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Pin Assignments and Reset States

1.1

780 FC-PBGA Ball Layout Diagrams

These figures show the FC-PBGA ball map diagrams.
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Figure 2. 780 BGA Ball Map Diagram (Top View)
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Pin Assignments and Reset States
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Figure 6. 780 BGA Ball Map Diagram (Detail View D)
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Pin Assignments and Reset States

1.2 Pinout List

This table provides the pinout listing for the 780 FC-PBGA package by bus. Pins for multiplexed signals appear in the bus group
for their default status and have a corresponding note stating that they have multiple functionality depending on the mode in
which they are configured.

Table 1. Pin List by Bus

Signal Signal Description Pizalt\l:ﬁfng;er Tl;i:e g:;v;; Note
DDR SDRAM Memory Interface
MDQO00 Data Y4 I/O GVpp —
MDQO1 Data Y5 I/0 GVpp —
MDQoO2 Data AB1 I/0 GVpp —
MDQO03 Data AB3 I/0 GVpp —
MDQo04 Data Y1 I/O GVpp —
MDQO05 Data Y3 I/0 GVpp —
MDQO06 Data AA3 I/0 GVpp —
MDQO07 Data AA4 I/O GVpp —
MDQO08 Data AB5 I/0 GVpp —
MDQO09 Data AB6 I/0 GVpp —
MDQ10 Data AE4 I/O GVpp —
MDQ11 Data AE6 I/0 GVpp —
MDQ12 Data AA6 I/0 GVpp —
MDQ13 Data AB4 I/O GVpp —
MDQ14 Data AC6 I/0 GVpp —
MDQ15 Data AD6 I/0 GVpp —
MDQ16 Data AF7 I/0 GVpp —
MDQ17 Data AF8 I/0 GVpp —
MDQ18 Data AD11 I/0 GVpp —
MDQ19 Data AF11 I/O GVpp —
MDQ20 Data AE7 I/0 GVpp —
MDQ21 Data AD7 I/O GVpp —
MDQ22 Data AD10 I/O GVpp —
MDQ23 Data AE10 I/O GVpp —
MDQ24 Data AC1 I/O GVpp —
MDQ25 Data AC2 I/0 GVpp —
MDQ26 Data AF1 I/O GVpp —
MDQ27 Data AF2 I/O GVpp —
MDQ28 Data AC3 I/0 GVpp —
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Table 1. Pin List by Bus (continued)

Pin Assignments and Reset States

. . . Package | Pin Power
Signal Signal Description Pin Number Type Supply Note
DMA
DMA1_DREQO/IIC4_SCL/EVT5/M1SRCID |DMA1 Channel 0 Request AC23 I OVpp 24
1/LB_SRCID1/GPIO18
DMA1_DACKO/IIC3_SCL/GPIO16/SDHC_ |DMA1 Channel 0 Acknowledge AB23 o OVpp 2,14
CD/
M1DVAL/LB_DVAL
DMA1_DDONEO/IIC3_SDA/GPIO17/M1SR |DMA1 Channel 0 Done AB26 0] OVpp 2,14
CIDO/LB_SRCIDO/SDHC_WP
DMA2_DREQO/IRQ03/GPI1021 DMAZ2 Channel 0 Request AA26 I OVpp 24
DMA2_DACKO0/IRQ04/GP1022 DMAZ2 Channel 0 Acknowledge V25 o OVpp 24
DMA2_DDONEO0/IRQ05/GP1023 DMAZ2 Channel 0 Done AA22 o] OVpp 24
USB Host Port 1
USB1_UDP USB1 PHY Data Plus K28 I/0 USB_\éDD—sp —
USB1_UDM USB1 PHY Data Minus L28 I/0 USB,\QDDJF’ —
USB1_VBUS_CLMP USB1 PHY VBUS Divided Signals M25 | USBJ:/BDDJ%P 34
USB1_UID USB1 PHY ID Detect M27 I USB,\éDDJF’ —
USB_CLKIN USB PHY Clock Input P22 | OVpp —
USB1_DRVVBUS/GPIO24/IRQ6 USB1 5V Supply Enable Y26 o} OVpp —
USB1_PWRFAULT/GPIO25/IRQ7 USB Power Fault AA23 I OVpp —
USB Host Port 2
uUSB2_UDP USB2 PHY Data Plus K26 I/0 USB—\éDD—SP —
USB2_UDM USB2 PHY Data Minus L26 I/0 USB—\éDD—SP —
USB2_VBUS_CLMP USB2 PHY VBUS Divided Signals J25 I USB_\éDD_G'P 34
uSB2_UID USB2 PHY ID Detect J27 I USB,\éDD,SF’ —
USB2_DRVVBUS/GPIO26/IRQ8 USB2 5V Supply Enable AC22 I/0 OVpp —
USB2_PWRFAULT/GPIO27/IRQ9 USB2 Power Fault AC27 I/0 OVpp —
Programmable Interrupt Controller
IRQO0 External Interrupts Y25 I OVpp —
IRQO1 External Interrupts AB27 I OVpp —
IRQ02 External Interrupts AB25 I OVpp —
IRQ03/GPIO21/DMA2_DREQO External Interrupts AA26 I OVpp 24
IRQ04/GPI022/DMA2_DACKO External Interrupts V25 | OVpp 24
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Table 1. Pin List by Bus (continued)

