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1.10 Serial ATA (SATA) Controllers
The serial ATA (SATA) controllers have the following features:

• Supports Serial ATA Rev 2.5 Specification

• Spread spectrum clocking on receive

• Asynchronous notification

• Hot Plug including asynchronous signal recovery

• Link power management

• Native command queuing

• Staggered spin-up and port multiplier support

• Port multiplier support

• SATA 1.5 and 3.0 Gb/s operation

• Interrupt driven

• Power management support

• Error handling and diagnostic features

— Far end/near end loopback

— Failed CRC error reporting

— Increased ALIGN insertion rates

• Scrambling and CONT override

1.11 Enhanced Secured Digital Host Controller (eSDHC)
The enhanced SD host controller (eSDHC) has the following features:

• Conforms to SD Host Controller Standard Specification, Rev 2.0 with Test Event register support.

• Compatible with the MMC System Specification, Rev 4.0

• Compatible with the SD Memory Card Specification, Rev 2.0, and supports High Capacity SD 
memory cards

• Compatible with the SDIO Card Specification Rev, 1.2

• Designed to work with SD Memory, miniSD Memory, SDIO, miniSDIO, SD Combo, MMC, 
MMCplus, MMC 4x, and RS-MMC cards

• SD bus clock frequency up to 50 MHz

• Supports 1-/4-bit SD and SDIO modes, 1-/4-bit MMC modes

• Supports internal DMA capabilities

2 Electrical Characteristics
This section provides the AC and DC electrical specifications and thermal characteristics for the chip. The 
device is currently targeted to these specifications. Some of these specifications are independent of the I/O 
cell, but are included for a more complete reference. These are not purely I/O buffer design specifications.
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450
300 1.45 2.0 3.2 3.8

225 1.45 1.9 3.1 3.7

500
333 1.45 2.0 3.3 3.9

250 1.45 1.9 3.2 3.8

533
355 1.45 2.0 3.3 4.0

266 1.45 2.0 3.2 3.9

600
400 1.45 2.1 3.4 4.1

300 1.45 2.0 3.3 4.0

667
333 1.45 2.1 3.3 4.1

266 1.45 2.0 3.3 3.9

800 400 1.45 2.5 3.8 4.3

Notes:
1. The values do not include I/O supply power (OVDD, LVDD, GVDD) or AVDD. For I/O power values, see Table 6.
2. Typical power is based on a voltage of VDD = 1.0 V for core frequencies ≤ 667 MHz or VDD = 1.05 V for core frequencies of 

800 MHz, and running a Dhrystone benchmark application.
3. Typical power is based on a voltage of VDD = 1.0 V for core frequencies ≤ 667 MHz or VDD = 1.05 V for core frequencies of 

800 MHz, and running a Dhrystone benchmark application.
4. Maximum power is based on a voltage of VDD = 1.0 V for core frequencies ≤ 667 MHz or VDD = 1.05 V for core frequencies 

of 800 MHz, worst case process, and running an artificial smoke test.

Table 5. Power Dissipation 1 (continued)

Core Frequency
(MHz)

CSB/DDR Frequency
(MHz)

Sleep Power
at Tj = 65°C (W) 2

Typical Application
at Tj = 65°C (W) 2

Typical Application
at Tj = 125°C (W) 3

Max Application
at Tj = 125°C (W) 4
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4.2 AC Electrical Characteristics
The primary clock source for the device can be one of two inputs, CLKIN or PCI_CLK, depending on 
whether the device is configured in PCI host or PCI agent mode. This table provides the clock input 
(CLKIN/PCI_CLK) AC timing specifications for the device.

4.3 eTSEC Gigabit Reference Clock Timing
This table provides the eTSEC gigabit reference clocks (EC_GTX_CLK125) AC timing specifications.

