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EVT8/GPIO29/IRQ11 Event 8 AC24 I/O OVDD —

EVT9/IRQ_OUT Event 9 Y24 I/O OVDD —

M1DVAL/LB_DVAL/IIC3_SCL/GPIO16/
SDHC_CD/DMA1_DACK0

Debug Data Valid AB23 O OVDD —

MSRCID0/LB_SRCID0/IIC3_SDA/GPIO17/
DMA_DDONE0/SDHC_WP

Debug Source ID 0 AB26 O OVDD 4, 31

MSRCID1/LB_MSRCID1/EVT5/IIC4_SCL/
LB_SRCID1/GPIO18/DMA1_DREQ0

Debug Source ID 1 AC23 O OVDD —

MSRCID2/LB_SRCID2/EVT6/IIC4_SDA/
LB_SRCID2/GPIO19

Debug Source ID 2 V24 O OVDD —

CLK_OUT Clock Out T27 O OVDD 6

Clock

RTC Real Time Clock P28 I OVDD —

SYSCLK System Clock R28 I OVDD —

JTAG

TCK Test Clock Y28 I OVDD —

TDI Test Data In W28 I OVDD 7

TDO Test Data Out AA28 O OVDD 6

TMS Test Mode Select W27 I OVDD 7

TRST Test Reset Y27 I OVDD 7

DFT

SCAN_MODE Scan Mode V28 I OVDD 35

TEST_SEL Test Mode Select T28 I OVDD 12, 26

Power Management

ASLEEP Asleep R22 O OVDD 31

Input /Output Voltage Select

IO_VSEL0 I/O Voltage Select AB28 I OVDD 27

IO_VSEL1 I/O Voltage Select U23 I OVDD 27

IO_VSEL2 I/O Voltage Select AB21 I OVDD 27

IO_VSEL3 I/O Voltage Select Y23 I OVDD 27

IO_VSEL4 I/O Voltage Select Y21 I OVDD 27

Power and Ground Signals

GND168 Ground A23 — — —

GND167 Ground B23 — — —

Table 1. Pin List by Bus (continued)

Signal Signal Description
Package

Pin Number
Pin 

Type
Power
Supply

Note
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XGND08 SerDes Transceiver GND C21 — — —

XGND07 SerDes Transceiver GND D9 — — —

XGND06 SerDes Transceiver GND D13 — — —

XGND05 SerDes Transceiver GND D19 — — —

XGND04 SerDes Transceiver GND F6 — — —

XGND03 SerDes Transceiver GND F21 — — —

XGND02 SerDes Transceiver GND G3 — — —

XGND01 SerDes Transceiver GND H5 — — —

SGND17 SerDes Core Logic GND A5 — — —

SGND16 SerDes Core Logic GND A8 — — —

SGND15 SerDes Core Logic GND A12 — — —

SGND14 SerDes Core Logic GND A16 — — —

SGND13 SerDes Core Logic GND A20 — — —

SGND12 SerDes Core Logic GND B1 — — —

SGND11 SerDes Core Logic GND B6 — — —

SGND10 SerDes Core Logic GND B10 — — —

SGND09 SerDes Core Logic GND B14 — — —

SGND08 SerDes Core Logic GND B18 — — —

SGND07 SerDes Core Logic GND B22 — — —

SGND06 SerDes Core Logic GND C3 — — —

SGND05 SerDes Core Logic GND D2 — — —

SGND04 SerDes Core Logic GND D17 — — —

SGND03 SerDes Core Logic GND E3 — — —

SGND02 SerDes Core Logic GND F1 — — —

SGND01 SerDes Core Logic GND H2 — — —

AGND_SRDS1 SerDes PLL1 GND C2 — — —

AGND_SRDS2 SerDes PLL2 GND B17 — — —

SENSEGND_CA_PL Core Group A and Platform GND Sense G8 — — 8

SENSEGND_CB Core Group B GND Sense AA16 — — 8

USB1_AGND06 USB1 PHY Transceiver GND J28 — — —

USB1_AGND05 USB1 PHY Transceiver GND K27 — — —

USB1_AGND04 USB1 PHY Transceiver GND L27 — — —

USB1_AGND03 USB1 PHY Transceiver GND M22 — — —

USB1_AGND02 USB1 PHY Transceiver GND M24 — — —

Table 1. Pin List by Bus (continued)

Signal Signal Description
Package

Pin Number
Pin 

Type
Power
Supply

Note
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2.1.2 Recommended Operating Conditions
This table provides the recommended operating conditions for this device. Note that proper device operation outside these 
conditions is not guaranteed.

