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The minimum frequency for DDR2 is 250 MHz data rate (125 MHz clock), 167 MHz data rate (83 MHz 
clock) for DDR1. This figure shows the DDR1 and DDR2 SDRAM output timing for the MCK to MDQS 
skew measurement (tDDKHMH).

Figure 4. DDR Timing Diagram for tDDKHMH

MDQS epilogue end tDDKHME –0.6 0.6 ns 6, 8

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 will typically be 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 MPC8379E PowerQUICC II Pro Host Processor 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, 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 MCKn at the pins of the microprocessor. Note that tDDKHMP follows the 
symbol conventions described in Note 1.

7. Clock Control register is set to adjust the memory clocks by 1/2 the applied cycle.
8. See AN3665, “MPC837xE Design Checklist,” for proper DDR termination.

Table 21. DDR1 and DDR2 SDRAM Output AC Timing Specifications (continued)

Parameter Symbol1 Min Max Unit Note

MDQS

MCK[n]

MCK[n]
tMCK

tDDKHMHmax) = 0.6 ns

tDDKHMH(min) = –0.6 ns

MDQS
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This figure shows the RMII receive AC timing diagram.

Figure 14. RMII Receive AC Timing Diagram

8.3 Management Interface Electrical Characteristics
The electrical characteristics specified here apply to MII management interface signals MDIO 
(management data input/output) and MDC (management data clock).

This figure provides the AC test load for eTSEC.

Figure 15. eTSEC AC Test Load

8.3.1 MII Management DC Electrical Characteristics

The MDC and MDIO are defined to operate at a supply voltage of 2.5 V or 3.3 V. The DC electrical 
characteristics for MDIO and MDC are provided in Table 31 and Table 32.

Table 31. MII Management DC Electrical Characteristics When Powered at 2.5 V

Parameter Conditions Symbol Min Max Unit

Supply voltage (2.5 V) — LVDD1 2.37 2.63 V

Output high voltage IOH = –1.0 mA LVDD1 = Min VOH 2.00 LVDD1 + 0.3 V

Output low voltage IOL = 1.0 mA LVDD1 = Min VOL GND – 0.3 0.40 V

Input high voltage — LVDD1 = Min VIH 1.7 — V

Input low voltage — LVDD1 = Min VIL –0.3 0.70 V

Input high current VIN = LVDD1 IIH — 20 μA

Input low current VIN = LVDD1 IIL –15 — μA

REF_CLK

RXD[1:0]

tRMRDX

tRMR

tRMRH

tRMRR

tRMRF

CRS_DV
RX_ER

tRMRDV

Valid Data

Output Z0 = 50 Ω LVDD/2
RL = 50 Ω
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This table describes the general timing parameters of the local bus interface of the device when in PLL 
bypass mode.

This figure provides the AC test load for the local bus.

Figure 19. Local Bus AC Test Load

Table 40. Local Bus General Timing Parameters—PLL Bypass Mode

Parameter Symbol1 Min Max Unit Note

Local bus cycle time tLBK 15 — ns 2

Input setup to local bus clock tLBIVKH 7.0 — 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 3.0 — ns 6

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

Local bus clock to LALE rise tLBKHLR — 4.5 ns —

Local bus clock to output valid tLBKHOV — 3.0 ns 3

Local bus clock to output high impedance for LAD/LDP tLBKHOZ — 4.0 ns 3, 8

Notes:
1. The symbols used for timing specifications herein 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, tLBIXKH1 
symbolizes local bus timing (LB) for the input (I) to go invalid (X) with respect to the time the tLBK clock reference (K) goes 
high (H), in this case for clock one(1). Also, tLBKHOX symbolizes local bus timing (LB) for the tLBK clock reference (K) to go 
high (H), with respect to the output (O) going invalid (X) or output hold time. 

2. All timings are in reference to falling edge of LCLK0 (for all outputs and for LGTA and LUPWAIT inputs) or rising edge of 
LCLK0 (for all other inputs).

3. All signals are measured from LBVDD/2 of the rising/falling edge of LCLK0 to 0.4 × LBVDD of the signal in question for 3.3-V 
signaling levels.

