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MPC8544E Overview

— 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

* (CeaN 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

e PCI controller

PCI 2.2 compatible

One 32-bit PCI port with support for speeds from 16 to 66 MHz
Host and agent mode support

64-bit dual address cycle (DAC) support

Supports PCI-to-memory and memory-to-PCI streaming
Memory prefetching of PCI read accesses

Supports posting of processor-to-PCI and PCI-to-memory writes
PCI 3.3-V compatible

Selectable hardware-enforced coherency
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6.1 DDR SDRAM DC Electrical Characteristics

DDR and DDR2 SDRAM

Table 10 provides the recommended operating conditions for the DDR SDRAM component(s) of the

MPC8544E when GVpp(typ) = 1.8 V.

Table 10. DDR2 SDRAM DC Electrical Characteristics for GVpp(typ) =1.8 V

Parameter/Condition Symbol Min Max Unit Notes

I/O supply voltage GVpp 1.71 1.89 \" 1

I/0 reference voltage MVger 0.49 x GVpp 0.51 x GVpp \Y 2
I/0 termination voltage V7 MVRgeg — 0.04 MVReg + 0.04 \ 3
Input high voltage ViH MVggg + 0.26 GVpp +0.3 \Y —
Input low voltage Vi -0.3 MVRgr — 0.24 \Y —
Output high current (Vo1 =1.26 V) loH -13.4 — mA —
Output low current (Vo = 0.33 V) loL 13.4 — mA —

Notes:

1. GVpp is expected to be within 50 mV of the DRAM GVpp at all times.

2. MVRgk is expected to be equal to 0.5 x GVpp, and to track GVpp DC variations as measured at the receiver. Peak-to-peak
noise on MVggr may not exceed +2% of the DC value.

3. V11 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 MVggg This rail should track variations in the DC level of MVggp.

Table 11 provides the DDR2 I/O capacitance when GVpp(typ) = 1.8 V.
Table 11. DDR2 SDRAM Capacitance for GVpp(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 Coio — 0.5 pF 1

Note:
1. This parameter is sampled. GVpp = 1.8 V £ 0.090 V, f = 1 MHz, Ty = 25°C, Voyt = GVpp/2, VouT (peak-to-peak) = 0.2 V.

Table 12 provides the recommended operating conditions for the DDR SDRAM component(s) when
GVDD(typ) =25V.

Table 12. DDR SDRAM DC Electrical Characteristics for GVpp(typ) = 2.5V

Parameter/Condition Symbol Min Max Unit Notes
I/O supply voltage GVpp 2.375 2.625 \Y 1
I/O reference voltage MVRger 0.49 x GVpp 0.51 x GVpp \Y 2
I/0 termination voltage V17 MVRger — 0.04 MVRer + 0.04 Vv 3
Input high voltage ViH MVggg + 0.31 GVpp +0.3 \Y —
Input low voltage Vi -0.3 MVggg - 0.3 \Y —
Output high current (Voyt = 1.8 V) loH -16.2 — mA —
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DDR and DDR2 SDRAM

Table 16 provides the input AC timing specifications for the DDR SDRAM when GVpp(typ) =2.5 V.
Table 16. 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 — MVggg— 0.31 \Y —
AC input high voltage Viy MVRgeg + 0.31 — \ —
Table 17 provides the input AC timing specifications for the DDR SDRAM interface.
Table 17. DDR SDRAM Input AC Timing Specifications
At recommended operating conditions.
Parameter Symbol Min Max Unit Notes
Controller skew for MDQS—MDQ/MECC/MDM toiskew ps 1,2
533 MHz -300 300 3
400 MHz -365 365 —
333 MHz -390 390 —

Notes:

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 tp;gkew. This can be
determined by the following equation: tpgkew = + (T/4 — abs(tciskew)), Where T is the clock period and abs(iciskew) is the

absolute value of tgiskew- See Figure 3.
3. Maximum DDR1 frequency is 400 MHz.

Figure 3 shows the DDR SDRAM input timing diagram.

