Hellman; programmable field size up to 2048 bits
– Elliptic curve cryptography with F2m and F(p) modes and programmable field size up to 

511 bits
— DEU—Data Encryption Standard execution unit

– DES, 3DES 
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Electrical Characteristics

2.1.3 Output Driver Characteristics

Table 3 provides information on the characteristics of the output driver strengths.

2.2 Power Sequencing
The device requires its power rails to be applied in specific sequence in order to ensure proper device 
operation. These requirements are as follows for power up:

1. VDD, AVDD_n, BVDD, LVDD, SVDD, OVDD, TVDD, XVDD
2. GVDD

Note that all supplies must be at their stable values within 50 ms.

Items on the same line have no ordering requirement with respect to one another. Items on separate lines 
must be ordered sequentially such that voltage rails on a previous step must reach 90% of their value before 
the voltage rails on the current step reach 10% of theirs.

In order to guarantee MCKE low during power-up, the above sequencing for GVDD is required. If there is 
no concern about any of the DDR signals being in an indeterminate state during power up, then the 
sequencing for GVDD is not required.

From a system standpoint, if any of the I/O power supplies ramp prior to the VDD core supply, the I/Os 
associated with that I/O supply may drive a logic one or zero during power-up, and extra current may be 
drawn by the device.

Table 3. Output Drive Capability

Driver Type
Programmable

Output Impedance
(Ω)

Supply
Voltage

Notes

Local bus interface utilities signals 25
35

BVDD = 3.3 V
BVDD = 2.5 V

1

45 (default)
45 (default)

125

BVDD = 3.3 V
BVDD = 2.5 V
BVDD = 1.8 V

PCI signals 25 OVDD = 3.3 V 2

42 (default)

DDR signal 20 GVDD = 2.5 V —

DDR2 signal 16 
32 (half strength mode)

GVDD = 1.8 V —

TSEC signals 42 LVDD = 2.5/3.3 V —

DUART, system control, JTAG 42 OVDD = 3.3 V —

I2C 150 OVDD = 3.3 V —

Notes:
1. The drive strength of the local bus interface is determined by the configuration of the appropriate bits in PORIMPSCR.
2. The drive strength of the PCI interface is determined by the setting of the PCI_GNT1 signal at reset.
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RESET Initialization

4.5 Other Input Clocks
For information on the input clocks of other functional blocks of the platform such as SerDes, and eTSEC, 
see the specific section of this document.

5 RESET Initialization
This section describes the AC electrical specifications for the RESET initialization timing requirements of 
the MPC8544E. Table 8 provides the RESET initialization AC timing specifications for the DDR SDRAM 
component(s).

Table 9 provides the PLL lock times.

6 DDR and DDR2 SDRAM
This section describes the DC and AC electrical specifications for the DDR SDRAM interface of the 
MPC8544E. Note that DDR SDRAM is GVDD(typ) = 2.5 V and DDR2 SDRAM is GVDD(typ) = 1.8 V. 

Table 8. RESET Initialization Timing Specifications1

Parameter/Condition Min Max Unit Notes

Required assertion time of HREST 100 — μs —

Minimum assertion time for SRESET 3 — SYSCLKs 1

PLL input setup time with stable SYSCLK before HRESET 
negation

100 — μs —

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

Note:
1. SYSCLK is the primary clock input for the MPC8544E. 

Table 9. PLL Lock Times

Parameter/Condition Min Max Unit Notes

Core and platform PLL lock times — 100 μs —

Local bus PLL — 50 μs —

PCI bus lock time — 50 μs —
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Enhanced Three-Speed Ethernet (eTSEC), MII Management

Figure 20 shows the TBI receive AC timing diagram.

Figure 20. TBI Receive AC Timing Diagram

8.7.3 TBI Single-Clock Mode AC Specifications
When the eTSEC is configured for TBI modes, all clocks are supplied from external sources to the relevant 
eTSEC interface. In single-clock TBI mode, when TBICON[CLKSEL] = 1, a 125-MHz TBI receive clock 
is supplied on the TSECn_RX_CLK pin (no receive clock is used on TSECn_TX_CLK in this mode, 
whereas for the dual-clock mode this is the PMA1 receive clock). The 125-MHz transmit clock is applied 
on the TSEC_GTX_CLK125 pin in all TBI modes.

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 —

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

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

PMA_RX_CLK[0:1] clock fall time (80%-20%) tTRXF 0.7 — 2.4 ns —

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. 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).