Note:
1. Functional operating conditions are given in Table 3. Absolute maximum ratings are stress ratings only; functional operation at the 

maximums is not guaranteed. Stresses beyond those listed may affect device reliability or cause permanent damage to the device.
2. Caution: MVIN must not exceed GVDD by more than 0.3 V. This limit may be exceeded for a maximum of 20 ms during power-on 

reset and power-down sequences.
3. Caution: LVIN must not exceed LVDD by more than 0.3 V. This limit may be exceeded for a maximum of 20 ms during power-on reset 

and power-down sequences.
4. Caution: CVIN must not exceed CVDD by more than 0.3 V. This limit may be exceeded for a maximum of 20 ms during power-on 

reset and power-down sequences.
5. Caution: BVIN must not exceed BVDD by more than 0.3 V. This limit may be exceeded for a maximum of 20 ms during power-on 

reset and power-down sequences.
6. Caution: OVIN must not exceed OVDD by more than 0.3 V. This limit may be exceeded for a maximum of 20 ms during power-on 

reset and power-down sequences.
7. (C,X,B,G,L,O)VIN may overshoot (for VIH) or undershoot (for VIL) to the voltages and maximum duration shown in Figure 7.
8. Ethernet MII Management Interface 2 pins function as open drain I/Os. The interface conforms to 1.2 V nominal voltage levels. LVDD 

must be powered to use this interface.
9. Supply voltage specified at the voltage sense pin. Voltage input pins must be regulated to provide specified voltage at the sense pin.
10.Core Group A and Platform supply (VDD_CA_PL) and Core Group B supply (VDD_CB) were separate supplies in Rev1.0, they are tied 

together in Rev1.1.

Table 3. Recommended Operating Conditions

Parameter Symbol Recommended Value Unit Note

Core Group A (cores 0–1) and platform supply 
voltage (Silicon Rev 1.0)

VDD_CA_PL 1.0 ± 50 mV V 4, 5

Core Group B (cores 2–3) supply voltage 
(Silicon Rev 1.0)

VDD_CB 1.0 ± 50 mV V 4, 5

Core Group A (cores 0–1), Core Group B 
(cores 2–3) and platform supply voltage 
(Silicon Rev 1.1)

VDD_CA_CB_PL 1.0 ± 50 mV V 4, 5

PLL supply voltage (core, platform, DDR) AVDD 1.0 ± 50 mV V —

PLL supply voltage (SerDes) AVDD_SRDS 1.0 ± 50 mV V —

Fuse programming override supply POVDD 1.5 ± 75 mV V 2

DUART, I2C, DMA, MPIC, GPIO, system 
control and power management, clocking, 
debug, I/O voltage select, and JTAG I/O voltage

OVDD 3.3 ± 165 mV V —

eSPI, eSDHC, GPIO CVDD 3.3 ± 165 mV
2.5 ± 125 mV
1.8 ± 90 mV

V —

DDR DRAM I/O voltage
DDR3

DDR3L

GVDD
1.5 ± 75 mV

1.35 ± 67 mV

V —

Table 2. Absolute Operating Conditions1 (continued)

Parameter Symbol Max Value Unit Note
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While VDD is ramping, current may be supplied from VDD through the chip to GVDD. 
Nevertheless, GVDD from an external supply should follow the sequencing described 
above.

WARNING
Only 100,000 POR cycles are permitted per lifetime of a device. 

All supplies must be at their stable values within 75 ms. 

Items on the same line have no ordering requirement with respect to one another. Items on separate lines must be ordered 
sequentially such that voltage rails on a previous step must reach 90% of their value before the voltage rails on the current step 
reach 10% of theirs. 

This figure provides the POVDD timing diagram.

Figure 8. POVDD Timing Diagram

This table provides information on the power-down and power-up sequence parameters for POVDD.

To guarantee MCKE low during power up, the above sequencing for GVDD is required. If there is no concern about any of the 
DDR signals being in an indeterminate state during power up, the sequencing for GVDD is not required.

Table 5. POVDD Timing 5

Driver Type Min Max Unit Note

tPOVDD_DELAY 100 — SYSCLKs 1

tPOVDD_PROG 0 — μs 2

tPOVDD_VDD 0 — μs 3

tPOVDD_RST 0 — μs 4

Note:
1. Delay required from the negation of PORESET to driving POVDD ramp up. Delay measured from PORESET negation at 90% 

OVDD to 10% POVDD ramp up.
2. Delay required from fuse programming finished to POVDD ramp down start. Fuse programming must complete while POVDD 

is stable at 1.5 V. No activity other than that required for secure boot fuse programming is permitted while POVDD driven to 
any voltage above GND, including the reading of the fuse block. The reading of the fuse block may only occur while POVDD 
= GND. After fuse programming is completed, it is required to return POVDD = GND.

