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MPC8544E Overview

— Two key (K1, K2, K1) or three key (K1, K2, K3)
— ECB and CBC modes for both DES and 3DES
— AESU—Advanced Encryption Standard unit
— Implements the Rijndael symmetric key cipher
— ECB, CBC, CTR, and CCM modes
— 128-, 192-, and 256-bit key lengths
— AFEU—ARC four execution unit
— Implements a stream cipher compatible with the RC4 algorithm
— 40- to 128-bit programmable key
— MDEU—message digest execution unit
— SHA with 160- or 256-bit message digest
— MDS5 with 128-bit message digest
— HMAUC with either algorithm
— KEU—Kasumi execution unit
— Implements F8 algorithm for encryption and F9 algorithm for integrity checking
— Also supports A5/3 and GEA-3 algorithms
— RNG—random number generator
— XOR engine for parity checking in RAID storage applications
«  Dual I°C controllers
— Two-wire interface
— Multiple master support
— Master or slave I’C mode support
— On-chip digital filtering rejects spikes on the bus
* Boot sequencer
— Optionally loads configuration data from serial ROM at reset via the 12C interface
— Can be used to initialize configuration registers and/or memory
— Supports extended I’C addressing mode
— Data integrity checked with preamble signature and CRC
 DUART
— Two 4-wire interfaces (SIN, SOUT, RTS, CTS)
— Programming model compatible with the original 16450 UART and the PC16550D
* Local bus controller (LBC)
— Multiplexed 32-bit address and data bus operating at up to 133 MHz
— Eight chip selects support eight external slaves
— Up to eight-beat burst transfers
— The 32-, 16-, and 8-bit port sizes are controlled by an on-chip memory controller.
— Two protocol engines available on a per chip select basis:
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3 Power Characteristics

The estimated typical core power dissipation for the core complex bus (CCB) versus the core frequency

for this family of PowerQUICC III devices is shown in Table 4.

Table 4. MPC8544ECore Power Dissipation

Power Characteristics

Power Mode Core (FMreHo;l)Jency Platforrz\Ml:-:':?uency \{3,)3 Tem;:::ttlifr)g 0y P?‘\’lvv)er Notes
Typical 667 333 1.0 65 2.6 1,2
Thermal 105 4.5 1,3
Maximum 7.15 1,4
Typical 800 400 1.0 65 2.9 1,2
Thermal 105 4.8 1,3
Maximum 7.35 1,4
Typical 1000 400 1.0 65 3.6 1,2
Thermal 105 5.3 1,3
Maximum 7.5 1,4
Typical 1067 533 1.0 65 3.9 1,2
Thermal 6.0 1,3

105
Maximum 7.7 1,4
Notes:

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

configurations. The values do not include power dissipation for /O supplies.

2. Typical power is an average value measured at the nominal recommended core voltage (Vpp) and 65°C junction temperature
(see Table 2) while running the Dhrystone 2.1 benchmark.
3. Thermal power is the average power measured at nominal core voltage (Vpp) and maximum operating junction temperature
(see Table 2) while running the Dhrystone 2.1 benchmark.

4. Maximum power is the maximum power measured at nominal core voltage (Vpp) and maximum operating junction

temperature (see Table 2) while running a smoke test which includes an entirely L1-cache-resident, contrived sequence of
instructions which keep the execution unit maximally busy.

4 Input Clocks

This section contains the following subsections:

* Section 4.1, “System Clock Timing”
» Section 4.2, “Real-Time Clock Timing”

* Section 4.3, “eTSEC Gigabit Reference Clock Timing”

» Section 4.4, “Platform to FIFO Restrictions”
* Section 4.5, “Other Input Clocks”
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Enhanced Three-Speed Ethernet (eTSEC), MIl Management

8.3 SGMII Interface Electrical Characteristics

Each SGMII port features a 4-wire AC-coupled serial link from the dedicated SerDes 2 interface of
MPC8544E as shown in Figure 7, where Cty is the external (on board) AC-coupled capacitor. Each output
pin of the SerDes transmitter differential pair features 50-Q2 output impedance. Each input of the SerDes
receiver differential pair features 50-Q on-die termination to SGND_SRDS2 (xcorevss). The reference
circuit of the SerDes transmitter and receiver is shown in Figure 7.

