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1.6

USB Dual-Role Controller

The MPC8313E USB controller includes the following features:

1.7

Supports USB on-the-go mode, which includes both device and host functionality, when using an
external ULPI (UTMI + low-pin interface) PHY

Compatible with Universal Serial Bus Specification, Rev. 2.0
Supports operation as a stand-alone USB device

— Supports one upstream facing port

— Supports three programmable USB endpoints

Supports operation as a stand-alone USB host controller

— Supports USB root hub with one downstream-facing port
— Enhanced host controller interface (EHCI) compatible

Supports high-speed (480 Mbps), full-speed (12 Mbps), and low-speed (1.5 Mbps) operation.
Low-speed operation is supported only in host mode.

Supports UTMI + low pin interface (ULPI) or on-chip USB 2.0 full-speed/high-speed PHY

Dual Enhanced Three-Speed Ethernet Controllers (eTSECS)

The MPC8313E eTSECs include the following features:

Two RGMII/SGMII/MII/RMII/RTBI interfaces

Two controllers designed to comply with IEEE Std 802.3®, 802.3u®, 802.3x®, 802.3z®,
802.3au®, and 802.3ab®

Support for Wake-on-Magic Packet™, a method to bring the device from standby to full operating
mode

MII management interface for external PHY control and status
Three-speed support (10/100/1000 Mbps)

On-chip high-speed serial interface to external SGMII PHY interface
Support for IEEE Std 1588™

Support for two full-duplex FIFO interface modes

Multiple PHY interface configuration

TCP/IP acceleration and QoS features available

IP v4 and IP v6 header recognition on receive

IP v4 header checksum verification and generation

TCP and UDP checksum verification and generation
Per-packet configurable acceleration

Recognition of VLAN, stacked (queue in queue) VLAN, IEEE Std 802.2®, PPPoE session, MPLS
stacks, and ESP/AH IP-security headers

Transmission from up to eight physical queues.
Reception to up to eight physical queues

MPC8313E PowerQUICC Il Pro Processor Hardware Specifications, Rev. 4

Freescale Semiconductor



2.1

Overall DC Electrical Characteristics

This section covers the ratings, conditions, and other characteristics.

2.1.1

Absolute Maximum Ratings

This table provides the absolute maximum ratings.

Table 1. Absolute Maximum Ratings

1

Characteristic Symbol Max Value Unit | Note
Core supply voltage Vpp -0.3t0 1.26 \% —
PLL supply voltage AVpp -0.3t01.26 \% —
Core power supply for SerDes transceivers XCOREVpp -0.3t0 1.26 \% —
Pad power supply for SerDes transceivers XPADVpp -0.3t01.26 \% —
DDR and DDR2 DRAM I/O voltage GVpp —-0.3102.75 \% —
—-0.3101.98

PCI, local bus, DUART, system control and power management, IZC, NVpp/LVpp -0.31t0 3.6 V —
and JTAG I/O voltage
eTSEC, USB LVppa/Vope -0.3t0 3.6 \Y —
Input voltage DDR DRAM signals MV —0.3to (GVpp + 0.3) \Y 2,5

DDR DRAM reference MVRer —-0.3to (GVpp + 0.3) \Y, 2,5

Enhanced three-speed Ethernet signals LV|n —0.3to (LVppa + 0.3) \Y 4,5

-0.3t0 (L\(;rDDB +0.3)

Local bus, DUART, SYS_CLK_IN, system control, NVin —0.3t0 (NVpp + 0.3) \ 3,5

and power management, I°C, and JTAG signals

PCI NV -0.3t0 (NVpp + 0.3) % 6
Storage temperature range Tsta —55to 150 °C —

Notes:

1. Functional and tested operating conditions are given in Table 2. Absolute maximum ratings are stress ratings only, and

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: MV must not exceed GVpp 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: NV,y must not exceed NVpp 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: LV y must not exceed LVppa/LVppg 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.

