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1 Overview
The MPC8323E incorporates the e300c2 (MPC603e-based) core built on Power Architecture® 
technology, which includes 16 Kbytes of L1 instruction and data caches, dual integer units, and on-chip 
memory management units (MMUs). The e300c2 core does not contain a floating point unit (FPU). The 
MPC8323E also includes a 32-bit PCI controller, four DMA channels, a security engine, and a 32-bit 
DDR1/DDR2 memory controller. 

A new communications complex based on QUICC Engine technology forms the heart of the networking 
capability of the MPC8323E. The QUICC Engine block contains several peripheral controllers and a 
32-bit RISC controller. Protocol support is provided by the main workhorses of the device—the unified 
communication controllers (UCCs). Note that the MPC8321 and MPC8321E do not support UTOPIA. A 
block diagram of the MPC8323E is shown in Figure 1.

Figure 1. MPC8323E Block Diagram

Each of the five UCCs can support a variety of communication protocols: 10/100 Mbps Ethernet, serial 
ATM, HDLC, UART, and BISYNC—and, in the MPC8323E and MPC8323, multi-PHY ATM and ATM 
support for up to OC-3 speeds.
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NOTE
The QUICC Engine block can also support a UTOPIA level 2 capable of 
supporting 31 multi-PHY (MPC8323E- and MPC8323-specific). 

The MPC8323E 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.

In summary, the MPC8323E family provides users with a highly integrated, fully programmable 
communications processor. This helps ensure that a low-cost system solution can be quickly developed 
and offers flexibility to accommodate new standards and evolving system requirements.

1.1 MPC8323E Features
Major features of the MPC8323E are as follows:

• High-performance, low-power, and cost-effective single-chip data-plane/control-plane solution for 
ATM or IP/Ethernet packet processing (or both).

• MPC8323E QUICC Engine block offers a future-proof solution for next generation designs by 
supporting programmable protocol termination and network interface termination to meet evolving 
protocol standards.

• Single platform architecture supports the convergence of IP packet networks and ATM networks.

• DDR1/DDR2 memory controller—one 32-bit interface at up to 266 MHz supporting both DDR1 
and DDR2.

• An e300c2 core built on Power Architecture technology with 16-Kbyte instruction and data caches, 
and dual integer units.

• Peripheral interfaces such as 32-bit PCI (2.2) interface up to 66-MHz operation, 16-bit local bus 
interface up to 66-MHz operation, and USB 2.0 (full-/low-speed).

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

• High degree of software compatibility with previous-generation PowerQUICC processor-based 
designs for backward compatibility and easier software migration.

1.1.1 Protocols

The protocols are as follows:

• ATM SAR up to 155 Mbps (OC-3) full duplex, with ATM traffic shaping (ATF TM4.1)

• Support for ATM AAL1 structured and unstructured circuit emulation service (CES 2.0)

• Support for IMA and ATM transmission convergence sub-layer

• ATM OAM handling features compatible with ITU-T I.610

• IP termination support for IPv4 and IPv6 packets including TOS, TTL, and header checksum 
processing

• Extensive support for ATM statistics and Ethernet RMON/MIB statistics

• Support for 64 channels of HDLC/transparent
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DDR1 and DDR2 SDRAM

6.2 DDR1 and DDR2 SDRAM AC Electrical Characteristics
This section provides the AC electrical characteristics for the DDR1 and DDR2 SDRAM interface.

6.2.1 DDR1 and DDR2 SDRAM Input AC Timing Specifications

Table 16 provides the input AC timing specifications for the DDR2 SDRAM (Dn_GVDD(typ) = 1.8 V).

Table 17 provides the input AC timing specifications for the DDR1 SDRAM (Dn_GVDD(typ) = 2.5 V).

Table 18 provides the input AC timing specifications for the DDR1 and DDR2 SDRAM interface.

Table 16. DDR2 SDRAM Input AC Timing Specifications for 1.8-V Interface
At recommended operating conditions with Dn_GVDD of 1.8 ± 5%.

Parameter Symbol Min Max Unit Notes

AC input low voltage VIL — MVREFnREF – 0.25 V —

AC input high voltage VIH MVREFnREF + 0.25 — V —

Table 17. DDR1 SDRAM Input AC Timing Specifications for 2.5 V Interface
At recommended operating conditions with Dn_GVDD of 2.5 ± 5%.

Parameter Symbol Min Max Unit Notes

AC input low voltage VIL — MVREFnREF – 0.31 V —

AC input high voltage VIH MVREFnREF + 0.31 — V —

Table 18. DDR1 and DDR2 SDRAM Input AC Timing Specifications
At recommended operating conditions with Dn_GVDD of (1.8 or 2.5 V) ± 5%.

