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operation of countless electronic devices, providing the
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Overview

— Supports 1-/4-bit SD and SDIO modes, 1-/4-bit modes
— Upto 133 Mbpsdatatransfer for SD/SDIO/MMC cards using 4 parallel datalines
— Supports block sizes of 1 ~ 4096 bytes
* Universal serial bus (USB) dual-role controller
— Designed to comply with Universal Serial Bus Revision 2.0 Specification
— Supports operation as a stand-alone USB host controller
— Supports operation as a stand-alone USB device
— Supports high-speed (480-Mbps), full-speed (12-Mbps), and low-speed (1.5-Mbps) operations.
Low speed is only supported in host mode.
* FlexCAN module
— Full implementation of the CAN protocol specification version 2.0B
— Upto 64 flexible message buffers of zero to eight bytes data length
— Powerful Rx FIFO ID filtering, capable of matching incoming IDs
— Selectable backwards compatibility with previous FlexCAN module version
— Programmabl e loop-back mode supporting self-test operation
— Global network time, synchronized by a specific message
— Independent of the transmission medium (an external transceiver is required)
— Short latency time due to an arbitration scheme for high-priority messages
« Dual I°Cinterfaces
— Two-wire interface
— Multiple-master support
— Master or slave 1°C mode support
— On-chip digital filtering rejects spikes on the bus
— 1%C1 can be used as the boot sequencer
 DMA Enginel
— Support for the DMA engine with the following features:
Sixteen DMA channels
All data movement via dual-address transfers: read from source, write to destination
Transfer control descriptor (TCD) organized to support two-deep, nested transfer operations

Channel activation via one of two methods (for both the methods, one activation per
execution of the minor loop is required):

— Explicit software initiation
— Initiation via a channel-to-channel linking mechanism for continuous transfers
(independent channel linking at end of minor loop and/or major loop)
Support for fixed-priority and round-robin channel arbitration
— Channel completion reported via optional interrupt requests
— Support for scatter/gather DMA processing
* 10 Sequencer
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Power characteristics

1/0 Voltage (GVpp and OVpp)

0.7V
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>= 32 X tgys CLK_IN/PCI_SYNC_IN

Figure 3. MPC8309 Power-Up sequencing example

3 Power characteristics

The typical power dissipation for this family of MPC8309 devices is shown in the following table.
Table 5. MPC8309 Power dissipation

Frequ;:nocr;/a (MHz) F?eLcjlu(ie(r:ui/n(gl\l/lrll-lez) Freque(ilii (MHz) Typical Maximum Unit Note
266 233 133 0.341 0.920 W 1,2,3
333 233 133 0.361 0.938 W 1,2,3
400 233 133 0.381 0.969 W 1,2,3
417 233 167 0.429 1.003 w 1,2,3

Notes:

1. The values donot include I/O supply power (OVpp and GVpp), but it does include Vppand AVpp power. For /O power values,

see Table 6.

2. Typical power is based on a nominal voltage of Vpp = 1.0 V, ambient temperature, and the core running a Dhrystone
benchmark application. The measurements were taken on the evaluation board using WC process silicon.
3. Maximum power is based on a voltage of Vpp = 1.05 V, WC process, a junction T; = 105°C, and a smoke test code.
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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 12. DDR2 SDRAM DC electrical characteristics for GVpp(typ) = 1.8 V

Parameter/Condition Symbol Min Max Unit Note
1/0 supply voltage GVpp 1.7 1.9 \Y 1
I/0 reference voltage MVREF 0.49 x GVpp 0.51 x GVpp \ 2
I/0 termination voltage Vit MVREF - 0.04 MVREF + 0.04 \ 3
Input high voltage Vin MVREF+ 0.125 GVpp + 0.3 % —
Input low voltage Vi -0.3 MVREF —-0.125 \ —
Output leakage current loz -9.9 9.9 UA 4
Output high current (Voyt = 1.35V) loH -13.4 — mA —
Output low current (Vo = 0.280 V) loL 13.4 — mA —

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

2. MVREEF 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 MVREF may not exceed +2% of the DC value.

3. V17 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 MVREEF. This rail should track variations in the DC level of MVREF.