Table 35. TBI Receive AC Timing Specifications (continued)
At recommended operating conditions with L/TVDD of 3.3 V ± 5% or 2.5 V ± 5%.

Parameter/Condition Symbol1 Min Typ Max Unit Notes

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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Enhanced Three-Speed Ethernet (eTSEC), MII Management

A summary of the single-clock TBI mode AC specifications for receive appears in Table 36.

A timing diagram for TBI receive appears in Figure 21.
.

Figure 21. TBI Single-Clock Mode Receive AC Timing Diagram

8.7.4 RGMII and RTBI AC Timing Specifications

Table 37 presents the RGMII and RTBI AC timing specifications.

Table 36. TBI Single-Clock Mode Receive AC Timing Specification

Parameter/Condition Symbol Min Typ Max Unit Notes

RX_CLK clock period tTRR 7.5 8.0 8.5 ns —

RX_CLK duty cycle tTRRH 40 50 60 % —

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

Rise time RX_CLK (20%–80%) tTRRR — — 1.0 ns —

Fall time RX_CLK (80%–20%) tTRRF — — 1.0 ns —

RCG[9:0] setup time to RX_CLK rising edge tTRRDV 2.0 — — ns —

RCG[9:0] hold time to RX_CLK rising edge tTRRDX 1.0 — — ns —

Table 37. RGMII and RTBI AC Timing Specifications
At recommended operating conditions with L/TVDD of 2.5 V ± 5%.

Parameter/Condition Symbol1 Min Typ Max Unit Notes

Data to clock output skew (at transmitter) tSKRGT_TX –500 0 500 ps 5

Data to clock input skew (at receiver) tSKRGT_RX 1.0 — 2.8 ns 2

Clock period duration tRGT 7.2 8.0 8.8 ns 3

Duty cycle for 10BASE-T and 100BASE-TX tRGTH/tRGT 40 50 60 % 3, 4

Rise time (20%–80%) tRGTR — — 0.75 ns —

RX_CLK

RCG[9:0] Valid Data

tTRRR

tTRRF

tTRRDV

tTRR

tTRRH

tTRRDX
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Ethernet Management Interface Electrical Characteristics

Figure 26 shows the MII management AC timing diagram.

Figure 26. MII Management Interface Timing Diagram

MDC fall time tMDHF — — 10 ns —

Notes:
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. 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 platform clock frequency (MIIMCFG [MgmtClk] field determines the clock frequency of 
the MgmtClk Clock EC_MDC). 

3. This parameter is dependent on the platform clock frequency. The delay is equal to 16 platform clock periods ±3 ns. For 
example, with a platform clock of 333 MHz, the min/max delay is 48 ns ± 3 ns. Similarly, if the platform clock is 400 MHz, the 
min/max delay is 40 ns ± 3 ns).

4. tplb_clk is the platform (CCB) clock.

Table 41. MII Management AC Timing Specifications (continued)
At recommended operating conditions with OVDD is 3.3 V ± 5%.

Parameter/Condition Symbol1 Min Typ Max Unit Notes

MDC

tMDDXKH

tMDC

tMDCH

tMDCR

tMDCF

tMDDVKH

tMDKHDX

MDIO

MDIO

(Input)

(Output)
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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 
MPC8544E.

10.1 Local Bus DC Electrical Characteristics
Table 42 provides the DC electrical characteristics for the local bus interface operating at 
BVDD = 3.3 V DC.

Table 43 provides the DC electrical characteristics for the local bus interface operating at 
BVDD = 2.5 V DC.

Table 44 provides the DC electrical characteristics for the local bus interface operating at 
BVDD = 1.8 V DC.

Table 42. Local Bus DC Electrical Characteristics (3.3 V DC)

Parameter Symbol Min Max Unit Notes

High-level input voltage VIH 2 BVDD + 0.3 V —

Low-level input voltage VIL –0.3 0.8 V —

Input current (BVIN = 0 V or BVIN = BOVDD) IIN — ±5 μA 1

High-level output voltage (BVDD = min, IOH = –2 mA) VOH 2.4 — V —

Low-level output voltage (BVDD = min, IOL = 2 mA) VOL — 0.4 V —

Note:
1. The symbol BVIN, in this case, represents the BVIN symbol referenced in Table 1 and Table 2.

