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RESET initialization

4.2 AC electrical characteristics

The primary clock source for the MPC8309 can be one of two inputs, SYS_CLK_IN or PCI_SYNC_IN,
depending on whether the device is configured in PCI host or agent mode. The following table provides
the clock input (SYS_CLK_IN/PCI_SYNC_IN) AC timing specifications for the MPC8309. These
specifications are also applicable for QE_CLK _IN.

Table 8. SYS_CLK_IN AC timing specifications

Parameter/Condition Symbol Min Typical Max Unit Note
SYS_CLK_IN frequency fsys_cLK_IN 24 — 66.67 MHz 1
SYS_CLK_IN cycle time tsys_cLK_IN 15 — 41.6 ns —
SYS_CLK_IN rise and fall time tkns kL 1.1 — 2.8 ns 2
PCI_SYNC_IN rise and fall time tpchs troL 1.1 — 2.8 ns 2
SYS_CLK_|N duty cycle tKHK/tSYS_CLK_ 40 —_ 60 % 3

IN
SYS_CLK_IN jitter — — — +150 ps 4,5
Notes:
1. Caution: The system, core and QUICC Engine block must not exceed their respective maximum or minimum operating
frequencies.
2. Rise and fall times for SYS_CLK_IN are measured at 0.33 and 2.97 V.
3. Timing is guaranteed by design and characterization.
4. This represents the total input jitter—short term and long term—and is guaranteed by design.
5. The SYS_CLK_IN driver’s closed loop jitter bandwidth should be < 500 kHz at—20 dB. The bandwidth must be set low to

allow cascade-connected PLL-based devices to track SYS_CLK_IN drivers with the specified jitter.
6. Spread spectrum is allowed up to 1% down-spread @ 33kHz (max rate).

5 RESET initialization

This section describes the AC electrical specifications for the reset initialization timing requirements of
the MPC8309. The following table provides the reset initialization AC timing specifications for the reset
component(s).

Table 9. RESET initialization timing specifications

Parameter/Condition Min Max Unit Note
Required assertion time of HRESET to activate reset flow 32 — tsys_CLK_IN 1
Required assertion time of PORESET with stable clock applied to 32 — tsys_CLK_IN 1

SYS_CLK_IN or PCI_SYNC_IN (in agent mode)

HRESET assertion (output) 512 — tsys_CLK_IN 1
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DDR2 SDRAM

Table 9. RESET initialization timing specifications (continued)

Input setup time for POR configuration signals 4 — tsys_CLK_IN 1,2
(CFG_RESET_SOURCE[0:3]) with respect to negation of PORESET

Input hold time for POR config signals with respect to negation of 0 — ns 1,
HRESET

Notes:

1. tgys_cLk N is the clock period of the input clock applied to SYS_CLK_IN. For more details, see the MPC8309 PowerQUICC
1l Pro Integrated Communications Processor Family Reference Manual.

2. POR configuration signals consist of CFG_RESET_SOURCEJ0:3].

The following table provides the PLL lock times.
Table 10. PLL lock times

Parameter/Condition Min Max Unit Note

PLL lock times — 100 us —

5.1 Reset signals DC electrical characteristics

Thefollowing table providesthe DC electrical characteristicsfor the MPC8309 reset signals mentioned in
Table 9.

Table 11. Reset signals DC electrical characteristics

Characteristic Symbol Condition Min Max Unit Note
Output high voltage Vou loy=-6.0 mA 24 — \ 1
Output low voltage VoL loL =6.0 mA — 0.5 \ 1
Output low voltage VoL loL=3.2mA — 0.4 \Y 1
Input high voltage Viy — 2.0 OVpp + 0.3 \ 1
Input low voltage Vi — -0.3 0.8 \ —
Input current IIN 0V<V) <0Vpp — % 5 A —

Note:
1. This specification applies when operating from 3.3 V supply.

6 DDR2 SDRAM

This section describes the DC and AC electrical specifications for the DDR2 SDRAM interface of the
MPC8309. Note that DDR2 SDRAM is GV pp(typ) = 1.8 V.

6.1 DDR2 SDRAM DC electrical characteristics

Thefollowing table provides the recommended operating conditionsfor the DDR2 SDRAM component(s)
of the MPC8309 when GV pp(typ) = 1.8 V.

The following table provides the DDR2 capacitance when GV pp(typ) = 1.8 V.
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DDR2 SDRAM

Table 16. DDR2 SDRAM output AC timing specifications (continued)
At recommended operating conditions with GVpp of 1.8V + 100mV.