Table 8. CLKIN AC Timing Specifications

Parameter Symbol Min Typical Max Unit Note

CLKIN/PCI_CLK frequency fCLKIN 25 — 66.666 MHz 1, 6

CLKIN/PCI_CLK cycle time tCLKIN 15 — 40 ns —

CLKIN/PCI_CLK rise and fall time tKH, tKL 0.6 1.0 2.3 ns 2

CLKIN/PCI_CLK duty cycle tKHK/tCLKIN 40 — 60 % 3

CLKIN/PCI_CLK jitter — — — ± 150 ps 4, 5

Notes:
1. Caution: The system, core and security block must not exceed their respective maximum or minimum operating 

frequencies.
2. Rise and fall times for CLKIN/PCI_CLK are measured at 0.4 V and 2.7 V.
3. Timing is guaranteed by design and characterization.
4. This represents the total input jitter-short term and long term-and is guaranteed by design.
5. The CLKIN/PCI_CLK driver’s closed loop jitter bandwidth should be < 500 kHz at –20 dB. The bandwidth must be set low 

to allow cascade-connected PLL-based devices to track CLKIN drivers with the specified jitter.
6. Spread spectrum is allowed up to 1% down-spread on CLKIN/PCI_CLK up to 60 KHz.

Table 9. EC_GTX_CLK125 AC Timing Specifications
At recommended operating conditions with LVDD = 2.5 ± 0.125 mV/ 3.3 V ± 165 mV

Parameter/Condition Symbol Min Typical Max Unit Note

EC_GTX_CLK125 frequency tG125 — 125 — MHz —

EC_GTX_CLK125 cycle time tG125 — 8 — ns —

EC_GTX_CLK rise and fall time 
LVDD = 2.5 V
LVDD = 3.3 V

tG125R/tG125F — —
0.75
1.0

ns 1

EC_GTX_CLK125 duty cycle
1000Base-T for RGMII, RTBI

tG125H/tG125
47

—
53

% 2

EC_GTX_CLK125 jitter — — — ±150 ps 2

Notes:
1. Rise and fall times for EC_GTX_CLK125 are measured from 0.5 and 2.0 V for LVDD = 2.5 V and from 0.6 and 2.7 V for 

LVDD = 3.3 V.
2. EC_GTX_CLK125 is used to generate the GTX clock for the eTSEC transmitter with 2% degradation. The 

EC_GTX_CLK125 duty cycle can be loosened from 47%/53% as long as the PHY device can tolerate the duty cycle 
generated by the eTSEC GTX_CLK. See Section 8.2.2, “RGMII and RTBI AC Timing Specifications,” for the duty cycle for 
10Base-T and 100Base-T reference clock.
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Table 14 provides the DDR2 capacitance when GVDD(typ) = 1.8 V.

This table provides the recommended operating conditions for the DDR SDRAM component(s) when 
GVDD(typ) = 2.5 V.

Output low current (VOUT = 0.3 V) IOL 13.4 — mA —

Notes:
1. GVDD is expected to be within 50 mV of the DRAM GVDD at all times.
2. MVREF is expected to be equal to 0.5 × GVDD, and to track GVDD DC variations as measured at the receiver. Peak-to-peak 

noise on MVREF may not exceed ±2% of the DC value.
3. VTT is not applied directly to the device. It is the supply to which far end signal termination is made and is expected to be 

equal to MVREF. This rail should track variations in the DC level of MVREF.
4. Output leakage is measured with all outputs disabled, 0 V ≤ VOUT ≤ GVDD.
5. See AN3665, “MPC837xE Design Checklist,” for proper DDR termination.

Table 14. DDR2 SDRAM Capacitance for GVDD(typ) = 1.8 V

Parameter Symbol Min Max Unit Note

Input/output capacitance: DQ, DQS, DQS CIO 6 8 pF 1

Delta input/output capacitance: DQ, DQS, DQS CDIO — 0.5 pF 1

Note:  
1. This parameter is sampled. GVDD = 1.8 V ± 0.090 V, f = 1 MHz, TA = 25°C, VOUT = GVDD/2, VOUT (peak-to-peak) = 0.2 V.

