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1 Overview
The MPC8313E incorporates the e300c3 core, which includes 16 Kbytes of L1 instruction and data caches 
and on-chip memory management units (MMUs). The MPC8313E has interfaces to dual enhanced 
three-speed 10/100/1000 Mbps Ethernet controllers, a DDR1/DDR2 SDRAM memory controller, an 
enhanced local bus controller, a 32-bit PCI controller, a dedicated security engine, a USB 2.0 dual-role 
controller and an on-chip high-speed PHY, a programmable interrupt controller, dual I2C controllers, a 
4-channel DMA controller, and a general-purpose I/O port. This figure shows a block diagram of the 
MPC8313E.

Figure 1. MPC8313E Block Diagram

The MPC8313E security engine (SEC 2.2) allows CPU-intensive cryptographic operations to be offloaded 
from the main CPU core. The security-processing accelerator provides hardware acceleration for the DES, 
3DES, AES, SHA-1, and MD-5 algorithms.

1.1 MPC8313E Features
The following features are supported in the MPC8313E: 

• Embedded PowerPC™ e300 processor core built on Power Architecture™ technology; operates at 
up to 333 MHz.

• High-performance, low-power, and cost-effective host processor

• DDR1/DDR2 memory controller—one 16-/32-bit interface at up to 333 MHz supporting both 
DDR1 and DDR2

• 16-Kbyte instruction cache and 16-Kbyte data cache, a floating point unit, and two integer units

• Peripheral interfaces such as 32-bit PCI interface with up to 66-MHz operation, 16-bit enhanced 
local bus interface with up to 66-MHz operation, and USB 2.0 (high speed) with an on-chip PHY.

• Security engine provides acceleration for control and data plane security protocols

• Power management controller for low-power consumption

• High degree of software compatibility with previous-generation PowerQUICC processor-based 
designs for backward compatibility and easier software migration
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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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8.2 MII, RGMII, and RTBI AC Timing Specifications
The AC timing specifications for MII, RMII, RGMII, and RTBI are presented in this section. 

8.2.1 MII AC Timing Specifications
This section describes the MII transmit and receive AC timing specifications.

8.2.1.1 MII Transmit AC Timing Specifications

This table provides the MII transmit AC timing specifications.

Output high voltage VOH IOH = –1.0 mA LVDDA or LVDDB = Min 2.00 LVDDA + 0.3
or

LVDDB + 0.3

V

Output low voltage VOL IOL = 1.0 mA LVDDA or LVDDB = Min VSS– 0.3 0.40 V

Input high voltage VIH — LVDDA or LVDDB = Min 1.7 LVDDA + 0.3
or

LVDDB + 0.3

V

Input low voltage VIL — LVDDA or LVDDB = Min –0.3 0.70 V

Input high current IIH VIN
1 = LVDDA or LVDDB — 10 A

Input low current IIL VIN
1 = VSS –15 — A

Note:
1. Note that the symbol VIN, in this case, represents the LVIN symbol referenced in Table 1 and Table 2.

Table 26. MII Transmit 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

TX_CLK clock period 10 Mbps tMTX — 400 — ns

TX_CLK clock period 100 Mbps tMTX — 40 — ns

TX_CLK duty cycle tMTXH/tMTX 35 — 65 %

TX_CLK to MII data TXD[3:0], TX_ER, TX_EN delay tMTKHDX 1 5 15 ns

TX_CLK data clock rise VIL(min) to VIH(max) tMTXR 1.0 — 4.0 ns

TX_CLK data clock fall VIH(max) to VIL(min) tMTXF 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, tMTKHDX symbolizes MII transmit 
timing (MT) for the time tMTX 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 tMTX 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).

Table 25. RGMII/RTBI DC Electrical Characteristics (continued)

Parameters Symbol Conditions Min Max Unit
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This figure shows the MII receive AC timing diagram.

Figure 10. MII Receive AC Timing Diagram RMII AC Timing Specifications

8.2.1.3 RMII Transmit AC Timing Specifications

This table provides the RMII transmit AC timing specifications.

This figure shows the RMII transmit AC timing diagram.

