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– Dedicated single data rate SDRAM controller

— Parity support

— Default boot ROM chip select with configurable bus width (8, 16, or 32 bits)

• Four enhanced three-speed Ethernet controllers (eTSECs)

— Three-speed support (10/100/1000 Mbps)

— Four controllers designed to comply with IEEE Std. 802.3®, 802.3u, 802.3x, 802.3z, 802.3ac, 
and 802.3ab

— Support for various Ethernet physical interfaces:

– 1000 Mbps full-duplex IEEE 802.3 GMII, IEEE 802.3z TBI, RTBI, and RGMII

– 10/100 Mbps full and half-duplex IEEE 802.3 MII, IEEE 802.3 RGMII, and RMII

— Flexible configuration for multiple PHY interface configurations. See Section 8.1, “Enhanced 
Three-Speed Ethernet Controller (eTSEC) 
(10/100/1Gb Mbps)—GMII/MII/TBI/RGMII/RTBI/RMII Electrical Characteristics,” for 
more information.

— TCP/IP acceleration and QoS features available

– IP v4 and IP v6 header recognition on receive

– IP v4 header checksum verification and generation

– TCP and UDP checksum verification and generation

– Per-packet configurable acceleration

– Recognition of VLAN, stacked (queue in queue) VLAN, IEEE Std 802.2™, PPPoE session, 
MPLS stacks, and ESP/AH IP-security headers

– Supported in all FIFO modes

— Quality of service support:

– Transmission from up to eight physical queues

– Reception to up to eight physical queues

— Full- and half-duplex Ethernet support (1000 Mbps supports only full duplex):

– IEEE 802.3 full-duplex flow control (automatic PAUSE frame generation or 
software-programmed PAUSE frame generation and recognition)

— Programmable maximum frame length supports jumbo frames (up to 9.6 Kbytes) and 
IEEE Std. 802.1™ virtual local area network (VLAN) tags and priority

— VLAN insertion and deletion

– Per-frame VLAN control word or default VLAN for each eTSEC

– Extracted VLAN control word passed to software separately

— Retransmission following a collision

— CRC generation and verification of inbound/outbound frames

— Programmable Ethernet preamble insertion and extraction of up to 7 bytes

— MAC address recognition:

– Exact match on primary and virtual 48-bit unicast addresses
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– VRRP and HSRP support for seamless router fail-over

– Up to 16 exact-match MAC addresses supported

– Broadcast address (accept/reject)

– Hash table match on up to 512 multicast addresses

– Promiscuous mode

— Buffer descriptors backward compatible with MPC8260 and MPC860T 10/100 Ethernet 
programming models

— RMON statistics support

— 10-Kbyte internal transmit and 2-Kbyte receive FIFOs

— MII management interface for control and status

— Ability to force allocation of header information and buffer descriptors into L2 cache

• OCeaN switch fabric

— Full crossbar packet switch

— Reorders packets from a source based on priorities

— Reorders packets to bypass blocked packets

— Implements starvation avoidance algorithms

— Supports packets with payloads of up to 256 bytes

• Integrated DMA controller

— Four-channel controller

— All channels accessible by both the local and remote masters

— Extended DMA functions (advanced chaining and striding capability)

— Support for scatter and gather transfers

— Misaligned transfer capability

— Interrupt on completed segment, link, list, and error

— Supports transfers to or from any local memory or I/O port

— Selectable hardware-enforced coherency (snoop/no snoop)

— Ability to start and flow control each DMA channel from external 3-pin interface

— Ability to launch DMA from single write transaction

• Two PCI/PCI-X controllers

— PCI 2.2 and PCI-X 1.0 compatible 

— One 32-/64-bit PCI/PCI-X port with support for speeds of up to 133 MHz (maximum PCI-X 
frequency in synchronous mode is 110 MHz)

— One 32-bit PCI port with support for speeds from 16 to 66 MHz (available when the other port 
is in 32-bit mode)

— Host and agent mode support

— 64-bit dual address cycle (DAC) support

— PCI-X supports multiple split transactions

— Supports PCI-to-memory and memory-to-PCI streaming
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5 RESET Initialization
This section describes the AC electrical specifications for the RESET initialization timing requirements of 
the device. The following table provides the RESET initialization AC timing specifications for the DDR 
SDRAM component(s).