Pin Assignments and Reset States

Signal Signal Description Pizaﬁtﬁlfer Tl;i:e g::;:; Note
IEEE 1588
TSEC_1588_CLK_IN/EC1_RXD2 Clock In B27 I LVpp —
TSEC_1588_TRIG_IN1/EC1_RXDO Trigger In 1 B28 I LVpp —
TSEC_1588_TRIG_IN2/EC1_RXD1 Trigger In 2 A27 I LVpp —
TSEC_1588_ALARM_OUT1/EC1_TXD0O |Alarm Out 1 B24 0] LVpp —
TSEC_1588_ALARM_OUT2/ Alarm Out 2 C25 O LVpp 23
EC1_TXD1/GPIO30
TSEC_1588_CLK_OUT/EC1_RXD3 Clock Out B26 0] LVpp —
TSEC_1588_PULSE_OUT1/EC1_TXD2 Pulse Out1 ca8 o LVpp —
TSEC_1588_PULSE_OUT2/EC1_TXD3/G |Pulse Out2 A26 O LVpp 23
P1O31
Ethernet Management Interface 1
EMI1_MDC Management Data Clock F23 (0] LVpp —
EMI1_MDIO Management Data In/Out G24 I/0 LVpp —
Ethernet Reference Clock
EC1_GTX_CLK125/EC_XTRNL_TX_STMP |Reference Clock (RGMII) A24 I LVpp 25
2
EC2_GTX_CLK125 Reference Clock (RGMII) D24 I LVpp 25
Ethernet External Timestamping
EC_XTRNL_TX_STMP1/EC1_TX_EN External Timestamp Transmit 1 ca27 | LVpp —
EC_XTRNL_RX_STMP1/EC1_RX_DV External Timestamp Receive 1 A25 I LVpp —
EC_XTRNL_TX_STMP2/EC1_GTX_CLK12|External Timestamp Transmit 2 A24 | LVpp —
5
EC_XTRNL_RX_STMP2/EC1_RX_CLK External Timestamp Receive 2 C24 LVpp —
Three-Speed Ethernet Controller 1
EC1_TXDS3/TSEC_1588_PULSE_OUT2/G |Transmit Data A26 O LVpp —
P1O31
EC1_TXD2/TSEC_1588_PULSE_OUT1 Transmit Data ca8 o] LVpp —
EC1_TXD1/TSEC_1588_ALARM_OUT2/G |Transmit Data C25 ) LVpp —
P1030
EC1_TXDO/TSEC_1588_ALARM_OUT1 Transmit Data B24 o] LVpp —
EC1_TX_EN/EC_XTRNL_TX_STMP1 Transmit Enable ca27 O LVpp 15
EC1_GTX_CLK Transmit Clock Out (RGMII) D26 o) LVpp 24
EC1_RXD3/TSEC_1588_CLK_OUT Receive Data B26 I LVpp 25
EC1_RXD2/TSEC_1588_CLK_IN Receive Data B27 | LVpp 25
P2040 QorlQ Integrated Processor Hardware Specifications, Rev. 2
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Pin Assignments and Reset States