2.1.2

Power Supply Voltage Specification

This table provides the recommended operating conditions for the MPC8313E. Note that the values in this
table are the recommended and tested operating conditions. If a particular block is given a voltage falling
within the range in the Recommended Value column, the MPC8313E is capable of delivering the amount
of current listed in the Current Requirement column; this is the maximum current possible. Proper device
operation outside of these conditions is not guaranteed.
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Table 3. Output Drive Capability (continued)

Driver Type Output Impedance (Q) Supply Voltage
DDR2 signal 18 GVpp =18V
DUART, system control, 1°C, JTAG, SPI 42 NVpp =3.3V
GPIO signals 42 NVpp =3.3V
eTSEC signals 42 LVppa, LVppg = 2.5/3.3V
USB signals 42 LVppg=2.5/3.3V

2.2 Power Sequencing

The MPCB8313E does not require the core supply voltage (Vpp and Vppc) and 1/0 supply voltages
(GVpp, LVpp, and NVpp) to be applied in any particular order. Note that during power ramp-up, before
the power supplies are stable and if the 1/0 voltages are supplied before the core voltage, there might be a
period of time that all input and output pins are actively driven and cause contention and excessive current.
In order to avoid actively driving the 1/0 pins and to eliminate excessive current draw, apply the core
voltage (Vpp and Vppc) before the 1/0 voltage (GVpp, LVpp, and NVpp) and assert PORESET before
the power supplies fully ramp up. In the case where the core voltage is applied first, the core voltage supply
must rise to 90% of its nominal value before the 1/O supplies reach 0.7 V; see Figure 3. Once both the
power supplies (1/0 voltage and core voltage) are stable, wait for a minimum of 32 clock cycles before
negating PORESET.

Note that there is no specific power down sequence requirement for the MPC8313E. 1/O voltage supplies
(GVpp, LVpp, and NVpp) do not have any ordering requirements with respect to one another.

0 I/O Voltage (GVDD' GVDD’ and NVDD)

/I___ _____ —

\%

Core Voltage (Vpp, Vppce)

T |

I 0.7V
0 :

90% |/

l |
T4 >

0 . t
PORESET |/

<
<

tsys_cLk_INtpci_sync N >= 32 clocks

Figure 3. Power-Up Sequencing Example
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3

Power Characteristics

The estimated typical power dissipation, not including 1/O supply power, for this family of MPC8313E
devices is shown in this table. Table 5 shows the estimated typical 1/O power dissipation.

Table 4. MPC8313E Power Dissipation?

Core Frequency CSB Frequency Typical? Maximum for Maximum for Unit
(MHz) (MHz) yp Rev. 1.0 Silicon® | Rev. 2.x or Later Silicon®

333 167 820 1020 1200 mw

400 133 820 1020 1200 mw

Note:

1. The values do not include 1/0 supply power or AVpp, but do include core, USB PLL, and a portion of SerDes digital power
(not including XCOREVpp, XPADVpp, or SDAVpp, which all have dedicated power supplies for the SerDes PHY).

2. Typical power is based on a voltage of Vpp = 1.05 V and an artificial smoker test running at room temperature.

3. Maximum power is based on a voltage of Vpp = 1.05 V, a junction temperature of T; = 105°C, and an artificial smoker test.

This table describes a typical scenario where blocks with the stated percentage of utilization and
impedances consume the amount of power described.