MCKn] , \/ \/ \/ \/ \/ \/
MCK[n] | | | | | | | |
| ! | | | | | |
l«—— tMCK——>] I | | | |
| | | | | | |
| | i E | | | |

MDQS T M
[n] | :\—7 | | | |
I I I I I I
| | | | | |
MDQ[x] i i DO D1 WRK i i i
: : —> <—tDISII(EW : : :
| toiIskew—>| |« 1 | | | |

Figure 3. DDR SDRAM Input Timing Diagram (tp;skew)
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Enhanced Three-Speed Ethernet (€TSEC), Mil Management

8.5.2 GMII AC Timing Specifications

This section describes the GMII transmit and receive AC timing specifications.

8.5.2.1 GMII Transmit AC Timing Specifications

Table 30 provides the GMII transmit AC timing specifications.

Table 30. GMII Transmit AC Timing Specifications
At recommended operating conditions with L/TVDD of 3.3V + 5% or2.5V + 5%

Parameter/Condition Symbol' Min Typ Max Unit Notes
GTX_CLK clock period tgTx — 8.0 — ns —
GTX_CLK to GMII data TXD[7:0], TX_ER, TX_EN delay teTKHDX 0.2 — 5.0 ns 2
GTX_CLK data clock rise time (20%-80%) taTXR — — 1.0 ns —
GTX_CLK data clock fall time (80%-20%) taTxE — — 1.0 ns —

Notes:

1. The symbols used for timing specifications follow the pattern first two letters of functional block)(signal)(state)(reference)(state) for inputs
and irst two letters of functional block)(reference) (state)(signal)(state) for outputs. For example, tgrkHpy 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, tgTkHpx symbolizes GMII transmit timing (GT) with respect to the tgy 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 gy 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. Data valid tgTkpHpy to GTX_CLK Min setup time is a function of clock period and max hold time (Min setup = cycle time — Max
delay).

Figure 13 shows the GMII transmit AC timing diagram.

l<

< taTx > taTxXR
GTX_CLK
taTxH taTxF
TXD[7:0]
TX_EN
TX_ER
<— tgTKHDX —>
taTkHDV <—

Figure 13. GMII Transmit AC Timing Diagram
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Enhanced Three-Speed Ethernet (€TSEC), Mil Management

8.6.1

MIl Transmit AC Timing Specifications

Table 32 provides the MII transmit AC timing specifications.

Table 32. MIl Transmit AC Timing Specifications

At recommended operating conditions with L/TVpp of 3.3 V

+5%o0r2.5V +5%

Parameter/Condition Symbol' Min Typ Max Unit Notes

TX_CLK clock period 10 Mbps tMTX — 400 — ns —
TX_CLK clock period 100 Mbps tMTX — 40 — ns —
TX_CLK duty cycle tvrxatMTX 35 — 65 % —
TX_CLK to MIl data TXD[3:0], TX_ER, TX_EN tMTKHDX 1 5 15 ns —
delay

TX_CLK data clock rise (20%—80%) tMTXR 1.0 — 4.0 ns —
TX_CLK data clock fall (80%—20%) tMTXE 1.0 — 4.0 ns —

Note:

1. The symbols used for timing specifications follow the pattern of Yfirst two letters of functional block)(signal)(state)(reference)(state) for
inputs and tfirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tyrkHpx symbolizes Ml transmit
timing (MT) for the time ty;1x 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 ty;tx 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).

Figure 16 shows the MII transmit AC timing diagram.

l<

< tmTx > tMTXR —>
TX_CLK
tMTXH tMTXF —>
TXD[3:0]
TX_EN ><
TX_ER

Figure 16. Mil

8.6.2

—>| tMTKHDX

Transmit AC Timing Diagram

MIl Receive AC Timing Specifications

Table 33 provides the MII receive AC timing specifications.

Table 33. MIl Receive AC Timing Specifications

At recommended operating conditions with L/TVDD of 3.3 V

+5%.0r2.5V = 5%.

Parameter/Condition Symbol' Min Typ Max Unit Notes
RX_CLK clock period 10 Mbps tMRX — 400 — ns —
RX_CLK clock period 100 Mbps tMRX — 40 — ns —
RX_CLK duty cycle tMRxH/tMRX 35 — 65 % —
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Enhanced Three-Speed Ethernet (eTSEC), MIl Management

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

Parameter/Condition Symbol1 Min Typ Max Unit Notes
PMA_RX_CLK[0:1] duty cycle trrRxH/tTRX 40 — 60 % —
RCG[9:0] setup time to rising PMA_RX_CLK trRDVKH 25 — — ns —
PMA_RX_CLK to RCG[9:0] hold time trRDXKH 1.5 — — ns —
PMA_RX_CLK][0:1] clock rise time (20%-80%) YRR 0.7 — 2.4 ns —
PMA_RX_CLK][0:1] clock fall time (80%-20%) YRxF 0.7 — 2.4 ns —