Table 1. Pin List by Bus (continued)

Signal Signal Description Pizaﬁtﬁlfer Ti;i:e g:;v;; Note
XGNDO08 SerDes Transceiver GND C21 — — —
XGNDO07 SerDes Transceiver GND D9 — — —
XGNDO06 SerDes Transceiver GND D13 — — —
XGNDO05 SerDes Transceiver GND D19 — — —
XGNDO04 SerDes Transceiver GND F6 — — —
XGNDO03 SerDes Transceiver GND F21 — — —
XGNDO02 SerDes Transceiver GND G3 — — —
XGNDO1 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 — — —
SGNDO09 SerDes Core Logic GND B14 — — —
SGNDO08 SerDes Core Logic GND B18 — — —
SGNDO7 SerDes Core Logic GND B22 — — —
SGNDO06 SerDes Core Logic GND C3 — — —
SGNDO05 SerDes Core Logic GND D2 — — —
SGNDO04 SerDes Core Logic GND D17 — — —
SGNDO03 SerDes Core Logic GND E3 — — —
SGNDO02 SerDes Core Logic GND F1 — — —
SGNDO1 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_AGNDO06 USB1 PHY Transceiver GND J28 — — —
USB1_AGNDO05 USB1 PHY Transceiver GND K27 — — —
USB1_AGNDO04 USB1 PHY Transceiver GND L27 — — —
USB1_AGNDO03 USB1 PHY Transceiver GND M22 — — —
USB1_AGNDO02 USB1 PHY Transceiver GND M24 — — —
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Pin Assignments and Reset States

Table 1. Pin List by Bus (continued)

Signal Signal Description Pii:na;tan?I:er Ti;i:e g.j;v;; Note
USB1_AGNDO1 USB1 PHY Transceiver GND M28 — — —
USB2_AGNDO06 USB2 PHY Transceiver GND J22 — — —
USB2_AGNDO5 USB2 PHY Transceiver GND J24 — — —
USB2_AGNDO04 USB2 PHY Transceiver GND J26 — — —
USB2_AGNDO03 USB2 PHY Transceiver GND K25 — — —
USB2_AGNDO02 USB2 PHY Transceiver GND L25 — — —
USB2_AGNDO1 USB2 PHY Transceiver GND M26 — — —
OvDDO06 General 1/0 Supply N20 — OVpp —
OvDDO05 General I/0 Supply P20 — OVpp —
OvDDO04 General I/0 Supply R20 — OVpp —
OvDDO03 General I/0 Supply T20 — OVpp —
OvDDO02 General /0 Supply T26 — OVpp —
OvDDO1 General /0 Supply W26 — OVpp —
CvDD2 eSPI and eSDHC Supply K20 — CVpop —
CVvDD1 eSPIl and eSDHC Supply M20 — CVpop —
GvDD17 DDR Supply AA8 — GVpp —
GVDD16 DDR Supply AA9 — GVpp —
GVDD15 DDR Supply AA10 — GVpp —
GvDD14 DDR Supply AA11 — GVpp —
GVvDD13 DDR Supply AA12 — GVpp —
GVDD12 DDR Supply AA13 — GVpp —
GVDD11 DDR Supply AA14 — GVpp —
GVvDD10 DDR Supply AA15 — GVpp —
GVDDO09 DDR Supply AB13 — GVpp —
GvDD08 DDR Supply AB14 — GVpp —
GvDDO07 DDR Supply AC13 — GVpp —
GVvDDO06 DDR Supply AC14 — GVpp —
GVvDDO05 DDR Supply AF6 — GVpp —
GVvDDO04 DDR Supply AF9 — GVpp —
GVvDDO03 DDR Supply AF17 — GVpp —
GVvDD02 DDR Supply AF20 — GVpp —
GVDDO1 DDR Supply AF23 — GVpp —
BvDDO07 Local Bus Supply J7 — BVpp —
BVDDO06 Local Bus Supply K7 — BVpp —
P2040 QorlQ Integrated Processor Hardware Specifications, Rev. 2
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Electrical Characteristics