Parameter Symbol Min Max Unit Notes

Controller skew for MDQS—MDQ/MDM tCISKEW ps 1, 2

266 MHz
200 MHz

–750
–1250

750
1250

Notes:
1. tCISKEW represents the total amount of skew consumed by the controller between MDQS[n] and any corresponding bit that 

is captured with MDQS[n]. This should be subtracted from the total timing budget.
2. The amount of skew that can be tolerated from MDQS to a corresponding MDQ signal is called tDISKEW. This can be 

determined by the following equation: tDISKEW = ±(T/4 – abs(tCISKEW)) where T is the clock period and abs(tCISKEW) is the 
absolute value of tCISKEW.
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(management data clock). The MII and RMII are defined for 3.3 V. The electrical characteristics for MDIO 
and MDC are specified in Section 8.3, “Ethernet Management Interface Electrical Characteristics.”

8.1.1 DC Electrical Characteristics
All MII and RMII drivers and receivers comply with the DC parametric attributes specified in Table 22. 

8.2 MII and RMII AC Timing Specifications
The AC timing specifications for MII and RMII 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

Table 23 provides the MII transmit AC timing specifications.

Table 22. MII and RMII DC Electrical Characteristics

Parameter Symbol Conditions Min Max Unit

Supply voltage 3.3 V OVDD
 — 2.97 3.63 V

Output high voltage VOH IOH = –4.0 mA OVDD = Min 2.40 OVDD + 0.3 V

Output low voltage VOL IOL = 4.0 mA OVDD = Min GND 0.50 V

Input high voltage VIH — — 2.0 OVDD + 0.3 V

Input low voltage VIL — — –0.3 0.90 V

Input current IIN 0 V ≤ VIN ≤ OVDD — ±5 μA

Table 23. MII Transmit AC Timing Specifications
At recommended operating conditions with OVDD of 3.3 V ± 10%.

Parameter/Condition Symbol1 Min Typical 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 time tMTXR 1.0 — 4.0 ns
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Figure 7 shows the MII transmit AC timing diagram.

Figure 7. MII Transmit AC Timing Diagram

8.2.1.2 MII Receive AC Timing Specifications

Table 24 provides the MII receive AC timing specifications.
 

TX_CLK data clock fall time 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 24. MII Receive AC Timing Specifications
At recommended operating conditions with OVDD of 3.3 V ± 10%.

Parameter/Condition Symbol1 Min Typical 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 time tMRXR 1.0 — 4.0 ns

Table 23. MII Transmit AC Timing Specifications (continued)
At recommended operating conditions with OVDD of 3.3 V ± 10%.

Parameter/Condition Symbol1 Min Typical Max Unit

TX_CLK

TXD[3:0]

tMTKHDX

tMTX

tMTXH

tMTXR

tMTXF

TX_EN
TX_ER
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Figure 8 provides the AC test load.

Figure 8. AC Test Load

Figure 9 shows the MII receive AC timing diagram.

Figure 9. MII Receive AC Timing Diagram

8.2.2 RMII AC Timing Specifications
This section describes the RMII transmit and receive AC timing specifications.

RX_CLK clock fall time 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).

Table 24. MII Receive AC Timing Specifications (continued)
At recommended operating conditions with OVDD of 3.3 V ± 10%.

Parameter/Condition Symbol1 Min Typical Max Unit

Output Z0 = 50 Ω OVDD/2
RL = 50 Ω

RX_CLK

RXD[3:0]

tMRDXKH

tMRX

tMRXH

tMRXR

tMRXF

RX_DV
RX_ER

tMRDVKH

Valid Data
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8.2.2.1 RMII Transmit AC Timing Specifications

Table 23 provides the RMII transmit AC timing specifications.

Figure 10 shows the RMII transmit AC timing diagram.

Figure 10. RMII Transmit AC Timing Diagram

8.2.2.2 RMII Receive AC Timing Specifications

Table 24 provides the RMII receive AC timing specifications.
 

Table 25. RMII Transmit AC Timing Specifications
At recommended operating conditions with OVDD of 3.3 V ± 10%.

Parameter/Condition Symbol1 Min Typical 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).

Table 26. RMII Receive AC Timing Specifications
At recommended operating conditions with OVDD of 3.3 V ± 10%.

Parameter/Condition Symbol1 Min Typical 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

TXD[1:0]

tRMTKHDX

tRMX

tRMXH

tRMXR

tRMXF

TX_EN
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Figure 13 shows the MII management AC timing diagram.

