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1.2 Serial Interfaces
The following interfaces are supported in the MPC8313E: dual UART, dual I2C, and an SPI interface.

1.3 Security Engine
The security engine is optimized to handle all the algorithms associated with IPSec, IEEE Std 802.11i®, 
and iSCSI. The security engine contains one crypto-channel, a controller, and a set of crypto execution 
units (EUs). The execution units are as follows:

• Data encryption standard execution unit (DEU), supporting DES and 3DES

• Advanced encryption standard unit (AESU), supporting AES

• Message digest execution unit (MDEU), supporting MD5, SHA1, SHA-224, SHA-256, and 
HMAC with any algorithm

• One crypto-channel supporting multi-command descriptor chains

1.4 DDR Memory Controller
The MPC8313E DDR1/DDR2 memory controller includes the following features:

• Single 16- or 32-bit interface supporting both DDR1 and DDR2 SDRAM

• Support for up to 333 MHz 

• Support for two physical banks (chip selects), each bank independently addressable

• 64-Mbit to 2-Gbit (for DDR1) and to 4-Gbit (for DDR2) devices with x8/x16/x32 data ports (no 
direct x4 support)

• Support for one 16-bit device or two 8-bit devices on a 16-bit bus, or one 32-bit device or two 
16-bit devices on a 32-bit bus

• Support for up to 16 simultaneous open pages

• Supports auto refresh

• On-the-fly power management using CKE

• 1.8-/2.5-V SSTL2 compatible I/O

1.5 PCI Controller
The MPC8313E PCI controller includes the following features:

• PCI specification revision 2.3 compatible

• Single 32-bit data PCI interface operates at up to 66 MHz

• PCI 3.3-V compatible (not 5-V compatible) 

• Support for host and agent modes

• On-chip arbitration, supporting three external masters on PCI

• Selectable hardware-enforced coherency
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2.2 Power Sequencing
The MPC8313E does not require the core supply voltage (VDD and VDDC) and I/O supply voltages 
(GVDD, LVDD, and NVDD) to be applied in any particular order. Note that during power ramp-up, before 
the power supplies are stable and if the I/O voltages are supplied before the core voltage, there might be a 
period of time that all input and output pins are actively driven and cause contention and excessive current. 
In order to avoid actively driving the I/O pins and to eliminate excessive current draw, apply the core 
voltage (VDD and VDDC) before the I/O voltage (GVDD, LVDD, and NVDD) and assert PORESET before 
the power supplies fully ramp up. In the case where the core voltage is applied first, the core voltage supply 
must rise to 90% of its nominal value before the I/O supplies reach 0.7 V; see Figure 3. Once both the 
power supplies (I/O voltage and core voltage) are stable, wait for a minimum of 32 clock cycles before 
negating PORESET.

Note that there is no specific power down sequence requirement for the MPC8313E. I/O voltage supplies 
(GVDD, LVDD, and NVDD) do not have any ordering requirements with respect to one another.

Figure 3. Power-Up Sequencing Example

DDR2 signal 18 GVDD = 1.8 V

DUART, system control, I2C, JTAG, SPI 42 NVDD = 3.3 V

GPIO signals 42 NVDD = 3.3 V

eTSEC signals 42 LVDDA, LVDDB = 2.5/3.3 V

USB signals 42 LVDDB = 2.5/3.3 V

Table 3. Output Drive Capability (continued)

Driver Type Output Impedance () Supply Voltage

t

90%

V

Core Voltage (VDD, VDDC)

I/O Voltage (GVDD, GVDD, and NVDD)

0

0.7 V

PORESET

tSYS_CLK_IN/tPCI_SYNC_IN >= 32 clocks
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This table shows the estimated core power dissipation of the MPC8313E while transitioning into the 
D3 warm low-power state.

4 Clock Input Timing
This section provides the clock input DC and AC electrical characteristics for the MPC8313E.

4.1 DC Electrical Characteristics
This table provides the system clock input (SYS_CLK_IN/PCI_SYNC_IN) DC timing specifications for 
the MPC8313E.

USBDR controller load = 20 pF 60 MHz — — — 0.078 — — W —

Other I/O — — — 0.015 — — — W —

Table 6. MPC8313E Low-Power Modes Power Dissipation1

333-MHz Core, 167-MHz CSB2 Rev. 1.03  Rev. 2.x or Later3 Unit

D3 warm 400 425 mW

Note:  
1. All interfaces are enabled. For further power savings, disable the clocks to unused blocks.
2. The interfaces are run at the following frequencies: DDR: 333 MHz, eLBC 83 MHz, PCI 33 MHz, 

eTSEC1 and TSEC2: 167 MHz, SEC: 167 MHz, USB: 167 MHz. See the SCCR register for more 
information.