Note:

1. The symbols used for timing specifications follow the pattern of tfirst two letters of functional block)(signal)(state)(reference) (state) fOF
inputs and tirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, trppykH Symbolizes TBI receive
timing (TR) with respect to the time data input signals (D) reach the valid state (V) relative to the trgy clock reference (K)
going to the high (H) state or setup time. Also, ttrpxkn Symbolizes TBI receive timing (TR) with respect to the time data input
signals (D) went invalid (X) relative to the ttgry 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 tyry 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).

Figure 20 shows the TBI receive AC timing diagram.
|

< trrx > trRxR

PMA_RX_CLK1 7

<— tTRXH trRxF
|
RCG[9:0] Valid Data Valid Data>1
trROVKH
< tsKTRX < trRDXKH
PMA_RX_CLKO \ _\—/_
trRXH <— tTRDXKH
— tTROVKH

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.
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Enhanced Three-Speed Ethernet (eTSEC), MIl Management

8.7.5.2 RMII Receive AC Timing Specifications

Table 39 shows the RMII receive AC timing specifications.

Table 39. RMIl Receive AC Timing Specifications
At recommended operating conditions with L/TVpp of 3.3 V + 5%.0r 2.5 V + 5%.

Parameter/Condition Symbol' Min Typ Max Unit Notes
REF_CLK clock period trRvR 15.0 20.0 25.0 ns —
REF_CLK duty cycle tRMRH 35 50 65 % —
REF_CLK peak-to-peak jitter tRMRY — — 250 ps —
Rise time REF_CLK (20%—80%) tRMRR 1.0 — 2.0 ns —
Fall time REF_CLK (80%—20%) tRMRF 1.0 — 2.0 ns —
RXD[1:0], CRS_DV, RX_ER setup time to tRMRDV 4.0 — — ns —
REF_CLK rising edge
RXD[1:0], CRS_DV, RX_ER hold time to REF_CLK tRMRDX 2.0 — — ns —
rising edge
Note:

1. The symbols used for timing specifications follow the pattern of t st two letters of functional block)(signal)(state)(reference)(state) fOr
inputs and tirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tyrpykH Symbolizes Ml receive
timing (MR) with respect to the time data input signals (D) reach the valid state (V) relative to the ty;grx clock reference (K)
going to the high (H) state or setup time. Also, tyrpxkL Symbolizes Ml receive timing (GR) with respect to the time data input
signals (D) went invalid (X) relative to the ty rx 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 tyygrx represents the Mll (M) receive (RX) clock. For rise and fall times, the latter convention is used
with the appropriate letter: R (rise) or F (fall).

Figure 24 provides the AC test load for eTSEC.

Output *{) Zy=50Q <\ AN LVpp/2
) R.=500
Figure 24. eTSEC AC Test Load
Figure 25 shows the RMII receive AC timing diagram.
< trRMR > tRMRR
REF_CLK
tRMRH tRMRF
RXD[1:0]
CRS_DV Valid Data
RX_ER
tRMRDV <
—> tRMRDX

Figure 25. RMIl Receive AC Timing Diagram
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Local Bus

Table 48. Local Bus General Timing Parameters—PLL Bypassed (continued)

Parameter Symbol’ Min Max Unit Notes

Local bus clock to data valid for LAD/LDP t BKLOV2 — 1.6 ns 4
Local bus clock to address valid for LAD, and LALE t BKLOVS — 1.6 ns 4
Output hold from local bus clock (except LAD/LDP and L BKLOX1 -4.1 — ns 4
LALE)

Output hold from local bus clock for LAD/LDP t BKLOX2 —4.1 — ns 4
Local bus clock to output high Impedance (except tLBKLOZ1 — 1.4 ns 7
LAD/LDP and LALE)

Local bus clock to output high impedance for LAD/LDP tLBKLOZ2 — 1.4 ns 7

Notes:

1.

o O

The symbols used for timing specifications follow the pattern of t(first two letters of functional block)(signal)(state)(reference)(state) for

inputs and Yirst two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, t gixkH1 symbolizes local bus
timing (LB) for the input (1) to go invalid (X) with respect to the time the t| gk clock reference (K) goes high (H), in this case
for clock one (1). Also, t gknox symbolizes local bus timing (LB) for the t gk clock reference (K) to go high (H), with respect
to the output (O) going invalid (X) or output hold time.