Parameter Symbol1 Min Max Unit Note
MCS output setup with respect to MCK tDDKHCS ns 3
333 MHz 2.4 —
266 MHz 25
MCS output hold with respect to MCK tDDKHCX ns 3
333 MHz 2.4 —
266 MHz 25
MCK to MDQS Skew tDDKHMH -0.6 0.6 ns 4
MDQ/MDM output setup with respect to MDQS tpDKHDS, ns 5
tooKLDS
333 MHz 0.8 —
266 MHz 0.9
MDQ/MDM output hold with respect to MDQS tDDKHDX, ps 5
tbDKLDX
333 MHz 900 —
266 MHz 1100
MDQS preamble start tDDKHMP 0.75 x tMCK —_— ns 6
MDQS epilogue end tDDKHME 0.4 x tMCK 0.6 x tMCK ns 6

Notes:

1. The symbols used for timing specifications follow the pattern of first two letters of functional block)(signal)(state)(reference)(state) O
inputs and tirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. Output hold time can be read as DDR timing
(DD) from the rising or falling edge of the reference clock (KH or KL) until the output went invalid (AX or DX). For example,
tbpkHas symbolizes DDR timing (DD) for the time ty,cx memory clock reference (K) goes from the high (H) state until outputs
(A) are setup (S) or output valid time. Also, tppk| px symbolizes DDR timing (DD) for the time ty;cx memory clock reference
(K) goes low (L) until data outputs (D) are invalid (X) or data output hold time.

2. All MCK/MCK referenced measurements are made from the crossing of the two signals +0.1 V.

3. ADDR/CMD includes all DDR SDRAM output signals except MCK/MCK, MCS, and MDQ/MDM/MDQS. For the ADDR/CMD
setup and hold specifications, it is assumed that the Clock Control register is set to adjust the memory clocks by 1/2 applied
cycle.

4. Note that tppkHmn follows the symbol conventions described in note 1. For example, tppkumn describes the DDR timing (DD)
from the rising edge of the MCK(n) clock (KH) until the MDQS signal is valid (MH). tppknmn €an be modified through control
of the DQSS override bits in the TIMING_CFG_2 register. This is typically set to the same delay as the clock adjusts in the
CLK_CNTL register. The timing parameters listed in the table assume that these 2 parameters have been set to the same
adjustment value. See the MPC8309 PowerQUICC Il Pro Integrated Communications Processor Family Reference Manual
for a description and understanding of the timing modifications enabled by use of these bits.

5. Determined by maximum possible skew between a data strobe (MDQS) and any corresponding bit of data (MDQ), or data
mask (MDM). The data strobe should be centered inside of the data eye at the pins of the microprocessor.

6. tppkHmp follows the symbol conventions described in note 1.

MPC8309 PowerQUICC Il Pro Integrated Communications Processor Family Hardware Specifications, Rev. 2

Freescale Semiconductor 17



7 Enhanced local bus

Enhanced local bus

This section describes the DC and AC electrical specifications for the enhanced local bus interface of the

MPC8309.

7.1 Enhanced local bus DC electrical characteristics

The following table provides the DC electrical characteristics for the enhanced local bus interface.

Table 17. Enhanced local bus DC electrical characteristics

Parameter Symbol Min Max Unit
High-level input voltage Viy 2 OVpp +0.3 \
Low-level input voltage Vi -0.3 0.8 \
High-level output voltage, loy =—100 pA Vou OVpp-—-0.2 — \
Low-level output voltage, Ig_ = 100 pA VoL — 0.2 \"
Input current IiN — +5 A

7.2 Enhanced local bus AC electrical specifications

The following table describes the general timing parameters of the enhanced local bus interface of

MPC8309.
Table 18. Enhanced local bus general timing parameters

Parameter Symbol1 Min Max Unit Note
Local bus cycle time tLBK 15 — ns 2
Input setup to local bus clock (LCLKn) tLBIVKH 7 — ns 3,
Input hold from local bus clock (LCLKn) 1LBIXKH 1.0 — ns 3,4
Local bus clock (LCLKn) to output valid t BKHOV — 3 ns 3
Local bus clock (LCLKn) to output high impedance for LAD/LDP | 1 gkHoz — 4 ns 5
LALE output fall to LAD output transition (LATCH hold time) tLsoTOT 3 — ns —
LALE output rise to LCLK negative edge t ALEHOV — 3 ns —
LALE output fall to LCLK negative edge tLALETOT -5.0 — ns —

Notes:

1. The symbols used for timing specifications follow the pattern of Y first 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, t; gixkH1 Symbolizes local bus
timing (LB) for the input (I) 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).

2. All timings are in reference to falling edge of LCLKO (for all outputs and for LGTA and LUPWAIT inputs) or rising edge of
LCLKO (for all other inputs).

3. All signals are measured from OVpp/2 of the rising/falling edge of LCLKO to 0.4 x OVpp of the signal in question for 3.3-V
signaling levels.