4. Input timings are measured at the pin.
5. tLBOTOT1 should be used when LBCR[AHD] is set and the load on LALE output pin is at least 10pF less than the load on 

LAD output pins.
6. tLBOTOT2 should be used when LBCR[AHD] is not set and the load on LALE output pin is at least 10pF less than the load 

on LAD output pins.
7. tLBOTOT3 should be used when LBCR[AHD] is not set and the load on LALE output pin equals to the load on LAD output pins.
8. 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.

Output Z0 = 50 Ω OVDD/2
RL = 50 Ω
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Figure 25. Local Bus Signals, GPCM/UPM Signals for LCRR[CLKDIV] = 4 (PLL Bypass Mode)

11 Enhanced Secure Digital Host Controller (eSDHC)
This section describes the DC and AC electrical specifications for the eSDHC (SD/MMC) interface of the 
chip.

The eSDHC controller always uses the falling edge of the SD_CLK in order to drive the 
SD_DAT[0:3]/CMD as outputs and sample the SD_DAT[0:3] as inputs. This behavior is true for both full- 
and high-speed modes.

Note that this is a non-standard implementation, as the SD card specification assumes that in high-speed 
mode, data is driven at the rising edge of the clock.

LCLK

UPM Mode Input Signal:
LUPWAIT

tLBIXKH
tLBIVKH

tLBIVKH

tLBIXKH

T1

T3

GPCM Mode Output Signals:
LCS[0:7]/LWE[0:3]

tLBKHOV

tLBKHOZ

T2

T4

Input Signals:
LAD[0:31]

UPM Mode Output Signals:
LCS[0:7]/LBS[0:1]/LGPL[0:5]

tLBKHOV

Output (Data) Signals:
LAD[0:31]/LDP[0:3]

Output (Address) Signal:
LAD[0:31]

tLBKHOZ

tLBKHOZ

tLBKHOV

tLBKHOV
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Due to the special implementation of the eSDHC, there are constraints regarding the clock and data signals 
propagation delay on the user board. The constraints are for minimum and maximum delays, as well as 
skew between the CLK and DAT/CMD signals.

In full speed mode, there is no need to add special delay on the data or clock signals. The user should make 
sure to meet the timing requirements as described further within this document. 

If the system is designed to support both high-speed and full-speed cards, the high-speed constraints 
should be fulfilled. If the systems is designed to operate up to 25 MHz only, full-speed mode is 
recommended.

11.1 eSDHC DC Electrical Characteristics
This table provides the DC electrical characteristics for the eSDHC (SD/MMC) interface of the device.

11.2 eSDHC AC Timing Specifications (Full-Speed Mode)
This section describes the AC electrical specifications for the eSDHC (SD/MMC) interface of the device. 
This table provides the eSDHC AC timing specifications for full-speed mode as defined in Figure 27 and 
Figure 28.

Table 41. eSDHC interface DC Electrical Characteristics

Parameter Symbol Condition Min Max Unit

Input high voltage VIH — 0.625 × OVDD OVDD + 0.3 V

Input low voltage VIL — –0.3 0.25 × OVDD V

Input current IIN — — ±30 μA

Output high voltage VOH IOH = –100 uA,
at OVDD(min)

0.75 × OVDD — V

Output low voltage VOL  IOL = +100 uA,
at OVDD(min)

— 0.125 × OVDD V

Table 42. eSDHC AC Timing Specifications for Full-Speed Mode
At recommended operating conditions OVDD = 3.3 V ± 165 mV.

Parameter Symbol1 Min Max Unit Note

SD_CLK clock frequency—full speed mode fSFSCK 0 25 MHz —

SD_CLK clock cycle tSFSCK 40 — ns —

SD_CLK clock frequency—identification mode fSIDCK 0 400 KHz —

SD_CLK clock low time tSFSCKL 15 — ns 2

SD_CLK clock high time tSFSCKH 15 — ns 2

SD_CLK clock rise and fall times tSFSCKR/
tSFSCKF

— 5 ns 2

Input setup times: SD_CMD, SD_DATx, SD_CD to 
SD_CLK

tSFSIVKH 5 — ns 2
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tCLK_DELAY + tIH – tSFSKHOX < tSFSCKL+ tDATA_DELAY Eqn. 5

This means that clock can be delayed versus data up to 15 ns (external delay line) in ideal case of 
tSFSCLKL = 20 ns:

tCLK_DELAY + 5 – 0 < 20 + tDATA_DELAY

tCLK_DELAY < 15 + tDATA_DELAY

11.2.1.3 Full-Speed Write Combined Formula

The following equation is the combined formula to calculate the allowed skew range between the 
SD_CLK and SD_DAT/CMD signals on the PCB.

tCLK_DELAY + tIH – tSFSKHOX < tSFSCKL + tDATA_DELAY < tSFSCK+ tCLK_DELAY – tISU – tSFSKHOV Eqn. 6

11.2.2 Full-Speed Input Path (Read)

This figure provides the data and command input timing diagram.