The following table provides the PLL lock times.

5.1 Power-On Ramp Rate

This section describes the AC electrical specifications for the power-on ramp rate requirements. 
Controlling the maximum power-on ramp rate is required to avoid falsely triggering the ESD circuitry. The 
following table provides the power supply ramp rate specifications.

Table 8. RESET Initialization Timing Specifications

Parameter/Condition Min Max Unit Notes

Required assertion time of HRESET 100 — s —

Minimum assertion time for SRESET 3 — SYSCLKs 1

PLL input setup time with stable SYSCLK before HRESET negation 100 — s —

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 device. 

Table 9. PLL Lock Times

Parameter/Condition Min Max Unit

Core and platform PLL lock times — 100 s

Local bus PLL lock time — 50 s

PCI/PCI-X bus PLL lock time — 50 s

Table 10. Power Supply Ramp Rate

Parameter Min Max Unit Notes

Required ramp rate for MVREF — 3500 V/s 1

Required ramp rate for VDD — 4000 V/s 1, 2

Note:

1. Maximum ramp rate from 200 to 500 mV is most critical as this range may falsely trigger the ESD circuitry. 

2. VDD itself is not vulnerable to false ESD triggering; however, as per Section 22.2, “PLL Power Supply Filtering,” the 
recommended AVDD_CORE, AVDD_PLAT, AVDD_LBIU, AVDD_PCI1 and AVDD_PCI2 filters are all connected to VDD. 
Their ramp rates must be equal to or less than the VDD ramp rate.
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Figure 14 shows the TBI transmit AC timing diagram.

Figure 14. TBI Transmit AC Timing Diagram

8.2.4.2 TBI Receive AC Timing Specifications

This table provides the TBI receive AC timing specifications.

Table 31. TBI Receive AC Timing Specifications

Parameter/Condition Symbol1 Min Typ Max Unit

TSECn_RX_CLK[0:1] clock period tTRX — 16.0 — ns

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

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

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

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

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

TSECn_RX_CLK[0:1] clock fall time (80%–20%) tTRXF
2 0.7 — 2.4 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, 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.

GTX_CLK

TCG[9:0]

tTTXR

tTTX

tTTXH

tTTXR

tTTXF

tTTKHDV

tTTKHDX

tTTXF
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Figure 17 shows the RGMII and RTBI AC timing and multiplexing diagrams.

Figure 17. RGMII and RTBI AC Timing and Multiplexing Diagrams

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 this table.

Table 34. RMII Transmit AC Timing Specifications

Parameter/Condition Symbol1 Min Typ Max Unit

TSECn_TX_CLK clock period tRMT 15.0 20.0 25.0 ns

TSECn_TX_CLK duty cycle tRMTH 35 50 65 %

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

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

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

GTX_CLK

tRGT
tRGTH

tSKRGT

TX_CTL

TXD[8:5]
TXD[7:4]

TXD[9]
TXERR

TXD[4]
TXEN

TXD[3:0]

(At Transmitter)

TXD[8:5][3:0]
TXD[7:4][3:0]

TX_CLK
(At PHY)

RX_CTL

RXD[8:5]
RXD[7:4]

RXD[9]
RXERR

RXD[4]
RXDV

RXD[3:0]
RXD[8:5][3:0]
RXD[7:4][3:0]

RX_CLK
(At PHY)

tSKRGT

tSKRGT

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

13.1 I2C DC Electrical Characteristics

This table provides the DC electrical characteristics for the I2C interfaces.