Table 5. MPC8313E Typical I/O Power Dissipation

LVppa/ | LVppa/
Interface Parameter (Cl;'\éD\';’) (Cz;'\éD\';’) (’;\g‘)\'}’) WVppbe | Vops (;\gD\':}) Unit | Comments
' ' ' B3V) | 25V) '
DDR 1, 60% utilization, 333 MHz, — 0.355 — — — — w —
50% read/write 32 bits
Ry=220 266 MHz, | — | 0323 | — — — — | w —
R; =50 Q ;
. . 32 bits
single pair of clock
capacitive load: data = 8 pF,
control address = 8 pF,
clock = 8 pF
DDR 2, 60% utilization, 333 MHz, 0.266 — — — — — W —
50% read/write 32 bits
Rs=22Q 266 MHz, | 0.246 | — — — — — |w —
R=75Q ;
) . 32 bits
single pair of clock
capacitive load: data = 8 pF,
control address = 8 pF,
clock = 8 pF
PCI 1/O load = 50 pF 33 MHz — — 0.120 — — — W —
66 MHz — — 0.249 — — — W —
Local bus I/0 load = 20 pF 66 MHz — — — — — 0.056 w —
50 MHz — — — — — 0.040 | W —
TSEC I/0 load = 20 pF MII, — — — 0.008 — — W Multiple by
25 MHz number of
RGMII, — = [ = [ oors | ooas | — | w |Interfaceused
125 MHz
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5.2 RESET AC Electrical Characteristics

This table provides the reset initialization AC timing specifications.

Table 10. RESET Initialization Timing Specifications

Parameter/Condition Min Max Unit Note
Required assertion time of HRESET or SRESET (input) to activate reset flow 32 — tpci_sYNC_IN 1
Required assertion time of PORESET with stable clock and power applied to 32 — tsys_cLK N 2
SYS_CLK_IN when the device is in PCI host mode
Required assertion time of PORESET with stable clock and power applied to 32 — tpci_sYNC_IN 1
PCI_SYNC_IN when the device is in PCI agent mode
HRESET assertion (output) 512 — tpci_sYNC_IN 1
Input setup time for POR configuration signals (CFG_RESET_SOURCE][0:3] 4 — tsys cLk N 2
and CFG_CLK_IN_DIV) with respect to negation of PORESET when the
device is in PCI host mode
Input setup time for POR configuration signals (CFG_RESET_SOURCE[0:2] 4 — tpcl_sYNC_IN 1
and CFG_CLKIN_DIV) with respect to negation of PORESET when the
device is in PCl agent mode
Input hold time for POR configuration signals with respect to negation of 0 — ns —
HRESET
Time for the device to turn off POR configuration signal drivers with respect — 4 ns 3
to the assertion of HRESET
Time for the device to turn on POR configuration signal drivers with respect to 1 — thci_sYNC_IN 1,3

the negation of HRESET

Notes:

1. tpc) sync I is the clock period of the input clock applied to PCI_SYNC_IN. When the device is In PCI host mode the
primary ciock is applied to the SYS_CLK_IN input, and PCI_SYNC_IN period depends on the value of CFG_CLKIN_DIV.

2. tgys cLk NS the clock period of the input clock applied to SYS_CLK_IN. Itis only valid when the device is in PCI host mode.

3. POR configuration signals consists of CFG_RESET_SOURCE[0:2] and CFG_CLKIN_DIV.

This table provides the PLL lock times.

Table 11. PLL Lock Times

Parameter/Condition Min

Max

Unit

Note

PLL lock times —

100

us

6 DDR and DDR2 SDRAM

This section describes the DC and AC electrical specifications for the DDR SDRAM interface. Note that
DDR SDRAM is GVpp(typ) = 2.5 V and DDR2 SDRAM is GVpp(typ) = 1.8 V.
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6.1

DDR and DDR2 SDRAM DC Electrical Characteristics

This table provides the recommended operating conditions for the DDR2 SDRAM component(s) when

Table 12. DDR2 SDRAM DC Electrical Characteristics for GVpp(typ) =1.8 V

Parameter/Condition Symbol Min Max Unit Note
I/0 supply voltage GVpp 1.7 1.9 1
I/O reference voltage MVRer 0.49 x GVpp 0.51 x GVpp \ 2
I/0 termination voltage Vi1 MVggg — 0.04 MVggg + 0.04 \ 3
Input high voltage Viy MVggg + 0.125 GVpp +0.3 \Y —
Input low voltage Vi -0.3 MVggg — 0.125 \ —
Output leakage current loz -9.9 9.9 pA 4
Output high current (Vo1 = 1.420 V) loH -13.4 — mA —
Output low current (Vo = 0.280 V) loL 13.4 — mA —