3. This is maximum power in D3 Warm based on a voltage of 1.05 V and a junction temperature of 105C.

Table 7. SYS_CLK_IN DC Electrical Characteristics

Parameter Condition Symbol Min Max Unit

Input high voltage — VIH 2.4 NVDD + 0.3 V

Input low voltage — VIL –0.3 0.4 V

SYS_CLK_IN input current 0 V   VIN  NVDD IIN — ±10 A

PCI_SYNC_IN input current 0 V  VIN  0.5 V
or

NVDD – 0.5 V  VIN  NVDD 

IIN — ±10 A

PCI_SYNC_IN input current 0.5 V  VIN  NVDD – 0.5 V IIN — ±50 A

Table 5.  MPC8313E Typical I/O Power Dissipation (continued)

Interface Parameter
GVDD
(1.8 V)

GVDD
(2.5 V)

NVDD
(3.3 V)

LVDDA/
LVDDB
(3.3 V)

LVDDA/
LVDDB
(2.5 V)

LVDD
(3.3 V)

Unit Comments



MPC8313E PowerQUICC II Pro Processor Hardware Specifications, Rev. 4

18 Freescale Semiconductor
 

6.2.2 DDR and DDR2 SDRAM Output AC Timing Specifications
Table 20. DDR and DDR2 SDRAM Output AC Timing Specifications for Rev. 1.0 Silicon

Parameter Symbol 1 Min Max Unit Note

MCK[n] cycle time, MCK[n]/MCK[n] crossing tMCK 6 10 ns 2

ADDR/CMD output setup with respect to MCK tDDKHAS ns 3
333 MHz 2.1 —
266 MHz 2.5 —

ADDR/CMD output hold with respect to MCK tDDKHAX ns 3
333 MHz 2.4 —
266 MHz  3.15 —

MCS[n] output setup with respect to MCK tDDKHCS ns 3
333 MHz 2.4 —
266 MHz 3.15 —

MCS[n] output hold with respect to MCK tDDKHCX ns 3
333 MHz 2.4 —
266 MHz  3.15 —

MCK to MDQS Skew tDDKHMH –0.6 0.6 ns 4

MDQ//MDM output setup with respect to 
MDQS

tDDKHDS,
tDDKLDS

ps 5

333 MHz 800 —
266 MHz 900 —

MDQ//MDM output hold with respect to MDQS tDDKHDX,
tDDKLDX

ps 5

333 MHz 900 —
266 MHz  1100 —

MDQS preamble start tDDKHMP –0.5  tMCK – 0.6 –0.5  tMCK + 0.6 ns 6

MDQS epilogue end tDDKHME –0.6 0.6 ns 6

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

inputs and t(first two letters of functional block)(reference)(state)(signal)(state) for outputs. 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, 
tDDKHAS symbolizes DDR timing (DD) for the time tMCK memory clock reference (K) goes from the high (H) state until outputs 
(A) are setup (S) or output valid time. Also, tDDKLDX symbolizes DDR timing (DD) for the time tMCK 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.
4. Note that tDDKHMH follows the symbol conventions described in note 1. For example, tDDKHMH describes the DDR timing 

(DD) from the rising edge of the MCK[n] clock (KH) until the MDQS signal is valid (MH). tDDKHMH can 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 adjust 
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 MPC8313E PowerQUICC II Pro Integrated 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), ECC 
(MECC), or data mask (MDM). The data strobe should be centered inside of the data eye at the pins of the microprocessor.

6. All outputs are referenced to the rising edge of MCK[n] at the pins of the microprocessor. Note that tDDKHMP follows the 
symbol conventions described in note 1.
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This figure provides the AC test load for the DDR bus.

Figure 7. DDR AC Test Load

7 DUART
This section describes the DC and AC electrical specifications for the DUART interface.

7.1 DUART DC Electrical Characteristics
This table provides the DC electrical characteristics for the DUART interface.

7.2 DUART AC Electrical Specifications
This table provides the AC timing parameters for the DUART interface.

8 Ethernet: Three-Speed Ethernet, MII Management
This section provides the AC and DC electrical characteristics for three-speed, 10/100/1000, and MII 
management.

Table 22. DUART DC Electrical Characteristics

Parameter Symbol Min Max Unit

High-level input voltage VIH 2.0 NVDD + 0.3 V

Low-level input voltage NVDD VIL –0.3 0.8 V

High-level output voltage, IOH = –100 A VOH NVDD – 0.2 — V

Low-level output voltage, IOL = 100 A VOL — 0.2 V

Input current (0 V VIN NVDD) IIN — ±5 A

Table 23. 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 8th sampled 0 after the 1-to-0 transition of the start bit. Subsequent bit values are 

sampled each 16th sample.