. 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 proceeds LCLK
by t BkHKT-

. Maximum possible clock skew between a clock LCLK[m] and a relative clock LCLK[n]. Skew measured between

complementary signals at BVpp/2.

. All signals are measured from BVpp/2 of the rising edge of local bus clock for PLL bypass mode to 0.4 x BVpp of the signal

in question for 3.3-V signaling levels.

. Input timings are measured at the pin.
. The value of t goyoT is the measurement of the minimum time between the negation of LALE and any change in LAD.
. 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.
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JTAG

12 JTAG

This section describes the AC electrical specifications for the IEEE 1149.1 (JTAG) interface of the
MPCS8544E.

12.1 JTAG DC Electrical Characteristics

Table 49 provides the DC electrical characteristics for the JTAG interface.
Table 49. JTAG DC Electrical Characteristics

Parameter Symbol Min Max Unit Notes
High-level input voltage Viy 2 OVpp + 0.3 \ —
Low-level input voltage Vi -0.3 0.8 \ —
Input current (OVjy =0 V or OV )\ = OVpp) In — £5 pA 1
High-level output voltage (OVpp = min, gy = -2 mA) VoH 24 — \" —
Low-level output voltage (OVpp = min, Ig. =2 mA) VoL — 0.4 \ —
Note:
1. Note that the symbol V|, in this case, represents the OVy.
12.2 JTAG AC Electrical Specifications
Table 50 provides the JTAG AC timing specifications as defined in Figure 34 through Figure 37.
Table 50. JTAG AC Timing Specifications (Independent of SYSCLK)1
At recommended operating conditions (see Table 3).
Parameter Symbol? Min Max Unit Notes
JTAG external clock frequency of operation fita 0 33.3 MHz —
JTAG external clock cycle time tta 30 — ns —
JTAG external clock pulse width measured at 1.4 V tTKHKL 15 — ns —
JTAG external clock rise and fall times tirer & tytaE 0 2 ns —
TRST assert time trrsT 25 — ns 3
Input setup times: ns 4
Boundary-scan data tyTDVKH 4 —
TMS, TDI tTIVKH 0 —
Input hold times: ns 4
Boundary-scan data tyTDXKH 20 —
Valid times: ns 5
Boundary-scan data tTkLDV 4 20
Output hold times: ns 5
Boundary-scan data tyTkLDX 2.5 —
TDO|  tyrkLox 4 —
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High-Speed Serial Interfaces (HSSI)

SDn_TX or SD-
n_RX

A Volts - — -
SDn_TX or SD-
n_RX

BVolts - — -

Differential Swing, V|p or Vop=A-B
Differential Peak Voltage, Vprr, = 1A - Bl

Differential Peak-Peak Voltage, Vpjrrpp = 2"VpjFrp (N0t shown)

Figure 44. 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 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
(Vop) 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, Vp is 500 mV in one phase and —500 mV in the other
phase. The peak differential voltage (Vpgpp) is 500 mV. The peak-to-peak differential voltage (Vprrrp-p)
is 1000 mV p-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 SD1_REF CLK and

SD1 _REF_CLK for PCI Expressl, PCI Express2. SD2 REF CLK, and SD2 REF CLK for the PCI
Express3 or SGMII interface, respectively. The following sections describe the SerDes reference clock
requirements and some application information.

16.2.1 SerDes Reference Clock Receiver Characteristics

Figure 45 shows a receiver reference diagram of the SerDes reference clocks.
+ The supply voltage requirements for XVpp grpsp 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 45. Each differential clock input (SDn REF CLK or SDn_REF CLK) has a
50-Q termination to SGND SRDS# (xcorevss) followed by on-chip AC-coupling.