Table 43. Local Bus DC Electrical Characteristics (2.5 V DC)

Parameter Symbol Min Max Unit Notes

High-level input voltage VIH 1.70 BVDD + 0.3 V —

Low-level input voltage VIL –0.3 0.7 V —

Input current (BVIN = 0 V or BVIN = BVDD) IIN — ±15 μA 1

High-level output voltage (BVDD = min, IOH = –1 mA) VOH 2.0 — V —

Low-level output voltage (BVDD = min, IOL = 1 mA) VOL — 0.4 V —

Note:
1. The symbol BVIN, in this case, represents the BVIN symbol referenced in Table 1 and Table 2.

Table 44. Local Bus DC Electrical Characteristics (1.8 V DC)

Parameter Symbol Min Max Unit Notes

High-level input voltage VIH 1.3 BVDD + 0.3 V —

Low-level input voltage VIL –0.3 0.6 V —

Input current (BVIN = 0 V or BVIN = BVDD) IIN — ±15 μA 1
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I2C

Figure 37 provides the boundary-scan timing diagram.

Figure 37. Boundary-Scan Timing Diagram

13 I2C 
This section describes the DC and AC electrical characteristics for the I2C interfaces of the MPC8544E.

13.1 I2C DC Electrical Characteristics
Table 51 provides the DC electrical characteristics for the I2C interfaces.

Table 51. I2C DC Electrical Characteristics
At recommended operating conditions with OVDD of 3.3 V ± 5%.

Parameter Symbol Min Max Unit Notes

Input high voltage level VIH 0.7 × OVDD OVDD + 0.3 V —

Input low voltage level VIL –0.3 0.3 × OVDD V —

Low level output voltage VOL 0 0.2 × OVDD V 1

Pulse width of spikes which must be suppressed by the 
input filter

tI2KHKL 0 50 ns 2

Input current each I/O pin (input voltage is between 
0.1 × OVDD and 0.9 × OVDD(max)

II –10 10 μA 3

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

Notes:
1. Output voltage (open drain or open collector) condition = 3 mA sink current.
2. Refer to the MPC8544EPowerQUICC III Integrated Communications Host Processor Reference Manual for information on 

the digital filter used.
3. I/O pins will obstruct the SDA and SCL lines if OVDD is switched off.

VM = Midpoint Voltage (OVDD/2)

VM VM

tJTDVKH
tJTDXKH

Boundary
Data Outputs

Boundary
Data Outputs

JTAG
External Clock

Boundary
Data Inputs

Output Data Valid

tJTKLDX

tJTKLDZ

tJTKLDV

Input
Data Valid

Output Data Valid



MPC8544E PowerQUICC III Integrated Processor Hardware Specifications, Rev. 8

62 Freescale Semiconductor
 

PCI

15.2 PCI AC Electrical Specifications
This section describes the general AC timing parameters of the PCI bus. Note that the SYSCLK signal is 
used as the PCI input clock. Table 56 provides the PCI AC timing specifications at 66 MHz. 

Figure 41 provides the AC test load for PCI. 

Figure 41. PCI AC Test Load

Table 56. PCI AC Timing Specifications at 66 MHz

Parameter Symbol1 Min Max Unit Notes

SYSCLK to output valid tPCKHOV — 7.4 ns 2, 3

Output hold from SYSCLK tPCKHOX 2.0 — ns 2

SYSCLK to output high impedance tPCKHOZ — 14 ns 2, 4

Input setup to SYSCLK tPCIVKH 3.7 — ns 2, 5

Input hold from SYSCLK tPCIXKH 0.5 — ns 2, 5

REQ64 to HRESET9 setup time tPCRVRH 10 × tSYS — clocks 6, 7

HRESET to REQ64 hold time tPCRHRX 0 50 ns 7

HRESET high to first FRAME assertion tPCRHFV 10 — clocks 8

Rise time (20%–80%) tPCICLK 0.6 2.1 ns —

Fall time (20%–80%) tPCICLK 0.6 2.1 ns —

Notes:
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. For example, tPCIVKH symbolizes PCI timing 
(PC) with respect to the time the input signals (I) reach the valid state (V) relative to the SYSCLK clock, tSYS, reference (K) 
going to the high (H) state or setup time. Also, tPCRHFV symbolizes PCI timing (PC) with respect to the time hard reset (R) 
went high (H) relative to the frame signal (F) going to the valid (V) state.