Output Z0 = 50  GVDD/2
RL = 50 
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This figure shows the MII transmit AC timing diagram.

Figure 8. MII Transmit AC Timing Diagram

8.2.1.2 MII Receive AC Timing Specifications

This table provides the MII receive AC timing specifications.
 

This figure provides the AC test load for TSEC.

Figure 9. TSEC AC Test Load

Table 27. MII Receive AC Timing Specifications
At recommended operating conditions with LVDDA/LVDDB/NVDD of 3.3 V ± 0.3 V.

Parameter/Condition Symbol1 Min Typ Max Unit

RX_CLK clock period 10 Mbps tMRX — 400 — ns

RX_CLK clock period 100 Mbps tMRX — 40 — ns

RX_CLK duty cycle tMRXH/tMRX 35 — 65 %

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 VIL(min) to VIH(max) tMRXR 1.0 — 4.0 ns

RX_CLK clock fall time VIH(max) to VIL(min) tMRXF 1.0 — 4.0 ns

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

inputs and t(first two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tMRDVKH symbolizes MII receive 
timing (MR) with respect to the time data input signals (D) reach the valid state (V) relative to the tMRX clock reference (K) 
going to the high (H) state or setup time. Also, tMRDXKL symbolizes MII receive timing (GR) with respect to the time data 
input signals (D) went invalid (X) relative to the tMRX 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 tMRX represents the MII (M) receive (RX) clock. For rise and fall times, the latter convention 
is used with the appropriate letter: R (rise) or F (fall).

2. The frequency of RX_CLK should not exceed the TX_CLK by more than 300 ppm 

TX_CLK

TXD[3:0]

tMTKHDX

tMTX

tMTXH

tMTXR

tMTXF

TX_EN
TX_ER

Output Z0 = 50  LVDDA/2 or LVDDB/2
RL = 50 



MPC8313E PowerQUICC II Pro Processor Hardware Specifications, Rev. 4

26 Freescale Semiconductor
 

8.2.1.4 RMII Receive AC Timing Specifications

This table provides the RMII receive AC timing specifications.
 

This table provides the AC test load.

Figure 12. AC Test Load

This table shows the RMII receive AC timing diagram.

Figure 13. RMII Receive AC Timing Diagram

Table 29. RMII Receive AC Timing Specifications
At recommended operating conditions with NVDD of 3.3 V ± 0.3 V.

Parameter/Condition Symbol1 Min Typ Max Unit

REF_CLK clock period tRMX — 20 — ns

REF_CLK duty cycle tRMXH/tRMX 35 — 65 %

RXD[1:0], CRS_DV, RX_ER setup time to REF_CLK tRMRDVKH 4.0 — — ns

RXD[1:0], CRS_DV, RX_ER hold time to REF_CLK tRMRDXKH 2.0 — — ns

REF_CLK clock rise VIL(min) to VIH(max) tRMXR 1.0 — 4.0 ns

REF_CLK clock fall time VIH(max) to VIL(min) tRMXF 1.0 — 4.0 ns

Note:
1. The symbols used for timing specifications follow the pattern of t(first 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, tRMRDVKH symbolizes RMII 
receive timing (RMR) with respect to the time data input signals (D) reach the valid state (V) relative to the tRMX clock 
reference (K) going to the high (H) state or setup time. Also, tRMRDXKL symbolizes RMII receive timing (RMR) with respect 
to the time data input signals (D) went invalid (X) relative to the tRMX 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 tRMX 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).

Output Z0 = 50  NVDD/2
RL = 50 

REF_CLK

RXD[1:0]

tRMRDXKH

tRMX

tRMXH

tRMXR

tRMXF

CRS_DV
RX_ER

tRMRDVKH

Valid Data
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8.3.2 AC Requirements for SGMII SD_REF_CLK and SD_REF_CLK

This table lists the SGMII SerDes reference clock AC requirements. Note that SD_REF_CLK and 
SD_REF_CLK are not intended to be used with, and should not be clocked by, a spread spectrum clock 
source.

8.3.3 SGMII Transmitter and Receiver DC Electrical Characteristics
Table 32 and Table 33 describe the SGMII SerDes transmitter and receiver AC-coupled DC electrical 
characteristics. Transmitter DC characteristics are measured at the transmitter outputs (SD_TX[n] and 
SD_TX[n]) as depicted in Figure 16.