13.2 I2C AC Electrical Specifications

This table provides the AC timing parameters for the I2C interfaces. 

Table 45. I2C DC Electrical Characteristics

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 A 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. See the MPC8548E PowerQUICC™ III Integrated Processor Family Reference Manual, for information on the digital filter 
used.

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

Table 46. I2C AC Electrical Specifications

Parameter Symbol1 Min Max Unit Notes

SCL clock frequency fI2C 0 400 kHz —

Low period of the SCL clock tI2CL 1.3 — s 4

High period of the SCL clock tI2CH 0.6 — s 4

Setup time for a repeated START condition tI2SVKH 0.6 — s 4

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

tI2SXKL 0.6 — s 4

Data setup time tI2DVKH 100 — ns 4

Data input hold time:

CBUS compatible masters
I2C bus devices

tI2DXKL
—
0

—
—

s 2

Data output delay time: tI2OVKL — 0.9 — 3

Set-up time for STOP condition tI2PVKH 0.6 — s —

Bus free time between a STOP and START condition tI2KHDX 1.3 — s —
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Figure 36 shows the PCI/PCI-X input AC timing conditions.

Figure 36. PCI/PCI-X Input AC Timing Measurement Conditions

Figure 37 shows the PCI/PCI-X output AC timing conditions.

Figure 37. PCI/PCI-X Output AC Timing Measurement Condition

Table 53 provides the PCI-X AC timing specifications at 66 MHz.

Table 53. PCI-X AC Timing Specifications at 66 MHz

Parameter Symbol Min Max Unit Notes

SYSCLK to signal valid delay tPCKHOV — 3.8 ns 1, 2, 3, 7, 8

Output hold from SYSCLK tPCKHOX 0.7 — ns 1, 10

SYSCLK to output high impedance tPCKHOZ — 7 ns 1, 4, 8, 11

Input setup time to SYSCLK tPCIVKH 1.7 — ns 3, 5

Input hold time from SYSCLK tPCIXKH 0.5 — ns 10

REQ64 to HRESET setup time tPCRVRH 10 — clocks 11

HRESET to REQ64 hold time tPCRHRX 0 50 ns 11

HRESET high to first FRAME assertion tPCRHFV 10 — clocks 9, 11

PCI-X initialization pattern to HRESET setup time tPCIVRH 10 — clocks 11

tPCIVKH

CLK

Input

tPCIXKH

CLK

Output Delay

tPCKHOV

High-Impedance

tPCKHOZ

Output
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of a balanced interchange circuit and ground. In this example, for SerDes output, Vcm_out = 
VSD_TX + VSD_TX = (A + B)/2, which is the arithmetic mean of the two complimentary output 
voltages within a differential pair. In a system, the common mode voltage may often differ from 
one component’s output to the other’s input. Sometimes, it may be even different between the 
receiver input and driver output circuits within the same component. It is also referred to as the DC 
offset.

Figure 38. Differential Voltage Definitions for Transmitter or Receiver

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 and 2.0 V. Using these values, the peak-to-peak voltage swing of each signal (TD or 
TD) is 500 mVp-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 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 mVp-p.

16.2 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 SD_REF_CLK and 
SD_REF_CLK for PCI Express and serial RapidIO.

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

16.2.1 SerDes Reference Clock Receiver Characteristics

Figure 39 shows a receiver reference diagram of the SerDes reference clocks.

• The supply voltage requirements for XVDD_SRDS2 are specified in Table 1 and Table 2.