4. Output leakage is measured with all outputs disabled, 0 V < Vgt < GVpp.

Table 13. DDR2 SDRAM capacitance for GVpp(typ) = 1.8V

Parameter/Condition Symbol Min Max Unit Note
Input/output capacitance: DQ, DQS Cio 6 8 pF 1
Delta input/output capacitance: DQ, DQS Cpio — 0.5 pF 1

Note:
1. This parameter is sampled. GVpp=1.8V £ 0.100 V, f=1MHz, Ty, =5 °C, \y1=GVpp+ 2,
Vout (peak-to-peak) = 0.2 V.

6.2 DDR2 SDRAM AC electrical characteristics
This section provides the AC electrical characteristics for the DDR2 SDRAM interface.

6.2.1 DDR2 SDRAM input AC timing specifications

Thistable provides the input AC timing specifications for the DDR2 SDRAM (GV pp(typ) = 1.8 V).

Table 14. DDR2 SDRAM input AC timing specifications for 1.8-V interface
At recommended operating conditions with GVpp of 1.8 V+ 100mV.

Parameter Symbol Min Max Unit Note
AC input low voltage Vi — MVREF - 0.25 \ —
AC input high voltage ViH MVREF + 0.25 — \" —

The following table provides the input AC timing specifications for the DDR2 SDRAM interface.
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DDR2 SDRAM

The following figure shows the DDR SDRAM output timing for the MCK to MDQS skew measurement
(tooKHMH)-
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Figure 5. Timing diagram for tppkHmH

The following figure shows the DDR2 SDRAM output timing diagram.
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Figure 6. DDR2 SDRAM output timing diagram
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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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uUSB

Figure 24 shows the PCI input AC timing conditions.
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tpcivkH —>|

tpCIxXkH
Input

Figure 24. PCl input AC timing measurement conditions

Figure 25 shows the PCI output AC timing conditions.

CLK —\—

~<— tpckHov
—> <— tpckHOX
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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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Table 34. USB general timing parameters

uUSB

Parameter Symbol1 Min Max Unit Note

USB clock cycle time tusck 15 — ns —
Input setup to USB clock—all inputs tusivkH 4 — ns —
input hold to USB clock—all inputs tusixkH 1 — ns —
USB clock to output valid—all outputs (except tuskHoV — 7 ns —
USBDR_STP_USBDR_STP)

USB clock to output valid—USBDR_STP tuskHov — 7.5 ns —
Output hold from USB clock—all outputs tuskHOX 2 — ns —

Note:

1. The symbols used for timing specifications follow the pattern of tirst 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, tygixkH symbolizes USB timing
(USB) for the input (1) to go invalid (X) with respect to the time the USB clock reference (K) goes high (H). Also, tyskHox
symbolizes us timing (USB) for the USB clock reference (K) to go high (H), with respect to the output (O) going invalid (X) or

output hold time.

The following figures provide the AC test load and signals for the USB, respectively.

OQutput ~{>

Figure 26. USB AC test load
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Figure 27. USB signals
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DUART

13 DUART

This section describes the DC and AC electrical specificationsfor the DUART interface of the MPC8309.

13.1 DUART DC electrical characteristics

The following table provides the DC electrical characteristics for the DUART interface of the MPC8309.
Table 35. DUART DC electrical characteristics

Parameter Symbol Min Max Unit
High-level input voltage Viy 2 OVpp + 0.3 \
Low-level input voltage OVpp Vi -0.3 0.8 \
High-level output voltage, loy = —100 A Vou OVpp-0.2 — \
Low-level output voltage, Io. = 100 uA VoL — 0.2 \"
Input current (0 V <V < OVpp)' N — +5 uA
Note:
1. Note that the symbol V), in this case, represents the OV symbol referenced in Table 1 and Table 2.
13.2 DUART AC electrical specifications
The following table provides the AC timing parameters for the DUART interface of the MPC8309.
Table 36. DUART AC timing specifications
Parameter Value Unit Note
Minimum baud rate 256 baud —
Maximum baud rate >1,000,000 baud 1
Oversample rate 16 — 2

Notes:

1. Actual attainable baud rate is limited by the latency of interrupt processing.
2. The middle of a start bit is detected as the 8" sampled 0 after the 1-to-0 transition of the start bit. Subsequent bit values are

sampled each 16" sample.
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Table 42. 12C AC electrical specifications (continued)

All values refer to V| (min) and V,_(max) levels (see Table 41).