4. Input timings are measured at the pin.

5. 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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Ethernet and MIl management

Table 19. MIl and RMII DC electrical characteristics

Parameter Symbol Conditions Min Max Unit
Supply voltage 3.3 V OVpp — 3 3.6
Output high voltage Vou loy=—4.0mA | OVpp=Min 2.40 OVpp + 0.3 \
Output low voltage VoL lor=4.0mA | OVpp = Min GND 0. 50 \
Input high voltage Viy — — 2.0 OVpp + 0.3 \
Input low voltage Vi — — -0.3 0.90 \
Input current N 0V<V)<0OVpp — +5 uA
8.2 MIl and RMII AC timing specifications
The AC timing specifications for MIl and RMI1 are presented in this section.
8.2.1 MIl AC timing specifications
This section describes the M1 transmit and receive AC timing specifications.
8.2.1.1 MIl transmit AC timing specifications
The following table provides the MII transmit AC timing specifications.
Table 20. MIl transmit AC timing specifications
At recommended operating conditions with OVpp of 3.3 V + 300mV.
Parameter/Condition Symbol1 Min Typical Max Unit
TX_CLK clock period 10 Mbps tvTx — 400 — ns
TX_CLK clock period 100 Mbps tvTx — 40 — ns
TX_CLK duty cycle tMTXH/tMTX 35 — 65 %
TX_CLK to Ml data TXD[3:0], TX_ER, TX_EN delay tMTKHDX 1 5 15 ns
TX_CLK data clock rise V) (min) to V|y(max) tMTXR 1.0 — 4.0 ns
TX_CLK data clock fall V|g(max) to V| (min) t MTXE 1.0 — 4.0 ns

Note:

1. The symbols used for timing specifications follow the pattern of tfirst 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, tyrkHpx symbolizes MII transmit
timing (MT) for the time tyTx 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 tyrx 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).
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Ethernet and MIl management

The following figure shows the MII receive AC timing diagram.

< tMRx > tMRXR —>
RX_CLK
tMRXH tMRXF
RXDI[3:0]
RX_DV Valid Data
RX_ER
tMRDVKH —> <—
—> tMRDXKH

Figure 13. Mll receive AC timing diagram

8.2.2 RMII AC timing specifications
This section describes the RMI1 transmit and receive A C timing specifications.

8.2.2.1 RMII transmit AC timing specifications

The following table provides the RMI1 transmit AC timing specifications.

Table 22. RMII transmit AC timing specifications
At recommended operating conditions with OVpp of 3.3 V + 300mV.

Parameter/Condition Symbol? Min Typical Max Unit
REF_CLK clock trRMmx — 20 — ns
REF_CLK duty cycle trmxH/tRMX 35 — 65 %
REF_CLK to RMII data TXD[1:0], TX_EN delay tRMTKHDX 2 — 13 ns
REF_CLK data clock rise V| (min) to V|y(max) tRVMXR 1.0 — 4.0 ns
REF_CLK data clock fall V|y(max) to V (min) t RMXF 1.0 — 4.0 ns

Note:

1. The symbols used for timing specifications follow the pattern of tist three 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, tryrkHpx Symbolizes RMII
transmit timing (RMT) for the time tgyx 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 tg\1x represents the RMII(RM) reference (X) clock. For rise and fall times, the latter
convention is used with the appropriate letter: R (rise) or F (fall).

The following figure provides the AC test |oad.

Output ~<> Zy=50Q

AN OVpp/2
R, =50 Q

| | |_/\
N

Figure 14. AC test load
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HDLC

Table 29. HDLC AC timing specifications! (continued)

Characteristic Symbol? Min Max Unit
Outputs—External clock high impedance thEKHOX 1 8 ns
Inputs—Internal clock input setup time tHIvKH 9 — ns
Inputs—External clock input setup time tHEIVKH 4 — ns
Inputs—Internal clock input hold time tHIIXKH 0 — ns
Inputs—External clock input hold time tHEIXKH 1 — ns

Notes:

1. Output specifications are measured from the 50% level of the rising edge of QE_CLK_IN to the 50% level of the signal.
Timings are measured at the pin.

2. The symbols used for timing specifications follow the pattern of t(ﬁrst 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, tyikHox symbolizes the outputs
internal timing (HI) for the time t4,i5 memory clock reference (K) goes from the high state (H) until outputs (O) are invalid (X).

The following figure provides the AC test |oad.

Output {) Zy=50Q

A OVpp/2
R, =50 Q

| | |_/—\\
N

Figure 20. AC test load

Figure 21 and Figure 22 represent the AC timing from Table 29. Note that although the specifications

generaly reference therising edge of the clock, these AC timing diagramsal so apply when thefalling edge
isthe active edge.

The following figure shows the timing with external clock.

Serial CLK (Input)

—> <— tHEIXKH !

tHEIVKH —> e |

Input Signals: |
(SeeNote) """ """ "N AT TTTT oo T T

| |

| |

< tHEKHOV —> |
Output Signals: . < _____________________

(See Note)

'<tHEKHOX >
Note: The clock edge is selectable.

Figure 21. AC timing (external clock) diagram
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uUSB

Figure 24 shows the PCI input AC timing conditions.

CLK

tpcivkH —>|

tpCIxXkH
Input

Figure 24. PCl input AC timing measurement conditions

Figure 25 shows the PCI output AC timing conditions.