Table 3. Recommended Operating Conditions (continued)

Parameter Symbol Recommended Value Unit Note

Note:

1. POVpp must be supplied 1.5 V and the device must operate in the specified fuse programming temperature range only during
secure boot fuse programming. For all other operating conditions, POVpp must be tied to GND, subject to the power
sequencing constraints shown in Section 2.2, “Power Up Sequencing.”

2. Selecting RGMII limits LVpp to 2.5 V.

3. Unless otherwise stated in an interface’s DC specifications, the maximum allowed input capacitance in this table is a general
recommendation for signals.

4. Supply voltage specified at the voltage sense pin. Voltage input pins must be regulated to provide specified voltage at the
sense pin.

5. Core Group A and Platform supply (Vbb_ca_pL) and Core Group B supply (VDD_CB) were separate supplies in Rev1.0, they
are tied together in Rev1.1.

This figure shows the undershoot and overshoot voltages at the interfaces of the device.

Nominal C/X/B/G/L/OVpp + 20% — —— —— — — —— — — —— — — —— — — —
C/X/B/G/L/OVpp + 5% — —

Vi C/X/BIG/L/OVpp - - -/ -

GND ... I R §
GND-03Y -~ — —— — — — — — — — — — —
Vi |1
GND-07v L _ __ _
| |« Not to Exceed 10%
o of toLock

Notes:

tcLock refers to the clock period associated with the respective interface:
For I2C, tc ock refers to SYSCLK.

For DDR GVpp, tcLock refers to Dn_MCK.

For eSPI CVpp, tcLock refers to SPI_CLK.

For eLBC BVpp, tc ock refers to LCLK.

For SerDes XVpp, tc ock refers to SD_REF_CLK.

For dTSEC LVpp, tcLock refers to EC_GTX_CLK125.

For JTAG OVpp, tcLock refers to TCK.

Figure 7. Overshoot/Undershoot Voltage for BV pp/GVpp/LVpp/OVpp

The core and platform voltages must always be provided at nominal 1.0 V. See Table 3 for the actual recommended core voltage
conditions. Voltage to the processor interface 1/Os is provided through separate sets of supply pins and must be provided at the
voltages shown in Table 3. The input voltage threshold scales with respect to the associated 1/0 supply voltage. CVpp, BVpp,
OVpp, and LVpp-based receivers are simple CMOS /O circuits and satisfy appropriate LVCMOS type specifications. The
DDR SDRAM interface uses differential receivers referenced by the externally supplied MVgggen signal (nominally set to
GVpp/2) as is appropriate for the SSTL_1.5/SSTL_1.35 electrical signaling standard. The DDR DQS receivers cannot be
operated in single-ended fashion. The complement signal must be properly driven and cannot be grounded.
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Table 6. Device Power Dissipation (continued)

Electrical Characteristics

Core & Vv Core & Vv
DD_CA_CB_PL DD_CA_CB_PL
Core | Plat DDR FM Junction Platfor|111 Power Platforr1n Power SVpp
Power Data Vbb cA CB PL Power Power
Mode Freq | Freq Rate Freq v Temp W) (W) W) (w) Power | Note
(MHz) | (MHz) (MT/s) (MHz) (°C) (W)
Quad Cores Dual Cores
Typical 667 | 534 | 1067 | 467 1.0 65 8.7 — 8.2 — — 2,3
Thermal 105 12.0 — 11.8 — — 57
Maximum 12.3 11.1 11.9 10.6 14 |4,6,7
Note:
1. Combined power of Vpp ca cs_pL, SVDD with the DDR controller and all SerDes banks active. Does not include 1/O power.
2. Typical power assumes Dhrystone running with activity factor of 70% on all four cores, 80% on two cores and executing DMA on the platform
with 90% activity factor.
3. Typical power based on nominal processed device.
4. Maximum power assumes Dhrystone running with activity factor at 100% on all cores and executing DMA on the platform with 100% activity

o

factor.