Parameter Symbol! Min Max Unit

Fall time of both SDA and SCL signals tiock 20 + 0.1 CB4 300 ns
Setup time for STOP condition tiopVKH 0.6 — us
Bus free time between a STOP and START condition tiokHDX 1.3 — us
Noise margin at the LOW level for each connected device (including VL 0.1 x OVpp — \
hysteresis)

Noise margin at the HIGH level for each connected device (including VNH 0.2 x OVpp — \
hysteresis)

Notes:

1.

2.

3.
4.

The symbols used for timing specifications follow the pattern of t st two letters of functional block)(signal)(state)( referenge) (state) for
inputs and Yirst two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, topykH symbolizes I°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, tjogxk, symbolizes 1°c timing (12) for the time that the data with respect to the start condltlon
(S) went invalid (X) relative to the t;5¢ clock reference (K) going to the low (L) state or hold time. Also, tjopykH 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 1,5 clock
reference (K) going to the high (H) state or setup time. For rise andfall imes, the latter convention is used with the appropriate
letter: R (rise) or F (fall).

MPC8309 provides a hold time of at least 300 ns for the SDA signal (referred to the V|y(min) of the SCL signal) to bridge the
undefined region of the falling edge of SCL.

The maximum tjppyk has only to be met if the device does not stretch the LOW period (tjoc) of the SCL signal.

Cpg = capacitance of one bus line in pF.

The following figure provides the AC test load for the 1°C.

AN OVpp/2
R, =50 Q

Output {} Zy=50Q

| | |_/_\\
N——

Figure 30. I°C AC test load

The following figure shows the AC timing diagram for the 1°C bus.

o [N/

<— tiopvkH tokHKL —>| |<—
tiosxkL 4 | |<—
~— ti2cH J <1 ti2svkH

<— topxkL Sr

b <

SCL

[® K

Figure 31. I°C bus AC timing diagram
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18 GPIO

This section describes the DC and AC electrical specifications for the GPIO of the MPC8309.

18.1 GPIO DC electrical characteristics
The following table provides the DC electrical characteristics for the MPC8309 GPIO.

Table 45. GPIO DC electrical characteristics

GPIO

Characteristic Symbol Condition Min Max Unit Notes
Output high voltage VoH loy=-6.0 mA 24 — 1
Output low voltage VoL lo=6.0 mA — 0.5 \ 1
Output low voltage VoL loL=3.2mA — 0.4 \ 1
Input high voltage Vi — 2.0 OVpp + 0.3 \ 1
Input low voltage Vi — -0.3 0.8 \ —
Input current N 0V<V)<0Vpp — = 5 uA —
Note:
1. This specification applies when operating from 3.3-V supply.
18.2 GPIO AC timing specifications
The following table provides the GPIO input and output AC timing specifications.
Table 46. GPIO input AC timing specifications?!
Characteristic Symbol? Min Unit
GPIO inputs—minimum pulse width tPiwiD 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. 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.

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

Output 4€> Zy=500Q (}

AV

R =50 Q

Figure 33. GPIO AC test load

OVpp/2
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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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JTAG

Table 52. JTAG AC timing specifications (independent of SYS_CLK_IN)! (continued)
At recommended operating conditions (see Table 2).

Parameter Symbol2 Min Max Unit Notes
Qutput hold times: ns
Boundary-scan data tTKLDX 2 — 5
TDO tyTkLOX 2 —
JTAG external clock to output high impedance: ns
Boundary-scan data tyTKLDZ 2 19 5,6
TDO tTKLOZ 2 9 6

Notes:

1. All outputs are measured from the midpoint voltage of the falling/rising edge of ty¢ « to the midpoint of the signal in question.
The output timings are measured at the pins. All output timings assume a purely resistive 50-Q2 load (see Figure 37).
Time-of-flight delays must be added for trace lengths, vias, and connectors in the system.

2. The symbols used for timing specifications follow the pattern of tfirst two letters of functional block)(signal)(state)(reference)(state) for
inputs and Y(first two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, t rpykH symbolizes JTAG device
timing (JT) with respect to the time data input signals (D) reaching the valid state (V) relative to the t g clock reference (K)
going to the high (H) state or setup time. Also, tjrpxkn Symbolizes JTAG timing (JT) with respect to the time data input signals
(D) went invalid (X) relative to the tjg 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 rise and fall times, the
latter convention is used with the appropriate letter: R (rise) or F (fall).

. TRST is an asynchronous level sensitive signal. The setup time is for test purposes only.