2. See the timing measurement conditions in the PCI 2.2 Local Bus Specifications.
3. All PCI signals are measured from OVDD/2 of the rising edge of PCI_SYNC_IN to 0.4 × OVDD of the signal in question for 

3.3-V PCI signaling levels.
4. 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.
5. Input timings are measured at the pin.
6. The timing parameter tSYS indicates the minimum and maximum CLK cycle times for the various specified frequencies. The 

system clock period must be kept within the minimum and maximum defined ranges. For values see Section 19, “Clocking.”
7. The setup and hold time is with respect to the rising edge of HRESET.
8. The timing parameter tPCRHFV is a minimum of 10 clocks rather than the minimum of 5 clocks in the PCI 2.2 Local Bus 

Specifications.
9. The reset assertion timing requirement for HRESET is 100 μs.

Output Z0 = 1 KΩ OVDD/2
RL = 50 Ω
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High-Speed Serial Interfaces (HSSI)

— For external DC-coupled connection, as described in Section 16.2.1, “SerDes Reference 
Clock Receiver Characteristics,” the maximum average current requirements sets the 
requirement for average voltage (common mode voltage) to be between 100 and 400 mV. 
Figure 46 shows the SerDes reference clock input requirement for DC-coupled connection 
scheme.

— For external AC-coupled connection, there is no common mode voltage requirement for the 
clock driver. Since the external AC-coupling capacitor blocks the DC level, the clock driver 
and the SerDes reference clock receiver operate in different command mode voltages. The 
SerDes reference clock receiver in this connection scheme has its common mode voltage set to 
SGND_SRDSn. Each signal wire of the differential inputs is allowed to swing below and above 
the command mode voltage (SGND_SRDSn). Figure 47 shows the SerDes reference clock 
input requirement for AC-coupled connection scheme.

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

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

— The SDn_REF_CLK input average voltage must be between 200 and 400 mV. Figure 48 shows 
the SerDes reference clock input requirement for single-ended signaling mode.

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

Figure 46. Differential Reference Clock Input DC Requirements (External DC-Coupled)

Figure 47. Differential Reference Clock Input DC Requirements (External AC-Coupled)

SDn_REF_CLK

SDn_REF_CLK

Vmax < 800 mV

Vmin > 0 V

100 mV < Vcm < 400 mV

200 mV < Input Amplitude or Differential Peak < 800 mV

SDn_REF_CLK

SDn_REF_CLK

Vcm

200 mV < Input Amplitude or Differential Peak < 800 mV

Vmax < Vcm + 400 mV

Vmin > Vcm - 400 mV
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High-Speed Serial Interfaces (HSSI)

Figure 48. Single-Ended Reference Clock Input DC Requirements

16.2.3 Interfacing With Other Differential Signaling Levels
With on-chip termination to SGND_SRDSn (xcorevss), 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 49 through Figure 52 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 MPC8544E SerDes reference clock receiver requirement 
provided in this document.

SDn_REF_CLK

SDn_REF_CLK

400 mV < SDn_REF_CLK Input Amplitude < 800 mV

0 V
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Package Description

18.2 Mechanical Dimensions of the MPC8544E FC-PBGA
Figure 59 shows the mechanical dimensions and bottom surface nomenclature of the MPC8544E, 
783 FC-PBGA package without a lid.

Figure 59. Mechanical Dimensions and Bottom Surface Nomenclature 
of the MPC8544E FC-PBGA without a Lid

Notes:
1. All dimensions are in millimeters.
2. Dimensions and tolerances per ASME Y14.5M-1994.
3. Maximum solder ball diameter measured parallel to datum A.
4. Datum A, the seating plane, is determined by the spherical crowns of the solder balls.
5. Parallelism measurement shall exclude any effect of mark on top surface of package.
6. Capacitors may not be present on all parts. Care must be taken not to short exposed metal capacitor pads.
7. All dimensions are symmetric across the package center lines, unless dimensioned otherwise.
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Package Description

18.3 Pinout Listings
Table 62 provides the pinout listing for the MPC8544E 783 FC-PBGA package.

NOTE
The naming convention of TSEC1 and TSEC3 is used to allow the splitting 
voltage rails for the eTSEC blocks and to ease the port of existing 
PowerQUICC III software.

NOTE
The DMA_DACK[0:1] and TEST_SEL pins must be set to a proper state 
during POR configuration. Please refer to Table 62 for more details.