3. Delay required from POVDD ramp down complete to VDD_CA_CB_PL ramp down start. POVDD must be grounded to minimum 
10% POVDD before VDD_CA_CB_PL is at 90% VDD.

4. Delay required from POVDD ramp down complete to PORESET assertion. POVDD must be grounded to minimum 10% 
POVDD before PORESET assertion reaches 90% OVDD.

5. Only two secure boot fuse programming events are permitted per lifetime of a device.

tPOVDD_PROG

tPOVDD_DELAY

POVDD

VDD_CA_CB_PL

PORESET
tPOVDD_RST

Fuse programming 1

90% OVDD

10% POVDD
10% POVDD

90% VDD_CA_CB_PL
tPOVDD_VDD

NOTE: POVDD must be stable at 1.5 V prior to initiating fuse programming.

90% OVDD
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This figure shows the DDR3 and DDR3L SDRAM interface output timing for the MCK to MDQS skew measurement 
(tDDKHMH).

Figure 10. tDDKHMH Timing Diagram

This figure shows the DDR3 and DDR3L SDRAM output timing diagram.

Figure 11. DDR3 and DDR3L Output Timing Diagram

MDQS

MCK[n]

MCK[n]
tMCK

tDDKHMHmax) 

tDDKHMH(min)

MDQS

ADDR/CMD

tDDKHAS, tDDKHCS

tDDKLDS

tDDKHDS

MDQ[x]

MDQS[n]

MCK

MCK
tMCK

tDDKLDX

tDDKHDX

D1D0

tDDKHAX, tDDKHCX

Write A0 NOOP

tDDKHME

tDDKHMH

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

2.12 Ethernet: Data path Three-Speed Ethernet (dTSEC),
Management Interface, IEEE Std 1588

This section provides the AC and DC electrical characteristics for the data path three-speed Ethernet controller, the Ethernet 
Management Interface, and the IEEE Std 1588 interface.

2.12.1 SGMII Timing Specifications
See Section 2.20.8, “SGMII Interface.”

2.12.2 RGMII Timing Specifications
This section discusses the electrical characteristics for the MII and RGMII interfaces.

2.12.2.1 RGMII DC Electrical Characteristics
This table shows the RGMII DC electrical characteristics when operating at LVDD = 2.5 V supply.

Table 35. DUART AC Timing Specifications
For recommended operating conditions, see Table 3.

Parameter Value Unit Note

Minimum baud rate fPLAT/(2 × 1,048,576) baud 1

Maximum baud rate fPLAT/(2 × 16) baud 1, 2

Oversample rate 16 — 3

Note:
1. fPLAT refers to the internal platform clock.
2. The actual attainable baud rate is limited by the latency of interrupt processing.
3. The middle of a start bit is detected as the eighth sampled 0 after the 1-to-0 transition of the start bit. Subsequent bit values 

are sampled every 16th sample.

Table 36. RGMII DC Electrical Characteristics (LVDD = 2.5 V)
For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Note

Input high voltage VIH 1.70 — V 1

Input low voltage VIL — 0.70 V 1

Input current (LVIN
 = 0 V or LVIN

 = LVDD) IIH — ±40 μA 2

Output high voltage (LVDD = min, IOH = –1.0 mA) VOH 2.00 — V —

Output low voltage (LVDD = min, IOL = 1.0 mA) VOL — 0.40 V —

Note:
1. The min VILand max VIH values are based on the respective min and max LVIN values found in Table 3.
2. The symbol VIN, in this case, represents the LVIN symbols referenced in Table 2 and Table 3.
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Figure 16. RGMII AC Timing and Multiplexing Diagrams

2.12.3 Ethernet Management Interface
This section discusses the electrical characteristics for the EMI1 interfaces. EMI1 is the PHY management interface controlled 
by the MDIO controller associated with Frame Manager 1 1GMAC–1. 

2.12.3.1 Ethernet Management Interface DC Electrical Characteristics
The Ethernet management interface is defined to operate at a supply voltage of 3.3 V. The DC electrical characteristics for the 
Ethernet management interface is provided in this table.