. Non-JTAG signal input timing with respect to trg k-

. Non-JTAG signal output timing with respect to tyc .

. Guaranteed by design and characterization.

o O~ W

The following figure provides the AC test load for TDO and the boundary-scan outputs of the MPC8309.

Output *{) Zy=50Q () ANV OVpp/2
| R, =50Q

Figure 37. AC test load for the JTAG interface
The following figure provides the JTAG clock input timing diagram.

JTAG
External Clock

< LT >| traF —>
VM = Midpoint Voltage (OVpp/2)

Figure 38. JTAG clock input timing diagram
The following figure provides the TRST timing diagram.

TRST S’K VM

< trRsT
VM = Midpoint Voltage (OVpp/2)

Y S
<
<

Figure 39. TRST timing diagram
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Package and pin listings

22 Package and pin listings

This section detail s package parameters, pin assignments, and dimensions. The MPC8309 is availablein
athermally enhanced MAPBGA (mold array process-ball grid array); see Section 22.1, “Package
parameters for the MPC8309,” and Section 22.2, “Mechanical dimensions of the MPC8309 MAPBGA,”
for information on the MAPBGA.

22.1 Package parameters for the MPC8309

The package parameters are as provided in the following list.

Package outline 19 mm x 19 mm

Package Type MAPBGA

Interconnects 489

Pitch 0.80 mm

Module height (typical) 1.48 mm; Min = 1.31mm and Max 1.61mm
Solder Balls 96 Sn/3.5Ag/ 0.5 Cu (VM package)

Ball diameter (typical) 0.40 mm

22.2 Mechanical dimensions of the MPC8309 MAPBGA

The following figure shows the mechanical dimensions and bottom surface nomenclature of the
MPC8309, 489-MAPBGA package.
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Package and pin listings

GPIO_9/TXCAN1/LSRCID1/LCS_B5 c17 10 OVpp
GPIO_10/RXCAN2/LSRCID2/LCS_B6 E15 10 OVpp
GPIO_11/TXCAN2/LSRCID3/LCS_B7 A18 10 OVpp
GPIO_12/RXCAN3/LSRCID4/LCLK1 D15 10 OVpp
GPIO_13/TXCAN3/LDVAL c18 10 OVpp
GPIO_14/RXCAN4 D16 10 OVpp
GPIO_15/TXCAN4 c19 10 OVpp
USB

USBDR_PWRFAULT/CE_PIO_1 AAG | OVpp
USBDR_CLK/UART2_SIN2/UART2_CTS_B1 AC9 | OVpp
USBDR_DIR AA7 | OVpp
USBDR_NXT/UART2_SIN1/QE_EXT_REQ_4 AC5 | OVpp
USBDR_TXDRXDO/GPIO_32 Y6 10 OVpp
USBDR_TXDRXD1/GPIO_33 W9 10 OVpp
USBDR_TXDRXD2/GPIO_34/QE_BRG_1 AB5 10 OVpp
USBDR_TXDRXD3/GPIO_35/QE_BRG_2 AA5 10 OVpp
USBDR_TXDRXD4/GPIO_36/QE_BRG_3 Y8 10 OVpp
USBDR_TXDRXD5/GPIO_37/QE_BRG_4 AC4 10 OVpp
USBDR_TXDRXD6/GPIO_38/QE_BRG_9 AC3 10 OVpp
USBDR_TXDRXD7/GPIO_39/QE_BRG_11 AB3 10 OVpp
USBDR_PCTLO/UART2_SOUT1/LB_POR_CFG w8 o) OVpp
_BOOT_ECC

USBDR_PCTL1/UART2_SOUT2/UART2_RTS_B W7 0 OVpp
1/LB_POR_BOOT_ERR

USBDR_STP/QE_EXT_REQ_2 W6 0 OVpp

PCI

PCI_INTA_B B22 0 OVpp
PCI_RESET_OUT_B F19 o) OVpp
PCI_ADO B23 10 OVpp
PCI_AD1 c21 10 OVpp
PCI_AD2 E20 10 OVpp
PCI_AD3 G19 10 OVpp
PCI_AD4 c23 10 OVpp
PCI_AD5 H19 10 OVpp
PCI_AD6/CE_PIO_0 D21 10 OVpp
PCI_AD7 F20 10 OVpp
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Package and pin listings