Table 15. DDR SDRAM DC Electrical Characteristics for GVDD (typ) = 2.5 V

Parameter Symbol Min Max Unit Note

I/O supply voltage GVDD 2.375 2.625 V 1

I/O reference voltage MVREF 0.49 × GVDD 0.51 × GVDD V 2, 5

I/O termination voltage VTT MVREF – 0.04 MVREF + 0.04 V 3

Input high voltage VIH MVREF + 0.18 GVDD + 0.3 V —

Input low voltage VIL –0.3 MVREF – 0.18 V —

Output leakage current IOZ –50 50 μA 4

Output high current (VOUT = 1.9 V) IOH –15.2 — mA —

Output low current (VOUT = 0.38 V) IOL 15.2 — mA —

Notes:
1. GVDD is expected to be within 50 mV of the DRAM GVDD at all times.
2. MVREF is expected to be equal to 0.5 × GVDD, and to track GVDD DC variations as measured at the receiver. Peak-to-peak 

noise on MVREF may not exceed ±2% of the DC value.
3. VTT is not applied directly to the device. It is the supply to which far end signal termination is made and is expected to be 

equal to MVREF. This rail should track variations in the DC level of MVREF.
4. Output leakage is measured with all outputs disabled, 0 V ≤ VOUT ≤ GVDD.
5. See AN3665, “MPC837xE Design Checklist,” for proper DDR termination.

Table 13. DDR2 SDRAM DC Electrical Characteristics for GVDD(typ) = 1.8 V (continued)

Parameter Symbol Min Max Unit Note
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This figure shows the MII transmit AC timing diagram.

Figure 7. MII Transmit AC Timing Diagram

8.2.1.2 MII Receive AC Timing Specifications

This table provides the MII receive AC timing specifications.

TX_CLK data clock rise (20%–80%) tMTXR 1.0 — 4.0 ns

TX_CLK data clock fall (80%–20%) tMTXF 1.0 — 4.0 ns

Note:  
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, 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 27. MII Receive AC Timing Specifications
At recommended operating conditions with LVDD of 3.3 V ± 5%.

Parameter Symbol1 Min Typical Max Unit

Input low voltage VIL — — 0.7 V

Input high voltage VIH 1.9 — — V

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

Table 26. MII Transmit AC Timing Specifications (continued)
At recommended operating conditions with LVDD of 3.3 V ± 5%.

Parameter Symbol1 Min Typical Max Unit

TX_CLK

TXD[3:0]

tMTKHDX

tMTX

tMTXH

tMTXR

tMTXF

TX_EN
TX_ER
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This figure shows the RGMII and RTBI AC timing and multiplexing diagrams.

Figure 11. RGMII and RTBI AC Timing and Multiplexing Diagrams

8.2.3 RMII AC Timing Specifications

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

8.2.3.1 RMII Transmit AC Timing Specifications

This table shows the RMII transmit AC timing specifications.

Table 29. RMII Transmit AC Timing Specifications
At recommended operating conditions with LVDD of 3.3 V ± 5%.

Parameter Symbol1 Min Typical Max Unit

REF_CLK clock period tRMT 15.0 20.0 25.0 ns

REF_CLK duty cycle tRMTH 35 50 65 %

REF_CLK peak-to-peak jitter tRMTJ — — 250 ps

Rise time REF_CLK (20%–80%) tRMTR 1.0 — 2.0 ns

GTX_CLK

tRGT
tRGTH

tSKRGT_TX

TX_CTL

TXD[8:5]
TXD[7:4]

TXD[9]
TXERR

TXD[4]
TXEN

TXD[3:0]

(At Transmitter)

TXD[8:5][3:0]
TXD[7:4][3:0]

TX_CLK
(At PHY)

RX_CTL

RXD[8:5]
RXD[7:4]

RXD[9]
RXERR

RXD[4]
RXDV

RXD[3:0]
RXD[8:5][3:0]
RXD[7:4][3:0]

RX_CLK
(At PHY)

tSKRGT_RX

tSKRGT_RX

tSKRGT_TX
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This figures show the local bus signals.

Figure 20. Local Bus Signals, Non-special Signals Only (PLL Enable Mode)

Output Signals:

LA[27:31]/LBCTL/LBCKE/LOE

LSDA10/LSDWE/LSDRAS/
LSDCAS/LSDDQM[0:3]

LSYNC_IN

Input Signals:
LAD[0:31]/LDP[0:3]

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

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

LALE

tLBIXKH
tLBIVKH

tLBKHOX

tLBKHOZ

tLBKHLR
tLBOTOT

tLBKHOX
tLBKHOV

tLBKHOX

tLBKHOZ

tLBKHOV

tLBKHOV

Input Signal:
LGTA

tLBIXKHtLBIVKH
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This figure provides the eSDHC clock input timing diagram.