Thermal power assumes Dhrystone running with activity factor of 70% on all four cores, 80% on two cores and executing DMA on the platform

with 90% activity factor.

Maximum power provided for power supply design sizing.
Thermal and maximum power are based on worst case processed device.

This table shows the all 1/0 power supply estimated values.
Table 7. P2040 I/0 Power Supply Estimated Values

Interface Parameter Symbol Typical Maximum Unit Notes
DDRS3 64 Bits Per 667 MT/s data rate GVdd (1.5V) 0.705 1.764 W 1,2,5,6
Controller
800 MT/s data rate 0.714 1.785
1066 MT/s data rate 0.731 1.827
1200 MT/s data rate 0.739 1.848
1333 MT/s data rate 0.747 1.869
HSSI: x1, 1.25 G-baud Xvdd (1.5V) 0.078 0.087 W 1,7
PCl-e, SGMII, SATA,
SRIO, Aurora, Debug,
XAUI
x2, 1.25 G-baud 0.119 0.134
x4, 1.25 G-baud 0.202 0.226
x8, 1.25 G-baud 0.367 0.411
x1, 2.5/3.0/3.125/5.0 G-baud 0.088 0.099
x2, 2.5/3.0/3.125/5.0 G-baud 0.139 0.156
x4, 2.5/3.0/3.125/5.0 G-baud 0.241 0.270
x8, 2.5/3.0/3.125/5.0 G-baud 0.447 0.501
dTSEC Per Controller RGMII Lvdd (2.5V) 0.075 0.100 w 1,3,6
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Electrical Characteristics

Table 7. P2040 I/0 Power Supply Estimated Values (continued)

IEEE 1588 — Lvdd (2.5V) 0.004 0.005 W 1,3,6
eLBC 32-bit, 100Mhz BVvdd (1.8V) 0.048 0.120 W 1,3,6
Bvdd (2.5V) 0.072 0.193
BVdd (3.3V) 0.120 0.277
16-bit, 100Mhz BVdd (1.8V) 0.021 0.030 W 1,3,6
BVdd (2.5V) 0.036 0.046
BVdd (3.3V) 0.057 0.076
eSDHC — Ovdd (3.3V) 0.014 0.150 W 1,3,6
eSPI — CVdd (1.8V) 0.004 0.005 W 1,3,6
Cvdd (2.5V) 0.006 0.008
Cvdd (3.3V) 0.010 0.013
USB — USB_Vdd_3P3 0.012 0.015 W 1,3,6
12C — Oovdd (3.3V) 0.002 0.003 W 1,3,6
DUART — Oovdd (3.3V) 0.006 0.008 W 1,3,6
GPIO x8 Ovdd (1.8V) 0.005 0.006 W 1,3,4,6
Ovdd (2.5V) 0.007 0.009
Ovdd (3.3V) 0.009 0.011
Others (Reset, System — ovdd (3.3V) 0.003 0.015 w 1,3,4,6
Clock, JTAG & Misc)

Note:

. The typical values are estimates and based on simulations at 65 °C.

. Typical DDR power numbers are based on one 2-rank DIMM with 40% utilization.

. Assuming 15 pF total capacitance load.

. GPIO's are supported on 1.8 V, 2.5 V and 3.3 V rails as specified in the hardware specification.

. Maximum DDR power numbers are based on one 2-rank DIMM with 100% utilization.

. The maximum values are estimated and they are based on simulations at 105 °C. The values are not intended to be used as the

maximum guranteed current.