Table 31. SD_REF_CLK and SD_REF_CLK AC Requirements

Symbol Parameter Description Min Typ Max Unit

tREF REFCLK cycle time — 8 — ns

tREFCJ REFCLK cycle-to-cycle jitter. Difference in the period of any two 
adjacent REFCLK cycles

— — 100 ps

tREFPJ Phase jitter. Deviation in edge location with respect to mean 
edge location

–50 — 50 ps

Table 32. SGMII DC Transmitter Electrical Characteristics

Parameter Symbol Min Typ Max Unit Note

Supply voltage XCOREVDD 0.95 1.0 1.05 V

Output high voltage VOH — — XCOREVDD-Typ/2 
+ |VOD|-max/2

mV 1

Output low voltage VOL XCOREVDD-Typ/2 
– |VOD|-max/2

— — mV 1

Output ringing VRING — — 10 %

Output differential voltage2, 3 |VOD| 323 500 725 mV Equalization 
setting: 1.0x

Output offset voltage VOS 425 500 575 mV 1, 4

Output impedance 
(single-ended)

RO 40 — 60 

Mismatch in a pair RO — — 10 %

Change in VOD between 0 and 1 |VOD| — — 25 mV

Change in VOS between 0 and 1 VOS — — 25 mV

Output current on short to GND ISA, ISB — — 40 mA

Notes:
1. This will not align to DC-coupled SGMII. XCOREVDD-Typ = 1.0 V.
2. |VOD| = |VTXn – VTXn|. |VOD| is also referred as output differential peak voltage. VTX-DIFFp-p = 2*|VOD|.
3. The |VOD| value shown in the Typ column is based on the condition of XCOREVDD-Typ = 1.0 V, no common mode offset 

variation (VOS = 500 mV), SerDes transmitter is terminated with 100- differential load between TX[n] and TX[n].
4.  VOS is also referred to as output common mode voltage.
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This figure shows the SerDes reference clock connection reference circuits for HCSL type clock driver. It 
assumes that the DC levels of the clock driver chip is compatible with MPC8313E SerDes reference clock 
input’s DC requirement.

Figure 27. DC-Coupled Differential Connection with HCSL Clock Driver (Reference Only)

This figure shows the SerDes reference clock connection reference circuits for LVDS type clock driver. 
Since LVDS clock driver’s common mode voltage is higher than the MPC8313E SerDes reference clock 
input’s allowed range (100 to 400 mV), the AC-coupled connection scheme must be used. It assumes the 
LVDS output driver features a 50-termination resistor. It also assumes that the LVDS transmitter 
establishes its own common mode level without relying on the receiver or other external component.

Figure 28. AC-Coupled Differential Connection with LVDS Clock Driver (Reference Only)

This figure shows the SerDes reference clock connection reference circuits for LVPECL type clock driver. 
Since LVPECL driver’s DC levels (both common mode voltages and output swing) are incompatible with 
the MPC8313E SerDes reference clock input’s DC requirement, AC coupling has to be used. Figure 29 

50 

50 

SDn_REF_CLKSDn_REF_CLK

Clock Driver 100 Differential PWB Trace

Clock driver vendor dependent 
source termination resistor

CLK_Out

CLK_Out

HCSL CLK Driver Chip

33 

33 

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

MPC8313E

SerDes Refer. 
CLK ReceiverClock Driver

SDn_REF_CLK

SDn_REF_CLK

SDn_REF_CLK

Clock Driver 100 Differential PWB Trace

CLK_Out

CLK_Out

LVDS CLK Driver Chip

10 nF

10 nF

MPC8313E

SerDes Refer. 
CLK Receiver

50 

50 

Clock Driver



MPC8313E PowerQUICC II Pro Processor Hardware Specifications, Rev. 4

46 Freescale Semiconductor
 

Figure 35. USB Signals

10.2 On-Chip USB PHY
This section describes the DC and AC electrical specifications for the on-chip USB PHY of the 
MPC8313E. See Chapter 7 in the USB Specifications Rev. 2, for more information.

This table provides the USB clock input (USB_CLK_IN) DC timing specifications.

This table provides the USB clock input (USB_CLK_IN) AC timing specifications.

Table 42. USB_CLK_IN DC Electrical Characteristics

Parameter Symbol Min Max Unit

Input high voltage VIH 2.7 NVDD + 0.3 V

Input low voltage VIL –0.3 0.4 V

Table 43. USB_CLK_IN AC Timing Specifications

Parameter/Condition Conditions Symbol Min Typ Max Unit

Frequency range — fUSB_CLK_IN — 24 48 MHz

Clock frequency tolerance — tCLK_TOL –0.005 0 0.005 %

Reference clock duty cycle Measured at 1.6 V tCLK_DUTY 40 50 60 %

Total input jitter/time interval 
error

Peak-to-peak value measured with a second 
order high-pass filter of 500 kHz bandwidth

tCLK_PJ — — 200 ps

Output Signals

tUSKHOV

USBDR_CLK

Input Signals

tUSIXKH
tUSIVKH

tUSKHOX
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11 Enhanced Local Bus
This section describes the DC and AC electrical specifications for the local bus interface.