• SerDes Reference clock receiver reference circuit structure:

Differential Swing, VID or VOD = A – B

A Volts

B Volts

SD_TX or 
SD_RX

SD_TX or 
SD_RX

Differential Peak Voltage, VDIFFp = |A – B|
Differential Peak-Peak Voltage, VDIFFpp = 2*VDIFFp (not shown)

Vcm = (A + B)/2
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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 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 SerDes reference clock input’s 
allowed range (100–400 mV), AC-coupled connection scheme must be used. It assumes the LVDS output 
driver features 50-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 
the SerDes reference clock input’s DC requirement, AC-coupling must be used. Figure 45 assumes that 
the LVPECL clock driver’s output impedance is 50 R1 is used to DC-bias the LVPECL outputs prior 

50 

50 SD_REF_CLK

SD_REF_CLK

Clock Driver 100 Differential PWB Trace

Clock driver vendor dependent 
source termination resistor

CLK_Out

CLK_Out

HCSL CLK Driver Chip

33 

33 

Total 50 Assume clock driver’s 
output impedance is about 16 

MPC8548E

CLK_Out

SerDes Refer. 
CLK ReceiverClock Driver

SD_REF_CLK

SD_REF_CLK

Clock Driver 100 Differential PWB Trace

CLK_Out

CLK_Out

LVDS CLK Driver Chip

10 nF

10 nF

MPC8548E

SerDes Refer. 
CLK Receiver

50 

50 

Clock Driver
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17.4.2 Transmitter Compliance Eye Diagrams

The TX eye diagram in Figure 48 is specified using the passive compliance/test measurement load (see 
Figure 50) 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 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 is always 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 (for example, least squares and median deviation fits).

Tcrosslink Crosslink 
random timeout

0 — 1 ms This random timeout helps resolve conflicts in 
crosslink configuration by eventually resulting in 
only one downstream and one upstream port. 
See Note 7.

Notes:
1. No test load is necessarily associated with this value.

2. Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 50 and measured over 
any 250 consecutive TX UIs. (Also see the transmitter compliance eye diagram shown in Figure 48.)

3. A TTX-EYE = 0.70 UI provides for a total sum of deterministic and random jitter budget of TTX-JITTER-MAX = 0.30 UI for the 
transmitter collected over any 250 consecutive TX UIs. The TTX-EYE-MEDIAN-to-MAX-JITTER median is less than half of the total 
TX jitter budget collected over any 250 consecutive TX UIs. Note that the median is not the same as the mean. The jitter 
median describes the point in time where the number of jitter points on either side is approximately equal as opposed to the 
averaged time value.

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

5. Measured between 20%–80% at transmitter package pins into a test load as shown in Figure 50 for both VTX-D+ and VTX-D–. 

6. See Section 4.3.1.8 of the PCI Express Base Specifications Rev 1.0a.

7. See Section 4.2.6.3 of the PCI Express Base Specifications Rev 1.0a.

8. MPC8548E SerDes transmitter does not have CTX built in. An external AC coupling capacitor is required.

Table 56. Differential Transmitter (TX) Output Specifications (continued)

Symbol Parameter Min Nom Max Unit Comments



MPC8548E PowerQUICC III Integrated Processor Hardware Specifications, Rev. 9

Freescale Semiconductor 79
 

PCI Express

17.5 Receiver Compliance Eye Diagrams

The RX eye diagram in Figure 49 is specified using the passive compliance/test measurement load (see 
Figure 50) in place of any real PCI Express RX component.

Note: In general, the minimum receiver eye diagram measured with the compliance/test measurement load 
(see Figure 50) is larger than the minimum receiver eye diagram measured over a range of systems at the 
input receiver of any real PCI Express component. The degraded eye diagram at the input receiver is due 
to traces internal to the package as well as silicon parasitic characteristics which cause the real PCI Express 
component to vary in impedance from the compliance/test measurement load. The input receiver eye 
diagram is implementation specific and is not specified. RX component designer must provide additional 
margin to adequately compensate for the degraded minimum receiver eye diagram (shown in Figure 49) 
expected at the input receiver based on some adequate combination of system simulations and the return 
loss measured looking into the RX package and silicon. The RX eye diagram must be aligned in time using 
the jitter median to locate the center of the eye diagram. 