Notes:

1. GVpp is expected to be within 50 mV of the DRAM GVp, at all times.
2. MVRggE is expected to be equal to 0.5 x GVpp, and to track GVpp DC variations as measured at the receiver. Peak-to-peak
noise on MVggr may not exceed 2% of the DC value.
3. V17 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 MVggg. This rail should track variations in the DC level of MVggr.
4. Output leakage is measured with all outputs disabled, 0 V < Vg1 < GVpp.

This table provides the DDR2 capacitance when GVpp(typ) = 1.8 V.
Table 13. DDR2 SDRAM Capacitance for GVpp(typ) = 1.8 V

Parameter/Condition Symbol Min Max Unit Note
Input/output capacitance: DQ, DQS, DQS Co 6 8 pF 1
Delta input/output capacitance: DQ, DQS, DQS Coio — 0.5 pF 1

Note:

1. This parameter is sampled. GVpp = 1.8V £0.090 V, f =1 MHz, Tp = 25°C, Vout = GVpp/2, VouT (Peak-to-peak) = 0.2 V.

This table provides the recommended operating conditions for the DDR SDRAM component(s) when

Table 14. DDR SDRAM DC Electrical Characteristics for GVpp(typ) = 2.5V

Parameter/Condition Symbol Min Max Unit Note
I/0O supply voltage GVpp 2.3 2.7 1
I/O reference voltage MVRer 0.49 x GVpp 0.51 x GVpp \Y, 2
I/O termination voltage V17 MVRgg — 0.04 MVRgg + 0.04 \Y 3
Input high voltage \m MVRgg + 0.15 GVpp+ 0.3 \Y, —
Input low voltage Vi -0.3 MVRgg — 0.15 \Y, —
MPC8313E PowerQUICC Il Pro Processor Hardware Specifications, Rev. 4
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Table 14. DDR SDRAM DC Electrical Characteristics for GVpp(typ) = 2.5 V (continued)

Parameter/Condition Symbol Min Max Unit Note
Output leakage current loz -9.9 -9.9 pA 4
Output high current (Vo1 =1.95 V) loH -16.2 — mA —
Output low current (Voyt = 0.35 V) loL 16.2 — mA —
Note:
1. GVpp is expected to be within 50 mV of the DRAM GVpp, at all times.
2.

noise on MVggr may not exceed +2% of the DC value.
3.

equal to MVigg. This rail should track variations in the DC level of MVggg.
4. Output leakage is measured with all outputs disabled, 0 V < Vgoyt < GVpp.

This table provides the DDR capacitance when GVpp(typ) = 2.5 V.
Table 15. DDR SDRAM Capacitance for GVpp(typ) =2.5V

MVRgg is expected to be equal to 0.5 x GVpp, and to track GVpp DC variations as measured at the receiver. Peak-to-peak

V7 is not applied directly to the device. It is the supply to which far end signal termination is made and is expected to be

Parameter/Condition Symbol Min Max Unit Note
Input/output capacitance: DQ, DQS Cpo 6 8 pF 1
Delta input/output capacitance: DQ, DQS Coio — 0.5 pF 1

Note:

1. This parameter is sampled. GVpp = 2.5V £ 0.125V, f=1 MHz, Ty = 25°C, Vout = GVpp/2, VouT (peak-to-peak) = 0.2 V.

This table provides the current draw characteristics for MVgg.

Table 16. Current Draw Characteristics for MVggg

Parameter/Condition Symbol Min Max Unit

Note

Current draw for MVggg IMVREF -

500 A

Note:
1. The voltage regulator for MVggr must be able to supply up to 500 pA current.

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

6.2.1 DDR and DDR2 SDRAM Input AC Timing Specifications

This table provides the input AC timing specifications for the DDR2 SDRAM when GVpp(typ) = 1.8 V.