Figure 26. eSDHC Clock Input Timing Diagram

Input hold times: SD_CMD, SD_DATx, SD_CD to 
SD_CLK

tSFSIXKH 0 — ns 2

SD_CLK delay within device tINT_CLK_DLY 1.5 — ns 4

Output valid: SD_CLK to SD_CMD, SD_DATx valid tSFSKHOV — 4 ns 2

Output hold: SD_CLK to SD_CMD, SD_DATx valid tSFSKHOX 0 — — —

SD card input setup tISU 5 — ns 3

SD card input hold tIH 5 — ns 3

SD card output valid tODLY — 14 ns 3

SD card output hold tOH 0 — ns 3

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

(reference)(state) for inputs and t(first three letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tSFSIXKH 
symbolizes eSDHC full mode speed device timing (SFS) input (I) to go invalid (X) with respect to the clock reference (K) 
going to high (H). Also tSFSKHOV symbolizes eSDHC full speed timing (SFS) for the clock reference (K) to go high (H), with 
respect to the output (O) going valid (V) or data output valid time. Note that, in general, the clock reference symbol 
representation is based on five 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).

2. Measured at capacitive load of 40 pF.
3. For reference only, according to the SD card specifications.
4. Average, for reference only.

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

Parameter Symbol1 Min Max Unit Note

eSDHC

tSFSCKR

External Clock VMVMVM

tSFSCK

tSFSCKFVM = Midpoint Voltage (OVDD/2)

operational mode tSFSCKL tSFSCKH
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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)

(MPC8379E input hold)

SD CLK at the
MPC8379E pin

Input at the
MPC8379E pins
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11.2.2.2 Full-Speed Read Meeting Hold (Minimum Delay)

There is no minimum delay constraint due to the full clock cycle between the driving and sampling of data.

tCLK_DELAY + tOH + tDATA_DELAY > tSFSIXKH Eqn. 9

This means that Data + Clock delay must be greater than –2 ns. This is always fulfilled.

11.3 eSDHC AC Timing Specifications (High-Speed Mode)
This table provides the eSDHC AC timing specifications for high-speed mode as defined in Figure 30 and 
Figure 31.

Table 43. eSDHC AC Timing Specifications for High-Speed Mode
At recommended operating conditions OVDD = 3.3 V ± 165 mV.

Parameter Symbol1 Min Max Unit Note

SD_CLK clock frequency—high speed mode fSHSCK 0 50 MHz —

SD_CLK clock cycle tSHSCK 20 — ns —

SD_CLK clock frequency—identification mode fSIDCK 0 400 KHz —

SD_CLK clock low time tSHSCKL 7 — ns 2

SD_CLK clock high time tSHSCKH 7 — ns 2

SD_CLK clock rise and fall times tSHSCKR/
tSHSCKF

— 3 ns 2

Input setup times: SD_CMD, SD_DATx, SD_CD to 
SD_CLK

tSHSIVKH 5 — ns 2

Input hold times: SD_CMD, SD_DATx, SD_CD to SD_CLK tSHSIXKH 0 — ns 2

Output delay time: SD_CLK to SD_CMD, SD_DATx valid tSHSKHOV — 4 ns 2

Output Hold time: SD_CLK to SD_CMD, SD_DATx invalid tSHSKHOX 0 — ns 2

SD_CLK delay within device tINT_CLK_DLY 1.5 — ns 4

SD Card Input Setup tISU 6 — ns 3

SD Card Input Hold tIH 2 — ns 3

SD Card Output Valid tODLY — 14 ns 3

SD Card Output Hold tOH 2.5 — ns 3

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

(reference)(state) for inputs and t(first three letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tSFSIXKH 
symbolizes eSDHC full mode speed device timing (SFS) input (I) to go invalid (X) with respect to the clock reference (K) 
going to high (H). Also tSFSKHOV symbolizes eSDHC full speed timing (SFS) for the clock reference (K) to go high (H), with 
respect to the output (O) going valid (V) or data output valid time. Note that, in general, the clock reference symbol 
representation is based on five 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).

2. Measured at capacitive load of 40 pF.
3. For reference only, according to the SD card specifications.
4. Average, for reference only.
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This table shows the PCI AC timing specifications at 33 MHz.