LTX-SKEW Total Skew — — 20 ns Skew across all lanes on a Link. This includes 
variation in the length of SKP ordered set (for 
example, COM and one to five symbols) at the RX 
as well as any delay differences arising from the 
interconnect itself.

Notes:

1. No test load is necessarily associated with this value.

2. Specified at the measurement point and measured over any 250 consecutive UIs. The test load in Figure 50 must be used 
as the RX device when taking measurements (also see the receiver compliance eye diagram shown in Figure 49). If the 
clocks to the RX and TX are not derived from the same reference clock, the TX UI recovered from 3500 consecutive UI must 
be used as a reference for the eye diagram.

3. A TRX-EYE = 0.40 UI provides for a total sum of 0.60 UI deterministic and random jitter budget for the transmitter and 
interconnect collected any 250 consecutive UIs. The TRX-EYE-MEDIAN-to-MAX-JITTER specification ensures a jitter distribution 
in which the median and the maximum deviation from the median is less than half of the total. UI jitter budget collected over 
any 250 consecutive TX UIs. Note that the median is not the same as the mean. The jitter median describes the point in time 
where the number of jitter points on either side is approximately equal as opposed to the averaged time value. If the clocks 
to the RX and TX are not derived from the same reference clock, the TX UI recovered from 3500 consecutive UI must be 
used as the reference for the eye diagram. 

4. The receiver input impedance shall result in a differential return loss greater than or equal to 15 dB with the D+ line biased 
to 300 mV and the D– line biased to –{300 mV and a common mode return loss greater than or equal to 6 dB (no bias 
required) over a frequency range of 50 MHz to 1.25 GHz. This input impedance requirement applies to all valid input levels. 
The reference impedance for return loss measurements for is 50  to ground for both the D+ and D– line (that is, as 
measured by a vector network analyzer with 50- probes—see Figure 50). Note: that the series capacitors CTX is optional 
for the return loss measurement.

5. Impedance during all LTSSM states. When transitioning from a fundamental reset to detect (the initial state of the LTSSM) 
there is a 5 ms transition time before receiver termination values must be met on all unconfigured lanes of a port.

6. The RX DC common mode Impedance that exists when no power is present or fundamental reset is asserted. This helps 
ensure that the receiver detect circuit does not falsely assume a receiver is powered on when it is not. This term must be 
measured at 300 mV above the RX ground.

7. 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. Least squares and median deviation fits have worked well with experimental 
and simulated data.

Table 57. Differential Receiver (RX) Input Specifications (continued)

Symbol Parameter Min Nom Max Unit Comments
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The eye diagram must be valid for any 250 consecutive UIs.

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

NOTE

The reference impedance for return loss measurements is 50. to ground for 
both the D+ and D– line (that is, as measured by a vector network analyzer 
with 50- probes—see Figure 50). Note that the series capacitors, CTX, are 
optional for the return loss measurement.

Figure 49. Minimum Receiver Eye Timing and Voltage Compliance Specification

17.5.1 Compliance Test and Measurement Load

The AC timing and voltage parameters must be verified at the measurement point, as specified within 
0.2 inches of the package pins, into a test/measurement load shown in Figure 50.

NOTE

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

Figure 50. Compliance Test/Measurement Load

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

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

VRX-DIFFp-p-MIN > 175 mV

0.4 UI = TRX-EYE-MIN

TX
Silicon

+ Package

C = CTX

C = CTX

R = 50  R = 50 

D+ Package
Pin

D– Package
Pin

D+ Package
Pin
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Package Description

Notes:

1. All dimensions are in millimeters.

2. Dimensioning and tolerancing 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. All dimensions are symmetric across the package center lines unless dimensioned otherwise.
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Package Description

Figure 56. Mechanical Dimensions and Bottom Surface Nomenclature of the FC-PBGA with Stamped Lid

Notes:

1. All dimensions are in millimeters.

2. Dimensioning and tolerancing 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. Capacitors may not be present on all devices.