Table 62. MPC8544E Pinout Listing

Signal Package Pin Number Pin Type
Power
Supply

Notes

PCI

PCI1_AD[31:0] AE8, AD8, AF8, AH12, AG12, AB9, AC9, AE9, 
AD10, AE10, AC11, AB11, AB12, AC12, AF12, 
AE11, Y14, AE15, AC15, AB15, AA15, AD16, 
Y15, AB16, AF18, AE18, AC17, AE19, AD19, 
AB17, AB18, AA16

I/O OVDD —

PCI1_C_BE[3:0] AC10, AE12, AA14, AD17 I/O OVDD —

PCI1_GNT[4:1] AE7, AG11,AH11, AC8 O OVDD 4, 8, 24

PCI1_GNT0 AE6 I/O OVDD —

PCI1_IRDY AF13 I/O OVDD 2

PCI1_PAR AB14 I/O OVDD —

PCI1_PERR AE14 I/O OVDD 2

PCI1_SERR AC14 I/O OVDD 2

PCI1_STOP AA13 I/O OVDD 2

PCI1_TRDY AD13 I/O OVDD 2

PCI1_REQ[4:1] AF9, AG10, AH10, AD6 I OVDD —

PCI1_REQ0 AB8 I/O OVDD —

PCI1_CLK AH26 I OVDD —

PCI1_DEVSEL AC13 I/O OVDD 2

PCI1_FRAME AD12 I/O OVDD 2

PCI1_IDSEL AG6 I OVDD —
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VDD L16, L14, M13, M15, M17, N12, N14, N16, N18, 
P13, P15, P17, R12, R14, R16, R18, T13, T15, 
T17, U12, U14, U16, U18,

Power for core 
(1.0 V)

VDD —

SVDD_SRDS M27, N25, P28, R24, R26, T24, T27, U25, W24, 
W26, Y24, Y27, AA25, AB28, AD27

Core power for 
SerDes 1 

transceivers
(1.0 V)

SVDD —

SVDD_SRDS2 AB1, AC26, AD2, AE26, AG2 Core power for 
SerDes 2 

transceivers
(1.0 V)

SVDD —

XVDD_SRDS M21, N23, P20, R22, T20, U23, V21, W22, Y20 Pad power for 
SerDes 1 

transceivers
(1.0 V)

XVDD —

XVDD_SRDS2 Y6, AA6, AA23, AF5, AG5 Pad power for 
SerDes 2 

transceivers
(1.0 V)

XVDD —

XGND_SRDS M20, M24, N22, P21, R23, T21, U22, V20, W23, 
Y21

— — —

XGND_SRDS2 Y4, AA4, AA22, AD4, AE4, AH4 — — —

SGND_SRDS M28, N26, P24, P27, R25, T28, U24, U26, V24, 
W25, Y28, AA24, AA26, AB24, AB27, AC24, 
AD28

— — —

AGND_SRDS V27 SerDes PLL 
GND

— —

SGND_SRDS2 Y2, AA1, AB3, AC2, AC3, AC25, AD3, AD24, 
AE3, AE1, AE25, AF3, AH2

— — —

AGND_SRDS2 AF1 SerDes PLL 
GND

— —

AVDD_LBIU C28 Power for local 
bus PLL
(1.0 V)

— 19

AVDD_PCI1 AH20 Power for PCI 
PLL

(1.0 V)

— 19

AVDD_CORE AH14 Power for e500 
PLL (1.0 V)

— 19

AVDD_PLAT AH18 Power for CCB 
PLL (1.0 V)

— 19

Table 62. MPC8544E Pinout Listing (continued)

Signal Package Pin Number Pin Type
Power
Supply

Notes
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19 Clocking
This section describes the PLL configuration of the MPC8544E. Note that the platform clock is identical 
to the core complex bus (CCB) clock.

19.1 Clock Ranges
Table 63 provides the clocking specifications for the processor cores and Table 64 provides the clocking 
specifications for the memory bus.