CLK —\—

~<— tpckHov
—> <— tpckHOX
Output Delay

<— tpckHOZ —>

High-Impedance
Qutput

Figure 25. PCl output AC timing measurement condition

12 USB

12.1 USB controller
This section provides the AC and DC electrical specifications for the USB (ULPI) interface.

12.1.1 USB DC electrical characteristics
The following table provides the DC electrical characteristics for the USB interface.

Table 33. USB DC electrical characteristics

Parameter Symbol Min Max Unit
High-level input voltage Viy 2.0 OVpp + 0.3 \
Low-level input voltage Vi -0.3 0.8 \
Input current N — +5 A
High-level output voltage, loy = —100 A Vou OVpp—-0.2 —
Low-level output voltage, Io. = 100 uA VoL — 0.2 \"

12.1.2 USB AC electrical specifications

The following table describes the general timing parameters of the USB interface.
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eSDHC

Table 38. eSDHC AC timing specifications (continued)
At recommended operating conditions with OVpp =3.3 V

Parameter Symbol1 Min Max Unit Notes
Input hold times: SD_CMD, SD_DATx, SD_CD to tSHSIXKH 2.5 — ns 3,4
SD_CLK
Output delay time: SD_CLK to SD_CMD, SD_DATx valid tsHskHOV -3 3 ns 4
Notes:

1. The symbols used for timing specifications herein follow the pattern of tfirst three letters of functional block)(signal)(state)
(reference)(state) for inputs and t(first three letters of functional block)(reference)(state)(signal)(state) for outputs. For example, trHsKHOV
symbolizes eSDHC high-speed mode device timing (SHS) clock reference (K) going to the high (H) state, with respect to the
output (O) reaching the invalid state (X) or output hold time. Note that in general, the clock reference symbol is based on five
letters representing the clock of a particular functional. For rise and fall times, the latter convention is used with the
appropriate letter: R (rise) or F (fall).

2. In full-speed mode, the clock frequency value can be 0—25 MHz for an SD/SDIO card and 0—20 MHz for an MMC card. In
high-speed mode, the clock frequency value can be 0—-33.25 MHz for an SD/SDIO card and 0-52 MHz for an MMC card.

3. To satisfy hold timing, the delay difference between clock input and cmd/data input must not exceed 2 ns.

4, CCARD <10 pF, (1 Card), and CL = CBUS + CHOST + CCARD <40 pF

The following figure provides the eSDHC clock input timing diagram.

eSDHC
External Clock
operational mode

tsHSCKL tSHSCKH

—>
t
VM = Midpoint Voltage (OVpp/2) tsHsckR SHSCKF

Figure 28. eSDHC clock input timing diagram
The following figure provides the data and command input/output timing diagram.

VM
sopck M J AR _L—AL
External Clock Y—i

tSHSIVKH tSHSIXKH

<>
<>

4
y

SD_DAT/CMD
Inputs

SD_DAT/CMD

OQutputs ><

< >,
>

tsHskHOV

VM = Midpoint Voltage (OVpp/2)

Figure 29. eSDHC data and command input/output timing diagram referenced to clock
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Timers

17 Timers
This section describes the DC and AC electrical specifications for the timers of the MPC8309.

17.1 Timer DC electrical characteristics

Thefollowing table providesthe DC electrical characteristics for the MPC8309 timer pins, including TIN,
TOUT, TGATE, and RTC_PIT_CLK.

Table 43. Timer DC electrical characteristics

Characteristic Symbol Condition Min Max Unit
Output high voltage Vou loq=-6.0mA 2. 4 — \%
Output low voltage VoL loL=6.0 mA — 0.5 \
Output low voltage VoL loL=3.2mA — 0.4 \
Input high voltage Viy — 2.0 OVpp + 0.3 \
Input low voltage Vi — -0.3 0.8 \
Input current N 0V<V)<OVpp — = 5 uA

17.2 Timer AC timing specifications

The following table provides the timer input and output AC timing specifications.

Table 44. Timer input AC timing specifications?!

Characteristic Symbol? Min Unit

Timers inputs—minimum pulse width triwip 20 ns

Notes:

1. Input specifications are measured from the 50% level of the signal to the 50% level of the rising edge of SYS_CLK_IN.
Timings are measured at the pin.

2. Timer inputs and outputs are asynchronous to any visible clock. Timer outputs should be synchronized before use by any
external synchronous logic. Timer inputs are required to be valid for at least trjyp ns to ensure proper operation.

The following figure provides the AC test load for the timers.

Output *{) Zy=500Q () - '\/\/\6 OVpp/2
L=50Q

Figure 32. Timers AC test load
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JTAG

The following figure shows the SPI timing in slave mode (external clock).

SPICLK (Input)

—> <— INEIXKH !
) tNEIVKH l<— !
Input Signals: !
SPIMOSI :
(See Note) [
| |
) <— tNEKHOV |
Qutput Signals: |
SPIMISO - ------------ B T GE ST,
(See Note) !

Note: The clock edge is selectable on SPI.