Figure 28. Full Speed Input Path

11.2.2.1 Full-Speed Read Meeting Setup (Maximum Delay)

The following equations show how to calculate the allowed combined propagation delay range of the 
SD_CLK and SD_DAT/CMD signals on the PCB.

tCLK_DELAY + tDATA_DELAY + tODLY + tSFSIVKH < tSFSCK Eqn. 7

tCLK_DELAY + tDATA_DELAY < tSFSCK – tODLY – tSFSIVKH – tINT_CLK_DLY Eqn. 8

tCLK_DELAY

Output from the

SD CLK at
the card pin

SD card pins

tSFSIVKH

tSFSIXKH

Driving
edge

Sampling
edge

tOH

tDATA_DELAYtODLY

tSFSCK (clock cycle)

(MPC8377E input hold)

SD CLK at the
MPC8377E pin

Input at the
MPC8377E pins
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This figure provides the AC test load for TDO and the boundary-scan outputs of the device.

Figure 32. AC Test Load for the JTAG Interface

This figure provides the JTAG clock input timing diagram.

Figure 33. JTAG Clock Input Timing Diagram

This figure provides the TRST timing diagram.

Figure 34. TRST Timing Diagram

JTAG external clock to output high impedance:
Boundary-scan data

TDO
tJTKLDZ
tJTKLOZ

2
2

19
9

ns
5

Notes:
1. All outputs are measured from the midpoint voltage of the falling/rising edge of tTCLK to the midpoint of the signal in 

question. The output timings are measured at the pins. All output timings assume a purely resistive 50 Ω load (see 
Figure 17). Time-of-flight delays must be added for trace lengths, vias, and connectors in the system.

2. The symbols used for timing specifications herein 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, tJTDVKH 
symbolizes JTAG device timing (JT) with respect to the time data input signals (D) reaching the valid state (V) relative to 
the tJTG clock reference (K) going to the high (H) state or setup time. Also, tJTDXKH symbolizes JTAG timing (JT) with respect 
to the time data input signals (D) went invalid (X) relative to the tJTG clock reference (K) going to the high (H) state. Note 
that, in general, the clock reference symbol representation is based on three letters representing the clock of a particular 
functional. For rise and fall times, the latter convention is used with the appropriate letter: R (rise) or F (fall).

3. TRST is an asynchronous level sensitive signal. The setup time is for test purposes only.
4. Non-JTAG signal input timing with respect to tTCLK.
5. Non-JTAG signal output timing with respect to tTCLK.

Table 45. JTAG AC Timing Specifications (Independent of CLKIN) 1 (continued)

Parameter Symbol2 Min Max Unit Note

Output Z0 = 50 Ω OVDD/2
RL = 50 Ω

JTAG

tJTKHKL tJTGR

External Clock VMVMVM

tJTG tJTGF

VM = Midpoint Voltage (OVDD/2)

TRST

VM = Midpoint Voltage (OVDD/2)

VM VM

tTRST
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This figure provides the boundary-scan timing diagram.

Figure 35. Boundary-Scan Timing Diagram

This figure provides the test access port timing diagram.

Figure 36. Test Access Port Timing Diagram

VM = Midpoint Voltage (OVDD/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 (OVDD/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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15.5 Receiver Compliance Eye Diagrams
The Rx eye diagram in Figure 43 is specified using the passive compliance/test measurement load (see 
Figure 44) in place of any real PCI Express Rx component. In general, the minimum receiver eye diagram 
measured with the compliance/test measurement load (see Figure 44) is larger than the minimum receiver 
eye diagram measured over a range of systems at the input receiver of any real PCI Express component. 
The degraded eye diagram at the input receiver is due to traces internal to the package as well as silicon 
parasitic characteristics that cause the real PCI Express component to vary in impedance from the 

Unexpected Electrical Idle 
Enter Detect Threshold 
Integration Time

An unexpected electrical idle 
(Vrx-diffp-p < 
Vrx-idle-det-diffp-p) must be 
recognized no longer than 
Trx-idle-det-diff-entertime to 
signal an unexpected idle 
condition.