When an eTSEC port is configured to operate in SGMII mode, the parallel interface’s output signals of
this eTSEC port can be left floating. The input signals should be terminated based on the guidelines
described in Section 21.5, “Connection Recommendations,” as long as such termination does not violate
the desired POR configuration requirement on these pins, if applicable.

When operating in SGMII mode, the eTSEC EC_GTX CLK125 clock is not required for this port.
Instead, SerDes reference clock is required on SD2 REF CLK and SD2 REF CLK pins.

8.3.1 AC Requirements for SGMII SD2_REF_CLK and SD2_REF_CLK

Table 23 lists the SGMII SerDes reference clock AC requirements. Please note that SD2 REF CLK and
SD2 REF CLK are not intended to be used with, and should not be clocked by, a spread spectrum clock
source.

Table 23. SD2_REF_CLK and SD2_REF_CLK AC Requirements

Symbol Parameter Description Min Typical Max Units Notes
tRerF REFCLK cycle time — 10 (8) — ns 1
trercy | REFCLK cycle-to-cycle jitter. Difference in the period of any — — 100 ps —

two adjacent REFCLK cycles

treppy | Phase jitter. Deviation in edge location with respect to -50 — 50 ps —
mean edge location

Note:
1. 8 ns applies only when 125 MHz SerDes2 reference clock frequency is selected via cfg_srds_sgmii_refclk during POR.

8.3.2 SGMII Transmitter and Receiver DC Electrical Characteristics

Table 24 and Table 25 describe the SGMII SerDes transmitter and receiver AC-coupled DC electrical
characteristics. Transmitter DC characteristics are measured at the transmitter outputs (SD2_TX[n] and
SD2 TX][n]) as depicted in Figure 8.

Table 24. DC Transmitter Electrical Characteristics

Parameter Symbol Min Typ Max Unit Notes
Supply Voltage Vbb_sRbs2 0.95 1.0 1.05 \ —
Output high voltage VoH — — | Vog-max + IVopl_max/2 | mV
Output low voltage VoL Vog-min =IVoplmax2 | — — mV 1
Output ringing VRING — — 10 % —
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Enhanced Three-Speed Ethernet (eTSEC), MIl Management

Table 28. FIFO Mode Transmit AC Timing Specification (continued)
(continued)At recommended operating conditions with L/TVDD of 3.3V £ 5% or 2.5V + 5%

Parameter/Condition Symbol Min Typ Max Unit Notes
Fall time TX_CLK (80%—20%) trTF — — 0.75 ns —
GTX_CLK to FIFO data TXD[7:0], TX_ER, TX_EN trITDX 0.5 — 3.0 ns 1
hold time
Note:

1. Data valid tgrpy to GTX_CLK Min setup time is a function of clock period and max hold time.
(Min setup = Cycle time — Max hold).

Table 29. FIFO Mode Receive AC Timing Specification
At recommended operating conditions with L/TVDD of 3.3V + 5% or2.5V + 5%

Parameter/Condition Symbol Min Typ Max Unit Notes
RX_CLK clock period tFIR — 8.0 — ns —
RX_CLK duty cycle triIrRH/tFIRH 45 50 55 % —
RX_CLK peak-to-peak jitter triRy — — 250 ps —
Rise time RX_CLK (20%—80%) tFIRR — — 0.75 ns —
Fall time RX_CLK (80%—20%) triRF — — 0.75 ns —
RXD[7:0], RX_DV, RX_ER setup time to RX_CLK triRDV 1.5 — — ns —
RX_CLK to RXD[7:0], RX_DV, RX_ER hold time tFIRDX 0.5 — — ns —

Timing diagrams for FIFO appear in Figure 11 and Figure 12.

< trr > —>| |<—tFTF  —>| |[<—FTR
GTX_CLK
l«<——tFiTH
teToVv <« tFITDX
TXD[7:0]
TX_EN
TX_ER
Figure 11. FIFO Transmit AC Timing Diagram
< triR > —>| [«<—T1FRR
RX_CLK
<—tFIRH —>| <—tFRF
RXD[7:0]
RX_DV Valid Data
RX_ER
triRDV trIRDX

Figure 12. FIFO Receive AC Timing Diagram
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Enhanced Three-Speed Ethernet (eTSEC), MIl Management

Table 33. Mil Receive AC Timing Specifications (continued)
At recommended operating conditions with L/TVDD of 3.3 V + 5%.0r 2.5 V + 5%.