Input hold from cock tPCIXKH 0.25 — ns 2, 4, 6

Output clock skew tPCKOSK — 0.5 ns 5

Notes:
1. Note that 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, 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.
5. PCI specifications allows 1 ns skew for 66 MHz but includes the total allowed skew, board, connectors, etc.
6. Value does not comply with the PCI 2.3 Local Bus Specifications.

Table 50. PCI AC Timing Specifications at 33 MHz
PCI_SYNC_IN clock input levels are with next levels: VIL = 0.1 × OVDD, VIH = 0.7 × OVDD.

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 0.25 — ns 2, 4, 6

Output clock skew tPCKOSK — 0.5 ns 5

Notes:
1. Note that 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, 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.
5. PCI specifications allows 2 ns skew for 33 MHz but includes the total allowed skew, board, connectors, etc.
6. Value does not comply with the PCI 2.3 Local Bus Specifications.

Table 49. PCI AC Timing Specifications at 66 MHz (continued)
PCI_SYNC_IN clock input levels are with next levels: VIL = 0.1 × OVDD, VIH = 0.7 × OVDD.

Parameter Symbol1 Min Max Unit Note
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15.2.1 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.

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

15.2.2 Gen2i/3G Transmitter Specifications

This table provides the differential transmitter output DC characteristics for the SATA interface at Gen2i 
or 3.0 Gbits/s transmission.

Table 52. 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 53. Gen1i/1.5G Transmitter AC Specifications

Parameter Symbol Min Typical Max Units Note

Channel speed tCH_SPEED — 1.5 — Gbps —

Unit interval TUI 666.4333 666.667 670.2333 ps —

Total jitter, data-data
5 UI

USATA_TXTJ5UI — — 0.355 UIp-p 1

Total jitter, data-data
250 UI

USATA_TXTJ250UI — — 0.47 UIp-p 1

Deterministic jitter, data-data
5 UI

USATA_TXDJ5UI — — 0.175 UIp-p 1

Deterministic jitter, data-data
250 UI

USATA_TXDJ250UI — — 0.22 UIp-p 1

Note:  
1. Measured at Tx output pins peak to peak phase variation, random data pattern.

Table 54. Gen 2i/3G Transmitter DC Specifications

Parameter Symbol Min Typical Max Units Note

Tx differential output voltage VSATA_TXDIFF 400 550 700 mVp-p 1

Tx differential pair impedance ZSATA_TXDIFFIM 85 100 115 Ω —

Note:  
1. Terminated by 50 Ω load.
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This figure shows the SPI timing in slave mode (external clock).

Figure 46. SPI AC Timing in Slave Mode (External Clock) Diagram

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

Figure 47. SPI AC Timing in Master Mode (Internal Clock) Diagram

20 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.

20.1 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 48 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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NOTE
Figure 53 to Figure 56 below are for conceptual reference only. Due to the 
fact that clock driver chip's internal structure, output impedance, and 
termination requirements are different between various clock driver chip 
manufacturers, it is very possible that the clock circuit reference designs 
provided by the clock driver chip vendor are different from what is shown 
below. They might also vary from one vendor to the other. Therefore, 
Freescale Semiconductor can neither provide the optimal clock driver 
reference circuits, nor guarantee the correctness of the following clock 
driver connection reference circuits. The system designer is recommended 
to contact the selected clock driver chip vendor for the optimal reference 
circuits with the device SerDes reference clock receiver requirement 
provided in this document.

This figure shows the SerDes reference clock connection reference circuits for HCSL type clock driver. It 
assumes that the DC levels of the clock driver chip is compatible with device SerDes reference clock 
input’s DC requirement.

Figure 53. DC-Coupled Differential Connection with HCSL Clock Driver (Reference Only)

This figure shows the SerDes reference clock connection reference circuits for LVDS type clock driver. 
Since LVDS clock driver’s common-mode voltage is higher than the device SerDes reference clock input’s 
allowed range (100 to 400 mV), AC-coupled connection scheme must be used. It assumes the LVDS 

50 Ω

50 ΩSDn_REF_CLK

SDn_REF_CLK

Clock Driver 100 Ω differential PWB trace

Clock driver vendor dependent 
source termination resistor

SerDes Refer. 
CLK ReceiverClock Driver

CLK_Out

CLK_Out

HCSL CLK Driver Chip

33 Ω

33 Ω

Total 50 Ω. Assume clock driver’s 
output impedance is about 16 Ω.