6. Caution must be taken not to short capacitors or exposed metal capacitor pads on package top.

7. Parallelism measurement shall exclude any effect of mark on top surface of package.

8. All dimensions are symmetric across the package center lines unless dimensioned otherwise.
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Package Description

LSYNC_IN F27 I BVDD —

LSYNC_OUT F28 O BVDD —

DMA

DMA_DACK[0:1] AD3, AE1 O OVDD 5, 9, 
102

DMA_DREQ[0:1] AD4, AE2 I OVDD —

DMA_DDONE[0:1] AD2, AD1 O OVDD —

Programmable Interrupt Controller

UDE AH16 I OVDD —

MCP AG19 I OVDD —

IRQ[0:7] AG23, AF18, AE18, AF20, AG18, AF17, AH24, 
AE20

I OVDD —

IRQ[8] AF19 I OVDD —

IRQ[9]/DMA_DREQ3 AF21 I OVDD 1

IRQ[10]/DMA_DACK3 AE19 I/O OVDD 1

IRQ[11]/DMA_DDONE3 AD20 I/O OVDD 1

IRQ_OUT AD18 O OVDD 2, 4

Ethernet Management Interface

EC_MDC AB9 O OVDD 5, 9

EC_MDIO AC8 I/O OVDD —

Gigabit Reference Clock

EC_GTX_CLK125 V11 I LVDD —

Three-Speed Ethernet Controller (Gigabit Ethernet 1)

TSEC1_RXD[7:0] R5, U1, R3, U2, V3, V1, T3, T2 I LVDD —

TSEC1_TXD[7:0] T10, V7, U10, U5, U4, V6, T5, T8 O LVDD 5, 9

TSEC1_COL R4 I LVDD —

TSEC1_CRS V5 I/O LVDD 20

TSEC1_GTX_CLK U7 O LVDD —

TSEC1_RX_CLK U3 I LVDD —

TSEC1_RX_DV V2 I LVDD —

TSEC1_RX_ER T1 I LVDD —

TSEC1_TX_CLK T6 I LVDD —

TSEC1_TX_EN U9 O LVDD 30

TSEC1_TX_ER T7 O LVDD —

Table 71. MPC8548E Pinout Listing (continued)

Signal Package Pin Number Pin Type
Power
Supply

Notes
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Package Description

LVDD N8, R7, T9, U6 Power for 
TSEC1 and 

TSEC2
(2.5 V, 3.3 V)

LVDD —

TVDD W9, Y6 Power for 
TSEC3 and 

TSEC4
(2,5 V, 3.3 V)

TVDD —

GVDD B3, B11, C7, C9, C14, C17, D4, D6, D10, D15, 
E2, E8, E11, E18, F5, F12, F16, G3, G7, G9, 
G11, H5, H12, H15, H17, J10, K3, K12, K16, 

K18, L6, M4, M8, M13

Power for 
DDR1 and 

DDR2 DRAM 
I/O voltage 
(1.8 V, 2.5)

GVDD —

BVDD C21, C24, C27, E20, E25, G19, G23, H26, J20 Power for local 
bus (1.8 V, 

2.5 V, 3.3 V)

BVDD —

VDD M19, N12, N14, N16, N18, P11, P13, P15, P17, 
P19, R12, R14, R16, R18, T11, T13, T15, T17, 

T19, U12, U14, U16, U18, V17, V19

Power for core 
(1.1 V)

VDD —

SVDD L25, L27, M24, N28, P24, P26, R24, R27, T25, 
V24, V26, W24, W27, Y25, AA28, AC27

Core Power 
for SerDes 

transceivers
(1.1 V)

SVDD —

XVDD L20, L22, N23, P21, R22, T20, U23, V21, W22, 
Y20

Pad Power for 
SerDes 

transceivers
(1.1 V)

XVDD —

AVDD_LBIU J28 Power for local 
bus PLL
(1.1 V)