. The total power numbers of XVDD is dependent on customer application use case. This table lists all the SerDes configuration

combination possible for the device. To get the XVDD power numbers, the user should add the combined lanes to match to the total
SerDes lanes used, not simply multiply the power numbers by the number of lanes.
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Figure 9. DDR3 and DDR3L SDRAM Interface Input Timing Diagram

29.2.2 DDR3 and DDDR3L SDRAM Interface Output AC Timing Specifications

This table provides the DDR3/DDR3L SDRAM output AC timing specifications.
Table 27. DDR3 and DDR3L SDRAM Interface Output AC Timing Specifications

For recommended operating conditions, see Table 3.

Parameter Symbol’ Min Max Unit Note
MCK(n] cycle time tmek 1.67 25 ns 2
ADDR/CMD output setup with respect to MCK |  tppkHas ns 3
1200 MT/s data rate 0.675 —
1066 MT/s data rate 0.744 —
800 MT/s data rate 0.917 —
ADDR/CMD output hold with respect to MCK {DDKHAX ns 3
1200 MT/s data rate 0.675 —
1066 MT/s data rate 0.744 —
800 MT/s data rate 0.917 —
MCS[n] output setup with respect to MCK tbpkHCS ns 3
1200 MT/s data rate 0.675 —
1066 MT/s data rate 0.744 —
800 MT/s data rate 0.917 —
MCSIn] output hold with respect to MCK tbDKHCX ns 3
1200 MT/s data rate 0.675 —
1066 MT/s data rate 0.744 —
800 MT/s data rate 0.917 —
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Table 43. eTSEC IEEE 1588 AC Timing Specifications (continued)
For recommended operating conditions, see Table 3.

Parameter

Symbol

Min

Typ Max Unit Note

Note:
1.

manual for a description of TMR_CTRL registers.

2.

3.

manual for a description of TMR_CTRL registers.

This figure shows the data and command output AC timing diagram.

TSEC_1588_CLK_OUT %

TSEC_1588_PULSE_OUT
TSEC_1588_TRIG_OUT

l«——tT1588CLKOUT—— >

Trx_cLk is the maximum clock period of eTSEC receiving clock selected by TMR_CTRL[CKSEL]. See the chip reference

The maximum value of ty15ggcLk is not only defined by the value of Trx ¢k, but also defined by the recovered clock. For
example, for 10/100/1000 Mbps modes, the maximum value of t115g5¢cLk IS 2800, 280, and 56 ns, respectively.
It needs to be at least two times the clock period of the clock selected by TMR_CTRL[CKSEL]. See the chip reference

i*» t11588CLKOUTH

T *

tr15880V

[

X

Note: The output delay is counted starting at the rising edge if t158gcLkouT iS noninverting. Otherwise, it
is counted starting at the falling edge.

Figure 18. eTSEC IEEE 1588 Output AC Timing

This figure shows the data and command input AC timing diagram.
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Figure 19. eTSEC IEEE 1588 Input AC Timing
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This figure shows the AC timing diagram of the local bus interface.
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Figure 21. Enhanced Local Bus Signals
Figure 22 applies to all three controllers that eLBC supports: GPCM, UPM, and FCM.

For input signals, the AC timing data is used directly for all three controllers.

For output signals, each type of controller provides its own unique method to control the signal timing. The final signal delay
value for output signals is the programmed delay plus the AC timing delay. For example, for GPCM, LCS can be programmed
to delay by toes (0, ¥4, %, 1, 1 + %, 1 + %, 2, 3 cycles), so the final delay is t,.s + t g owv:
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Table 56. 12C DC Electrical Characteristics (OVpp = 3.3 V) (continued)

For recommended operating conditions, see Table 3.

Parameter Symbol Min Max Unit Note

Pulse width of spikes which must be suppressed by the input | okl 0 50 ns 3
filter

Input current each 1/O pin (input voltage is between I —40 40 A 4
0.1 x OVDD and 0.9 x OVDD(maX)

Capacitance for each I/0 pin C — 10 pF —
Note:

1. The min V| and max V4 values are based on the respective min and max OV values found in Table 3.

2. Output voltage (open drain or open collector) condition = 3 mA sink current.

3. See the chip reference manual for information about the digital filter used.

4. 1/0 pins obstruct the SDA and SCL lines if OVpp is switched off.
2.18.2 I1°C AC Electrical Specifications
This table provides the 12C AC timing specifications.