TRX-IDLE-DET-DIFF-

ENTERTIME

— — 10 ms —

Total Skew Skew across all lanes on a link. 
This includes variation in the 
length of SKP ordered set (e.g. 
COM and one to five SKP 
Symbols) at the Rx as well as 
any delay differences arising 
from the interconnect itself.

LRX-SKEW — — 20 ns —

Notes:
1. No test load is necessarily associated with this value.
2. Specified at the measurement point and measured over any 250 consecutive UIs. The test load in Figure 44 should be used 

as the Rx device when taking measurements (also refer to the receiver compliance eye diagram shown in Figure 43). If the 
clocks to the Rx and Tx are not derived from the same reference clock, the Tx UI recovered from 3500 consecutive UI must 
be used as a reference for the eye diagram.

3. A TRx-EYE = 0.40 UI provides for a total sum of 0.60 UI deterministic and random jitter budget for the transmitter and 
interconnect collected any 250 consecutive UIs. The TRx-EYE-MEDIAN-to-MAX-JITTER specification ensures a jitter 
distribution in which the median and the maximum deviation from the median is less than half of the total. UI jitter budget 
collected over any 250 consecutive Tx UIs. It should be noted that the median is not the same as the mean. The jitter median 
describes the point in time where the number of jitter points on either side is approximately equal as opposed to the averaged 
time value. If the clocks to the Rx and Tx are not derived from the same reference clock, the Tx UI recovered from 3500 
consecutive UI must be used as the reference for the eye diagram.

4. The receiver input impedance will result in a differential return loss greater than or equal to 10 dB with the D+ line biased to 
300 mV and the D– line biased to –300 mV and a common mode return loss greater than or equal to 6 dB (no bias required) 
over a frequency range of 50 MHz to 1.25 GHz. This input impedance requirement applies to all valid input levels. The 
reference impedance for return loss measurements for is 50 Ω to ground for both the D+ and D– line (that is, as measured 
by a vector network analyzer with 50-Ω probes, see Figure 44). Note that the series capacitors, CTx, is optional for the return 
loss measurement.

5. Impedance during all LTSSM states. When transitioning from a fundamental reset to detect (the initial state of the LTSSM) 
there is a 5 ms transition time before receiver termination values must be met on all unconfigured lanes of a port.

6. The Rx DC common mode impedance that exists when no power is present or fundamental reset is asserted. This helps 
ensure that the receiver detect circuit does not falsely assume a receiver is powered on when it is not. This term must be 
measured at 300 mV above the Rx ground.

7. It is recommended that the recovered Tx UI is calculated using all edges in the 3500 consecutive UI interval with a fit algorithm 
using a minimization merit function. Least squares and median deviation fits have worked well with experimental and 
simulated data.

Table 53. Differential Receiver (Rx) Input Specifications (continued)

Parameter Comments Symbol Min Typical Max Units Note
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compliance/test measurement load. The input receiver eye diagram is implementation specific and is not 
specified. Rx component designer should provide additional margin to adequately compensate for the 
degraded minimum receiver eye diagram (shown in Figure 43) expected at the input receiver based on an 
adequate combination of system simulations and the return loss measured looking into the Rx package and 
silicon. The Rx eye diagram must be aligned in time using the jitter median to locate the center of the eye 
diagram. 

The eye diagram must be valid for any 250 consecutive UIs.

A recovered Tx UI is calculated over 3500 consecutive unit intervals of sample data. The eye diagram is 
created using all edges of the 250 consecutive UI in the center of the 3500 UI used for calculating the Tx 
UI.

NOTE
The reference impedance for return loss measurements is 50 Ω to ground for 
both the D+ and D– line (that is, as measured by a Vector Network Analyzer 
with 50 Ω probes—see Figure 44). Note that the series capacitors, 
CPEACCTX, are optional for the return loss measurement.