Figure 13. MII Management Interface Timing Diagram

9 Local Bus
This section describes the DC and AC electrical specifications for the local bus interface of the 
MPC8323E.

9.1 Local Bus DC Electrical Characteristics
Table 29 provides the DC electrical characteristics for the local bus interface.

9.2 Local Bus AC Electrical Specifications
Table 30 describes the general timing parameters of the local bus interface of the MPC8323E.

Table 29. Local Bus DC Electrical Characteristics

Parameter Symbol Min Max Unit

High-level input voltage VIH 2 OVDD + 0.3 V

Low-level input voltage VIL –0.3 0.8 V

High-level output voltage, IOH = –100 μA VOH OVDD – 0.2 — V

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

Input current IIN — ±5 μA

Table 30. Local Bus General Timing Parameters

Parameter Symbol1 Min Max Unit Notes

Local bus cycle time tLBK 15 — ns 2

Input setup to local bus clock (LCLKn) tLBIVKH 7 — ns 3, 4

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

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

MDC

tMDDXKH

tMDC

tMDCH

tMDCR

tMDCF

tMDDVKH

tMDKHDX

MDIO

MDIO

(Input)

(Output)
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Table 37 shows the PCI AC timing specifications at 33 MHz.

Figure 25 provides the AC test load for PCI.

Figure 25. PCI AC Test Load

Figure 26 shows the PCI input AC timing conditions.

Figure 26. PCI Input AC Timing Measurement Conditions

Table 37. PCI AC Timing Specifications at 33 MHz

Parameter Symbol1 Min Max Unit Notes

Clock to output valid tPCKHOV — 11 ns 2

Output hold from clock tPCKHOX 2 — ns 2

Clock to output high impedence 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.

Output Z0 = 50 Ω OVDD/2
RL = 50 Ω

tPCIVKH

CLK

Input

tPCIXKH
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16 SPI
This section describes the DC and AC electrical specifications for the SPI of the MPC8323E.

16.1 SPI DC Electrical Characteristics
Table 44 provides the DC electrical characteristics for the MPC8323E SPI.

16.2 SPI AC Timing Specifications
Table 45 and provide the SPI input and output AC timing specifications. 

Figure 30 provides the AC test load for the SPI.

Figure 30. SPI AC Test Load

Table 44. 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

Input high voltage VIH — 2.0 OVDD + 0.3 V

Input low voltage VIL — –0.3 0.8 V

Input current IIN 0 V ≤ VIN ≤ OVDD — ±5 μA

Table 45. 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

Notes:
1. Output specifications are measured from the 50% level of the rising edge of CLKIN 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). 

Output Z0 = 50 Ω OVDD/2
RL = 50 Ω
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Figure 35 provides the AC test load for the UTOPIA.

Figure 35. UTOPIA AC Test Load

Figure 36 and Figure 37 represent the AC timing from Table 49. 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.

Figure 36 shows the UTOPIA timing with external clock.

Figure 36. UTOPIA AC Timing (External Clock) Diagram

Figure 37 shows the UTOPIA timing with internal clock.

Figure 37. UTOPIA AC Timing (Internal Clock) Diagram

Output Z0 = 50 Ω OVDD/2
RL = 50 Ω

UTOPIACLK (Input)

tUEIXKH
tUEIVKH

tUEKHOV

Input Signals:
UTOPIA

Output Signals:
UTOPIA

tUEKHOX

UTOPIACLK (Output)

tUIIXKH

tUIKHOV

Input Signals:
UTOPIA

Output Signals:
UTOPIA

tUIIVKH

tUIKHOX
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19 HDLC, BISYNC, Transparent, and Synchronous 
UART

This section describes the DC and AC electrical specifications for the high level data link control (HDLC), 
BISYNC, transparent, and synchronous UART of the MPC8323E. 

19.1 HDLC, BISYNC, Transparent, and Synchronous UART DC 
Electrical Characteristics

Table 50 provides the DC electrical characteristics for the MPC8323E HDLC, BISYNC, transparent, and 
synchronous UART protocols.

19.2 HDLC, BISYNC, Transparent, and Synchronous UART AC Timing 
Specifications

Table 51 provides the input and output AC timing specifications for HDLC, BISYNC, and transparent 
UART protocols. 