— The external reference clock driver must be able to drive this termination.
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High-Speed Serial Interfaces (HSSI)

assumes that the LVPECL clock driver’s output impedance is 50 Q. R1 is used to DC-bias the LVPECL
outputs prior to AC-coupling. Its value could be ranged from 140 to 240 Q depending on clock driver
vendor’s requirement. R2 is used together with the SerDes reference clock receiver’s 50-Q termination
resistor to attenuate the LVPECL output’s differential peak level such that it meets the MPC8544E SerDes
reference clock’s differential input amplitude requirement (between 200 and 800 mV differential peak).
For example, if the LVPECL output’s differential peak is 900 mV and the desired SerDes reference clock
input amplitude is selected as 600 mV, the attenuation factor is 0.67, which requires R2 = 25 Q. Please
consult clock driver chip manufacturer to verify whether this connection scheme is compatible with a
particular clock driver chip.

Fr--- - - - - — — — — — — -
_______ 7
LVPECL CLK | | ZE N
Driver Chip | | 85
50 Q
CLK_Out | Ro 1onF SDN_REF_CLK %

=

SerDes Refer.

|

|

|

|

|

R1 |
CLK Receiver |
|

|

|

|

|

Clock Driver

|
100 Q differential PWB trace |
|
R2 |

SDn_REF_CLK

X ———0

CLK_Out
R1 i
|
|

- - - - — — — — — — — 7

Figure 51. AC-Coupled Differential Connection with LVPECL Clock Driver (Reference Only)

Figure 52 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 MPC8544E SerDes reference clock
input’s DC requirement.

Single-Ended |
CLK Driver Chip

MPC8544E

output impedance is about 16 Q.

- SDnlREF_CLK
0

2

|
|
Total 50 Q. Assume clock driver’s |
|
|

Clock Driver

CLK_Out
100 Q differential PWB trace

|
|
: A
|
|
|

CLK Receiver

I
|
| SerDes Refer.
|
|
[

SDn+REF_CLK

&EH—O

50 Q)

_ - - - — - — — — — — — 4

Figure 52. Single-Ended Connection (Reference Only)

MPC8544E PowerQUICC lll Integrated Processor Hardware Specifications, Rev. 8

70 Freescale Semiconductor



PCI Express

Table 59. Differential Transmitter (TX) Output Specifications (continued)

Symbol Parameter Min Nom Max Unit Comments

VTX-RCV-DETECT Amount of voltage — — 600 mV | The total amount of voltage change that a
change allowed during transmitter can apply to sense whether a
receiver detection low impedance receiver is present. See

Note 6.

V1x-De-cm TX DC common mode 0 — 3.6 V  |The allowed DC common mode voltage
voltage under any conditions. See Note 6.

ITx-SHORT TXshortcircuitcurrent| — — 90 mA | The total current the transmitter can
limit provide when shorted to its ground.

TTX-IDLE-MIN Minimum time spentin 50 — — Ul [Minimum time a transmitter must be in
electrical idle electrical idle utilized by the receiver to

start looking for an electrical idle exit after
successfully receiving an electrical idle
ordered set.

TTx.DLE-SET-TO-IDLE | Maximum time to — — 20 Ul |After sending an electrical idle ordered set,
transition to a valid the transmitter must meet all electrical idle
electrical idle after specifications within this time. This is
sending an electrical considered a debounce time for the
Idle ordered set transmitter to meet electrical idle after

transitioning from LO.

TTX-lDLE-TO-DlFF-DATA Maximum time to — — 20 Ul Maximum time to meet all TX
transition to valid TX specifications when transitioning from
specifications after electrical idle to sending differential data.
leaving an electrical This is considered a debounce time for the
idle condition TX to meet all TX specifications after

leaving electrical idle.

RLrx-DIFF Differential return loss 12 — — dB [Measured over 50 MHz to 1.25 GHz. See

Note 4.

RLrx-cm Common mode return 6 — — dB |Measured over 50 MHz to 1.25 GHz. See
loss Note 4.

ZTX-DIFF-DC DC differential TX 80 100 120 Q |TX DC differential mode low impedance.
impedance

Z1x.pC Transmitter DC 40 — — Q Required TX D+ as well as D— DC
impedance Impedance during all states.

Lrx-skew Lane-to-lane output — — 500 + ps |Static skew between any two transmitter
skew 2 Ul lanes within a single link.