Figure 35. SPI AC Timing in slave mode (external clock) diagram

The following figure shows the SPI timing in master mode (internal clock).

SPICLK (Qutput)

tNIXKH

Input Signals:
SPIMISO - - -
(See Note)

Qutput Signals: |
SPIMOSI - -------------- EEEEEEEEEEEEE D SEE LR R R R R
(See Note) !

Note: The clock edge is selectable on SPI.
Figure 36. SPI AC timing in master mode (internal clock) diagram

21 JTAG

This section describes the DC and AC electrical specifications for the IEEE Std. 1149.1™ (JTAG)
interface of the MPC83009.

21.1 JTAG DC electrical characteristics

The following table provides the DC electrical characteristics for the IEEE Std. 1149.1 (JTAG) interface
of the MPC83009.

Table 51. JTAG interface DC electrical characteristics

Characteristic Symbol Condition Min Max Unit
Output high voltage Vou loq=-6.0mA 2. 4 — \%
Output low voltage VoL loL=6.0 mA — 0.5 \
Output low voltage VoL loL=3.2mA — 0.4 \
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Package and pin listings

MEMC_MA13 P1 (0] GVpp -
MEMC_MWE_B Ji (0] GVpp -
MEMC_MRAS_B K1 (0] GVpp -
MEMC_MCAS_B J3 o] GVpp -
MEMC_MCS_BO J4 o] GVpp -
MEMC_MCS_B1 K5 (0] GVpp -
MEMC_MCKE P4 O GVpp -
MEMC_MCKO R1 (0] GVpp -
MEMC_MCK1 R3 (0] GVpp -
MEMC_MCK_BO T (0] GVpp -
MEMC_MCK_B1 P3 (0] GVpp -
MEMC_MODTO H1 (0] GVpp -
MEMC_MODTH1 H2 (0] GVpp -
MEMC_MVREF M6 GVpp -
Local Bus Controller Interface
LADO B5 10 OVpp -
LAD1 A4 10 OVpp -
LAD2 C7 10 OVpp -
LAD3 D9 10 OVpp -
LAD4 A5 10 OVpp -
LAD5 E10 10 OVpp -
LAD6 A6 10 OVpp -
LAD7 Ccs8 10 OVpp -
LAD8 D10 10 OVpp -
LAD9 A7 10 OVpp -
LAD10 B7 10 OVpp -
LAD11 C9 10 OVpp -
LAD12 E11 10 OVpp -
LAD13 B8 10 OVpp -
LAD14 A8 10 OVpp -
LAD15 C10 10 OVpp -
LA16 C11 10 OVpp -
LA17 B10 (0] OVpp -
LA18 D12 o) OVpp -
LA19 A9 (0] OVpp -
LA20 E12 o) OVpp -
LA21 B11 o) OVpp -
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Package and pin listings

LA22 A11 0 OVpp -
LA23 A10 0 OVpp -
LA24 c12 o) OVpp -
LA25 A12 0 OVpp -
LCLKO E13 o) OVpp -
LCS_BO D13 o) OVpp 2
LCS_B1 c13 o) OVpp 2
LCS_B2 A13 o OVpp 2
LCS_B3 B13 o) OVpp 2
LWE_BO/LFWE_BO/LBS_BO A4 0 OVpp -
LWE_B1/LBS_B1 B14 o) OVpp -
LBCTL A15 0 OVpp -
LGPLO/LFCLE C14 0 OVpp -
LGPL1/LFALE C15 0 OVpp -
LGPL2/LOE_B/LFRE_B B16 o) OVpp 2
LGPL3/LFWP_B A16 0 OVpp -
LGPL4/LGTA_B/LUPWAIT/LFRB_B E14 10 OVpp 2
LGPL5 B17 o) OVpp -
LALE A17 0 OVpp -
DUART
UART1_SOUT{ AB7 o OVpp -
UART1_SIN1 AC6 | OVpp -
UART1_SOUT2/UART1_RTS_B1 W10 0 OVpp -
UART1_SIN2/UART1_CTS_B1 Y9 | OVpp -
12C
IIC_SDA1 A20 10 OVpp 1
IIC_SCL1 B20 10 OVpp 1
IIC_SDA2 /CKSTOP_OUT_B D19 10 OVpp 1
IIC_SCL2/CKSTOP_IN_B C20 10 OVpp 1
Interrupts
IRQ_BO_MCP_IN_B A21 10 OVpp -
IRQ_B1/MCP_OUT_B A22 10 OVpp -
IRQ_B2/CKSTOP_IN_B E18 | OVpp -
IRQ_B3/CKSTOP_OUT_B/INTA_B E19 10 OVpp -
SPI
SPIMOSI B19 10 OVpp -
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Package and pin listings