Figure 11. RMII Transmit AC Timing Diagram

Table 28. RMII Transmit 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 tRMX — 20 — ns

REF_CLK duty cycle tRMXH/tRMX 35 — 65 %

REF_CLK to RMII data TXD[1:0], TX_EN delay tRMTKHDX 2 — 10 ns

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

REF_CLK data clock fall 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, tRMTKHDX symbolizes RMII 
transmit timing (RMT) for the time tRMX 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 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).
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tMRXR
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RX_DV
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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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8.3.4 SGMII AC Timing Specifications
This section describes the SGMII transmit and receive AC timing specifications. Transmitter and receiver 
characteristics are measured at the transmitter outputs (TX[n] and TX[n]) or at the receiver inputs (RX[n] 
and RX[n]) as depicted in Figure 18, respectively.

8.3.4.1 SGMII Transmit AC Timing Specifications

This table provides the SGMII transmit AC timing targets. A source synchronous clock is not provided.

8.3.4.2 SGMII Receive AC Timing Specifications

This table provides the SGMII receive AC timing specifications. Source synchronous clocking is not 
supported. Clock is recovered from the data. Figure 17 shows the SGMII receiver input compliance mask 
eye diagram.

Common mode input voltage VCM — Vxcorevss — V 4

Notes:
1. Input must be externally AC-coupled.
2. VRX_DIFFp-p is also referred to as peak to peak input differential voltage
3. VCM_ACp-p is also referred to as peak to peak AC common mode voltage.
4. On-chip termination to XCOREVSS. 

Table 34. SGMII Transmit AC Timing Specifications
At recommended operating conditions with XCOREVDD = 1.0 V ± 5%.

Parameter Symbol Min Typ Max Unit Note

Deterministic jitter JD — — 0.17 UI p-p

Total jitter JT — — 0.35 UI p-p

Unit interval UI 799.92 800 800.08 ps 1

VOD fall time (80%–20%) tfall 50 — 120 ps

VOD rise time (20%–80%) trise 50 — 120 ps

Note:
1. Each UI is 800 ps ± 100 ppm.

Table 35. SGMII Receive AC Timing Specifications
At recommended operating conditions with XCOREVDD = 1.0 V ± 5%.

Parameter Symbol Min Typ Max Unit Note

Deterministic jitter tolerance JD 0.37 — — UI p-p 1

Combined deterministic and random jitter tolerance JDR 0.55 — — UI p-p 1

Sinusoidal jitter tolerance JSIN 0.1 — — UI p-p 1

Table 33. SGMII DC Receiver Electrical Characteristics (continued)

Parameter Symbol Min Typ Max Unit Note
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12 JTAG
This section describes the DC and AC electrical specifications for the IEEE Std 1149.1™ (JTAG) 
interface.

12.1 JTAG DC Electrical Characteristics
This table provides the DC electrical characteristics for the IEEE Std 1149.1 (JTAG) interface.

12.2 JTAG AC Timing Specifications
This section describes the AC electrical specifications for the IEEE Std 1149.1 (JTAG) interface. This table 
provides the JTAG AC timing specifications as defined in Figure 41 through Figure 45.

Table 46. JTAG Interface DC Electrical Characteristics

Characteristic Symbol Condition Min Max Unit

Input high voltage VIH — 2.1 NVDD + 0.3 V

Input low voltage VIL — –0.3 0.8 V

Input current IIN — — ±5 A

Output high voltage VOH IOH = –8.0 mA 2.4 — V

Output low voltage VOL  IOL = 8.0 mA — 0.5 V

Output low voltage VOL IOL = 3.2 mA — 0.4 V

Table 47. JTAG AC Timing Specifications (Independent of SYS_CLK_IN)1
At recommended operating conditions (see Table 2).