Crx AC coupling capacitor 75 — 200 nF  |All transmitters shall be AC coupled. The

AC coupling is required either within the
media or within the transmitting component
itself.
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Table 62. MPC8544E Pinout Listing (continued)

. . . Power
Signal Package Pin Number Pin Type Supply Notes
DDR SDRAM Memory Interface

MDQ[0:63] A26, B26, C22, D21, D25, B25, D22, E21, A24, I/0 GVpp —

A23, B20, A20, A25, B24, B21, A21, E19, D19,

E16, C16, F19, F18, F17, D16, B18, A18, A15,

B14, B19, A19, A16, B15, D1, F3, G1, H2, E4,

G5, H3, J4, B2, C3, F2, G2, A2, B3, E1, F1, L5,

L4,N3, P3, J3, K4, N4, P4, J1, K1, P1, R1, J2,

K2, N1, R2
MECCI0:7] G12, D14, F11, C11, G14, F14,C13, D12 I/0 GVpp —
MDM][0:8] C25, B23, D18, B17, G4, C2, L3, L2, F13 (0] GVpp 21
MDQS[0:8] D24, B22, C18, A17, J5, C1, M4, M2, E13 I/0 GVpp —
MDQS[0:8] C283, A22, E17, B16, K5, D2, M3, P2, D13 I/0 GVpp —
MA[0:15] B7, G8, C8, A10, D9, C10, A11, F9, E9, B12, o GVpp —

A5, A12, D11, F7, E10, F10
MBA[0:2] A4, B5, B13 0] GVpp —
MWE B4 0] GVpp —
MCAS E7 0] GVpp —
MRAS C5 0] GVpp —
MCKE[0:3] H10, K10, G10, H9 (0] GVpp 10
MCSJ0:3] D3, H6, C4, G6 0] GVpp —
MCK]J0:5] A9, J11, J6, A8, J13, H8 0] GVpp —
MCK]J0:5] B9, H11, K6, B8, H13, J8 0] GVpp —
MODTI[0:3] E5, H7, E6, F6 0] GVpp —
MDIC[0:1] H15, K15 I/0 GVpp 25
TEST_IN A13 | — 27
TEST_OUT A6 0] — 17

Local Bus Controller Interface

LADI[0:31] K22, L21, L22, K23, K24, L24, L25, K25, L28, 110 BVpp 23

L27, K28, K27, J28, H28, H27, G27, G26, F28,

F26, F25, E28, E27, E26, F24, E24, C26, G24,

E23, G23, F22, G22, G21
LDPI[0:3] K26, G28, B27, E25 1/0 BVpp
LA[27] L19 O BVpp 4,8
LA[28:31] K16, K17, H17,G17 (0] BVpp 4,6,8
LCS[0:4] K18, G19, H19, H20, G16 o] BVpp —
LCS5/DMA_DREQ2 H16 1/0 BVpp 1
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Table 62. MPC8544E Pinout Listing (continued)

Signal Package Pin Number Pin Type ;?;vpel; Notes
SD2_REF_CLK AF2 [ XVpp —
SD2_TST_CLK AG4 — — —
SD2_TST_CLK AF4 — — —

General-Purpose Output
GPOUT[0:7] AF22, AH23, AG27, AH25, AF21, AF25, AG26, (0] OVpp —
AF26
General-Purpose Input
GPIN[0:7] AH24, AG24, AD23, AE21, AD22, AF23, AG25, | OVpp —
AE20
System Control

HRESET AG16 | OVpp —
HRESET_REQ AG15 o) OVpp 21
SRESET AG19 | OVpp —
CKSTP_IN AH5 | OVpp —
CKSTP_OUT AA12 o OVpp 2,4

Debug
TRIG_IN AC5 [ OVpp —
TRIG_OUT/READY/ AB5 (0] OVpp 5, 8, 15,
QUIESCE 21
MSRCIDI[0:1] Y7, W9 o) OVpp 4,5,8
MSRCIDI[2:4] AA9, AB6, AD5 0] OVpp 5,15, 21
MDVAL Y8 o) OVpp 5
CLK_OUT AE16 o) OVpp 10

Clock
RTC AF15 | OVpp —
SYSCLK AH16 | OVpp —

JTAG
TCK AG28 | OVpp —
DI AH28 | OVpp 1
TDO AF28 o) OVpp 10
T™S AH27 | OVpp 1
TRST AH22 [ OVpp 11
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Thermal

20.3 Thermal Management Information

This section provides thermal management information for the flip chip plastic ball grid array (FC-PBGA)
package for air-cooled applications. Proper thermal control design is primarily dependent on the
system-level design—the heat sink, airflow, and thermal interface material. The MPC8544E implements
several features designed to assist with thermal management, including the temperature diode. The
temperature diode allows an external device to monitor the die temperature in order to detect excessive
temperature conditions and alert the system; see Section 20.3.4, “Temperature Diode,” for more
information.