Figure 43. Minimum Receiver Eye Timing and Voltage Compliance Specification

VRX-DIFFp-p-MIN > 175 mV

0.4 UI = TRX-EYE-MIN

VRX-DIFF = 0 mV
(D+ D– Crossing Point)

VRX-DIFF = 0 mV
(D+ D– Crossing Point)
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This figure shows the SATA reference clock timing waveform.

Figure 45. SATA Reference Clock Timing Waveform

16.2 Transmitter (Tx) Output Characteristics
This section discusses the Gen1i/1.5G and Gen2i/3G transmitter output characteristics for the SATA 
interface.

16.2.1 Gen1i/1.5G Transmitter Specifications

This table provides the DC differential transmitter output DC characteristics for the SATA interface at 
Gen1i or 1.5 Gbits/s transmission.

SD_REF_CLK/ SD_REF_CLK 
cycle to cycle Clock jitter (period 
jitter)

Cycle-to-cycle at 
ref clock input

tCLK_CJ — — 100 ps —

SD_REF_CLK/ SD_REF_CLK total 
reference clock jitter, phase jitter 
(peak-peak)

Peak-to-peak jitter 
at ref clock input 

tCLK_PJ –50 — +50 ps 2, 3

Notes:
1. Only 100/125/150 MHz have been tested, other in between values will not work correctly with the rest of the system.
2. In a frequency band from 150 kHz to 15 MHz at BER of 10-12.
3. Total peak to peak Deterministic Jitter "DJ" should be less than or equal to 50 ps.

Table 55. Gen1i/1.5G Transmitter (Tx) DC Specifications

Parameter Symbol Min Typical Max Units Note

Tx differential output voltage VSATA_TXDIFF 400 500 600 mVp-p 1

Tx differential pair impedance ZSATA_TXDIFFIM 85 100 115 Ω —

Note:  
1. Terminated by 50 Ω load.

Table 54. SATA Reference Clock Input Requirements (continued)

Parameter Condition Symbol Min Typical Max Unit Note

TH

TL

Ref_CLK
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19.1 IPIC DC Electrical Characteristics
This table provides the DC electrical characteristics for the external interrupt pins of the chip.

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

20 SPI
This section describes the DC and AC electrical specifications for the SPI of the chip.

20.1 SPI DC Electrical Characteristics
This table provides the DC electrical characteristics for the device SPI.

Table 67. IPIC DC Electrical Characteristics

Parameter Condition Symbol Min Max Unit

Input high voltage — VIH 2.0 OVDD + 0.3 V

Input low voltage — VIL –0.3 0.8 V

Input current — IIN — ±30 μA

Output low voltage  IOL = 6.0 mA VOL — 0.5 V

Output low voltage IOL = 3.2 mA VOL — 0.4 V

Note:  
1. This table applies for pins IRQ[0:7], IRQ_OUT, MCP_OUT.
2. IRQ_OUT and MCP_OUT are open drain pins, thus VOH is not relevant for those pins. 

Table 68. IPIC Input AC Timing Specifications

Parameter Symbol 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 CLKIN. 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 69. SPI DC Electrical Characteristics

Parameter Condition Symbol Min Max Unit

Input high voltage — VIH 2.0 OVDD + 0.3 V

Input low voltage — VIL –0.3 0.8 V

Input current — IIN — ± 30 μA

Output high voltage IOH = –8.0 mA VOH 2.4 — V
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This figure shows the SPI timing in slave mode (external clock).

Figure 49. SPI AC Timing in Slave Mode (External Clock) Diagram

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

Figure 50. SPI AC Timing in Master Mode (Internal Clock) Diagram

21 High-Speed Serial Interfaces (HSSI)
This chip features two serializer/deserializer (SerDes) interfaces to be used for high-speed serial 
interconnect applications. See Table 1 for the interfaces supported.

This section describes the common portion of SerDes DC electrical specifications, which is the DC 
requirement for SerDes reference clocks. The SerDes data lane’s transmitter and receiver reference circuits 
are also shown.

21.1 Signal Terms Definition
The SerDes utilizes differential signaling to transfer data across the serial link. This section defines terms 
used in the description and specification of differential signals. 

Figure 51 shows how the signals are defined. For illustration purpose, only one SerDes lane is used for 
description. The figure shows waveform for either a transmitter output (SDn_TX and SDn_TX) or a 
receiver input (SDn_RX and SDn_RX). Each signal swings between A volts and B volts where A > B.