Table 57. I2C AC Timing Specifications
For recommended operating conditions, see Table 3.
Parameter Symbol' Min Max Unit | Note

SCL clock frequency floc 0 400 kHz 2
Low period of the SCL clock tiocL 1.3 — us —
High period of the SCL clock tiocH 0.6 — us —
Setup time for a repeated START condition tioSVKH 0.6 — us —
Hold time (repeated) START condition (after this period, tiosxKL 0.6 — us —
the first clock pulse is generated)

Data setup time tioDVKH 100 — ns —
Data input hold time: tioDXKL us 3

CBUS compatible masters — —
I°C bus devices 0 —

Data output delay time tioovkL — 0.9 us 4
Setup time for STOP condition tioPVKH 0.6 — us —
Bus free time between a STOP and START condition tioKHDX 1.3 — us —
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2.19.2 GPIO AC Timing Specifications

This table provides the GP1O input and output AC timing specifications.
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 tp)yp to ensure proper operation.

This figure provides the AC test load for the GPIO.

Output {) Zo =500 () - V\é\é 3 OVpp/2
L -
e nd

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 RapidlO, 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.
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Table 82. SATA Reference Clock Input Requirements (continued)

For recommended operating conditions, see Table 3.

Parameter Symbol Min Typ Max Unit Note
SD_REF_CLK/SD_REF_CLK cycle-to-cycle toLk_cu — — 100 ps 2
clock jitter (period jitter)

SD_REF_CLK/SD_REF_CLK total reference toLk Py -50 — +50 ps 2,34
clock jitter, phase jitter (peak-peak)

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 10712

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

This figure shows the reference clock timing waveform.

Ref_CLK

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 Genli or 1.5 Gbits/s
transmission. The AC timing specifications do not include RefClIk jitter.

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 Tul 666.4333 666.6667 670.2333 ps —
Total jitter data-data 5 Ul UsaTA_TXTJ5UI — — 0.355 Ul p-p 1
Total jitter, data-data 250 Ul Usata_TxTJ250U1 — — 0.47 Ul p-p 1
Deterministic jitter, data-data 5 Ul UsaTA_TXDJ5UI — — 0.175 Ul p-p 1
Deterministic jitter, data-data 250 Ul UsaTa_TXDJ250UI — — 0.22 Ul p-p 1
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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 RefCIk jitter.

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 Tul 333.2167 333.3333 335.1167 ps —
Total jitter fo3gp = fgaup + 10 Usata_TxTJtB/10 — — 0.46 Ul p-p 1
Total jitter foaqp = fgaup + 500 UsaTA_TXTJfB/500 — — 0.60 Ul p-p 1
Total jitter foggp = faup + 1667 Usata_TxTJiB/1667 — — 0.65 Ulp-p 1
Deterministic jitter, foggg = fgaup + 10 UsaTA_TXDJB/10 — — 0.35 Ul p-p 1
Deterministic jitter, foagg = fgaup + 500 | Usata TXDJB/500 — — 0.42 Ul p-p 1
Deterministic jitter, foagp = feaup + 1667 | Usata_TxDJB/1667 — — 0.35 Ul p-p 1

Note:
1. Measured at receiver.

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-Q
output impedance. Each input of the SerDes receiver differential pair features 50-Q 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 SGMI|I
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

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.

SGMII Transmit DC Timing Specifications

Table 87. SGMII DC Transmitter Electrical Characteristics (XVpp =1.5V or 1.8 V)

For recommended operating conditions, see Table 3.

Parameter Symbol Min Typ Max Unit Note
Output high voltage VoH — — 1.5x IVopl.max | mV 1
Output low voltage VoL IVopl-min/2 — — mV 1
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3.1.4 e500mc Core Complex PLL Select

The clock frequency of each the e500mc core 0—3 complex is determined by the binary value of the RCW field CCn_PLL_SEL.
These tables describe the supported ratios for each core complex 0-3, where each individual core complex can select a
frequency from the table.