— 26

AVDD_PCI1 AH21 Power for 
PCI1 PLL

(1.1 V)

— 26

AVDD_PCI2 AH22 Power for 
PCI2 PLL

(1.1 V)

— 26

AVDD_CORE AH15 Power for 
e500 PLL (1.1 

V)

— 26

AVDD_PLAT AH19 Power for CCB 
PLL (1.1 V)

— 26

AVDD_SRDS U25 Power for 
SRDSPLL

(1.1 V)

— 26

SENSEVDD M14 O VDD 13

Table 71. MPC8548E Pinout Listing (continued)

Signal Package Pin Number Pin Type
Power
Supply

Notes
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Package Description

GVDD B3, B11, C7, C9, C14, C17, D4, D6, D10, D15, 
E2, E8, E11, E18, F5, F12, F16, G3, G7, G9, 
G11, H5, H12, H15, H17, J10, K3, K12, K16, 

K18, L6, M4, M8, M13

Power for 
DDR1 and 

DDR2 DRAM 
I/O voltage 

(1.8 V, 2.5 V)

GVDD —

BVDD C21, C24, C27, E20, E25, G19, G23, H26, J20 Power for local 
bus (1.8 V, 

2.5 V, 3.3 V)

BVDD —

VDD M19, N12, N14, N16, N18, P11, P13, P15, P17, 
P19, R12, R14, R16, R18, T11, T13, T15, T17, 

T19, U12, U14, U16, U18, V17, V19

Power for core 
(1.1 V)

VDD —

SVDD L25, L27, M24, N28, P24, P26, R24, R27, T25, 
V24, V26, W24, W27, Y25, AA28, AC27

Core power for 
SerDes 

transceivers
(1.1 V)

SVDD —

XVDD L20, L22, N23, P21, R22, T20, U23, V21, W22, 
Y20

Pad power for 
SerDes 

transceivers
(1.1 V)

XVDD —

AVDD_LBIU J28 Power for local 
bus PLL
(1.1 V)

— 26

AVDD_PCI1 AH21 Power for 
PCI1 PLL

(1.1 V)

— 26

AVDD_PCI2 AH22 Power for 
PCI2 PLL

(1.1 V)

— 26

AVDD_CORE AH15 Power for 
e500 PLL (1.1 

V)

— 26

AVDD_PLAT AH19 Power for CCB 
PLL (1.1 V)

— 26

AVDD_SRDS U25 Power for 
SRDSPLL (1.1 

V)

— 26

SENSEVDD M14 O VDD 13

SENSEVSS M16 — — 13

Analog Signals

MVREF A18 I
Reference 

voltage signal 
for DDR 

MVREF —

Table 73. MPC8545E Pinout Listing (continued)