Parameter Symbol2 Min Max Unit Note

JTAG external clock frequency of operation fJTG 0 33.3 MHz

JTAG external clock cycle time t JTG 30 — ns

JTAG external clock pulse width measured at 1.4 V tJTKHKL 15 — ns

JTAG external clock rise and fall times tJTGR & tJTGF 0 2 ns

TRST assert time tTRST 25 — ns 3

Input setup times:
Boundary-scan data

TMS, TDI
tJTDVKH
tJTIVKH

4
4

—
—

ns
4

Input hold times:
Boundary-scan data

TMS, TDI
tJTDXKH
tJTIXKH

10
10

—
—

ns
4

Valid times:
Boundary-scan data

TDO
tJTKLDV
tJTKLOV

2
2

11
11

ns
5

Output hold times:
Boundary-scan data

TDO
tJTKLDX
tJTKLOX

2
2

—
—

ns 5
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This table shows the PCI AC timing specifications at 33 MHz.

This figure provides the AC test load for PCI.

Figure 48. PCI AC Test Load

Clock to output high impedance tPCKHOZ — 14 ns 2, 3

Input setup to clock tPCIVKH 3.0 — ns 2, 4

Input hold from clock tPCIXKH 0 — ns 2, 4

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. For example, tPCIVKH symbolizes PCI timing 
(PC) with respect to the time the input signals (I) reach the valid state (V) relative to the PCI_SYNC_IN clock, tSYS, reference 
(K) going to the high (H) state or setup time. Also, tPCRHFV symbolizes PCI timing (PC) with respect to the time hard reset 
(R) went high (H) relative to the frame signal (F) going to the valid (V) state.

2. See the timing measurement conditions in the PCI 2.3 Local Bus Specifications.
3. 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.
4. Input timings are measured at the pin. 

Table 52. PCI AC Timing Specifications at 33 MHz

Parameter Symbol1 Min Max Unit Note

Clock to output valid tPCKHOV — 11 ns 2

Output hold from clock tPCKHOX 2 — ns 2

Clock to output high impedance tPCKHOZ — 14 ns 2, 3

Input setup to clock tPCIVKH 3.0 — ns 2, 4

Input hold from clock tPCIXKH 0 — ns 2, 4

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. For example, tPCIVKH symbolizes PCI timing (PC) with 
respect to the time the input signals (I) reach the valid state (V) relative to the PCI_SYNC_IN clock, tSYS, reference (K) going to 
the high (H) state or setup time. Also, tPCRHFV symbolizes PCI timing (PC) with respect to the time hard reset (R) went high (H) 
relative to the frame signal (F) going to the valid (V) state.

2. See the timing measurement conditions in the PCI 2.3 Local Bus Specifications.
3. 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.
4. Input timings are measured at the pin.

Table 51. PCI AC Timing Specifications at 66 MHz (continued)

Parameter Symbol1 Min Max Unit Note

Output Z0 = 50  NVDD/2
RL = 50 
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This figure shows the PCI input AC timing conditions.

Figure 49. PCI Input AC Timing Measurement Conditions

This figure shows the PCI output AC timing conditions.

Figure 50. PCI Output AC Timing Measurement Condition

15 Timers
This section describes the DC and AC electrical specifications for the timers.

15.1 Timers DC Electrical Characteristics
This table provides the DC electrical characteristics for the MPC8313E timers pins, including TIN, TOUT, 
TGATE, and RTC_CLK.

Table 53. Timers DC Electrical Characteristics

Characteristic Symbol Condition Min Max Unit

Output high voltage VOH IOH = –8.0 mA 2.4 — V

Output low voltage VOL  IOL = 8.0 mA — 0.5 V

Output low voltage VOL IOL = 3.2 mA — 0.4 V

Input high voltage VIH — 2.1 NVDD + 0.3 V

Input low voltage VIL — –0.3 0.8 V

Input current IIN 0 V VIN NVDD — ±5 A

tPCIVKH

CLK

Input

tPCIXKH

CLK

Output Delay

tPCKHOV

High-Impedance

tPCKHOZ

Output

tPCKHOX
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17 IPIC
This section describes the DC and AC electrical specifications for the external interrupt pins.

17.1 IPIC DC Electrical Characteristics
This table provides the DC electrical characteristics for the external interrupt pins.