11.1 Local Bus DC Electrical Characteristics
This table provides the DC electrical characteristics for the local bus interface.

11.2 Local Bus AC Electrical Specifications
This table describes the general timing parameters of the local bus interface.

Table 44. Local Bus DC Electrical Characteristics at 3.3 V

Parameter Symbol Min Max Unit

High-level input voltage for Rev 1.0 VIH 2.0 LVDD + 0.3 V

High-level input voltage for Rev 2.x or later VIH 2.1 LVDD + 0.3 V

Low-level input voltage VIL –0.3 0.8 V

Input current, (VIN
1 = 0 V or VIN = LVDD) IIN —  ±5 A

High-level output voltage, (LVDD = min, IOH = –2 mA) VOH LVDD – 0.2 — V

Low-level output voltage, (LVDD = min, IOH = 2 mA) VOL — 0.2 V

Note:  The parameters stated in above table are valid for all revisions unless explicitly mentioned.

Table 45. 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 tLBIVKH 7 — ns 3, 4

Input hold from local bus clock tLBIXKH 1.0 — ns 3, 4

LALE output fall to LAD output transition (LATCH hold time) tLBOTOT1 1.5 — ns 5

LALE output fall to LAD output transition (LATCH hold time) tLBOTOT2 3 — ns 6

LALE output fall to LAD output transition (LATCH hold time) tLBOTOT3 2.5 — ns 7

LALE output rise to LCLK negative edge tLALEHOV — 3.0 ns

LALE output fall to LCLK negative edge tLALETOT1 –1.5 — ns 5

LALE output fall to LCLK negative edge tLALETOT2 –5.0 — ns 6

LALE output fall to LCLK negative edge tLALETOT3 –4.5 — ns 7

Local bus clock to output valid tLBKHOV — 3 ns 3

Local bus clock to output high impedance for LAD tLBKHOZ — 4 ns 8
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This figure provides the boundary-scan timing diagram.

Figure 44. Boundary-Scan Timing Diagram

This figure provides the test access port timing diagram.

Figure 45. Test Access Port Timing Diagram

VM = Midpoint Voltage (NVDD/2)

VM VM

tJTDVKH
tJTDXKH

Boundary
Data Outputs

Boundary
Data Outputs

JTAG
External Clock

Boundary
Data Inputs

Output Data Valid

tJTKLDX

tJTKLDZ

tJTKLDV

Input
Data Valid

Output Data Valid

VM = Midpoint Voltage (NVDD/2)

VM VM

tJTIVKH
tJTIXKH

JTAG
External Clock

Output Data Valid

tJTKLOX

tJTKLOZ

tJTKLOV

Input
Data Valid

Output Data Valid

TDI, TMS

TDO

TDO
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LA14/TSEC_1588_TRIG1 L24 O LVDD 8

LA15/TSEC_1588_ALARM2 K26 O LVDD 8

DUART

UART_SOUT1/MSRCID0 N2 O NVDD —

UART_SIN1/MSRCID1 M5 I/O NVDD —

UART_CTS1/GPIO8/MSRCID2 M1 I/O NVDD —

UART_RTS1/GPIO9/MSRCID3 K1 I/O NVDD —

UART_SOUT2/MSRCID4/TSEC_1588_CLK M3 O NVDD 8

UART_SIN2/MDVAL/TSEC_1588_GCLK L1 I/O NVDD 8

UART_CTS2/TSEC_1588_PP1 L5 I/O NVDD 8

UART_RTS2/TSEC_1588_PP2 L3 I/O NVDD 8

I2C interface

IIC1_SDA/CKSTOP_OUT/TSEC_1588_TRIG1 J4 I/O NVDD 2, 8

IIC1_SCL/CKSTOP_IN/TSEC_1588_ALARM2 J2 I/O NVDD 2, 8

IIC2_SDA/PMC_PWR_OK/GPIO10 J3 I/O NVDD 2

IIC2_SCL/GPIO11 H5 I/O NVDD 2

Interrupts

MCP_OUT G5 O NVDD 2

IRQ0/MCP_IN K5 I NVDD —

IRQ1 K4 I NVDD —

IRQ2 K2 I NVDD —

IRQ3/CKSTOP_OUT K3 I/O NVDD —

IRQ4/CKSTOP_IN/GPIO12 J1 I/O NVDD —

Configuration

CFG_CLKIN_DIV D5 I NVDD —

EXT_PWR_CTRL J5 O NVDD —

CFG_LBIU_MUX_EN R24 I NVDD —

JTAG

TCK E1 I NVDD —

TDI E2 I NVDD 4

TDO E3 O NVDD 3

Table 62. MPC8313E TEPBGAII Pinout Listing (continued)