Table 50. HDLC, BISYNC, Transparent, and Synchronous UART DC Electrical Characteristics

Characteristic Symbol Condition Min Max Unit

Output high voltage VOH IOH = –2.0 mA 2.4 — V

Output low voltage VOL  IOL = 3.2 mA — 0.5 V

Input high voltage VIH — 2.0 OVDD + 0.3 V

Input low voltage VIL — –0.3 0.8 V

Input current IIN 0 V ≤ VIN ≤ OVDD — ±5 μA

Table 51.  HDLC, BISYNC, and Transparent UART AC Timing Specifications1

Characteristic Symbol2 Min Max Unit

Outputs—Internal clock delay tHIKHOV 0 5.5 ns

Outputs—External clock delay tHEKHOV 1 10 ns

Outputs—Internal clock high impedance tHIKHOX 0 5.5 ns

Outputs—External clock high impedance tHEKHOX 1 8 ns

Inputs—Internal clock input setup time tHIIVKH 6 — ns

Inputs—External clock input setup time tHEIVKH 4 — ns

Inputs—Internal clock input hold time tHIIXKH 0 — ns
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21 Package and Pin Listings
This section details package parameters, pin assignments, and dimensions. The MPC8323E is available in 
a thermally enhanced Plastic Ball Grid Array (PBGA); see Section 21.1, “Package Parameters for the 
MPC8323E PBGA,” and Section 21.2, “Mechanical Dimensions of the MPC8323E PBGA,” for 
information on the PBGA.

21.1 Package Parameters for the MPC8323E PBGA
The package parameters are as provided in the following list. The package type is 27 mm × 27 mm, 516 
PBGA.

Package outline 27 mm × 27 mm

Interconnects 516 

Pitch 1.00 mm

Module height (typical) 2.25 mm

Solder Balls 62 Sn/36 Pb/2 Ag (ZQ package)
95.5 Sn/0.5 Cu/4Ag (VR package)

Ball diameter (typical) 0.6 mm

21.2 Mechanical Dimensions of the MPC8323E PBGA
Figure 42 shows the mechanical dimensions and bottom surface nomenclature of the MPC8323E, 
516-PBGA package.
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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.

Figure 42. Mechanical Dimensions and Bottom Surface Nomenclature of the MPC8323E PBGA
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PCI_AD20 AB2 IO OVDD —

PCI_AD21 Y4 IO OVDD —

PCI_AD22 AC1 IO OVDD —

PCI_AD23 AA3 IO OVDD —

PCI_AD24 AA4 IO OVDD —

PCI_AD25 AD1 IO OVDD —

PCI_AD26 AD2 IO OVDD —

PCI_AD27 AB3 IO OVDD —

PCI_AD28 AB4 IO OVDD —

PCI_AD29 AE1 IO OVDD —

PCI_AD30 AC3 IO OVDD —

PCI_AD31 AC4 IO OVDD —

PCI_C_BE0 M4 IO OVDD —

PCI_C_BE1 T4 IO OVDD —

PCI_C_BE2 Y3 IO OVDD —

PCI_C_BE3 AC2 IO OVDD —

PCI_PAR U3 IO OVDD —

PCI_FRAME W1 IO OVDD 5

PCI_TRDY W4 IO OVDD 5

PCI_IRDY W2 IO OVDD 5

PCI_STOP V4 IO OVDD 5

PCI_DEVSEL W3 IO OVDD 5

PCI_IDSEL P2 I OVDD —

PCI_SERR U4 IO OVDD 5

PCI_PERR V3 IO OVDD 5

PCI_REQ0 AD4 IO OVDD —

PCI_REQ1/CPCI_HS_ES AE3 I OVDD —

PCI_REQ2 AF3 I OVDD —

PCI_GNT0 AD3 IO OVDD —

PCI_GNT1/CPCI_HS_LED AE4 O OVDD —

PCI_GNT2/CPCI_HS_ENUM AF4 O OVDD —

M66EN L4 I OVDD —

Table 55. MPC8323E PBGA Pinout Listing (continued)

Signal Package Pin Number Pin Type
Power 
Supply

Notes
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The ce_clk frequency is determined by the QUICC Engine PLL multiplication factor (RCWL[CEPMF) 
and the QUICC Engine PLL division factor (RCWL[CEPDF]) according to the following equation:

When CLKIN is the primary input clock,

ce_clk = (primary clock input × CEPMF) ÷ (1 + CEPDF)

When PCI_CLK is the primary input clock,

ce_clk = [primary clock input × CEPMF × (1 + ~CFG_CLKIN_DIV)] ÷ (1 + CEPDF)

See the “QUICC Engine PLL Multiplication Factor” section and the “QUICC Engine PLL Division 
Factor” section in the MPC8323E PowerQUICC II Pro Communications Processor Reference Manual for 
more information.