17.2 IPIC AC Timing Specifications
This table provides the IPIC input and output AC timing specifications. 

18 SPI
This section describes the DC and AC electrical specifications for the SPI of the MPC8313E. 

18.1 SPI DC Electrical Characteristics
This table provides the DC electrical characteristics for the MPC8313E SPI.

Table 58. IPIC DC Electrical Characteristics

Characteristic Symbol Condition Min Max Unit

Input high voltage VIH — 2.1 NVDD + 0.3 V

Input low voltage VIL — –0.3 0.8 V

Input current IIN — — ±5 A

Output low voltage VOL  IOL = 8.0 mA — 0.5 V

Output low voltage VOL IOL = 3.2 mA — 0.4 V

Table 59. IPIC Input AC Timing Specifications1

Characteristic Symbol2 Min Unit

IPIC inputs—minimum pulse width tPIWID 20 ns

Note:  
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. IPIC inputs and outputs are asynchronous to any visible clock. IPIC outputs should be synchronized before use by any 

external synchronous logic. IPIC inputs are required to be valid for at least tPIWID ns to ensure proper operation when 
working in edge triggered mode.

Table 60. SPI DC Electrical Characteristics

Characteristic Symbol Condition Min Max Unit

Output high voltage VOH IOH = –6.0 mA 2.4 — V

Output low voltage VOL  IOL = 6.0 mA — 0.5 V

Output low voltage VOL IOL = 3.2 mA — 0.4 V
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18.2 SPI AC Timing Specifications
This table and provide the SPI input and output AC timing specifications. 

This figure provides the AC test load for the SPI.

Figure 53. SPI AC Test Load

Figure 54 and Figure 55 represent the AC timing from Table 61. Note that although the specifications 
generally reference the rising edge of the clock, these AC timing diagrams also apply when the falling edge 
is the active edge.

Input high voltage VIH — 2.1 NVDD + 0.3 V

Input low voltage VIL — –0.3 0.8 V

Input current IIN 0 V  VIN  NVDD — ±5 A

Table 61. SPI AC Timing Specifications1

Characteristic Symbol2 Min Max Unit

SPI outputs—master mode (internal clock) delay tNIKHOV 0.5 6 ns

SPI outputs—slave mode (external clock) delay tNEKHOV 2 8 ns

SPI inputs—master mode (internal clock) input setup time tNIIVKH 6 — ns

SPI inputs—master mode (internal clock) input hold time tNIIXKH 0 — ns

SPI inputs—slave mode (external clock) input setup time tNEIVKH 4 — ns

SPI inputs—slave mode (external clock) input hold time tNEIXKH 2 — ns

Note:  
1. Output specifications are measured from the 50% level of the rising edge of SYS_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 t(first two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tNIKHOV symbolizes the NMSI outputs 
internal timing (NI) for the time tSPI memory clock reference (K) goes from the high state (H) until outputs (O) are valid (V). 

Table 60. SPI DC Electrical Characteristics (continued)

Characteristic Symbol Condition Min Max Unit

Output Z0 = 50  NVDD/2
RL = 50 
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19.2 Mechanical Dimensions of the MPC8313E TEPBGAII
This figure shows the mechanical dimensions and bottom surface nomenclature of the 516-TEPBGAII 
package.

Figure 56. Mechanical Dimension and Bottom Surface Nomenclature of the MPC8313E TEPBGAII

Notes:
1. All dimensions are in millimeters.
2. Dimensions and tolerances per ASME Y14.5M-1994.
3. Maximum solder ball diameter measured parallel to datum A.
4. Datum A, the seating plane, is determined by the spherical crowns of the solder balls.
5. Package code 5368 is to account for PGE and the built-in heat spreader.
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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.
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This table provides the operating frequencies for the MPC8313E TEPBGAII under recommended 
operating conditions (see Table 2).

20.1 System PLL Configuration 
The system PLL is controlled by the RCWL[SPMF] parameter. This table shows the multiplication factor 
encodings for the system PLL.