Table 17. DDR2 SDRAM Input AC Timing Specifications for 1.8-V Interface

At recommended operating conditions with GVpp of 1.8 + 5%.

Parameter Symbol Min Max Unit Note
AC input low voltage Vi — MVRgg — 0.25 \Y, —
AC input high voltage \m MVRgg + 0.25 — \Y, —
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This table provides the input AC timing specifications for the DDR SDRAM when GVpp(typ) = 2.5 V.

Table 18. DDR SDRAM Input AC Timing Specifications for 2.5-V Interface

At recommended operating conditions with GVpp of 2.5 + 5%.

Parameter Symbol Min Max Unit Note
AC input low voltage VL — MVRgg — 0.31 \Y, —
AC input high voltage ViH MVgge + 0.31 — \Y, —
This table provides the input AC timing specifications for the DDR2 SDRAM interface.

Table 19. DDR and DDR2 SDRAM Input AC Timing Specifications
At recommended operating conditions. with GVpp of 2.5 + 5%.
Parameter Symbol Min Max Unit Note

Controller skew for MDQS—MDQ tciskew — — ps 1,2
333 MHz — —750 750 — —
266 MHz — —750 750 — —

Notes:

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

is captured with MDQS|n]. This should be subtracted from the total timing budget.

2. The amount of skew that can be tolerated from MDQS to a corresponding MDQ signal is called tp;skgw. This can be
determined by the following equation: tp,skew = * (T/4 — abs(tc;skew)) Where T is the clock period and abs(tc;skew) is the

absolute value of tciskew-

This figure illustrates the DDR input timing diagram showing the tp sk timing parameter.

ek Y NN
MCK{n] /\ /\ /\ | /\ /\
< tmek ——> | | | I I
| | | | | | | |
I I ! | | | I I
MDQS[n] l l / x: /! \ / l
| I\_7 | | | |
I I : | I I
MDQ[X] | ! DO & D1>§$8§< : : :
: : —> <—tD|s|I(EW : : :
L osew ] < | | | |

Figure 4. DDR Input Timing Diagram
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NOTE
For the ADDR/CMD setup and hold specifications in Table 21, it is
assumed that the clock control register is set to adjust the memory clocks by
1/2 applied cycle.
This figure shows the DDR SDRAM output timing for the MCK to MDQS skew measurement
(toDKHMH)-

MCK[n] \./ \.
MCK{n] |

MDQS

|
|
|
I
]
|
|
|l«— tDDKH'MH(min) =-0.6 ns
|
|
|
MDQS |
|

Figure 5. Timing Diagram for tppkHmH

This figure shows the DDR and DDR2 SDRAM output timing diagram.

| |
—> |« DDKHMH

|
|
|
|
|
|
|
|
|
|
|
| |
| |
| | | |
| | | | |
| | | | |
! ‘\_'_ ! —> t
| —>|, |<—tppKHDS | | DKHME
| | |

vk v N ——T——
MCKIn] /\ /\ /\ /\ /\ /\

< tMCK | | | |

| | | |

—> :<— tDDKHIASvtDDKHC}S : : :

—>: #—tDDKHAﬁo tDDKHC)gI : :

| | | |

ADDR/CMD Write AO NOOP | I I I

* | | | |

| | | | |

tbpKHMP l— ! : :

| |

| |

| |

|

MDQSIn]
Ll > ‘<—tDD.KLDS !
MDQ[x] DO D1

—>‘ <— tppKLDX

—>|  <—IppKkHDX
Figure 6. DDR and DDR2 SDRAM Output Timing Diagram
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8.2.2 RGMII and RTBI AC Timing Specifications
This table presents the RGMII and RTBI AC timing specifications.

Table 30. RGMII and RTBI AC Timing Specifications

At recommended operating conditions with LVppa/LVppg 0f 2.5 V + 5%.