VDD

H8,H9,H10,H11,H12,M8,
H13,N16,H14,H15,H16,

P16,P8,.8,K16,J16,K8,J

8,R8,T16,R16,T8,T9,T11
,110,T12,T13,T14,T15

VSS

A1, C3, F22, J14, K14,
M15, L15, N20, R9, Y21,
T20, AB21, B1, C22,G4,
K15, J15, M2, M22, P9,

R10, V2, AA2, ACH,

B4,D5, G20, J22, K20,
M5, N9, P10, R11, V22,
AA22,AC23, B6, D8, J2,

K4, M9,L9, N10, P11,

R12, W4, AB4, D11, B9,

J9, K9, L10,M10, N11,
P12, R13, Y7,AB6, B12,
D14, J10, K10, L11, M11,

P13, N12, R14,
Y10,AB9, B15, D17, J11,
K11, D20,B18,J12,K12,

L13, L12,L14,K13, J13,
F2, B21,M14, M13, M12,

Y19, Y16, AB15, AB12,

Y13, N13, N14, N15,
P14, P15, R2, AB18,
R15, R21, T4

NC

A23

Notes

1. This pin is an open drain signal. A weak pull-up resistor should be placed on this pin to OVpp
2 This pin has weak pull-up that is always enabled.
4. OVDD here refers to NVDDA, NVDDB,NVDDC, NVDDF, NVDDG, and NVDDH from the ball map.
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Clocking

23.1 Clocking in PCI host mode

When the MPC8309 is configured as a PCI host device (RCWH[PCIHOST] = 1), SYS CLK_INisits
primary input clock. SYS CLK_IN feedsthe PCI clock divider (+2) and the PCI_SYNC_OUT and
PCI_CLK multiplexors. The CFG_CLKIN_DIV configuration input selects whether SYS CLK_IN or
SYS CLK_IN/2isdriven out onthe PCI_SYNC_OUT signal.

PCI_SYNC_OUT is connected externally to PCI_SYNC_IN to allow theinternal clock subsystem to
synchronize to the system PCI clocks. PCI_SYNC_OUT must be connected properly to PCI_SYNC_IN,
with equal delay to all PCI agent devices in the system.

23.1.1 PClclock outputs (PCI_CLK][0:2])

When the MPC8309 is configured as a PCI hogt, it provides three separate clock output signals,
PCI_CLK][O0:2], for external PCI agents.

When the device comes out of reset, the PCI clock outputs are disabled and are actively driven to a steady
low state. Each of theindividual clock outputs can be enabled (enable toggling of the clock) by setting its
corresponding OCCR[PCICOER] bhit. All output clocks are phase-aligned to each other.

23.2 Clocking in PCl agent mode

When the MPC8309 is configured as a PCl agent device, PCI_SYNC_IN isthe primary input clock. In
agent mode, the SYS_CLK _IN signal should betied to GND, and the clock output signals, PCI_CLKnand
PClI_SYNC_OUT, are not used.

23.3 System clock domains
As shown in Figure 43, the primary clock input (frequency) is multiplied up by the system phase-locked
loop (PLL) and the clock unit to create four major clock domains:

» The coherent system bus clock (csb_clk)

» The QUICC Engine clock (ge_clk)

* Theinternal clock for the DDR controller (ddr_clk)

* Theinterna clock for the local bus controller (Ibc_clk)

The csb_clk frequency is derived from the following equation:

csb_clk=[PCl_SYNC_IN x (1 + ~CFG_CLKIN_DIV)] x SPMF Eqgn. 1

In PCI host mode,

PCI_SYNC_IN = SYS_CLK_IN = (1 + ~CFG_CLKIN_DIV) . Eqn. 2

The csb_clk serves as the clock input to the e300 core. A second PLL inside the core multiplies up the
csb_clk frequency to create theinternal clock for the core (core_clk). The system and core PLL multipliers
are selected by the SPMF and COREPLL fieldsin the reset configuration word low (RCWL) whichis
loaded at power-on reset or by one of the hard-coded reset options. For more information, see the Reset
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Table 57. CSB frequency options

Clocking

PCI_SYNC_IN(MHz)
SPMF csb_clk : sys_clk_in Ratio 25 33.33 66.67
csb_clk Frequency (MHz)

0010 2:1 133
0011 3:1

0100 4:1 133

0101 5:1 125 167

0110 6:1

23.5 Core PLL configuration

RCWL[COREPLL] selectstheratio between theinternal coherent system busclock (csb_clk) and the e300
core clock (core_clk). The following table shows the encodings for RCWL[COREPLL]. COREPLL
values not listed, and should be considered reserved.