Parameter/Condition Symbol’ Min Typ Max Unit Notes
RXD[3:0], RX_DV, RX_ER setup time to RX_CLK tMRDVKH 10.0 — — ns —
RXD[3:0], RX_DV, RX_ER hold time to RX_CLK tMRDXKH 10.0 — — ns —
RX_CLK clock rise (20%—80%) tMRXR 1.0 — 4.0 ns —
RX_CLK clock fall time (80%—20%) tMRXF 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 tirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tyrpykH symbolizes Mil 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 tyygrx 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 tygx represents the MIl (M) receive (RX) clock. For rise and fall times, the latter convention is used
with the appropriate letter: R (rise) or F (fall).

Figure 17 provides the AC test load for eTSEC.

Output {)

Zy=50Q LVpp/2

(/ RL—SOQ
=

Figure 17. eTSEC AC Test Load
Figure 18 shows the MII receive AC timing diagram.
< tMRx > tMRXR —>
RX_CLK
tMRXH tMRXF
RXD[3:0]
RX_DV Valid Data
RX_ER
tMRDVKH <
—> tMRDXKL

Figure 18. MIl Receive AC Timing Diagram

8.7 TBI AC Timing Specifications

This section describes the TBI transmit and receive AC timing specifications.
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Enhanced Three-Speed Ethernet (€TSEC), Mil Management

8.7.1

TBI Transmit AC Timing Specifications

Table 34 provides the TBI transmit AC timing specifications.

Table 34. TBI 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 taTx — 8.0 — ns —
GTX_CLK to TCG[9:0] delay time rTKHDX 0.2 — 5.0 ns 2
GTX_CLK rise (20%—80%) trxR — — 1.0 ns —
GTX_CLK fall time (80%—20%) trTxF — — 1.0 ns —

Notes:

1. The symbols used for timing specifications follow the pattern of ttirst 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, trrkHDV symbolizes the TBI
transmit timing (TT) with respect to the time from t1x (K) going high (H) until the referenced data signals (D) reach the valid
state (V) or setup time. Also, trrkHpx symbolizes the TBI transmit timing (TT) with respect to the time from t1x (K) going
high (H) until the referenced data signals (D) reach the invalid state (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 tr1x represents the TBI (T) 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 ttrkppy to GTX_CLK Min setup time is a function of clock period and max hold time (Min setup = cycle time — Max

delay).

Figure 19 shows the TBI transmit AC timing diagram.

<« trix —>
GTX_CLK
trTxH —>
TCG9:0] X
tTTKHDV —>> -<—
— <— tTTKHDX

Figure 19. TBI Transmit AC Timing Diagram

8.7.2

Table 35 provides the TBI receive AC timing specifications.

TBI Receive AC Timing Specifications

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

Parameter/Condition Symbol' Min Typ Max Unit Notes
PMA_RX_CLK]0:1] clock period trRx — 16.0 — ns —
PMA_RX_CLK[0:1] skew tskTRX 75 — 8.5 ns —
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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 (€TSEC), Mil Management

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

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

Parameter/Condition Symbol Min Typ Max Unit Notes
RX_CLK clock period tr'RR 7.5 8.0 8.5 ns —
RX_CLK duty cycle TRRH 40 50 60 % —
RX_CLK peak-to-peak jitter tTRRY — — 250 ps —
Rise time RX_CLK (20%—80%) trrRRR — — 1.0 ns —
Fall time RX_CLK (80%—20%) YTRRF — — 1.0 ns —
RCG[9:0] setup time to RX_CLK rising edge trrRRDV 2.0 — — ns —
RCG[9:0] hold time to RX_CLK rising edge trRRDX 1.0 — — ns —

A timing diagram for TBI receive appears in Figure 21.

< trRR > —>| |«—trRRR
RX_CLK
<—TRRH—> —>| |<—1TRRF
RCG[9:0] Valid Data
trRROV tTRRDX

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

Parameter/Condition Symbol' 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 traT 7.2 8.0 8.8 ns 3
Duty cycle for 10BASE-T and 100BASE-TX traTH/tRGT 40 50 60 % 3,4
Rise time (20%—80%) traTR — — 0.75 ns —
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Enhanced Three-Speed Ethernet (eTSEC), MIl Management

Table 37. RGMII and RTBI AC Timing Specifications (continued)
At recommended operating conditions with L/TVpp of 2.5 V + 5%.