Signal Package Pin Number Pin Type
Power
Supply

Notes
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Package Description

IIC1_SDA AG21 I/O OVDD 4, 27

IIC2_SCL AG15 I/O OVDD 4, 27

IIC2_SDA AG14 I/O OVDD 4, 27

SerDes

SD_RX[0:7] M28, N26, P28, R26, W26, Y28, AA26, AB28 I XVDD —

SD_RX[0:7] M27, N25, P27, R25, W25, Y27, AA25, AB27 I XVDD —

SD_TX[0:7] M22, N20, P22, R20, U20, V22, W20, Y22 O XVDD —

SD_TX[0:7] M23, N21, P23, R21, U21, V23, W21, Y23 O XVDD —

SD_PLL_TPD U28 O XVDD 24

SD_REF_CLK T28 I XVDD —

SD_REF_CLK T27 I XVDD —

Reserved AC1, AC3 — — 2

Reserved M26, V28 — — 32

Reserved M25, V27 — — 34

Reserved M20, M21, T22, T23 — — 38

General-Purpose Output

GPOUT[24:31] K26, K25, H27, G28, H25, J26, K24, K23 O BVDD —

System Control

HRESET AG17 I OVDD —

HRESET_REQ AG16 O OVDD 29

SRESET AG20 I OVDD —

CKSTP_IN AA9 I OVDD —

CKSTP_OUT AA8 O OVDD 2, 4

Debug

TRIG_IN AB2 I OVDD —

TRIG_OUT/READY/QUIESCE AB1 O OVDD 6, 9, 19, 
29

MSRCID[0:1] AE4, AG2 O OVDD 5, 6, 9

MSRCID[2:4] AF3, AF1, AF2 O OVDD 6, 19, 29

MDVAL AE5 O OVDD 6

CLK_OUT AE21 O OVDD 11

Clock

RTC AF16 I OVDD —

SYSCLK AH17 I OVDD —

Table 74. MPC8543E Pinout Listing (continued)

Signal Package Pin Number Pin Type
Power
Supply

Notes
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Clocking

20.2 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, as shown in Table 81:

• SYSCLK input signal

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

Note that there is no default for this PLL ratio; these signals must be pulled to the desired values. Also note 
that the DDR data rate is the determining factor in selecting the CCB bus frequency, since the CCB 
frequency must equal the DDR data rate.

For specifications on the PCI_CLK, see the PCI 2.2 Specification.

Table 80. Memory Bus Clocking Specifications (MPC8543E)

Characteristic

Maximum Processor Core Frequency

Unit Notes800, 1000 MHz

Min Max

Memory bus clock speed 166 200 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. See Section 20.2, “CCB/SYSCLK PLL Ratio,” and Section 20.3, “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.

Table 81. CCB Clock Ratio

Binary Value of LA[28:31] Signals CCB:SYSCLK Ratio Binary Value of LA[28:31] Signals CCB:SYSCLK Ratio

0000 16:1 1000 8:1

0001 Reserved 1001 9:1

0010 2:1 1010 10:1

0011 3:1 1011 Reserved

0100 4:1 1100 12:1

0101 5:1 1101 20:1

0110 6:1 1110 Reserved

0111 Reserved 1111 Reserved
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System Design Information

• First, the board must have at least 10  10-nF SMT ceramic chip capacitors as close as possible to 
the supply balls of the device. Where the board has blind vias, these capacitors must be placed 
directly below the chip supply and ground connections. Where the board does not have blind vias, 
these capacitors must be placed in a ring around the device as close to the supply and ground 
connections as possible.

• Second, there must be a 1-µF ceramic chip capacitor from each SerDes supply (SVDD and XVDD) 
to the board ground plane on each side of the device. This must be done for all SerDes supplies.

• Third, between the device and any SerDes voltage regulator there must be a 10-µF, low equivalent 
series resistance (ESR) SMT tantalum chip capacitor and a 100-µF, low ESR SMT tantalum chip 
capacitor. This must be done for all SerDes supplies.

22.5 Connection Recommendations

To ensure reliable operation, it is highly recommended to connect unused inputs to an appropriate signal 
level. All unused active low inputs must be tied to VDD, TVDD, BVDD, OVDD, GVDD, and LVDD, as 
required. All unused active high inputs must 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, LVDD, and GND pins of the device.

22.6 Pull-Up and Pull-Down Resistor Requirements

The device requires weak pull-up resistors (2–10 k is recommended) on open drain type pins including 
I2C pins and PIC (interrupt) pins. 

Correct operation of the JTAG interface requires configuration of a group of system control pins as 
demonstrated in Figure 63. 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 gives 
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/ 
TEST_SEL pins must be set to a proper state during POR configuration. See the pinlist table of the 
individual device for more details

See the PCI 2.2 specification for all pull ups required for PCI.

22.7 Output Buffer DC Impedance

The device 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 61). 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 resistance of the pull-up devices. RP and RN are designed to be close to each 
other in value. Then, Z0 = (RP + RN)/2.