Table 63. Configurable Clock Units

Unit
Default 

Frequency
Options

TSEC1 csb_clk Off, csb_clk, csb_clk/2, csb_clk/3

TSEC2 csb_clk Off, csb_clk, csb_clk/2, csb_clk/3

Security Core, I2C, SAP, TPR csb_clk Off, csb_clk, csb_clk/2, csb_clk/3

USB DR csb_clk Off, csb_clk, csb_clk/2, csb_clk/3

PCI and DMA complex csb_clk Off, csb_clk

Table 64. Operating Frequencies for TEPBGAII

Characteristic1 Maximum Operating 
Frequency

Unit

e300 core frequency (core_clk) 333 MHz

Coherent system bus frequency (csb_clk) 167 MHz

DDR1/2 memory bus frequency (MCK)2 167 MHz

Local bus frequency (LCLKn)3 66 MHz

PCI input frequency (SYS_CLK_IN or PCI_CLK) 66 MHz

Note:   
1. The SYS_CLK_IN frequency, RCWL[SPMF], and RCWL[COREPLL] settings must be chosen 

such that the resulting csb_clk, MCK, LCLK[0:1], and core_clk frequencies do not exceed their 
respective maximum or minimum operating frequencies. The value of SCCR[ENCCM] and 
SCCR[USBDRCM] must be programmed such that the maximum internal operating frequency of 
the security core and USB modules do not exceed their respective value listed in this table.

2. The DDR data rate is 2x the DDR memory bus frequency.
3. The local bus frequency is 1/2, 1/4, or 1/8 of the lbc_clk frequency (depending on 

LCRR[CLKDIV]), which is in turn, 1x or 2x the csb_clk frequency (depending on RCWL[LBCM]).

Table 65. System PLL Multiplication Factors

RCWL[SPMF]
System PLL 

Multiplication Factor

0000 Reserved

0001 Reserved

0010  2

0011  3
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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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(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 + (RJB  PD)
where:

TJ = junction temperature (C)
TB = board temperature at the package perimeter (C)
RJB = 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:

RJA = RJC + RCA

where:
RJA = junction-to-ambient thermal resistance (C/W)
RJC = junction-to-case thermal resistance (C/W)
RCA = case-to- ambient thermal resistance (C/W)
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24 Revision History
This table summarizes a revision history for this document.

Table 73. Document Revision History

Rev. 
Number

Date Substantive Change(s)

4 11/2011  • In Table 2, added following notes:
– Note 3: Min temperature is specified with TA; Max temperature is specified with TJ
– Note 4: All Power rails must be connected and power applied to the MPC8313 even if the IP 

interfaces are not used.
– Note 5: All I/O pins should be interfaced with peripherals operating at same voltage level.
– Note 6: This voltage is the input to the filter discussed in Section 22.2, “PLL Power Supply Filtering.” 

and not necessarily the voltage at the AVDD pin, which may be reduced from VDD by the filter 
 • Decoupled PCI_CLK and SYS_CLK_IN rise and fall times in Table 8. Relaxed maximum rise/fall time 

of SYS_CLK_IN to 4ns.
 • Added a note in Table 27 stating “The frequency of RX_CLK should not exceed the TX_CLK by more 

than 300 ppm."
 • In Table 30:

– Changed max value of tskrgt in “Data to clock input skew (at receiver)” row from 2.8 to 2.6.
– Added Note 7, stating that, “The frequency of RX_CLK should not exceed the GTX_CLK125 by 

more than 300 ppm.”
 • Added a note stating “eTSEC should be interfaced with peripheral operating at same voltage level” in 

Section 8.1.1, “TSEC DC Electrical Characteristics.” 
 • TSEC1_MDC and TSEC_MDIO are powered at 3.3V by NVDD. Replaced LVDDA/LVDDB with NVDD 

and removed instances of 2.5V at several places in Section 8.5, “Ethernet Management Interface 
Electrical Characteristics.”