Parameter/Condition Symbol' Min Typ Max Unit Notes

Fall time (20%—80%) tRaTE — — 0.75 ns —

Notes:

1. In general, the clock reference symbol representation for this section is based on the symbols RGT to represent RGMIl and
RTBI timing. For example, the subscript of tggT represents the TBI (T) receive (RX) clock. Note also that the notation for rise
(R) and fall (F) times follows the clock symbol that is being represented. For symbols representing skews, the subscript is
skew (SK) followed by the clock that is being skewed (RGT).

2. This implies that PC board design will require clocks to be routed such that an additional trace delay of greater than 1.5 ns
will be added to the associated clock signal.

3. For 10 and 100 Mbps, tggT Scales to 400 ns + 40 ns and 40 ns + 4 ns, respectively.

4. Duty cycle may be stretched/shrunk during speed changes or while transitioning to a received packet's clock domains as long
as the minimum duty cycle is not violated and stretching occurs for no more than three tggt of the lowest speed transitioned
between.

5. Guaranteed by design.

Figure 22 shows the RGMII and RTBI AC timing and multiplexing diagrams.

<—— traT
tRGTH —*
GTX_CLK /
(At Transmitter)
tSKRGT_TX —> [<—
TXD[8:5][3:0] >< . XD[B:SM >< < >< ><
TXD[7:4][3-0] TXDI3:0I A\ rxD[7:4
TXD[4] TXD[9]>< >< < >< ><
TX_CTL ><TXEN TXERR
—>| tSKRGT_RX
TX_CLK
(At PHY)
. <« [RGT
RGTH _,
GTX_CLK
(At Receiver)
RXD[8:5][3:0] —\/RXD[85
RXD[7:4][3:0] XRXD[S-O] RXD{7:4 >< >< ><
tskrGT_TX —>|
RXD[4] \V RXD[9] >< >< ><
RX_CTL >< RXDV_/\RXERR
—>| tSKRGT_RX
RX_CLK
(At PHY)

Figure 22. RGMII and RTBI AC Timing and Multiplexing Diagrams
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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

MPC8544E PowerQUICC lll Integrated Processor Hardware Specifications, Rev. 8

Freescale Semiconductor 41



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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13.2

I2C AC Electrical Specifications

Table 52 provides the AC timing parameters for the 12C interfaces.

Table 52. I2C AC Electrical Specifications

All values refer to V| (min) and V|_(max) levels (see Table 51).

12c

Parameter Symbol’ Min Max Unit Notes

SCL clock frequency floc 0 400 kHz —
Low period of the SCL clock tiocL 1.3 — us —
High period of the SCL clock tiocH 0.6 — us —
Setup time for a repeated START condition tioSVKH 0.6 — us —
Hold time (repeated) START condition (after this period, tiosxKL 0.6 — us —
the first clock pulse is generated)
Data setup time ti2DVKH 100 — ns —
Data hold time: tioDXKL us 2

CBUS compatible masters — —

1°C bus devices 0 —

Data output delay time tioovkL — 0.9 3
Set-up time for STOP condition tioPVKH 0.6 — us —
Rise time of both SDA and SCL signals tiocr 20+0.1Cy 300 ns 4
Fall time of both SDA and SCL signals tiock 20+0.1Cy 300 ns 4
Bus free time between a STOP and START condition tiokHDX 1.3 — us —
Noise margin at the LOW level for each connected device VL 0.1 x OVpp — \Y —
(including hysteresis)
Noise margin at the HIGH level for each connected VNH 0.2 x OVpp — \ —

device (including hysteresis)

Notes:

1. The symbols used for timing specifications follow the pattern of it two letters of functional block)(signal)(state)(referenge)(state) for
inputs and t(firs’( two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tjapykH symbolizes 1°C timing (12)
with respect to the time data input signals (D) reach the valid state (V) relative to the tj5¢ clock reference (K) going to the high
(H) state or setup time. Also, togxk. Symbolizes I2C timing (12) for the time that the data with respect to the start condition
(S) went invalid (X) relative to the to¢ clock reference (K) going to the low (L) state or hold time. Also, tiopyky Symbolizes 1°C
timing (12) for the time that the data with respect to the stop condition (P) reaching the valid state (V) relative to the t5¢ 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. The MPC8544E provides a hold time of at least 300 ns for the SDA signal (referred to the V;ymin of the SCL signal) to bridge

the undefined region of the falling edge of SCL.