Chip

CLK_Out
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occurs in the 1–15 MHz range. The source impedance of the clock driver should be 50 Ω to match the 
transmission line and reduce reflections which are a source of noise to the system.

This table describes some AC parameters common to SATAprotocols

Figure 57. Differential Measurement Points for Rise and Fall Time

Figure 58. Single-Ended Measurement Points for Rise and Fall Time Matching

Table 68. SerDes Reference Clock Common AC Parameters
At recommended operating conditions with XVDD_SRDS or XVDD_SRDS = 1.0 V ± 5%.

Parameter Symbol Min Max Unit Note

Rising Edge Rate Rise Edge Rate 1.0 4.0 V/ns 2, 3

Falling Edge Rate Fall Edge Rate 1.0 4.0 V/ns 2, 3

Differential Input High Voltage VIH 200 — mV 2

Differential Input Low Voltage VIL — –200 mV 2

Rising edge rate (SDn_REF_CLK) to falling edge rate 
(SDn_REF_CLK) matching

Rise-Fall Matching — 20 % 1, 4

Notes:
1. Measurement taken from single ended waveform.
2. Measurement taken from differential waveform.
3. Measured from –200 mV to +200 mV on the differential waveform (derived from SDn_REF_CLK minus SDn_REF_CLK). 

The signal must be monotonic through the measurement region for rise and fall time. The 400 mV measurement window is 
centered on the differential zero crossing. See Figure 57.

4. Matching applies to rising edge rate for SDn_REF_CLK and falling edge rate for SDn_REF_CLK. It is measured using a 
200 mV window centered on the median cross point where SDn_REF_CLK rising meets SDn_REF_CLK falling. The 
median cross point is used to calculate the voltage thresholds the oscilloscope is to use for the edge rate calculations. The 
Rise Edge Rate of SDn_REF_CLK should be compared to the Fall Edge Rate of SDn_REF_CLK, the maximum allowed 
difference should not exceed 20% of the slowest edge rate. See Figure 58.

VIH = +200 mV

0.0 V

VIL = –200 mV
SDn_REF_CLK

Minus
SDn_REF_CLK

Rise Edge Rate Fall Edge Rate

TFALL TRISESDn_REF_CLK

VCROSS MEDIAN

SDn_REF_CLK

SDn_REF_CLK

VCROSS MEDIAN

SDn_REF_CLK

VCROSS MEDIAN –100 mV

VCROSS MEDIAN +100 mV
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MBA2 M3 O GVDD —

MCAS_B W5 O GVDD —

MCK_B0 H1 O GVDD —

MCK_B1 K1 O GVDD —

MCK_B2 V1 O GVDD —

MCK_B3 W2 O GVDD —

MCK_B4 AA1 O GVDD —

MCK_B5 AB2 O GVDD —

MCK0 J1 O GVDD —

MCK1 L1 O GVDD —

MCK2 V2 O GVDD —

MCK3 W1 O GVDD —

MCK4 Y1 O GVDD —

MCK5 AB1 O GVDD —

MCKE0 M4 O GVDD 3

MCKE1 R5 O GVDD 3

MCS_B0 W3 O GVDD —

MCS_B1 P3 O GVDD —

MCS_B2 T4 O GVDD —

MCS_B3 R4 O GVDD —

MDIC0 AH8 I/O GVDD 9

MDIC1 AJ8 I/O GVDD 9

MDM0 B6 O GVDD —

MDM1 B2 O GVDD —

MDM2 E2 O GVDD —

MDM3 E1 O GVDD —

MDM4 Y6 O GVDD —

MDM5 AC6 O GVDD —

MDM6 AE6 O GVDD —

MDM7 AJ4 O GVDD —

MDM8 L6 O GVDD —

MDQ0 A8 I/O GVDD 11

MDQ1 A6 I/O GVDD 11

Table 69. TePBGA II Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
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L1_XCOREVSS AG14, AG15, AG16, AH16, AG18, AG20 SerDes Core 
GND