Signal Package Pin Number Pin Type
Power
Supply

Note
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TMS E4 I NVDD 4

TRST E5 I NVDD 4

TEST

TEST_MODE F4 I NVDD 6

DEBUG

QUIESCE F5 O NVDD —

System Control

HRESET F2 I/O NVDD 1

PORESET F3 I NVDD —

SRESET F1 I NVDD —

Clocks

SYS_CR_CLK_IN U26 I NVDD —

SYS_CR_CLK_OUT U25 O NVDD —

SYS_CLK_IN U23 I NVDD —

USB_CR_CLK_IN T26 I NVDD —

USB_CR_CLK_OUT R26 O NVDD —

USB_CLK_IN T22 I NVDD —

PCI_SYNC_OUT U24 O NVDD 3

RTC_PIT_CLOCK R22 I NVDD —

PCI_SYNC_IN T24 I NVDD —

MISC

THERM0 N1 I NVDD 7

THERM1 N3 I NVDD 7

PCI

PCI_INTA AF7 O NVDD —

PCI_RESET_OUT AB11 O NVDD —

PCI_AD0 AB20 I/O NVDD —

PCI_AD1 AF23 I/O NVDD —

PCI_AD2 AF22 I/O NVDD —

PCI_AD3 AB19 I/O NVDD —

PCI_AD4 AE22 I/O NVDD —

PCI_AD5 AF21 I/O NVDD —

Table 62. MPC8313E TEPBGAII Pinout Listing (continued)

Signal Package Pin Number Pin Type
Power
Supply

Note
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The primary clock source for the MPC8313E can be one of two inputs, SYS_CLK_IN or PCI_CLK, 
depending on whether the device is configured in PCI host or PCI agent mode. When the device is 
configured as a PCI host device, SYS_CLK_IN is its primary input clock. SYS_CLK_IN feeds the PCI 
clock divider (2) and the multiplexors for PCI_SYNC_OUT and PCI_CLK_OUT. The 
CFG_CLKIN_DIV configuration input selects whether SYS_CLK_IN or SYS_CLK_IN/2 is driven out 
on the PCI_SYNC_OUT signal. The OCCR[PCICOEn] parameters select whether the PCI_SYNC_OUT 
is driven out on the PCI_CLK_OUTn signals.

PCI_SYNC_OUT is connected externally to PCI_SYNC_IN to allow the internal 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, to allow the device to function. When the device 
is configured as a PCI agent device, PCI_CLK is the primary input clock. When the device is configured 
as a PCI agent device the SYS_CLK_IN signal should be tied to VSS.

As shown in Figure 57, the primary clock input (frequency) is multiplied up by the system phase-locked 
loop (PLL) and the clock unit to create the coherent system bus clock (csb_clk), the internal clock for the 
DDR controller (ddr_clk), and the internal clock for the local bus interface unit (lbc_clk). 

The csb_clk frequency is derived from a complex set of factors that can be simplified into the following 
equation:

csb_clk = {PCI_SYNC_IN × (1 + ~CFG_CLKIN_DIV)} × SPMF

In PCI host mode, PCI_SYNC_IN × (1 + ~CFG_CLKIN_DIV) is the SYS_CLK_IN frequency. 

The csb_clk serves as the clock input to the e300 core. A second PLL inside the e300 core multiplies up 
the csb_clk frequency to create the internal clock for the e300 core (core_clk). The system and core PLL 
multipliers are selected by the SPMF and COREPLL fields in the reset configuration word low (RCWL) 
which is loaded at power-on reset or by one of the hard-coded reset options. See Chapter 4, “Reset, 
Clocking, and Initialization,” in the MPC8313E PowerQUICC II Pro Integrated Processor Family 
Reference Manual, for more information on the clock subsystem.

The internal ddr_clk frequency is determined by the following equation:

ddr_clk = csb_clk × (1 + RCWL[DDRCM])

Note that ddr_clk is not the external memory bus frequency; ddr_clk passes through the DDR clock divider 
(2) to create the differential DDR memory bus clock outputs (MCK and MCK). However, the data rate 
is the same frequency as ddr_clk.

The internal lbc_clk frequency is determined by the following equation:

lbc_clk = csb_clk × (1 + RCWL[LBCM])

Note that lbc_clk is not the external local bus frequency; lbc_clk passes through the a LBC clock divider 
to create the external local bus clock outputs (LCLK[0:1]). The LBC clock divider ratio is controlled by 
LCRR[CLKDIV].