3. The maximum topyk has only to be met if the device does not stretch the LOW period (tj5¢ ) of the SCL signal.

4. Cg = capacitance of one bus line in pF.
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Figure 38 provides the AC test load for the IC.
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Figure 38. I2C AC Test Load

Figure 39 shows the AC timing diagram for the IC bus.
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14 GPIO

This section describes the DC and AC electrical specifications for the GPIO interface of the MPC8544E.
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Figure 39. I2C Bus AC Timing Diagram

14.1 GPIO DC Electrical Characteristics

Table 53 provides the DC electrical characteristics for the GPIO interface.
Table 53. GPIO DC Electrical Characteristics

Parameter Symbol Min Max Unit Notes
High-level input voltage ViH 2 OVpp + 0.3 \ —
Low-level input voltage Vi -0.3 0.8 \ —
Input current (Viy =0 V or Viy = Vpp, N — +5 pA 1
High-level output voltage (OVpp = mn, Igy = —2 mA) Vo 24 — Vv —
Low-level output voltage (OVpp = min, Ig, =2 mA) VoL — 0.4 Vv —

Note:
1. Note that the symbol V|, in this case, represents the OV, symbol referenced in Table 1 and Table 2.
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14.2 GPIO AC Electrical Specifications

Table 54 provides the GPIO input and output AC timing specifications.
Table 54. GPIO Input AC Timing Specifications

Parameter Symbol Typ Unit Notes

GPIO inputs—minimum pulse width tPiwiD 20 ns 1

Note:

1. GPIO inputs and outputs are asynchronous to any visible clock. GPIO outputs should be synchronized before use by any
external synchronous logic. GPIO inputs are required to be valid for at least tpyp NS to ensure proper operation.

Figure 40 provides the AC test load for the GPIO.
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Figure 40. GPIO AC Test Load

15 PCI

This section describes the DC and AC electrical specifications for the PCI bus of the MPC8544E.

15.1 PCI DC Electrical Characteristics

Table 55 provides the DC electrical characteristics for the PCI interface.
Table 55. PCI DC Electrical Characteristics

Parameter Symbol Min Max Unit Notes
High-level input voltage ViH 2 OVpp + 0.3 \Y —
Low-level input voltage Vi -0.3 0.8 \Y —
Input current (Vi =0V or Vi = Vpp) N — +5 pA 2
High-level output voltage (OVpp = min, Igy = —2mA) Vou 2.4 — \Y —
Low-level output voltage (OVpp = min, Ig; =2 mA) VoL — 0.4 —

Notes:

1. Ranges listed do not meet the full range of the DC specifications of the PCI 2.2 Local Bus Specifications.
2. Note that the symbol V|, in this case, represents the OV,y symbol referenced in Table 1 and Table 2.

MPC8544E PowerQUICC lll Integrated Processor Hardware Specifications, Rev. 8

Freescale Semiconductor

61
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400 mV < SDn_REF_CLK Input Amplitude < 800 mV

- — ) - — — -

SDn_REF_CLK '/
oV

SDn_REF_CLK

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.
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16.2.4 AC Requirements for SerDes Reference Clocks

The clock driver selected should provide a high quality reference clock with low phase noise and
cycle-to-cycle jitter. Phase noise less than 100 kHz can be tracked by the PLL and data recovery loops and
is less of a problem. Phase noise above 15 MHz is filtered by the PLL. The most problematic phase noise
occurs in the 1-15 MHz range. The source impedance of the clock driver should be 50 €2 to match the
transmission line and reduce reflections which are a source of noise to the system.

Table 57 describes some AC parameters common to SGMII, and PCI Express protocols.