Table 38. Ethernet Management Interface DC Electrical Characteristics (LVDD = 3.3 V)
For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Note

Input high voltage VIH 2.0 — V 2

Input low voltage VIL — 0.9 V 2

Input high current (LVDD = Max, VIN = 2.1 V) IIH — 40 μA 1

Input low current (LVDD = Max, VIN = 0.5 V) IIL –600 — μA 1

Output high voltage (LVDD = Min, IOH = –1.0 mA) VOH 2.4 — V —

Output low voltage (LVDD = Min, IOL = 1.0 mA) VOL — 0.4 V —

GTX_CLK

tRGT
tRGTH

tSKRGT_TX

TX_CTL

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

TXD[9]
TXERR

TXD[4]
TXEN

TXD[3:0]

(At MAC, output)

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

TX_CLK
(At PHY, input)

RX_CTL

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

RXD[9]
RXERR

RXD[4]
RXDV

RXD[3:0]

RX_CLK
(At MAC, input)

tSKRGT_RX

tRGTH
tRGT

RX_CLK
(At PHY, output)

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

tSKRGT_RX

PHY equivalent to tSKRGT_TX

tSKRGT_TX

PHY equivalent to tSKRGT_RXPHY equivalent to tSKRGT_RX

(At MAC, output)

(At MAC, output)

(At PHY, output)

(At PHY, output)

PHY equivalent to tSKRGT_TX
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2.16.2 MPIC AC Timing Specifications
This table provides the MPIC input and output AC timing specifications.

2.17 JTAG Controller
This section describes the DC and AC electrical specifications for the IEEE 1149.1 (JTAG) interface.

2.17.1 JTAG DC Electrical Characteristics
This table provides the JTAG DC electrical characteristics.

Note:
1. The min VILand max VIH values are based on the min and max OVIN respective values found in Table 3.
2. The symbol OVIN, in this case, represents the OVIN symbol referenced in Table 3.

Table 53. MPIC Input AC Timing Specifications
For recommended operating conditions, see Table 3.

Characteristic Symbol Min Max Unit Note

MPIC inputs—minimum pulse width tPIWID 3 — SYSCLKs 1

Trust inputs—minimum pulse width tTIWID 3 — SYSCLKs 2

Note:
1. MPIC inputs and outputs are asynchronous to any visible clock. MPIC outputs must be synchronized before use by any 

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

2. Trust inputs are asynchronous to any visible clock. Trust inputs are required to be valid for at least tTIWID ns to ensure proper 
operation when working in edge triggered mode. For low power trust input pin LP_TMP_DETECT, the voltage is VDD_LP and 
see Table 3 for the voltage requirment.

Table 54. JTAG DC Electrical Characteristics (OVDD = 3.3 V)

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Note

Input high voltage VIH 2 — V 1

Input low voltage VIL — 0.8 V 1

Input current (OVIN = 0 V or OVIN = OVDD) IIN — ±40 μA 2

Output high voltage (OVDD = min, IOH = –2 mA) VOH 2.4 — V —

Output low voltage (OVDD = min, IOL = 2 mA) VOL — 0.4 V —

Note:
1. The min VILand max VIH values are based on the respective min and max OVIN values found in Table 3.
2. The symbol VIN, in this case, represents the OVIN symbol found in Table 3.

Table 52. MPIC DC Electrical Characteristics (OVDD = 3.3 V) (continued)
For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Note



P2040 QorIQ Integrated Processor Hardware Specifications, Rev. 2

Electrical Characteristics

Freescale Semiconductor82

2.19 GPIO
This section describes the DC and AC electrical characteristics for the GPIO interface.

2.19.1 GPIO DC Electrical Characteristics
This table provides the DC electrical characteristics for GPIO pins operating at CVDD, LVDD or OVDD = 3.3 V.

This table provides the DC electrical characteristics for GPIO pins operating at CVDD or LVDD = 2.5 V.

Table 58. GPIO DC Electrical Characteristics (CVDD, LVDD or OVDD = 3.3 V)

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Note

Input high voltage VIH 2.0 — V 1

Input low voltage VIL — 0.8 V 1

Input current (OVIN = 0 V or OVIN = OVDD) IIN — ±40 μA 2

Output high voltage (OVDD = min, IOH = –2 mA) VOH 2.4 — V —

Output low voltage (OVDD = min, IOL = 2 mA) VOL — 0.4 V —

Note:
1. The min VILand max VIH values are based on the min and max L/OVIN respective values found in Table 3.
2. The symbol VIN, in this case, represents the L/OVIN symbol referenced in Section 2.1.2, “Recommended Operating Conditions.”

Table 59. GPIO DC Electrical Characteristics (CVDD or LVDD = 2.5 V)
For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Note

Input high voltage VIH 1.7 — V 1

Input low voltage VIL — 0.7 V 1

Input current (VIN = 0 V or VIN = LVDD) IIN — ±40 μA 2

Output high voltage 
(LVDD = min, IOH = –2 mA)

VOH 2.0 — V —

Output low voltage 
(LVDD = min, IOH = 2 mA)

VOL — 0.4 V —

Note:
1. The min VILand max VIH values are based on the respective min and max LVIN values found in Table 3.
2. The symbol VIN, in this case, represents the LVIN symbol referenced in Section 2.1.2, “Recommended Operating Conditions.”
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2.19.2 GPIO AC Timing Specifications
This table provides the GPIO input and output AC timing specifications.