PCI_REQ_BO P21 10 OVpp
PCI_REQ_B1/CPCI_HS_ES P22 10 OVpp
PCI_REQ_B2 T22 10 OVpp
PCI_GNT_BO T21 10 OVpp
PCI_GNT_B1/CPCI_HS_LED u22 O OVpp
PCI_GNT_B2/CPCI_HS_ENUM u21 10 OVpp
M66EN V21 [ OVpp
PCI_CLKO T19 o] OVpp
PCI_CLKA1 ut19 o] OVpp
PCI_CLK2 R19 o) OVpp
Ethernet Management
FEC_MDC w18 o) OVpp
FEC_MDIO W17 10 OVpp
FEC/GTM/GPIO
FEC1_COL/GTM1_TIN1/GPIO_16 Y18 10 OVpp
FEC1_CRS/GTM1_TGATE1_B/GPIO_17 AA19 10 OVpp
FEC1_RX_CLK[CLK9JGPIO_18 W16 10 OVpp
FEC1_RX_DV/GTM1_TIN2/GPIO_19 AC22 10 OVpp
FEC1_RX_ER/GTM1_TGATE2_B/GPIO_20 AA18 10 OVpp
FEC1_RXDO0/GPIO_21 AB20 10 OVpp
FEC1_RXD1/GTM1_TIN3/GPIO_22 Y17 10 OVpp
FEC1_RXD2/GTM1_TGATE3_B/GPIO_23 AB19 10 OVpp
FEC1_RXD3/GPIO_24 AC21 10 OVpp
FEC1_TX_CLK[CLK10)/GTM1_TIN4/GPIO_25 W15 10 OVpp
FEC1_TX_EN/GTM1_TGATE4_B/GPIO_26 AC19 10 OVpp
FEC1_TX_ER/GTM1_TOUT4_B/GPIO_27 AC20 10 OVpp
FEC1_TXDO/GTM1_TOUT1_B/GPIO_28/ AA17 10 OVpp
FEC1_TXD1/GTM1_TOUT2_B/GPIO_29 AC18 10 OVpp
FEC1_TXD2/GTM1_TOUT3_B/GPIO_30 AA16 10 OVpp
FEC1_TXD3/GPIO_31 AB17 10 OVpp
FEC2_COL/GTM2_TIN1/GPIO_32 Y15 10 OVpp
FEC2_CRS/GTM2_TGATE1_B/GPIO_33 AC17 10 OVpp
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FEC2_RX_CLK[CLK7)/GPIO_34 W14 10 OVpp -
FEC2_RX_DV/GTM2_TIN2/GPIO_35 AB16 10 OVpp -
FEC2_RX_ER/GTM2_TGATE2_B/GPIO_36 Y14 10 OVpp -
FEC2_RXDO/GPIO_37 AA15 10 OVpp -
FEC2_RXD1/GTM2_TIN3/GPIO_38 AC15 10 OVpp -
FEC2_RXD2/GTM2_TGATE3_B/GPIO_39 AC16 10 OVpp -
FEC2_RXD3/GPIO_40 AA14 10 OVpp -
FEC2_TX_CLK[CLKS8]/GTM2_TIN4/GPIO_41 W13 10 OVpp -
FEC2_TX_EN/GTM2_TGATE4_B/GPIO_42 AB14 10 OVpp -
FEC2_TX_ER/GTM2_TOUT4_B/GPIO_43 AC14 10 OVpp -
FEC2_TXDO/GTM2_TOUT1_B/GPIO_44 Y12 10 OVpp -
FEC2_TXD1/GTM2_TOUT2_B/GPIO_45 AA13 10 OVpp -
FEC2_TXD2/GTM2_TOUT3_B/GPIO_46 AB13 10 OVpp -
FEC2_TXD3/GPIO_47 AC13 10 OVpp -
FEC3_COL/GPIO_48 AC12 10 OVpp -
FEC3_CRS/GPIO_49 W11 10 OVpp -
FEC3_RX_CLK[CLK11}/GPIO_50 w12 10 OVpp -
FEC3_RX_DV/FEC1_TMR_TX_ESFD/GPIO_51 AA12 10 OVpp -
FEC3_RX_ER/FEC1_TMR_RX_ESFD/GPIO_52 AB11 10 OVpp -
FEC3_RXDO/FEC2_TMR_TX_ESFD/GPIO_53 AA11 10 OVpp -
FEC3_RXD1/FEC2_TMR_RX_ESFD/GPIO_54 AC11 10 OVpp -
FEC3_RXD2/FEC_TMR_TRIG1/GPIO_55 Y11 10 OVpp -
FEC3_RXD3/FEC_TMR_TRIG2/GPIO_56 AB10 10 OVpp -
FEC3_TX_CLK[CLK12)/FEC_TMR_CLK/GPIO_5 AC10 10 OVpp -
7

FEC3_TX_EN/FEC_TMR_GCLK/GPIO_58 AA10 10 OVpp -
FEC3_TX_ER/FEC_TMR_PP1/GPIO_59 AC8 10 OVpp -
FEC3_TXDO/FEC_TMR_PP2/GPIO_60 ABS 10 OVpp -
FEC3_TXD1/FEC_TMR_PP3/GPIO_61 AA9 10 OVpp -
FEC3_TXD2/FEC_TMR_ALARM1/GPIO_62 AAS 10 OVpp -
FEC3_TXD3/FEC_TMR_ALARM2/GPIO_63 AC7 10 OVpp -
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Table 55. Operating Frequencies for MAPBGA (continued)

Characteristict Max Operating Frequency Unit
DDR2 memory bus frequency (MCLK)? 167 MHz
Local bus frequency (LCLKn)3 66 MHz

Notes:

1. The SYS_CLK_IN frequency, RCWL[SPMF], and RCWL[COREPLL] settings must be chosen such that the resulting

csb_clk, MCLK, LCLK, and core_clk frequencies do not exceed their respective maximum or minimum operating

frequencies.