— —

L1_XPADVDD AE16, AF16, AD18, AE19, AF19 SerDes I/O 
Power (1.0 or 

1.05 V)

— —

L1_XPADVSS AF14, AE17, AF20 SerDes I/O 
GND

— —

SerDes2 Interface

L2_SD_IMP_CAL_RX C19 I L2_XPADVDD —

L2_SD_IMP_CAL_TX C15 I L2_XPADVDD —

L2_SD_REF_CLK B17 I L2_XPADVDD —

L2_SD_REF_CLK_B A17 I L2_XPADVDD —

L2_SD_RXA_N A19 I L2_XPADVDD —

L2_SD_RXA_P B19 I L2_XPADVDD —

L2_SD_RXE_N A15 I L2_XPADVDD —

L2_SD_RXE_P B15 I L2_XPADVDD —

L2_SD_TXA_N D18 O L2_XPADVDD —

L2_SD_TXA_P E18 O L2_XPADVDD —

L2_SD_TXE_N D15 O L2_XPADVDD —

L2_SD_TXE_P E15 O L2_XPADVDD —

L2_SDAVDD_0 A16 SerDes PLL 
Power

(1.0 or 1.05 V)

— —

L2_SDAVSS_0 C17 SerDes PLL 
GND

— —

L2_XCOREVDD A14, B14, D17, B18, B20 SerDes Core 
Power

(1.0 or 1.05 V)

— —

L2_XCOREVSS C14, C16, A18, C18, A20, C20 SerDes Core 
GND

— —

L2_XPADVDD D14, E16, F18, D19, E19 SerDes I/O 
Power (1.0 or 

1.05 V)

— —

L2_XPADVSS D16, E17, D20 SerDes I/O 
GND

— —

SPI Interface

SPICLK/SD_CLK AH9 I/O OVDD —

Table 69. TePBGA II Pinout Listing (continued)

Signal Package Pin Number Pin Type Power Supply Note
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22.2 Core PLL Configuration
RCWLR[COREPLL] selects the ratio between the internal coherent system bus clock (csb_clk) and the 
e300 core clock (core_clk). Table 76 shows the encodings for RCWLR[COREPLL]. COREPLL values 
that are not listed in Table 76 should be considered as reserved.

NOTE

Core VCO frequency = core frequency × VCO divider
VCO divider has to be set properly so that the core VCO frequency is in the 
range of 800–1600 MHz.

Low 0111 7 : 1 175 233

Low 1000 8 : 1 200 267

Low 1001 9 : 1 225 300

Low 1010 10 : 1 250 333

Low 1011 11 : 1 275 367

Low 1100 12 : 1 300 400

Low 1101 13 : 1 325

Low 1110 14 : 1 350

Low 1111 15 : 1 375

Notes:
1. CFG_CLKIN_DIV doubles csb_clk if set high.
2. CLKIN is the input clock in host mode; PCI_CLK is the input clock in agent mode.

Table 76. e300 Core PLL Configuration

RCWLR[COREPLL]
core_clk : csb_clk Ratio VCO Divider 1

0–1 2–5 6

nn 0000 0 PLL bypassed
(PLL off, csb_clk clocks core directly)

PLL bypassed
(PLL off, csb_clk clocks core 

directly)

11 nnnn n n/a n/a

00 0001 0 1:1 2

01 0001 0 1:1 4

10 0001 0 1:1 8

00 0001 1 1.5:1 2

Table 75. CSB Frequency Options for Agent Mode (continued)

CFG_CLKIN_DIV 
at reset1

SPMF
csb_clk :

Input Clock Ratio1

Input Clock Frequency (MHz)2

25 33.33 66.67

csb_clk Frequency (MHz)
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This table shows the heat sink thermal resistance for TePBGA II package with heat sinks, simulated in a 
standard JEDEC environment, per JESD 51-6.