This figure provides the AC test load for the GPIO.

Figure 31. GPIO AC Test Load

2.20 High-Speed Serial Interfaces (HSSI)
The device features a serializer/deserializer (SerDes) interface to be used for high-speed serial interconnect applications. The 
SerDes interface can be used for PCI Express, Serial RapidIO, Aurora, and SGMII data transfers.

This section describes the common portion of SerDes DC electrical specifications: the DC requirement for SerDes reference 
clocks. The SerDes data lane’s transmitter (Tx) and receiver (Rx) reference circuits are also shown.

2.20.1 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. 

Table 60. GPIO Input AC Timing Specifications
For recommended operating conditions, see Table 3.

Parameter Symbol Min Unit Note

GPIO inputs—minimum pulse width tPIWID 20 ns 1

Note:
1. GPIO inputs and outputs are asynchronous to any visible clock. GPIO outputs must be synchronized before use by any 

external synchronous logic. GPIO inputs are required to be valid for at least tPIWID to ensure proper operation.

Output Z0 = 50 Ω OVDD/2
RL = 50 Ω
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This figure shows how the signals are defined. For illustration purposes only, one SerDes lane is used in the description. This 
figure shows the waveform for either a transmitter output (SD_TXn and SD_TXn) or a receiver input (SD_RXn and SD_RXn). 
Each signal swings between A volts and B volts where A > B.

Figure 32. Differential Voltage Definitions for Transmitter or Receiver

Using this waveform, the definitions are as shown in the following list. To simplify the illustration, the definitions assume that 
the SerDes transmitter and receiver operate in a fully symmetrical differential signaling environment:
Single-Ended Swing The transmitter output signals and the receiver input signals SD_TXn, SD_TXn, SD_RXn and 

SD_RXn each have a peak-to-peak swing of A – B volts. This is also referred as each signal wire’s 
single-ended swing.

Differential Output Voltage, VOD (or Differential Output Swing):
The differential output voltage (or swing) of the transmitter, VOD, is defined as the difference of 
the two complimentary output voltages: VSD_TXn – VSD_TXn. The VOD value can be either positive 
or negative.

Differential Input Voltage, VID (or Differential Input Swing):
The differential input voltage (or swing) of the receiver, VID, is defined as the difference of the two 
complimentary input voltages: VSD_RXn – VSD_RXn. The VID value can be either positive or 
negative.

Differential Peak Voltage, VDIFFp
The peak value of the differential transmitter output signal or the differential receiver input signal 
is defined as the differential peak voltage, VDIFFp = |A – B| volts.

Differential Peak-to-Peak, VDIFFp-p
Since the differential output signal of the transmitter and the differential input signal of the receiver 
each range from A – B to –(A – B) volts, the peak-to-peak value of the differential transmitter 
output signal or the differential receiver input signal is defined as differential peak-to-peak voltage, 
VDIFFp-p = 2 × VDIFFp = 2 × |(A – B)| volts, which is twice the differential swing in amplitude, or 
twice of the differential peak. For example, the output differential peak-peak voltage can also be 
calculated as VTX-DIFFp-p = 2 × |VOD|.

Differential Waveform
The differential waveform is constructed by subtracting the inverting signal (SD_TXn, for 
example) from the non-inverting signal (SD_TXn, for example) within a differential pair. There is 

Differential Swing, VID or VOD = A – B

A Volts

B Volts

SD_TXn or
SD_RXn

SD_TXn or
SD_RXn

Differential Peak Voltage, VDIFFp = |A – B|

Differential Peak-Peak Voltage, VDIFFpp = 2 × VDIFFp (not shown)

Vcm = (A + B)/2
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Figure 42. Single-Frequency Sinusoidal Jitter Limits

2.20.6 Aurora
This section describes the Aurora clocking requirements and AC and DC electrical characteristics.

2.20.6.1 Aurora DC Electrical Characteristics
This section describes the DC electrical characteristics for Aurora.

2.20.6.1.1 Aurora DC Clocking Requirements for SD_REF_CLKn and SD_REF_CLKn

Only SerDes bank 2(SD_REF_CLK2 and SD_REF_CLK2) may be used for SerDes Aurora configurations based on the RCW 
configuration field SRDS_PRTCL. Aurora is not supported on SerDes banks 1.

For more information on these specifications, see Section 2.20.2, “SerDes Reference Clocks.”

2.20.6.1.2 Aurora Transmitter DC Electrical Characteristics

This table provides the Aurora transmitter DC electrical characteristics (XVDD = 1.5 V or 1.8 V).