Parameter/Condition Symboll Min Typ Max Unit

Data to clock output skew (at transmitter) tskrGT -0.5 — 0.5 ns
Data to clock input skew (at receiver) 2 tsKkRGT 1.0 — 2.6 ns
Clock cycle duration 3 traT 7.2 8.0 8.8 ns
Duty cycle for 1000Base-T % ® treThitRGT 45 50 55 %
Duty cycle for 10BASE-T and 100BASE-TX 3 ° treTHtRGT 40 50 60 %
Rise time (20%—-80%) tRGTR — — 0.75 ns
Fall time (20%—-80%) tReTE — — 0.75 ns
GTX_CLK125 reference clock period toe © — 8.0 — ns
GTX_CLK125 reference clock duty cycle tg125H/te1o5 47 — 53 %
Note:

1. Note that, in general, the clock reference symbol representation for this section is based on the symbols RGT to represent

oo

RGMII and RTBI timing. For example, the subscript of trT represents the RTBI (T) receive (RX) clock. Note also that the
notation for rise (R) and fall (F) times follows the clock symbol that is being represented. For symbols representing skews,
the subscript is skew (SK) followed by the clock that is being skewed (RGT).

This implies that PC board design requires clocks to be routed such that an additional trace delay of greater than 1.5 ns is
added to the associated clock signal.

For 10 and 100 Mbps, tgrgT Scales to 400 ns = 40 ns and 40 ns + 4 ns, respectively.

Duty cycle may be stretched/shrunk during speed changes or while transitioning to a received packet's clock domains as
long as the minimum duty cycle is not violated and stretching occurs for no more than three tgt of the lowest speed
transitioned between.

Duty cycle reference is LVppa/2 or LVppg/2.

This symbol is used to represent the external GTX_CLK125 and does not follow the original symbol naming convention.
The frequency of RX_CLK should not exceed the GTX_CLK125 by more than 300 ppm
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This figure shows the RGMII and RTBI AC timing and multiplexing diagrams.

€ tRGT

tRGTH —
GTX_CLK /|
(At Transmitter)

ISKRGT —>| <—
o XropoXBefial X K K X
X CTL XXX X kX

—> tskrGT
TX_CLK
(At PHY)

Solrae _ KoorXSETER_ X —

tskrRGT —>|

R L NEENGEE X XX

—> tskrGT
RX_CLK
(At PHY)

Figure 14. RGMIl and RTBI AC Timing and Multiplexing Diagrams

8.3 SGMII Interface Electrical Characteristics

Each SGMII port features a 4-wire AC-coupled serial link from the dedicated SerDes interface of
MPCB8313E as shown in Figure 15, where Ctx is the external (on board) AC-coupled capacitor. Each
output pin of the SerDes transmitter differential pair features a 50-Q output impedance. Each input of the
SerDes receiver differential pair features 50-Q on-die termination to XCOREVSS. The reference circuit
of the SerDes transmitter and receiver is shown in Figure 33.

When an eTSEC port is configured to operate in SGMII mode, the parallel interface’s output signals of
this eTSEC port can be left floating. The input signals should be terminated based on the guidelines
described in Section 22.5, “Connection Recommendations,” as long as such termination does not violate
the desired POR configuration requirement on these pins, if applicable.

When operating in SGMII mode, the TSEC_GTX_CLK125 clock is not required for this port. Instead, the
SerDes reference clock is required on SD_REF_CLK and SD_REF_CLK pins.

8.3.1 DC Requirements for SGMII SD_REF_CLK and SD_REF_CLK

The characteristics and DC requirements of the separate SerDes reference clock are described in Section 9,
“High-Speed Serial Interfaces (HSSI).”
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8.3.2