Table 57. SerDes Reference Clock Common AC Parameters

Parameter Symbol Min Max Unit Notes
Rising Edge Rate Rise Edge Rate 1.0 4.0 V/ns 2,3
Falling Edge Rate Fall Edge Rate 1.0 4.0 V/ns 2,3
Differential Input High Voltage VIH +200 — mV 2
Differential Input Low Voltage ViL — -200 mV 2
Rising edge rate (SDn_REF_CLK) to falling edge rate Rise-Fall Matching — 20 % 1,4
(SDn_REF_CLK) matching

Notes:

1. Measurement taken from single ended waveform.

2. Measurement taken from differential waveform.

3. Measured from —200 mV to +200 mV on the differential waveform (derived from SDn_REF_CLK minus SDn_REF_CLK). The
signal must be monotonic through the measurement region for rise and fall time. The 400 mV measurement window is
centered on the differential zero crossing. See Figure 53.

4. Matching applies to rising edge rate for SDn_REF_CLK and falling edge rate for SDn_REF_CLK. It is measured using a
200 mV window centered on the median cross point where SDn_REF_CLK rising meets SDn_REF_CLK falling. The median
cross point is used to calculate the voltage thresholds the oscilloscope is to use for the edge rate calculations. The rise edge
rate of SDn_REF_CLK should be compared to the fall edge rate of SDn_REF_CLK, the maximum allowed difference should
not exceed 20% of the slowest edge rate. See Figure 54.

Rise Edge Rage Fall Edge Rate
> €<—>

V|H=+200 mv_ - _ . _ _ /NS NC —
oovV- — — |— ————————————————— .
V||_=—200 mvV- — — /A = —

SDn_REF_CLK
—minus | | | |
SDn_REF_CLK

Figure 53. Differential Measurement Points for Rise and Fall Time
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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.

Table 65. 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 Reserved 1010 10:1
0011 3:1 1011 Reserved
0100 4:1 1100 12:1
0101 5:1 1101 Reserved
0110 6:1 1110 Reserved
0111 Reserved 1111 Reserved

19.3 e500 Core PLL Ratio

Table 66 describes the clock ratio between the €500 core complex bus (CCB) and the €500 core clock. This
ratio is determined by the binary value of LBCTL, LALE, and LGPL2 at power up, as shown in Table 66.

Table 66. €500 Core to CCB Clock Ratio

Binary Value of
LBCTL, LALE, LGPL2

e500 core:CCB Clock Ratio

Binary Value of
LBCTL, LALE, LGPL2

e500 core:CCB Clock Ratio

Signals Signals
000 4:1 100 2:1
001 Reserved 101 5:2
010 Reserved 110 3:1
011 3:2 111 7:2

19.4 PCI Clocks

For specifications on the PCI_CLK, refer to the PCI 2.2 Local Bus Specifications.

The use of PCI_CLK is optional if SYSCLK is in the range of 33—66 MHz. If SYSCLK is outside this
range then use of PCI_CLK is required as a separate PCI clock source, asynchronous with respect to

SYSCLK.
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Table 71 provides the thermal resistance with heat sink in open flow.

Thermal

Table 71. Thermal Resistance with Heat Sink in Open Flow

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

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

Wakefield 53 x 53 x 25 mm pin fin 1m/s 3.0
Aavid 35 x 31 x 23 mm pin fin Natural convection 8.1

Aavid 35 x 31 x 23 mm pin fin 1m/s 4.3
Aavid 30 x 30 x 9.4 mm pin fin Natural convection 11.6
Aavid 30 x 30 x 9.4 mm pin fin 1m/s 6.7
Aavid 43 x 41 x 16.5 mm pin fin Natural convection 8.3
Aavid 43 x 41 x 16.5 mm pin fin 1m/s 4.3

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 x 29 x 1.18 mm with an in-plane conductivity of 18.0 W/meK and a
through-plane conductivity of 1.0 W/meK. The solder balls and air are modeled as a single block

29 x 29 x 0.58 mm with an in-plane conductivity of 0.034 W/meK and a through plane conductivity of
12.1 W/meK. The die is modeled as 7.6 x 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/meK 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 72. MPC8544EThermal Model

Conductivity Value Units
Die (7.6 x 8.4 x 0.75mm)
Silicon Temperature dependent —
Bump/Underfill (7.6 x 8.4 x 0.070 mm) Collapsed Thermal Resistance
Kz 6.5 W/meK
Substrate (29 x 29 x 1.18 mm)
Kx 18 W/meK
Ky 18
Kz 1.0
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Note the following:
* AVpp SRDS should be a filtered version of SVpp,.
» Signals on the SerDes interface are fed from the XV power plane.