19.2 CCB/SYSCLK PLL Ratio 
The CCB clock is the clock that drives the e500 core complex bus (CCB), and is also called the platform 
clock. The frequency of the CCB is set using the following reset signals (see Table 65):

• SYSCLK input signal
• Binary value on LA[28:31] at power up

Table 63. Processor Core Clocking Specifications

Characteristic

Maximum Processor Core Frequency

Unit Notes667 MHz 800 MHz  1000 MHz  1067 MHz

Min Max Min Max Min Max Min Max

e500 core processor frequency 667 667 667 800 667 1000 667 1067 MHz 1, 2

Notes:
1. Caution: The CCB to SYSCLK ratio and e500 core to CCB ratio settings must be chosen such that the resulting SYSCLK 

frequency, e500 (core) frequency, and CCB frequency do not exceed their respective maximum or minimum operating 
frequencies. Refer to Section 19.2, “CCB/SYSCLK PLL Ratio,” and Section 19.3, “e500 Core PLL Ratio,” for ratio settings.

2. The minimum e500 core frequency is based on the minimum platform frequency of 333 MHz.

Table 64. Memory Bus Clocking Specifications

Characteristic

Maximum Processor Core 
Frequency

Unit Notes
667, 800, 1000, 1067 MHz

Min Max

Memory bus clock speed 166 266 MHz 1, 2

Notes:
1. Caution: The CCB clock to SYSCLK ratio and e500 core to CCB clock ratio settings must be chosen such that the resulting 

SYSCLK frequency, e500 (core) frequency, and CCB clock frequency do not exceed their respective maximum or minimum 
operating frequencies. Refer to Section 19.2, “CCB/SYSCLK PLL Ratio,” and Section 19.3, “e500 Core PLL Ratio,” for ratio 
settings.

2. The memory bus speed is half of the DDR/DDR2 data rate, hence, half of the platform clock frequency.
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19.5 Security Controller PLL Ratio
Table 67 shows the SEC frequency ratio.

19.6 Frequency Options

19.6.1 SYSCLK to Platform Frequency Options

Table 68 shows the expected frequency values for the platform frequency when using a CCB clock to 
SYSCLK ratio in comparison to the memory bus clock speed. 

Table 67. SEC Frequency Ratio

 Signal Name Value (Binary) CCB CLK:SEC CLK 

LWE_B 0 2:11

1 3:12

Notes:
1. In 2:1 mode the CCB frequency must be operating ≤ 400 MHz.
2. In 3:1 mode any valid CCB can be used. The 3:1 mode is the default ratio for security block.

Table 68. Frequency Options of SYSCLK with Respect to Memory Bus Speeds

CCB to SYSCLK Ratio SYSCLK (MHz)

33.33 41.66 66.66 83 100 111 133.33

Platform /CCB Frequency (MHz)

2 —

3 — 333 400

4 — 333 400 445 533

5 333 415 500

6 400 500

8 333 533

9 375

10 333 417

12 400 500

16 533
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19.6.2 Platform to FIFO Restrictions

Please note the following FIFO maximum speed restrictions based on platform speed. Refer to Section 4.4, 
“Platform to FIFO Restrictions,” for additional information.

20 Thermal
This section describes the thermal specifications of the MPC8544E.

20.1 Thermal Characteristics
Table 70 provides the package thermal characteristics.

Table 69. FIFO Maximum Speed Restrictions

Platform Speed (MHz)
Maximum FIFO Speed for Reference Clocks TSECn_TX_CLK, TSECn_RX_CLK 

(MHz)1

533 126

400 94

Note:
1. FIFO speed should be less than 24% of the platform speed.

Table 70. Package Thermal Characteristics

Characteristic JEDEC Board Symbol Value Unit Notes

Junction-to-ambient natural convection Single layer board (1s) RθJA 26 °C/W 1, 2

Junction-to-ambient natural convection Four layer board (2s2p) RθJA 21 °C/W 1, 2

Junction-to-ambient (@200 ft/min) Single layer board (1s) RθJA 21 °C/W 1, 2

Junction-to-ambient (@200 ft/min) Four layer board (2s2p) RθJA 17 °C/W 1, 2

Junction-to-board thermal — RθJB 12 °C/W 3

Junction-to-case thermal — RθJC <0.1 °C/W 4

Notes:
1. Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site (board) 

temperature, ambient temperature, airflow, power dissipation of other components on the board, and board thermal 
resistance.

2. Per JEDEC JESD51-2 and JESD51-6 with the board (JESD51-9) horizontal.
3. Thermal resistance between the die and the printed-circuit board per JEDEC JESD51-8. Board temperature is measured on 

the top surface of the board near the package.
4. Thermal resistance between the active surface of the die and the case top surface determined by the cold plate method (MIL 

SPEC-883 Method 1012.1) with the calculated case temperature. Actual thermal resistance is less than 0.1°C/W.
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Table 71 provides the thermal resistance with heat sink in open flow.