The DDR SDRAM memory controller operates with a frequency equal to twice the frequency of csb_clk. 
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 local bus memory controller operates with a frequency equal to the frequency of csb_clk. Note that 
lbc_clk is not the external local bus frequency; lbc_clk passes through the LBC clock divider to create the 
external local bus clock outputs (LSYNC_OUT and LCLK[0:2]). The LBC clock divider ratio is 
controlled by LCRR[CLKDIV]. See the “LBC Bus Clock and Clock Ratios” section in the MPC8323E 
PowerQUICC II Pro Communications Processor Reference Manual for more information.

In addition, some of the internal units may be required to be shut off or operate at lower frequency than 
the csb_clk frequency. These units have a default clock ratio that can be configured by a memory mapped 
register after the device comes out of reset. Table 56 specifies which units have a configurable clock 
frequency. Refer to the “System Clock Control Register (SCCR)” section in the MPC8323E PowerQUICC 
II Pro Communications Processor Reference Manual for a detailed description.

NOTE
Setting the clock ratio of these units must be performed prior to any access 
to them.

Table 57 provides the operating frequencies for the 8323E PBGA under recommended operating 
conditions (see Table 2).

Table 56. Configurable Clock Units

Unit Default Frequency Options

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

PCI and DMA complex csb_clk Off, csb_clk

Table 57. Operating Frequencies for PBGA

Characteristic1 Max Operating Frequency Unit

e300 core frequency (core_clk) 333 MHz

Coherent system bus frequency (csb_clk) 133 MHz

QUICC Engine frequency (ce_clk) 200 MHz
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22.5 Core PLL Configuration
RCWL[COREPLL] selects the ratio between the internal coherent system bus clock (csb_clk) and the e300 
core clock (core_clk). Table 60 shows the encodings for RCWL[COREPLL]. COREPLL values not listed 
in Table 60 should be considered reserved.

NOTE

Core VCO frequency = core frequency × VCO divider

VCO divider (RCWL[COREPLL[0:1]]) must be set properly so that the 
core VCO frequency is in the range of 500–800 MHz.

Table 60. e300 Core PLL Configuration

RCWL[COREPLL]
core_clk : csb_clk Ratio VCO Divider

0-1 2-5 6

nn 0000 n PLL bypassed 
(PLL off, csb_clk clocks 

core directly)

PLL bypassed 
(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

01 0011 0 3:1 ÷4

10 0011 0 3:1 ÷8

11 0011 0 3:1 ÷8
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23.2 Thermal Management Information
For the following sections, PD = (VDD × IDD) + PI/O, where PI/O is the power dissipation of the I/O drivers. 

23.2.1 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 + (RθJA × PD)

where:

TJ = junction temperature (°C)

TA = ambient temperature for the package (°C)

RθJA = 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.

23.2.2 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-package top Natural convection ΨJT  2 °C/W 6

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

temperature, ambient temperature, air flow, 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 64. Package Thermal Characteristics for PBGA (continued)

Characteristic Board type Symbol Value Unit Notes
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output impedance is the average of two components, the resistances of the pull-up and pull-down devices. 
When data is held high, SW1 is closed (SW2 is open) and RP is trimmed until the voltage at the pad equals 
OVDD/2. RP then becomes the resistance of the pull-up devices. RP and RN are designed to be close to each 
other in value. Then, Z0 = (RP + RN)/2.

Figure 45. Driver Impedance Measurement

The value of this resistance and the strength of the driver’s current source can be found by making two 
measurements. First, the output voltage is measured while driving logic 1 without an external differential 
termination resistor. The measured voltage is V1 = Rsource × Isource. Second, the output voltage is measured 
while driving logic 1 with an external precision differential termination resistor of value Rterm. The 
measured voltage is V2 = (1/(1/R1 + 1/R2)) × Isource. Solving for the output impedance gives Rsource = 
Rterm × (V1/V2 – 1). The drive current is then Isource = V1/Rsource.

Table 65 summarizes the signal impedance targets. The driver impedance are targeted at minimum VDD, 
nominal OVDD, 105°C.

24.6 Configuration Pin Multiplexing
The MPC8323E provides the user with power-on configuration options which can be set through the use 
of external pull-up or pull-down resistors of 4.7 kΩ on certain output pins (see customer visible 
configuration pins). These pins are generally used as output only pins in normal operation. 

Table 65. Impedance Characteristics

Impedance
Local Bus, Ethernet, DUART, Control, 

Configuration, Power Management
PCI DDR DRAM Symbol Unit

RN 42 Target 25 Target 20 Target Z0 W

RP 42 Target 25 Target 20 Target Z0 W

Differential NA NA NA ZDIFF W

Note: Nominal supply voltages. See Table 1, Tj = 105°C.

OVDD

OGND

RP

RN

Pad
Data

SW1

SW2
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