21.3 Decoupling Recommendations

Due to large address and data buses, and high operating frequencies, the device can generate transient
power surges and high frequency noise in its power supply, especially while driving large capacitive loads.
This noise must be prevented from reaching other components in the MPC8544E system, and the device
itself requires a clean, tightly regulated source of power. Therefore, it is recommended that the system
designer place at least one decoupling capacitor at each Vpp, TVpp, BVpp, OVpp, GVpp, and LV, pin
of the device. These decoupling capacitors should receive their power from separate Vpp, TVpp, BVpp,
OVpp, GVpp, and LVpp; and GND power planes in the PCB, utilizing short low impedance traces to
minimize inductance. Capacitors may be placed directly under the device using a standard escape pattern.
Others may surround the part.

These capacitors should have a value of 0.01 or 0.1 pF. Only ceramic SMT (surface mount technology)
capacitors should be used to minimize lead inductance, preferably 0402 or 0603 sizes.

In addition, it is recommended that there be several bulk storage capacitors distributed around the PCB,
feeding the Vpp, TVpp, BVpp, OVpp, GVpp, and LVpp planes, to enable quick recharging of the
smaller chip capacitors. These bulk capacitors should have a low ESR (equivalent series resistance) rating
to ensure the quick response time necessary. They should also be connected to the power and ground
planes through two vias to minimize inductance. Suggested bulk capacitors—100-330 uF (AVX TPS
tantalum or Sanyo OSCON). However, customers should work directly with their power regulator vendor
for best values and types and quantity of bulk capacitors.

21.4 SerDes Block Power Supply Decoupling Recommendations

The SerDes block requires a clean, tightly regulated source of power (SVpp and XVppy) to ensure low
jitter on transmit and reliable recovery of data in the receiver. An appropriate decoupling scheme is
outlined below.

Only surface mount technology (SMT) capacitors should be used to minimize inductance. Connections
from all capacitors to power and ground should be done with multiple vias to further reduce inductance.

» First, the board should have at least 10 x 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 should be placed
directly below the chip supply and ground connections. Where the board does not have blind vias,
these capacitors should be placed in a ring around the device as close to the supply and ground
connections as possible.

» Second, there should be a 1-uF ceramic chip capacitor on each side of the device. This should be
done for all SerDes supplies.

* Third, between the device and any SerDes voltage regulator there should be a 10-puF, low
equivalent series resistance (ESR) SMT tantalum chip capacitor and a 100-puF, low ESR SMT
tantalum chip capacitor. This should be done for all SerDes supplies.
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resistance of the pull-up devices. Rp and Ry are designed to be close to each other in value. Then,

Rn

SwW2
Pad
Data

SwWi1

OGND
Figure 67. Driver Impedance Measurement

Table 73 summarizes the signal impedance targets. The driver impedances are targeted at minimum Vpp,
nominal OVpp, 90°C.

Table 73. Impedance Characteristics

Local Bus, Ethernet, DUART,
Impedance Control, Configuration, Power PCI DDR DRAM Symbol Unit
Management
RN 43 Target 25 Target 20 Target Zy w
Rp 43 Target 25 Target 20 Target Zy w

Note: Nominal supply voltages. See Table 1.

21.8 Configuration Pin Muxing

The MPC8544E provides the user with power-on configuration options which can be set through the use
of external pull-up or pull-down resistors of 4.7 kQ on certain output pins (see customer visible
configuration pins). These pins are generally used as output only pins in normal operation.

While HRESET is asserted however, these pins are treated as inputs. The value presented on these pins
while HRESET is asserted, is latched when HRESET deasserts, at which time the input receiver is disabled
and the I/O circuit takes on its normal function. Most of these sampled configuration pins are equipped
with an on-chip gated resistor of approximately 20 kQ. This value should permit the 4.7-k<2 resistor to pull
the configuration pin to a valid logic low level. The pull-up resistor is enabled only during HRESET (and
for platform /system clocks after HRESET deassertion to ensure capture of the reset value). When the input
receiver is disabled the pull-up is also, thus allowing functional operation of the pin as an output with
minimal signal quality or delay disruption. The default value for all configuration bits treated this way has
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