Heat sink vendors include the following:

Aavid Thermalloy
www.aavidthermalloy.com

Alpha Novatech
www.alphanovatech.com

International Electronic Research Corporation (IERC)
www.ctscorp.com

Millennium Electronics (MEI)
www.mei-thermal.com

Table 79. Thermal Resistance with Heat Sink in Open Flow (TePBGA II)

Heat Sink Assuming Thermal Grease Air Flow
Thermal Resistance

(°/W)

AAVID 30 × 30 × 9.4 mm Pin Fin Natural Convection 13.1

0.5 m/s 10.6

1 m/s 9.3

2 m/s 8.2

4 m/s 7.5

AAVID 31 × 35 × 23 mm Pin Fin Natural Convection 11.1

0.5 m/s 8.5

1 m/s 7.7

2 m/s 7.2

4 m/s 6.8

AAVID 43× 41× 16.5mm Pin Fin Natural Convection 11.3

0.5 m/s 9.0

1 m/s 7.8

2 m/s 7.0

4 m/s 6.5

Wakefield, 53 × 53 × 25 mm Pin Fin Natural Convection 9.7

0.5 m/s 7.7

1 m/s 6.8

2 m/s 6.4

4 m/s 6.1
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2 10/2009  • In Table 3, “Recommended Operating Conditions,” added “Operating temperature range” values.
 • In Table 5, “Power Dissipation 1,” corrected maximal application for 800/400 MHz to 4.3 W.
 • In Table 5, “Power Dissipation 1,” added a column for “Typical Application at Tj = 65°C (W)”.
 • In Table 5, “Power Dissipation 1,” added a column for “Sleep Power at Tj = 65°C (W)”.
 • In Table 11, removed overbar from CFG_CLKIN_DIV.
 • In Table 17, “Current Draw Characteristics for MVREF,” updated IMVREF maximum value for both DDR1 

and DDR2 to 600 and 400 μA, respectively. Also, updated Note 1 and added Note 2.
 • In Table 20, “DDR1 and DDR2 SDRAM Input AC Timing Specifications,” column headings renamed to 

“Min” and “Max”. Footnote 2 updated to state “T is the MCK clock period”.
 • In Table 20, “DDR1 and DDR2 SDRAM Input AC Timing Specifications,” and Table 21, “DDR1 and 

DDR2 SDRAM Output AC Timing Specifications,” clarified that the frequency parameters are data rates.
 • In Table 29, “RMII Transmit AC Timing Specifications,” updated tRMTDXI to 2.0 ns.
 • In Table 57, Gen 1i/1.5G Transmitter AC Specifications,” and Table 59, Gen 2i/3G Transmitter AC 

Specifications,” corrected titles from “Transmitter” to “Receiver”.
 • In Table 69, “TePBGA II Pinout Listing,” removed pin THERM0; it is now Reserved. Also added 1.05 V 

to VDD pin.
 • In Table 71, “Operating Frequencies for TePBGA II,” corrected “DDR2 memory bus frequency (MCK)” 

range to 125–200.
 • In Table 76, “e300 Core PLL Configuration,” added 3.5:1 and 4:1 core_clk: csb_clk ratio options.
 • In Table 77, “Example Clock Frequency Combinations,” updated column heading to “DDR data rate” .
 • In Section 19.2, “SPI AC Timing Specifications,” corrected tNIKHOX and tNEKHOX to tNIKHOV and tNEKHOV, 

respectively.

1 02/2009  • In Table 3, “Recommended Operating Conditions,” added two new rows for 800 MHz, and created two 
rows for SerDes. In addition, changed 666 to 667 MHz. 

 • In Table 5, “Power Dissipation 1,” added Notes 4 and 5. In addition, changed 666 to 667 MHz.
 • In Table 13, “DDR2 SDRAM DC Electrical Characteristics for GVDD(typ) = 1.8 V,” Table 21, “DDR1 and 

DDR2 SDRAM Output AC Timing Specifications,” and Table 69, “TePBGA II Pinout Listing,” added 
footnote to references to MVREF, MDQ, and MDQS, referencing AN3665, MPC837xE Design Checklist.

 • In Table 21, updated tDDKHCX minimum value for 333 MHz to 2.40. 
 • In Table 69, “TePBGA II Pinout Listing,” added footnote to USBDR_STP_SUSPEND and modified 

footnote 10 and added footnote 15.
 • In Table 71, “Operating Frequencies for TePBGA II,” changed 667 to 800 MHz for core_clk.
 • In Table 77, “Example Clock Frequency Combinations,” added 800 MHz cells for e300 core.
 • Updated part numbering information in AF column in Table 81, “Part Numbering Nomenclature.” In 

addition, modified extended temperature information in notes 1 and 4.
 • In Table 82, “Available Parts (Core/DDR Data Rate),” added new row for 800/400 MHz.

0 12/2008 Initial public release.
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