Table 74. Aurora Transmitter DC Electrical Characteristics (XVDD = 1.5 V or 1.8 V)
For recommended operating conditions, see Table 3.

Parameter Symbol Min Typical Max Unit

Differential output voltage VDIFFPP 800 — 1600 mV p-p

8.5 UI p-p

0.10 UI p-p

Sinusoidal

Jitter

Amplitude

22.1 kHz 1.875 MHz 20 MHzFrequency
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2.20.7 Serial ATA (SATA)
This section describes the DC and AC electrical specifications for the serial ATA (SATA) interface. 

2.20.7.1 SATA DC Electrical Characteristics
This section describes the DC electrical characteristics for SATA.

2.20.7.1.1 SATA DC Transmitter Output Characteristics

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 DC characteristics for the SATA interface at Gen2i or 3.0 Gbits/s 
transmission.

Unit Interval: 2.5 GBaud UI 400 – 100 ppm 400 400 + 100 ppm ps —

Unit Interval: 3.125 GBaud UI 320 – 100 ppm 320 320 + 100 ppm ps —

Unit Interval: 5.0 GBaud UI 200 – 100 ppm 200 200 + 100 ppm ps —

Note:
1. Measured at receiver
2. Total jitter is composed of three components: deterministic jitter, random jitter, and single frequency sinusoidal jitter. The 

sinusoidal jitter may have any amplitude and frequency in the unshaded region of Figure 42. The sinusoidal jitter component 
is included to ensure margin for low frequency jitter, wander, noise, crosstalk and other variable system effects.

Table 78. Gen1i/1.5G Transmitter (Tx) DC Specifications (XVDD = 1.5 V or 1.8 V)
For recommended operating conditions, see Table 3.

Parameter Symbol Min Typ Max Unit Note

Tx differential output voltage VSATA_TXDIFF 400 — 600 mV p-p 1

Tx differential pair impedance ZSATA_TXDIFFIM 85 100 115 Ω 2

Note:
1. Terminated by 50 Ω load.
2. DC impedance

Table 79. Gen 2i/3G Transmitter (Tx) DC Specifications (XVDD = 1.5 V or 1.8 V)
For recommended operating conditions, see Table 3.

Parameter Symbol Min Typ Max Unit Note

Tx diff output voltage VSATA_TXDIFF 400 — 700 mV p-p 1

Tx differential pair impedance ZSATA_TXDIFFIM 85 100 115 Ω —

Note:
1. Terminated by 50 Ω load.

Table 77. Aurora Receiver AC Timing Specifications (continued)
For recommended operating conditions, see Table 3.

Parameter Symbol Min Typical Max Unit Note
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This figure shows the reference clock timing waveform.

Figure 43. Reference Clock Timing Waveform

2.20.7.3 AC Transmitter Output Characteristics
This table provides the differential transmitter output AC characteristics for the SATA interface at Gen1i or 1.5 Gbits/s 
transmission. The AC timing specifications do not include RefClk jitter.

SD_REF_CLK/SD_REF_CLK cycle-to-cycle 
clock jitter (period jitter)

tCLK_CJ — — 100 ps 2

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

tCLK_PJ –50 — +50 ps 2, 3, 4

Note:
1. Caution: Only 100, 125 MHz have been tested. In-between values do not work correctly with the rest of the system.
2. At RefClk input
3. In a frequency band from 150 kHz to 15 MHz at BER of 10-12

4. Total peak-to-peak deterministic jitter must be less than or equal to 50 ps.

Table 83. Gen1i/1.5 G Transmitter (Tx) AC Specifications
For recommended operating conditions, see Table 3.

Parameter Symbol Min Typ Max Unit Note

Channel speed tCH_SPEED — 1.5 — Gbps —

Unit Interval TUI 666.4333 666.6667 670.2333 ps —

Total jitter data-data 5 UI USATA_TXTJ5UI — — 0.355 UI p-p 1

Total jitter, data-data 250 UI USATA_TXTJ250UI — — 0.47 UI p-p 1

Deterministic jitter, data-data 5 UI USATA_TXDJ5UI — — 0.175 UI p-p 1

Deterministic jitter, data-data 250 UI USATA_TXDJ250UI — — 0.22 UI p-p 1

Table 82. SATA Reference Clock Input Requirements (continued)
For recommended operating conditions, see Table 3.

Parameter Symbol Min Typ Max Unit Note

TH

TL

Ref_CLK
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This table provides the differential receiver input AC characteristics for the SATA interface at Gen2i or 3.0 Gbits/s transmission. 
The AC timing specifications do not include RefClk jitter. 