In addition, some of the internal units may be required to be shut off or operate at lower frequency than 
the csb_clk frequency. Those units have a default clock ratio that can be configured by a memory mapped 
register after the device comes out of reset. Table 63 specifies which units have a configurable clock 
frequency.



MPC8313E PowerQUICC II Pro Processor Hardware Specifications, Rev. 4

80 Freescale Semiconductor
 

As described in Section 20, “Clocking,” the LBCM, DDRCM, and SPMF parameters in the reset 
configuration word low and the CFG_CLKIN_DIV configuration input signal select the ratio between the 
primary clock input (SYS_CLK_IN or PCI_SYNC_IN) and the internal coherent system bus clock 
(csb_clk). This table shows the expected frequency values for the CSB frequency for select csb_clk to 
SYS_CLK_IN/PCI_SYNC_IN ratios. 

0100  4

0101  5

0110  6

0111–1111 Reserved

Note:  
1. If RCWL[DDRCM] and RCWL[LBCM] are both cleared, the system 

PLL VCO frequency = (CSB frequency) × (System PLL VCO Divider).
2. If either RCWL[DDRCM] or RCWL[LBCM] are set, the system PLL 

VCO frequency = 2 × (CSB frequency) × (System PLL VCO Divider). 
3. The VCO divider needs to be set properly so that the System PLL 

VCO frequency is in the range of 450–750 MHz

Table 66. CSB Frequency Options 

CFG_CLKIN_DIV
at Reset1

1 CFG_CLKIN_DIV select the ratio between SYS_CLK_IN and PCI_SYNC_OUT.

SPMF
csb_clk :Input 
Clock Ratio2

2 SYS_CLK_IN is the input clock in host mode; PCI_CLK is the input clock in agent mode.

Input Clock Frequency (MHz)2

24 25 33.33 66.67

csb_clk Frequency (MHz)

High 0010 2:1 133

High 0011 3:1 100

High 0100 4:1 100 133

High 0101 5:1 120 125 167

High 0110 6:1 144 150

Low 0010 2:1 133

Low 0011 3:1 100

Low 0100 4:11 100 133

Low 0101 5:1 120 125 167

Low 0110 6:1 144 150

Table 65. System PLL Multiplication Factors (continued)

RCWL[SPMF]
System PLL 

Multiplication Factor
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21.2 Thermal Management Information
For the following sections, PD = (VDD  IDD) + PI/O, where PI/O is the power dissipation of the I/O drivers. 

21.2.1 Estimation of Junction Temperature with Junction-to-Ambient 
Thermal Resistance

An estimation of the chip junction temperature, TJ, can be obtained from the equation:

TJ = TA + (RJA  PD)

where:
TJ = junction temperature (C)
TA = ambient temperature for the package (C)
RJA = junction-to-ambient thermal resistance (C/W)
PD = 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 a tightly packed printed-circuit board. The value obtained on the board with the internal 
planes is usually appropriate if the board has low power dissipation and the components are well separated. 
Test cases have demonstrated that errors of a factor of two (in the quantity TJ – TA) are possible.

21.2.2 Estimation of Junction Temperature with Junction-to-Board 
Thermal Resistance

The thermal performance of a device 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 

Junction-to-case — RJC 8 °C/W 5

Junction-to-package top Natural convection JT 7 °C/W 6

Note:  
1. Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site (board) 

temperature, ambient temperature, airflow, power dissipation of other components on the board, and board thermal resistance.
2. Per JEDEC JESD51-2 with the single layer board horizontal. Board meets JESD51-9 specification.
3. Per JEDEC JESD51-6 with the board horizontal.
4. Thermal resistance between the die and the printed-circuit board per JEDEC JESD51-8. Board temperature is measured on 

the top surface of the board near the package.
5. Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883 Method 

1012.1).
6. Thermal characterization parameter indicating the temperature difference between package top and the junction temperature 

per JEDEC JESD51-2. When Greek letters are not available, the thermal characterization parameter is written as Psi-JT.

Table 69. Package Thermal Characteristics for TEPBGAII (continued)

Characteristic Board Type Symbol TEPBGA II Unit Note
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(edge) of the package is approximately the same as the local air temperature near the device. Specifying 
the local ambient conditions explicitly as the board temperature provides a more precise description of the 
local ambient conditions that determine the temperature of the device.

At a known board temperature, the junction temperature is estimated using the following equation:

TJ = TB + (RJB  PD)
where:

TJ = junction temperature (C)
TB = board temperature at the package perimeter (C)
RJB = junction-to-board thermal resistance (C/W) per JESD51–8
PD = power dissipation in the 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.