SPICLK (input)

tNEIXKH
tNEIVKH

tNEKHOV

Input Signals:
SPIMOSI

(See Note)

Output Signals:
SPIMISO

(See Note)

Note: The clock edge is selectable on SPI.

SPICLK (output)

tNIIXKH

tNIKHOV

Input Signals:
SPIMISO

(See Note)

Output Signals:
SPIMOSI

(See Note)

Note: The clock edge is selectable on SPI.

tNIIVKH
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MDQ35 AE1 I/O GVDD 11

MDQ36 V6 I/O GVDD 11

MDQ37 Y5 I/O GVDD 11

MDQ38 AA4 I/O GVDD 11

MDQ39 AB6 I/O GVDD 11

MDQ40 AD3 I/O GVDD 11

MDQ41 AC4 I/O GVDD 11

MDQ42 AD4 I/O GVDD 11

MDQ43 AF1 I/O GVDD 11

MDQ44 AE4 I/O GVDD 11

MDQ45 AC5 I/O GVDD 11

MDQ46 AE2 I/O GVDD 11

MDQ47 AE3 I/O GVDD 11

MDQ48 AG1 I/O GVDD 11

MDQ49 AG2 I/O GVDD 11

MDQ50 AG3 I/O GVDD 11

MDQ51 AF5 I/O GVDD 11

MDQ52 AE5 I/O GVDD 11

MDQ53 AD7 I/O GVDD 11

MDQ54 AH2 I/O GVDD 11

MDQ55 AG4 I/O GVDD 11

MDQ56 AH3 I/O GVDD 11

MDQ57 AG5 I/O GVDD 11

MDQ58 AF8 I/O GVDD 11

MDQ59 AJ5 I/O GVDD 11

MDQ60 AF6 I/O GVDD 11

MDQ61 AF7 I/O GVDD 11

MDQ62 AH6 I/O GVDD 11

MDQ63 AH7 I/O GVDD 11

MDQS0 C8 I/O GVDD 11

MDQS1 C4 I/O GVDD 11

MDQS2 E3 I/O GVDD 11

MDQS3 G2 I/O GVDD 11

Table 72. TePBGA II Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
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MDQS4 AB5 I/O GVDD 11

MDQS5 AD1 I/O GVDD 11

MDQS6 AH1 I/O GVDD 11

MDQS7 AJ3 I/O GVDD 11

MDQS8 G1 I/O GVDD 11

MECC0/MSRCID0 J6 I/O GVDD —

MECC1/MSRCID1 J3 I/O GVDD —

MECC2/MSRCID2 K2 I/O GVDD —

MECC3/MSRCID3 K3 I/O GVDD —

MECC4/MSRCID4 J5 I/O GVDD —

MECC5/MDVAL J2 I/O GVDD —

MECC6 L5 I/O GVDD —

MECC7 L2 I/O GVDD —

MODT0 N5 O GVDD 6

MODT1 U6 O GVDD 6

MODT2 M6 O GVDD 6

MODT3 P6 O GVDD 6

MRAS_B AA3 O GVDD —

MVREF1 K4 I GVDD 11

MVREF2 W4 I GVDD 11

MWE_B Y2 O GVDD —

DUART Interface

UART_SIN1/
MSRCID2/LSRCID2

L28 I/O OVDD —

UART_SOUT1/
MSRCID0/LSRCID0

L27 O OVDD —

UART_CTS_B[1]/
MSRCID4/LSRCID4

K26 I/O OVDD —

UART_RTS_B1 N27 O OVDD —

UART_SIN2/
MSRCID3/LSRCID3

K27 I/O OVDD —

UART_SOUT2/
MSRCID1/LSRCID1

K28 O OVDD —

UART_CTS_B[2]/
MDVAL/LDVAL

K29 I/O OVDD —

Table 72. TePBGA II Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
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TDI E14 I OVDD 4