Table 96. e500mc Core Complex [0,1] PLL Select

Binary Value of Cn_PLL_SEL for n=[0,1] e500mc:Core Cluster Ratio
0000 CC1PLLA
0001 CC1PLL/2
0100 CC2PLLAN
All Others Reserved

Table 97. e500mc Core Complex [2,3] PLL Select

Binary Value of Cn_PLL_SEL for n=[0,1] e500mc:Core Cluster Ratio
0000 CC1PLLA
0100 CC2PLLAN
0101 CC2 PLL /2
All Others Reserved

3.1.5 DDR Controller PLL Ratios

The single DDR memory controller complexes can be asynchronous to the platform, depending on configuration.

Table 98 describes the clock ratio between the DDR memory controller PLLs and the externally supplied SYSCLK input
(asynchronous mode).

In asynchronous DDR mode, the DDR data rate to SYSCLK ratios supported are listed in this table. This ratio is determined by
the binary value of the RCW configuration field MEM_PLL_RAT[10:14].

The RCW configuration field MEM_PLL_CFG[8:9] must be set to MEM_PLL_CFG[8:9] = 0b01 if the applied DDR PLL
reference clock frequency is greater than the cutoff frequency listed in Table 98 for asynchronous DDR clock ratios; otherwise,
set MEM_PLL_CFG[8:9] = 0b00.

NOTE

The RCW Configuration field DDR_SYNC (bit 184) must be set to 0b0 for asynchronous
mode.

The RCW Configuration field DDR_RATE (bit 232) must be set to b’0 for asynchronous
mode

The RCW Configuration field DDR_RSVO (bit 234) must be set to b’0 for all ratios.
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to the ground plane. Use ceramic chip capacitors with the highest possible self-resonant frequency. All traces must be kept short,
wide, and direct.

1.0Q
2o o—ww—tg- *
2.2 pF! 2.2 pF!

L ? I

GND

l O AVpp_srpsn
0.003 pF

Figure 51. SerDes PLL Power Supply Filter Circuit

Note the following:
*  AVpp srpsn Must be a filtered version of SVpp.
. Signalg on the SerDes interface are fed from the XVpp power plane.
*  \oltage for AVpp srpsn is defined at the PLL supply filter and not the pin of AVpp srpsn:
* A0805 sized capa_citor is recommended for system initial bring-up. B

3.3.2 XVpp Power Supply Filtering

XVpp may be supplied by a linear regulator or sourced by a filtered GVpp. Systems may design in both options to allow
flexibility to address system noise dependencies.

An example solution for XV filtering, where XVpp is sourced from GVpp, is illustrated in Figure 52. The component values
in this example filter is system dependent and are still under characterization, component values may need adjustment based on
the system or environment noise.

Where:
Cl=2.2 uF + 10%, X5R, with ESL <0.5 nH
C2 =22 uF £ 10%, X5R, with ESL <0.5 nH
F1 =120 Q at 100-MHz 2A 25% 0603 Ferrite
F2 =120 O at 100-MHz 2A 25% 0603 Ferrite
Bulk and decoupling capacitors are added, as needed, per power supply design.

Bulk and F1

XVpp 0— Decoupling GVpp
Capacitors | 1 l fcz

GND
Figure 52. XVpp Power Supply Filter Circuit

3.3.3 USB_Vpp_1P0 Power Supply Filtering

USB_Vpp_1P0 must be sourced by afiltered Vpp ca cg_pL Using a star connection. An example solution for USB_Vpp_1P0
filtering, where USB_Vpp_1PO0 is sourced from Vpp ca cg_pLs IS illustrated in Figure 53. The component values in this
example filter is system dependent and are still under characterization; component values may need adjustment based on the
system or environment noise.
Where:

C1=2.2 uF +20%, X5R, with Low ESL (for example, Panasonic ECJOEB0J225M)

F1 =120 O at 100-MHz 2A 25% Ferrite (for example, Murata BLM18PG121SH1)

Bulk and decoupling capacitors are added, as needed, per power supply design.
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Figure 57. Aurora 70 Pin Connector Duplex Pinout
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