Table 58. e300 Core PLL configuration

RCWL[COREPLL]
core_clk : csb_clk Ratio VCO Divider
0-1 2-5 6
nn 0000 n PLL bypassed PLL bypassed
(PLL off, csb_clk clocks core directly) | (PLL off, csb_clk clocks core directly)
00 0001 0 1:1 +2
01 0001 0 1:1 =4
10 0001 0 1:1 +8
11 0001 0 1:1 +8
00 0001 1 1.5:1 +2
01 0001 1 1.5:1 +4
10 0001 1 1.5:1 +8
11 0001 1 1.5:1 +8
00 0010 0 2:1 +2
01 0010 0 2:1 +4
10 0010 0 2:1 +8
11 0010 0 2:1 +8
00 0010 1 2.5:1 +2
01 0010 1 2.5:1 +4
10 0010 1 2.5:1 +8
11 0010 1 2.5:1 +8
00 0011 0 3:1 +2
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Clocking

Table 58. €300 Core PLL configuration (continued)

RCWL[COREPLL]
core_clk : csb_clk Ratio VCO Divider
0-1 2-5 6
01 0011 0 3:1 +4
10 0011 0 3:1 +8
11 0011 0 3:1 +8
NOTE

Core VCO freguency = core frequency x VCO divider. The VCO divider
(RCWL[COREPLL[0:1]]), must be set properly so that the core VCO
frequency isin the range of 400-800 MHz.

23.6 QUICC Engine PLL configuration

The QUICC Engine PLL is controlled by the RCWL[CEPMF] and RCWL[CEPDF]| parameters. The
following table shows the multiplication factor encodings for the QUICC Engine PLL.

Table 59. QUICC Engine PLL multiplication factors

RCWL[CEPME] RCWL[CEPDF] QUICC Engine PLL (hgu:tg)gs\?ii[%nEI;aDc;)m = RCWL[CEPMF]/
00000-00001 0 Reserved
00010 0 x 2
00011 0 x 3
00100 0 x 4
00101 0 x5
00110 0 x 6
00111 0 X7
01000 0 x 8
01001-11111 0 Reserved

The RCWL[CEVCOD] denotes the QUICC Engine PLL VCO internal frequency as shown in the
following table.

Table 60. QUICC Engine PLL VCO divider

RCWL[CEVCOD] VCO Divider
00 2
01 4
10 8
11 Reserved
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System design information

lifetime of the package. Recommended maximum force on the top of the packageis 10 |b (4.5 kg) force.
If an adhesive attachment is planned, the adhesive should be intended for attachment to painted or plastic
surfaces and its performance verified under the application requirements.

24.2.1 Experimental determination of the junction temperature with a heat
sink

When heat sink is used, the junction temperature is determined from a thermocouple inserted at the

interface between the case of the package and the interface material. A clearance slot or hole is normally

required in the heat sink. Minimizing the size of the clearance is important to minimize the changein

thermal performance caused by removing part of the thermal interface to the heat sink. Because of the

experimental difficulties with this technique, many engineers measure the heat sink temperature and then

back calcul ate the case temperature using a separate measurement of the thermal resistance of the
interface.

From this case temperature, the junction temperature is determined from the junction-to-case thermal
resistance using the following equation:

Ty=Tc+ (Rgc % Pp) Eqn.5

where:
T = case temperature of the package (°C)
Rgic = junction-to-case thermal resistance (°C/W)
Pp = power dissipation (W)

25 System design information

This section provides electrical and thermal design recommendations for successful application of the
MPC8309.

25.1 System clocking

The MPC8309 includes three PLLS.

» Thesystem PLL (AVppy) generates the system clock from the externally supplied SYS CLK_IN
input. Thefrequency ratio between thesystemand SYS CLK_IN isselected using thesystem PLL
ratio configuration bits as described in Section 23.4, “ System PLL configuration.”

« Thee300corePLL (AVppg3 generatesthe core clock asaslaveto the system clock. The frequency
ratio between the e300 core clock and the system clock is selected using the €300 PLL ratio
configuration bits as described in Section 23.5, “Core PLL configuration.”

» TheQUICC Engine PLL (AVpp1) which usesthe same reference asthe system PLL. The QUICC
Engine block generates or uses external sources for all required serial interface clocks.
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