2. The DDR2 data rate is 2x the DDR2 memory bus frequency.

3. The local bus frequency is 1/2, 1/4, or 1/8 of the Ib_clk frequency (depending on LCRR[CLKDIV]) which is in turn 1x or 2x
the csb_clk frequency (depending on RCWL[LBCM]).

23.4 System PLL configuration
The system PLL iscontrolled by the RCWL[SPMF] parameter. Table 56 shows the multiplication factor

encodings for the system PLL.

System PLL VCO frequency = 2 x (CSB frequency) x (System PLL VCO
divider). The VCO divider needsto be set properly so that the System PLL

NOTE

V CO freguency isin the range of 450-750 MHz.

Table 56. System PLL multiplication factors

RCWL[SPMF] System PLL Multiplication Factor

0000 Reserved
0001 Reserved
0010 x 2
0011 x 3
0100 x4
0101 x5
0110 x 6

0111-1111 Reserved

As described in Section 23, “Clocking,” the LBCM, DDRCM, and SPMF parameters in the reset

configuration word low select the ratio between the primary clock input (SYS_CLK_IN) and the internal
coherent system busclock (csb_clk). Thefollowing table showsthe expected frequency valuesfor the CSB

frequency for selected csb_clk to SYS CLK_IN ratios.
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Thermal

T, = ambient temperature for the package (°C)

Rgia = junction-to-ambient thermal resistance (°C/W)

Pp = power dissipation in the package (W)
The junction-to-ambient thermal resistance is an industry standard value that provides a quick and easy
estimation of thermal performance. As a general statement, the value obtained on a single layer board is
appropriate for atightly packed printed-circuit board. The value obtained on the board with the internal

planesisusually appropriateif the board haslow power dissipation and the componentsare well separated.
Test cases have demonstrated that errors of afactor of two (in the quantity T;—T,) are possible.

24.1.3 Estimation of junction temperature with junction-to-board thermal
resistance

Thethermal performance of adevice cannot be adequately predicted from the junction-to-ambient thermal
resistance. The thermal performance of any component is strongly dependent on the power dissipation of
surrounding components. In addition, the ambient temperature varies widely within the application. For
many natural convection and especially closed box applications, the board temperature at the perimeter
(edge) of the package is approximately the same as the local air temperature near the device. Specifying
the local ambient conditions explicitly asthe board temperature provides a more precise description of the
local ambient conditions that determine the temperature of the device.

At aknown board temperature, the junction temperature is estimated using the following equation:
TJ:TB+(R0]BXPD) Eqn2

where,
T; = junction temperature (°C)
Tg = board temperature at the package perimeter (°C)
Rgig = junction-to-board thermal resistance (°C/W) per JESD51-8
Pp = power dissipation in package (W)
When the heat loss from the package case to the air can be ignored, acceptable predictions of junction

temperature can be made. The application board should be similar to the thermal test condition: the
component is soldered to a board with internal planes.

24.1.4 Experimental determination of junction temperature

To determine the junction temperature of the device in the application after prototypes are available, the
thermal characterization parameter (‘¥ ;1) can be used to determine the junction temperature with a
measurement of the temperature at the top center of the package case using the following equation:

Ty =Tr+ (¥ X Pp) Eqn. 3

where,
T; = junction temperature (°C)
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T+ = thermocoupl e temperature on top of package (°C)
¥51 = thermal characterization parameter (°C/W)
Pp = power dissipation in package (W)

The thermal characterization parameter is measured per JESD51-2 specification using a40 gauge type T
thermocoupl e epoxied to the top center of the package case. The thermocouple should be positioned so
that the thermocouple junction rests on the package. A small amount of epoxy is placed over the
thermocoupl e junction and over about 1 mm of wire extending from the junction. The thermocouple wire
is placed flat against the package case to avoid measurement errors caused by cooling effects of the
thermocouple wire.

24.1.5 Heat sinks and junction-to-case thermal resistance

In some application environments, aheat sink isrequired to provide the necessary therma management of
the device. When a heat sink is used, the thermal resistance is expressed as the sum of ajunction-to-case
thermal resistance and a case to ambient thermal resistance as shown in the following equation:

Reja = Reasc * Reca Eqn. 4

where:
Rgia = junction-to-ambient thermal resistance (°C/W)
Rgic = junction-to-case thermal resistance (°C/W)
Rgca = case-to-ambient thermal resistance (°C/W)

Raic is device related and cannot be influenced by the user. The user controls the thermal environment to
change the case-to-ambient thermal resistance, R . For instance, the user can change the size of the heat
sink, the air flow around the device, the interface material, the mounting arrangement on printed-circuit
board, or change the thermal dissipation on the printed-circuit board surrounding the device.