21.2.3 Experimental Determination of Junction Temperature
To determine the junction temperature of the device in the application after prototypes are available, the 
thermal characterization parameter (JT) 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:

TJ = TT + (JT  PD)
where:

TJ = junction temperature (C)
TT = thermocouple temperature on top of package (C)
JT = thermal characterization parameter (C/W)
PD = power dissipation in the package (W)

The thermal characterization parameter is measured per JESD51-2 specification using a 40 gauge type T 
thermocouple 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 
thermocouple 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.

21.2.4 Heat Sinks and Junction-to-Case Thermal Resistance
In some application environments, a heat sink is required to provide the necessary thermal management of 
the device. When a heat sink is used, the thermal resistance is expressed as the sum of a junction to case 
thermal resistance and a case to ambient thermal resistance:

RJA = RJC + RCA

where:
RJA = junction-to-ambient thermal resistance (C/W)
RJC = junction-to-case thermal resistance (C/W)
RCA = case-to- ambient thermal resistance (C/W)
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1 3/2008  • In Table 63, added LBC_PM_REF_10 & LSRCID3 as muxed with USBDR_PCTL1
 • In Table 63, added LSRCID2 as muxed with USBDR_PCTL0
 • In Table 63, added LSRCID1 as muxed with USBDR_PWRFAULT
 • In Table 63, added LSRCID0 as muxed with USBDR_DRIVE_VBUS
 • In Table 63, moved T1, U2,& V2 from VDD to XCOREVDD.
 • In Table 63, moved P2, R2, & T3 from VSS to XCOREVSS.
 • In Table 63, moved P5, & U4 from VDD to XPADVDD.
 • In Table 63, moved P3, & V4 from VSS to XPADVSS.
 • In Table 63, removed “Double with pad” for AVDD1 and AVDD2 and moved AVDD1 and AVDD2 to Power 

and Ground Supplies section
 • In Table 63, added impedance control requirements for SD_IMP_CAL_TX (100 ohms to GND) and 

SD_IMP_CAL_RX (200 ohms to GND).
 • In Table 63, updated muxing in pinout to show new options for selecting IEEE 1588 functionality. Added 

footnote 8
 • In Table 63, updated muxing in pinout to show new LBC ECC boot enable control muxed with 

eTSEC1_MDC
 • Added pin type information for power supplies.
 • Removed N1 and N3 from Vss section of Table 63. Added Therm0 and Therm1 (N1 and N3, 

respectively). Added note 7 to state: “Internal thermally sensitive resistor, resistor value varies linearly 
with temperature. Useful for determining the junction temperature.”

 • In Table 65 corrected maximum frequency of Local Bus Frequency from “33–66” to 66 MHz
 • In Table 65 corrected maximum frequency of PCI from “24–66” to 66 MHz
 • Added “which is determined by RCWLR[COREPLL],” to the note in Section 20.2, “Core PLL 

Configuration” about the VCO divider.

 • Added “(VCOD)” next to VCO divider column in Table 68. Added footnote stating that core_clk 
frequency must not exceed its maximum, so 2.5:1 and 3:1 core_clk:csb_clk ratios are invalid for certain 
csb_clk values.

 • In Table 69, notes were confusing. Added note 3 for VCO column, note 4 for CSB (csb_clk) column, 
note 5 for USB ref column, and note 6 to replace “Note 1”. Clarified note 4 to explain erratum eTSEC40.

 • In Table 69, updated note 6 to specify USB reference clock frequencies limited to 24 and 48 for rev. 2 
silicon.

 • Replaced Table 71 “Thermal Resistance for TEPBGAII with Heat Sink in Open Flow”.
 • Removed last row of Table 19.
 • Removed 200 MHz rows from Table 21 and Table 5.
 • Changed VIH minimum spec from 2.0 to 2.1 for clock, PIC, JTAG, SPI, and reset pins in Table 9, 

Table 47, Table 54, Table 59, and Table 61.
 • Added Figure 4 showing the DDR input timing diagram.
 • In Table 19, removed “MDM” from the “MDQS-MDQ/MECC/MDM” text under the Parameter 

column for the tCISKEW parameter. MDM is an output signal and should be removed from 
the input AC timing spec table (tCISKEW). 

 • Added “and power” to rows 2 and 3 in Table 10
 • Added the sentence “Once both the power supplies...” and PORESET to Section 2.2, “Power 

Sequencing,” and Figure 3.
 • In Figure 35, corrected “USB0_CLK/USB1_CLK/DR_CLK” with “USBDR_CLK”
 • In Table 42, clarified that AC specs are for ULPI only.

0 6/2007 Initial release.
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