Simulations with heat sinks were done with the package mounted on the 2s2p thermal test board. The 
thermal interface material was a typical thermal grease such as Dow Corning 340 or Wakefield 120 grease. 
For system thermal modeling, the MPC8544E thermal model without a lid is shown in Figure 60. The 
substrate is modeled as a block 29 × 29 × 1.18 mm with an in-plane conductivity of 18.0 W/m•K and a 
through-plane conductivity of 1.0 W/m•K. The solder balls and air are modeled as a single block 
29 × 29 × 0.58 mm with an in-plane conductivity of 0.034 W/m•K and a through plane conductivity of 
12.1 W/m•K. The die is modeled as 7.6 × 8.4 mm with a thickness of 0.75 mm. The bump/underfill layer 
is modeled as a collapsed thermal resistance between the die and substrate assuming a conductivity of 
6.5 W/m•K in the thickness dimension of 0.07 mm. The die is centered on the substrate. The thermal model 
uses approximate dimensions to reduce grid. Please refer to Figure 59 for actual dimensions.

20.2 Recommended Thermal Model
Table 72 shows the MPC8544E thermal model.

Table 71. Thermal Resistance with Heat Sink in Open Flow

Heat Sink with Thermal Grease Air Flow Thermal Resistance (°C/W)

Wakefield 53 × 53 × 25 mm pin fin Natural convection 6.1

Wakefield 53 × 53 × 25 mm pin fin 1 m/s 3.0

Aavid 35 × 31 × 23 mm pin fin Natural convection 8.1

Aavid 35 × 31 × 23 mm pin fin 1 m/s 4.3

Aavid 30 × 30 × 9.4 mm pin fin Natural convection 11.6

Aavid 30 × 30 × 9.4 mm pin fin 1 m/s 6.7

Aavid 43 × 41 × 16.5 mm pin fin Natural convection 8.3

Aavid 43 × 41 × 16.5 mm pin fin 1 m/s 4.3

Table 72. MPC8544EThermal Model

Conductivity Value Units

Die (7.6 × 8.4 × 0.75mm)

Silicon Temperature dependent —

Bump/Underfill (7.6 × 8.4 × 0.070 mm) Collapsed Thermal Resistance

Kz 6.5 W/m•K

Substrate (29 × 29 × 1.18 mm)

Kx 18 W/m•K

Ky 18

Kz 1.0
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21.5 Connection Recommendations
To ensure reliable operation, it is highly recommended to connect unused inputs to an appropriate signal 
level. All unused active low inputs should be tied to VDD, TVDD, BVDD, OVDD, GVDD, and LVDD as 
required. All unused active high inputs should be connected to GND. All NC (no connect) signals must 
remain unconnected. Power and ground connections must be made to all external VDD, TVDD, BVDD, 
OVDD, GVDD, and LVDD, and GND pins of the device.

21.6 Pull-Up and Pull-Down Resistor Requirements
The MPC8544E requires weak pull-up resistors (2–10 kΩ is recommended) on open drain type pins 
including I2C pins and MPIC interrupt pins. 

Correct operation of the JTAG interface requires configuration of a group of system control pins as 
demonstrated in Figure 69. 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.

The following pins must NOT be pulled down during power-on reset: TSEC3_TXD[3], HRESET_REQ, 
TRIG_OUT/READY/QUIESCE, MSRCID[2:4], ASLEEP. The DMA_DACK[0:1] and TEST_SEL pins 
must be set to a proper state during POR configuration. Refer to the pinout listing table (Table 62) for more 
details. Refer to the PCI 2.2 Local Bus Specifications, for all pullups required for PCI.

21.7 Output Buffer DC Impedance
The MPC8544E drivers are characterized over process, voltage, and temperature. For all buses, the driver 
is a push-pull single-ended driver type (open drain for I2C). To measure Z0 for the single-ended drivers, 
an external resistor is connected from the chip pad to OVDD or GND. Then, the value of each resistor is 
varied until the pad voltage is OVDD/2 (see Figure 67). The output impedance is the average of two 
components, the resistances of the pull-up and pull-down devices. When data is held high, SW1 is closed 
(SW2 is open) and RP is trimmed until the voltage at the pad equals OVDD/2. RP then becomes the 
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