Toillustrate the thermal performance of the devices with heat sinks, the thermal performance has been
smulated with afew commercially available heat sinks. The heat sink choice is determined by the
application environment (temperature, air flow, adjacent component power dissipation) and the physical
Space available. Because there is not a standard application environment, a standard heat sink is not
required.

Accurate thermal design requires therma modeling of the application environment using computational
fluid dynamics software which can model both the conduction cooling and the convection cooling of the
air moving through the application. Simplified thermal models of the packages can be assembled using the
junction-to-case and junction-to-board thermal resistances listed in the thermal resistance table. More
detailed therma models can be made available on request.

24.2 Heat sink attachment

When attaching heat sinks to these devices, an interface material is required. The best method is to use

thermal grease and a spring clip. The spring clip should connect to the printed-circuit board, either to the
board itself, to hooks soldered to the board, or to a plastic stiffener. Avoid attachment forces which would
lift the edge of the package or peel the package from the board. Such peeling forces reduce the solder joint
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25.2 PLL power supply filtering

Each of the PL Lslisted aboveis provided with power through independent power supply pins. Thevoltage
level at each AV ppn pin should always be equivalent to Vpp, and preferably these voltages are derived
directly from Vpp through alow frequency filter scheme such as the following.

There are a number of waysto reliably provide power to the PLLS, but the recommended solution isto
provide independent filter circuits asillustrated in Figure 44, one to each of the three AV pp pins. By
providing independent filtersto each PLL the opportunity to cause noise injection from one PLL to the
other is reduced.

Thiscircuit isintended to filter noise in the PLL s resonant frequency range from a 500 kHz to 10 MHz
range. It should be built with surface mount capacitors with minimum effective series inductance (ESL).
Consistent with the recommendations of Dr. Howard Johnson in High Speed Digital Design: A Handbook
of Black Magic (Prentice Hall, 1993), multiple small capacitors of equal value are recommended over a
single large value capacitor.

Each circuit should be placed as close as possible to the specific AV pp pin being supplied to minimize
noise coupled from nearby circuits. It should be possible to route directly from the capacitorsto the AV pp
pin, which is on the periphery of package, without the inductance of vias.

The following figure shows the PLL power supply filter circuit.

10Q
VDD O AN i i O AVDD
2.2 uF 2.2 pF
Low ESL Surface Mount Capacitors (<0.5 nH)
GND

Figure 44. PLL power supply filter circuit

25.3 Decoupling recommendations

Dueto large address and data buses, and high operating frequencies, the MPC8309 can generate transient
power surges and high frequency noisein its power supply, especialy whiledriving large capacitive loads.
This noise must be prevented from reaching other components in the MPC8309 system, and MPC8309
itself requires a clean, tightly regulated source of power. Therefore, it is recommended that the system
designer place at |east one decoupling capacitor at each Vpp, OVpp, and GVpp pins of the MPC8309.
These decoupling capacitors should receive their power from separate Vpp, OVpp, GVpp, and GND
power planesinthe PCB, utilizing short 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, OVpp, and GVpp planes, to enable quick recharging of the smaller chip capacitors.
These bulk capacitors should have alow 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
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to minimize inductance. Suggested bulk capacitors—100 to 330 uF (AV X TPS tantalum or Sanyo
OSCON).

25.4 Output buffer DC impedance
For all buses, the driver is a push-pull single-ended driver type (open drain for 12C).

To measure Z, for the single-ended drivers, an external resistor is connected from the chip pad to OVpp
or GND. Then, the value of each resistor is varied until the pad voltage is OV pp/2 (see Figure 45). The
output impedanceisthe average of two components, the resistances of the pull-up and pull-down devices.
When dataisheld high, SW1isclosed (SW2isopen) and Rpistrimmed until the voltage at the pad equals
OV pp/2. Rpthen becomestheresistance of the pull-up devices. Rp and Ry are designed to be close to each
other in value. Then, Zy= (Rp + Ry\)/2.

sSw2
Pad
Data

SWi1

OGND
Figure 45. Driver impedance measurement

The value of this resistance and the strength of the driver’s current source can be found by making two
measurements. First, the output voltageis measured while driving logic 1 without an external differential
termination resistor. The measured voltageisV 1 = Rgyrce X | source- S€CONd, the output voltageis measured
whiledriving logic 1 with an external precision differential termination resistor of value Ry The
measured voltage is V5 = (1/(1/Rq + U/R,)) X lgyce- SOIViNg for the output impedance gives

Rsource = Rterm X (V1/Vo —1). The drive current is then | g rce = V 1/Rsource-
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