The recommended attachment method to the heat sink is illustrated in Figure 61. The heat sink should be
attached to the printed-circuit board with the spring force centered over the die. This spring force should
not exceed 10 pounds force (45 Newton).

FC-PBGA Package
Heat Slnk\ﬂ I—‘ ’—‘ ’—
Heat Sink
o < L L L

Adhesive or

Thermal Interface Material —————

/_ Sleje]e,
Printed-Circuit Board —» _” B

]
S

o

Die

Figure 61. Package Exploded Cross-Sectional View with Several Heat Sink Options

The system board designer can choose between several types of heat sinks to place on the device. There
are several commercially-available heat sinks from the following vendors:

Aavid Thermalloy603-224-9988

80 Commercial St.

Concord, NH 03301

Internet: www.aavidthermalloy.com

Advanced Thermal Solutions781-769-2800
89 Access Road #27.

Norwood, MA02062

Internet: www.qgats.com

Alpha Novatech408-567-8082
473 Sapena Ct. #12

Santa Clara, CA 95054

Internet: www.alphanovatech.com
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Heat sinks are attached to the package by means of a spring clip to holes in the printed-circuit board (see
Figure 61). Therefore, the synthetic grease offers the best thermal performance, especially at the low
interface pressure.

5 | , , , —@— Silicone Sheet (0.006 in.)
' ' ' ' - --i-- - Bare Joint
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Figure 63. Thermal Performance of Select Thermal Interface Materials

The system board designer can choose between several types of thermal interface. There are several
commercially-available thermal interfaces provided by the following vendors:

Chomerics, Inc. 781-935-4850
77 Dragon Ct.

Woburn, MA 01801

Internet: www.chomerics.com

Dow-Corning Corporation800-248-2481
Corporate Center

P.O.Box 999

Midland, MI 48686-0997

Internet: www.dow.com

Shin-Etsu MicroSi, Inc.888-642-7674
10028 S. 51st St.

Phoenix, AZ 85044

Internet: www.microsi.com

The Bergquist Company800-347-4572
18930 West 78 St.
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Chanhassen, MN 55317
Internet: www.bergquistcompany.com

Thermagon Inc. 888-246-9050
4707 Detroit Ave.

Cleveland, OH 44102

Internet: www.thermagon.com

20.3.3 Heat Sink Selection Examples

The following section provides a heat sink selection example using one of the commercially available heat
sinks.
For preliminary heat sink sizing, the die-junction temperature can be expressed as follows:
Ty =T+ Tr+ (03¢ * BNt + 0s4) X Pp

where

Ty is the die-junction temperature

T is the inlet cabinet ambient temperature

Tg is the air temperature rise within the computer cabinet

0jc 1s the junction-to-case thermal resistance

Ornt 1s the adhesive or interface material thermal resistance

Oga 1s the heat sink base-to-ambient thermal resistance

Pp is the power dissipated by the device
During operation the die-junction temperatures (Tj) should be maintained within the range specified in
Table 2. The temperature of air cooling the component greatly depends on the ambient inlet air temperature
and the air temperature rise within the electronic cabinet. An electronic cabinet inlet-air temperature (Ty)
may range from 30° to 40°C. The air temperature rise within a cabinet (Tg) may be in the range of 5° to
10°C. The thermal resistance of the thermal interface material (Op1) may be about 1°C/W. Assuming a T

of 30°C, a Ty of 5°C, a FC-PBGA package 6;- = 0.1, and a power consumption (Pp) of 5, the following
expression for Ty is obtained:

Die-junction temperature: T;=30°C + 5°C + (0.1°C/W + 1.0°C/W + 6g,) x Pp

The heat sink-to-ambient thermal resistance (0g4) versus airflow velocity for a Thermalloy heat sink
#2328B is shown in Figure 64.