TDO C13 O OVDD 3

TMS A13 I OVDD 4

TRST_B E11 I OVDD 4

PCI Signals

PCI_AD0 P26 I/O OVDD —

PCI_AD1 N28 I/O OVDD —

PCI_AD2 P29 I/O OVDD —

PCI_AD3 P27 I/O OVDD —

PCI_AD4 R26 I/O OVDD —

PCI_AD5 R29 I/O OVDD —

PCI_AD6 T24 I/O OVDD —

PCI_AD7 T25 I/O OVDD —

PCI_AD8 R27 I/O OVDD —

PCI_AD9 P28 I/O OVDD —

PCI_AD10 U25 I/O OVDD —

PCI_AD11 R28 I/O OVDD —

PCI_AD12 U26 I/O OVDD —

PCI_AD13 U24 I/O OVDD —

PCI_AD14 T29 I/O OVDD —

PCI_AD15 V24 I/O OVDD —

PCI_AD16 Y26 I/O OVDD —

PCI_AD17 V28 I/O OVDD —

PCI_AD18 AA25 I/O OVDD —

PCI_AD19 AA26 I/O OVDD —

PCI_AD20 W29 I/O OVDD —

PCI_AD21 AA24 I/O OVDD —

PCI_AD22 AA27 I/O OVDD —

PCI_AD23 AC26 I/O OVDD —

PCI_AD24 AB25 I/O OVDD —

PCI_AD25 AB24 I/O OVDD —

PCI_AD26 AA28 I/O OVDD —

Table 72. TePBGA II Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
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GND
(VSS)

A1, AJ1, H2, N2, AA2, AD2, D3, R3, AF3, A4, 
F4, J4, L4, V4, Y4, AB4, B5, E5, P5, AH5, K6, 

T6, AA6, AD6, AG6, F7, J7, Y7, AJ7, B8, 
AE8, AG8, G9, AC9,B11, D11, F11, L11, 
M11, N11, P11, T11, U11, V11, W11,L12, 
M12, N12, P12, R12, T12, U12, V12, W12, 
E12, E13, L13, M13, N13, P13, R13, T13, 

U13, V13, W13, AE13, AJ13, F14, L14, M14, 
N14, P14, R14, T14, U14, V14, W14, M15, 
N15, P15, R15, T15, U15, V15, L16, M16, 
N16, P16, R16, T16, U16, V16, W16, L17, 
M17, N17, P17, R17, T17, U17, V17, W17, 
L18, M18, N18, P18, R18, T18, U18, V18, 
W18, L19, M19, N19, P19, T19, U19, V19, 
W19, AC20, G21, AF21, C22, J23, AA23, 
AJ23, B24, W24, AF24, K25, R25, AD25, 

D26, G27, M27, T27, Y27, AB27, AG27, A29, 
AJ29

— — —

AVDD_C AD13 Power for e300 
core PLL (1.0 V 

or 1.05 V)

— 15

AVDD_L F13 Power for eLBC 
PLL (1.0 V or 

1.05 V)

— 15

AVDD_P F12 Power for 
system PLL 

(1.0 V or 1.05 V)

— 15

GVDD A2, D2, R2, U2, AC2, AF2, AJ2, F3, H3, L3, 
N3, Y3, AB3, B4, P4, AF4, AH4, C5, F5, K5, 
V5, AA5, AD5, N6, R6, AJ6, B7, E7, K7, AA7, 

AE7, AG7, AD8

Power for DDR 
SDRAM I/O 

Voltage (2.5 or 
1.8 V)

GVDD —

OVDD AC10, AF12, AJ12, K23, Y23, R24, AD24, 
L25, W25, AB26, U27, M28, Y28, G10, A11, 

C11

PCI, USB, and 
other Standard 

(3.3 V)

OVDD —

No Connect

NC F16, F17, AD16, AD17 — — 8

Pull Down

Table 72. TePBGA II Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
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Pull Down B16, AH18 — — 7

Notes:
1. This pin is an open drain signal. A weak pull-up resistor (1 kΩ) should be placed on this pin to OVDD.
2. This pin is an open drain signal. A weak pull-up resistor (2–10 kΩ) should be placed on this pin to OVDD.
3. This output is actively driven during reset rather than being released to high impedance during reset.
4. These JTAG pins have weak internal pull-up P-FETs that are always enabled. 
5. This pin should have a weak pull up if the chip is in PCI host mode. Follow PCI Specification recommendation and see 