2.20.8 SGMII Interface 
Each SGMII port features a 4-wire AC-coupled serial link from the SerDes interface of the device, as shown in Figure 44, where 
CTX is the external (on board) AC-coupled capacitor. Each output pin of the SerDes transmitter differential pair features 50-Ω 
output impedance. Each input of the SerDes receiver differential pair features 50-Ω on-die termination to XGND. The reference 
circuit of the SerDes transmitter and receiver is shown in Figure 39.

2.20.8.0.1 SGMII Clocking Requirements for SD_REF_CLKn and SD_REF_CLKn

When operating in SGMII mode, the EC_GTX_CLK125 clock is not required for this port. Instead, a SerDes reference clock 
is required on SD_REF_CLK[1:2] and SD_REF_CLK[1:2] pins. SerDes banks 1–2 may be used for SerDes SGMII 
configurations based on the RCW Configuration field SRDS_PRTCL.

For more information on these specifications, see Section 2.20.2, “SerDes Reference Clocks.”

2.20.8.1 SGMII DC Electrical Characteristics
This section discusses the electrical characteristics for the SGMII interface.

2.20.8.1.1 SGMII Transmit DC Timing Specifications

This table describe the SGMII SerDes transmitter and receiver AC-coupled DC electrical characteristics for 1.25 GBaud. 
Transmitter DC characteristics are measured at the transmitter outputs (SD_TXn and SD_TXn) as shown in Figure 45. 

Table 86. Gen 2i/3G Receiver (Rx) AC Specifications
For recommended operating conditions, see Table 3.

Parameter Symbol Min Typical Max Unit Note

Unit Interval TUI 333.2167 333.3333 335.1167 ps —

Total jitter fC3dB = fBAUD ÷ 10 USATA_TXTJfB/10 — — 0.46 UI p-p 1

Total jitter fC3dB = fBAUD ÷ 500 USATA_TXTJfB/500 — — 0.60 UI p-p 1

Total jitter fC3dB = fBAUD ÷ 1667 USATA_TXTJfB/1667 — — 0.65 UI p-p 1

Deterministic jitter, fC3dB = fBAUD ÷ 10 USATA_TXDJfB/10 — — 0.35 UI p-p 1

Deterministic jitter, fC3dB = fBAUD ÷ 500 USATA_TXDJfB/500 — — 0.42 UI p-p 1

Deterministic jitter, fC3dB = fBAUD ÷ 1667 USATA_TXDJfB/1667 — — 0.35 UI p-p 1

Note:
1. Measured at receiver.

Table 87. SGMII DC Transmitter Electrical Characteristics (XVDD = 1.5 V or 1.8 V)
For recommended operating conditions, see Table 3.

Parameter Symbol Min Typ Max Unit Note

Output high voltage VOH — — 1.5 x |VOD|-max mV 1

Output low voltage VOL |VOD|-min/2 — — mV 1
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ECn_GTX_CLK125 is a 125-MHz input clock on the dTSEC ports. If the dTSEC ports are not used for RGMII, the 
ECn_GTX_CLK125 input can be tied off to GND.

If RCW field I2C = 0b0100 or 0b0101 (RCW bits 354–357), the SDHC_WP and SDHC_CD input signals are enabled for 
external use. If SDHC_WP and SDHC_CD are selected and not used, they must be externally pulled low such that 
SDHC_WP = 0 (write enabled) and SDHC_CD = 0 (card detected). If RCW field I2C ≠ 0b0100 or 0b0101, thereby selecting 
either I2C3 or GPIO functionality, SDHC_WP and SDHC_CD are internally driven such that SDHC_WP = write enabled and 
SDHC_CD = card detected and the selected I2C3 or GPIO external pin functionality may be used.

TMP_DETECT pin and LP_TMP DETECT pin are active low input to the Security Monitor (refer to the “Secure Boot and Trust 
Architecture” chapter of the chip reference manual). If a tamper sensor is used, it must maintain the signal at the specified 
voltage until a tamper is detected. A 1K pulldown resistor strongly recommended. If Trust is used without tamper sensors, tie 
high.VDD_LP must be connected even if Low Power features aren’t used. Otherwise, the LP_Section will generate internal 
errors that will prevent the high power trust section from reaching Trusted/Secure state. 

3.6.1 Legacy JTAG Configuration Signals
Correct operation of the JTAG interface requires configuration of a group of system control pins as demonstrated in Figure 55. 
Care must be taken to ensure that these pins are maintained at a valid negated state under normal operating conditions as most 
have asynchronous behavior and spurious assertion will give unpredictable results.