 • In Table 43, changed min/max values of tCLK_TOL from 0.05 to 0.005.
 • In Table 62:

– Added Note 2 for LGPL4 in showing LGPL4 as open-drain.
– Removed Note 2 from TSEC1_MDIO.
– Added Note 10: This pin has an internal pull-up.
– Added Note 11: This pin has an internal pull-down.
– Added Note 12: “In MII mode, GTX_CLK should be pulled down by 300  to VSS” to 

TSEC1_GTX_CLK and TSEC2_GTX_CLK.
 • In Section 19.1, “Package Parameters for the MPC8313E TEPBGAII,” replaced "5.5 Sn/0.5 Cu/4 Ag" 

with "Sn/3.5 Ag."
 • Added foot note 3 in Table 65 stating “The VCO divider needs to be set properly so that the System 

PLL VCO frequency is in the range of 450–750 MHz.”
 • In Table 72:

– Added AD = 266 and D = 266.
– Added “C = 2.2” in “Revision level” column.
– Added Note 4.

 • Changed resitor from 1.0  to 10  in Figure 58.
 • Replaced LCCR with LCRR throughout.
 • Added high-speed to USB Phy description.

3 01/2009  • Table 72, in column aa, changed to AG = 400 MHz.

2.2 12/2008  • Made cross-references active for sections, figures, and tables.

2.1 12/2008  • Added Figure 2, after Table 2 and renumbered the following figures.
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2 10/2008  • Added Note “The information in this document is accurate for revision 1.0, and 2.x and later. See 
Section 24.1, “Part Numbers Fully Addressed by this Document,” before Section 1, “Overview.”

 • Added part numbering details for all the silicon revisions in Table 74.
 • Changed VIH from 2.7 V to 2.4 V in Table 7. 
 • Added a row for VIH level for Rev 2.x or later in Table 45.
 • Added a column for maximum power dissipation in low power mode for Rev 2.x or later silicon in 

Table 6.
 • Added a column for Power Nos for Rev 2.x or later silicon and added a row for 400 MHz in Table 4. 
 • Removed footnote, “These are preliminary estimates.” from Table 4.
 • Added Table 21 for DDR AC Specs on Rev 2.x or later silicon.
 • Added Section 9, “High-Speed Serial Interfaces (HSSI).”
 • Added LFWE, LFCLE, LFALE, LOE, LFRE, LFWP, LGTA, LUPWAIT, and LFRB in Table 63.
 • In Table 39, added note 2: “This parameter is dependent on the csb_clk speed. (The MIIMCFG[Mgmt 

Clock Select] field determines the clock frequency of the Mgmt Clock EC_MDC.)”
 • Removed mentions of SGMII (SGMII has separate specs) from Section 8.1, “Enhanced Three-Speed 

Ethernet Controller (eTSEC) (10/100/1000 Mbps)—MII/RMII/RGMII/SGMII/RTBI Electrical 
Characteristics.”

 • Corrected Section 8.1, “Enhanced Three-Speed Ethernet Controller (eTSEC) 
(10/100/1000 Mbps)—MII/RMII/RGMII/SGMII/RTBI Electrical Characteristics,” to state that 
RGMII/RTBI interfaces only operate at 2.5 V, not 3.3 V.

 • Added ZQ package to ordering information In Table 74 and Section 19.1, “Package Parameters for the 
MPC8313E TEPBGAII” (applicable to both silicon rev. 1.0 and 2.1)

 • Removed footnotes 5 and 6 from Table 1 (left over when the PCI undershoot/overshoot voltages and 
maximum AC waveforms were removed from Section 2.1.2, “Power Supply Voltage Specification”).

 • Removed SD_PLL_TPD (T2) and SD_PLL_TPA_ANA (R4) from Table 63.
 •  Added Section 8.3, “SGMII Interface Electrical Characteristics.” Removed Section 8.5.3 SGMII DC 

Electrical Characteristics. 
 • Removed “HRESET negation to SRESET negation (output)” spec and changed “HRESET/SRESET 

assertion (output)” spec to “HRESET assertion (output)” in Table 10.
 • Clarified POR configuration signal specs to “Time for the device to turn off POR configuration signal 

drivers with respect to the assertion of HRESET” and “Time for the device to turn on POR configuration 
signal drivers with respect to the negation of HRESET” in Table 10.

 • Added Section 24.2, “Part Marking,” and Figure 62.
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