Assuming an air velocity of 1 m/s, we have an effective O of about 5°C/W, thus
Ty=30°+5°C+ (0.1°C/W + 1.0°C/W + 5°C/W) x 5

resulting in a die-junction temperature of approximately 66, which is well within the maximum operating
temperature of the component.
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where:
I, = Forward current
I, = Saturation current
V4= Voltage at diode
V= Voltage forward biased
Vy = Diode voltage while Iy is flowing
V1 = Diode voltage while Ij is flowing
Iy = Larger diode bias current
I; = Smaller diode bias current
q = Charge of electron (1.6 x 10 19 0]
n = Ideality factor (normally 1.0)
K = Boltzman’s constant (1.38 x 10237 oules/K)
T = Temperature (Kelvins)

The ratio of Iy to I} is usually selected to be 10:1. The above simplifies to the following:
Vi -V =1.986 x 104 x nT

Solving for T, the equation becomes:

T= Vu-VL
M= 1986 %107

21 System Design Information

This section provides electrical and thermal design recommendations for successful application of the
MPC8544E.

21.1 System Clocking

This device includes six PLLs:

» The platform PLL generates the platform clock from the externally supplied SYSCLK input. The
frequency ratio between the platform and SYSCLK is selected using the platform PLL ratio
configuration bits as described in Section 19.2, “CCB/SYSCLK PLL Ratio.”

» The 500 core PLL generates the core clock as a slave to the platform clock. The frequency ratio
between the e500 core clock and the platform clock is selected using the €500 PLL ratio
configuration bits as described in Section 19.3, “e500 Core PLL Ratio.”

» The PCI PLL generates the clocking for the PCI bus.
» The local bus PLL generates the clock for the local bus.
» There are two PLLs for the SerDes block.
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21.9.1 Termination of Unused Signals

If the JTAG interface and COP header will not be used, Freescale recommends the following connections:

» TRST should be tied to HRESET through a 0-kQ isolation resistor so that it is asserted when the
system reset signal (HRESET) is asserted, ensuring that the JTAG scan chain is initialized during
the power-on reset flow. Freescale recommends that the COP header be designed into the system
as shown in Figure 69. If this is not possible, the isolation resistor will allow future access to TRST
in case a JTAG interface may need to be wired onto the system in future debug situations.

* No pull-up/pull-down is required for TDI, TMS, or TDO.

Figure 68 shows the COP connector physical pinout.

COP_TDO NC
COP_TDI COP_TRST
COP_RUN/STOP [6]| COP_VDD_SENSE

COP_TCK | COP_CHKSTP_IN
coP_TMs | [9 ] NC

COP_SRESET | [11] [12] | NC

COP_HRESET Nopn

COP_CHKSTP_OUT GND

Figure 68. COP Connector Physical Pinout
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23 Document Revision History

This table provides a revision history for the MPC8544E hardware specification.

Table 76. MPC8544E Document Revision History

Revision

Date

Substantive Change(s)

09/2015

In Table 10 and Table 12, removed the output leakage current rows and removed table note 4.

06/2014

In Table 75, “Device Nomenclature,” added full Pb-free part code.
In Table 75, “Device Nomenclature,” added footnotes 3 and 4.

05/2011

Updated the value of ;¢ px to 2.5 ns from 4ns in Table 50.

01/2011

Updated Table 75.

09/2010

Modified local bus information in Section 1.1, “Key Features,” to show max local bus frequency
as 133 MHz.

Added footnote 28 to Table 62.

Updated solder-ball parameter in Table 61.

11/2009

Update Section 20.3.4, “Temperature Diode,”
Update Table 61 Package Parameters from 95.5%sn to 96.5%sn

01/2009

Update power number table to include 1067 MHz/533 MHz power numbers.

Remove Part number tables from Hardware spec. The part numbers are available on Freescale
web site product page.

Removed I/O power numbers from the Hardware spec. and added the table to bring-up guide
application note.

Update tDDKHMF‘, tDDKHME in Table 18.

Updated RX_CLK duty cycle min, and max value to meet the industry standard GMII duty cycle.
Update paragraph Section 21.3, “Decoupling Recommendations.”

Update Figure 5 DDR Output Timing Diagram.

In Table 40, removed note 1 and renumbered remaining note.

Update Section 22, “Device Nomenclature,” with regards to Commercial Tier.

06/2008

Update in Table 18 DDR SDRAM Output AC Timing Specifications tMCK Max value
Improvement to Section 16, “High-Speed Serial Interfaces (HSSI)

Update Figure 59 Mechanical Dimensions

Update in Table 48 Local Bus General Timing Parameters—PLL Bypassed

04/2008

Initial release.
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