AN3665, “MPC837xE Design Checklist,” for more details.
6. These are On Die Termination pins, used to control DDR2 memories internal termination resistance.
7. This pin must always be tied to GND using a 0 Ω resistor.
8. This pin must always be left not connected.
9. For DDR2 operation, it is recommended that MDIC0 be tied to GND using an 18.2 Ω resistor and MDIC1 be tied to DDR 

power using an 18.2 Ω resistor.
10.This pin must always be tied low. If it is left floating it may cause the device to malfunction.
11.See AN3665, “MPC837xE Design Checklist,” for proper DDR termination.
12.This pin must not be pulled down during PORESET.
13.This pin must always be tied to OVDD.
14.Open or tie to GND.
15.Voltage settings are dependent on the frequency used; see Table 3.
16.See AN3665, “MPC837xE Design Checklist,” for proper termination.

Table 72. TePBGA II Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
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As shown in Figure 64, 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 (lbiu_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 Eqn. 20

In PCI host mode, PCI_SYNC_IN × (1 + CFG_CLKIN_DIV) is the CLKIN 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 register 
(RCWLR) 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 MPC8379E 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 + RCWLR[DDRCM]) Eqn. 21

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 lbiu_clk frequency is determined by the following equation:

lbiu_clk = csb_clk × (1 + RCWLR[LBCM]) Eqn. 22

Note that lbiu_clk is not the external local bus frequency; lbiu_clk passes through the LBIU clock divider 
to create the external local bus clock outputs (LCLK[0:2]). The eLBC clock divider ratio is controlled by 
LCRR[CLKDIV].

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 73 specifies which units have a configurable clock frequency.

Table 73. Configurable Clock Units

Unit Default Frequency Options

eTSEC1, eTSEC2 csb_clk/3 Off, csb_clk, csb_clk/2, csb_clk/3

eSDHC and I2C11 csb_clk/3 Off, csb_clk, csb_clk/2, csb_clk/3

Security block csb_clk/3 Off, csb_clk, csb_clk/2, csb_clk/3

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

PCI and DMA complex csb_clk Off, csb_clk
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24 Thermal
This section describes the thermal specifications of this chip.

24.1 Thermal Characteristics
This table provides the package thermal characteristics for the 689 31 × 31mm TePBGA II package.

48.0 0 1 2 3 576 144 288 72 6 36 18 — — — 360 432

66.7 0 1 2 2 533 133 266 66.7 33.3 16.7 — — — 333 400

25.0 0 0 4 8 800 200 200 100 6 50 25 — — 400 500 600

33.3 0 0 2 8 533 266.7 267 133 6 66.7 33.3 — 400 533 667 800

50.0 0 0 4 4 800 200 200 100 6 50 25 — — 400 500 600

50.0 0 0 2 8 800 400 400 5 — 100 6 50 — 600 800 — —

66.7 0 0 2 4 533 266.7 267 133 6 66.7 33.3 — 400 533 667 800

66.7 0 0 2 5 667 333 333 — 83.3 6 41.6 333 500 667 — —

66.7 0 0 2 6 800 400 400 5 — 100 6 50 400 600 800 — —

Notes:
1. Values in MHz.
2. System PLL VCO range: 400–800 MHz.
3. CSB frequencies less than 133 MHz will not support Gigabit Ethernet rates.
4. Minimum data rate for DDR2 is 250 MHz and for DDR1 is 167 MHz.
5. Applies to DDR2 only.
6. Applies to eLBC PLL-enabled mode only.

Table 81. Package Thermal Characteristics for TePBGA II

Parameter Symbol Value Unit Note

Junction-to-ambient natural convection on single layer board (1s) RθJA 21 °C/W 1, 2

Junction-to-ambient natural convection on four layer board (2s2p) RθJA 15 °C/W 1, 2, 3

Junction-to-ambient (at 200 ft/min) on single layer board (1s) RθJMA 16 °C/W 1, 3

Junction-to-ambient (at 200 ft/min) on four layer board (2s2p) RθJMA 12 °C/W 1, 3

Junction-to-board thermal RθJB 8 °C/W 4

Junction-to-case thermal RθJC 6 °C/W 5

Table 80. Example Clock Frequency Combinations (continued)

eLBC 1 e300 Core 1

Ref 1 LBCM DDRCM SVCOD SPMF
Sys

VCO1,2 CSB1,3 DDR data 
rate1,4 /2 /4 /8 × 1 × 1.5 × 2 × 2.5 × 3