Boundary-scan testing is enabled through the JTAG interface signals. The TRST signal is optional in the IEEE Std 1149.1 
specification, but it is provided on all processors built on Power Architecture technology. The device requires TRST to be 
asserted during power-on reset flow to ensure that the JTAG boundary logic does not interfere with normal chip operation. 
While the TAP controller can be forced to the reset state using only the TCK and TMS signals, generally systems assert TRST 
during the power-on reset flow. Simply tying TRST to PORESET is not practical because the JTAG interface is also used for 
accessing the common on-chip processor (COP), which implements the debug interface to the chip.

The COP function of these processors allow a remote computer system (typically, a PC with dedicated hardware and debugging 
software) to access and control the internal operations of the processor. The COP interface connects primarily through the JTAG 
port of the processor, with some additional status monitoring signals. The COP port requires the ability to independently assert 
PORESET or TRST in order to fully control the processor. If the target system has independent reset sources, such as voltage 
monitors, watchdog timers, power supply failures, or push-button switches, then the COP reset signals must be merged into 
these signals with logic.

The arrangement shown in Figure 55 allows the COP port to independently assert PORESET or TRST, while ensuring that the 
target can drive PORESET as well. 

The COP interface has a standard header, shown in Figure 54, for connection to the target system, and is based on the 0.025" 
square-post, 0.100" centered header assembly (often called a Berg header). The connector typically has pin 14 removed as a 
connector key.

The COP header adds many benefits such as breakpoints, watchpoints, register and memory examination/modification, and 
other standard debugger features. An inexpensive option can be to leave the COP header unpopulated until needed.

There is no standardized way to number the COP header; so emulator vendors have issued many different pin numbering 
schemes. Some COP headers are numbered top-to-bottom then left-to-right, while others use left-to-right then top-to-bottom. 
Still others number the pins counter-clockwise from pin 1 (as with an IC). Regardless of the numbering scheme, the signal 
placement recommended in Figure 54 is common to all known emulators.

3.6.1.1 Termination of Unused Signals
If the JTAG interface and COP header is not used, Freescale recommends the following connections:

• TRST must be tied to PORESET through a 0 kΩ isolation resistor so that it is asserted when the system reset signal 
(PORESET) is asserted, ensuring that the JTAG scan chain is initialized during the power-on reset flow. Freescale 
recommends that the COP header be designed into the system as shown in Figure 55. If this is not possible, the 
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6.2.1 Part Marking
Parts are marked as in the example shown in this figure.

Figure 64. Part Marking for FC-PBGA Device

7 Revision History
This table provides a revision history for this document.

Table 108. Revision History

Rev.
Number

Date Description

2 02/2013  • In Table 7, “P2040 I/O Power Supply Estimated Values,” updated the USB power supply with 
USB_Vdd_3P3 and updated the typical value with “0.003” in the Others (Reset, System Clock, JTAG & 
Misc.) row.

 • In Table 8, “Device AVDD Power Dissipation,” removed VDD_LP from table.
 • Added Table 10, “VDD_LP Power Dissipation.”
 • In Table 53, “MPIC Input AC Timing Specifications,” added Trust inputs AC timing and footnote 2.
 • In Table 93, “Processor Clocking Specifications,” updated footnote 8 with Rev 1.1 silicon.
 • In Table 107, “Part Numbering Nomenclature,” added “C” in the Die Revision collumn.
 • In Section 6.2, “Orderable Part Numbers Addressed by this Document,” added the device part numbers 

for Rev 2.0 silicon.

P2040NSE1MMB

ATWLYYWW

MMMMMM CCCCC

FC-PBGA
Notes:

P2040NSE1MMB is the orderable part number. See Table 107 for details.

ATWLYYWW is the test traceability code.

MMMMMM is the mask number.

CCCCC is the country code.

YWWLAZ is the assembly traceability code.

YWWLAZ
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1 09/2012  • In Table 1, “Pin List by Bus”, added note for pin VDD_LP.
 • Updated Table 8, “Device AVDD Power Dissipation”.
 • In Table 12, “SYSCLK DC Electrical Characteristics (OVDD = 3.3 V)”, updated the input current max 

value and added input capacitance max value.
 • In Table 51, “eSDHC AC Timing Specifications”, updated input setup times from 5 ns to 2.5 ns.
 • In Section 3.1.6.2, “Minimum Platform Frequency Requirements for High-Speed Interfaces”, updated the 

note that the “PCI Express link width” refers to “a single port”.
 • In Section 4.1, “Package Parameters for the FC-PBGA”, updated the solder ball composition and module 

height.
 • In Section 4.2, “Mechanical Dimensions of the FC-PBGA”, updated the figure for the mechanical 

dimensions.
 • In Section 3.6, “Connection Recommendations”, removed the sentence “If no aspect of Trust 

Architecture is to be used, all Trust Architecture pins can be tied to GND.”

0 06/2012 Initial public release

Table 108. Revision History (continued)

Rev.
Number

Date Description
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