AC Requirements for SGMII SD_REF CLK and SD_REF _CLK

This table lists the SGMII SerDes reference clock AC requirements. Note that SD_REF_CLK and
SD_REF_CLK are not intended to be used with, and should not be clocked by, a spread spectrum clock

source.
Table 31. SD_REF_CLK and SD_REF_CLK AC Requirements
Symbol Parameter Description Min Typ Max Unit
tREE REFCLK cycle time — 8 — ns
trercy | REFCLK cycle-to-cycle jitter. Difference in the period of any two — — 100 ps
adjacent REFCLK cycles
treppy | Phase jitter. Deviation in edge location with respect to mean -50 — 50 ps
edge location
8.3.3 SGMII Transmitter and Receiver DC Electrical Characteristics

Table 32 and Table 33 describe the SGMII SerDes transmitter and receiver AC-coupled DC electrical
characteristics. Transmitter DC characteristics are measured at the transmitter outputs (SD_TX[n] and
SD_TX]n]) as depicted in Figure 16.

Table 32. SGMII DC Transmitter Electrical Characteristics

Parameter Symbol Min Typ Max Unit Note
Supply voltage XCOREVpp 0.95 1.0 1.05 \%
Output high voltage VoH — — XCOREVpp.1ypf2 | mV 1

+ |Vopl-max/2
Output low voltage VoL XCOREVpp_1yp/2 — — mV 1
- |VOD|—max/2
Output ringing VRING — — 10 %
Output differential voltage? 3 Vool 323 500 725 mV | Equalization
setting: 1.0x

Output offset voltage Vos 425 500 575 mvV 1,4
Output impedance Ro 40 — 60 Q
(single-ended)
Mismatch in a pair ARp — — 10 %
Change in Vgp between 0 and 1 AlVopl — — 25 mV
Change in Vgg between 0 and 1 AVps — — 25 mV
Output current on short to GND Isas Is — — 40 mA

Notes:

1. This will not align to DC-coupled SGMII. XCOREVpp. 1y, = 1.0 V.
2. |Vopl = [V1xn — Vxal- [Vopl is also referred as output differential peak voltage. Vrx_pirrp-p = 2*Vopl-
3. The |Vgp| value shown in the Typ column is based on the condition of XCOREVpp_vy,

= 1.0V, no common mode offset

variation (Vog =500 mV), SerDes transmitter is terminated with 100-Q differential load between TX[n] and TX[n].
4. Vpgis also referred to as output common mode voltage.
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Table 33. SGMII DC Receiver Electrical Characteristics (continued)

Parameter

Symbol

Min

Typ

Max

Unit

Note

Common mode input voltage

Vewm

VXCO revss

Notes:
1. Input must be externally AC-coupled.

VRx_DIFFp-p IS also referred to as peak to peak input differential voltage

2.
3. Vcm_acp-p is also referred to as peak to peak AC common mode voltage.
4.

On-chip termination to XCOREVgs.

8.3.4

SGMII AC Timing Specifications

This section describes the SGMII transmit and receive AC timing specifications. Transmitter and receiver
characteristics are measured at the transmitter outputs (TX[n] and TX[n]) or at the receiver inputs (RX[n]
and RX[n]) as depicted in Figure 18, respectively.

8.34.1

SGMII Transmit AC Timing Specifications

This table provides the SGMII transmit AC timing targets. A source synchronous clock is not provided.

Table 34. SGMII Transmit AC Timing Specifications

At recommended operating conditions with XCOREVpp = 1.0 V + 5%.

Parameter Symbol Min Typ Max Unit Note
Deterministic jitter JD — — 0.17 Ul p-p
Total jitter JT — — 0.35 Ul p-p
Unit interval ul 799.92 800 800.08 ps 1
Vop fall time (80%—20%) tfall 50 — 120 ps
Vop rise time (20%—-80%) trise 50 — 120 ps

Note:
1. Each Ulis 800 ps + 100 ppm.

8.3.4.2

SGMII Receive AC Timing Specifications

This table provides the SGMII receive AC timing specifications. Source synchronous clocking is not
supported. Clock is recovered from the data. Figure 17 shows the SGMII receiver input compliance mask

eye diagram.
Table 35. SGMII Receive AC Timing Specifications
At recommended operating conditions with XCOREVpp = 1.0 V + 5%.
Parameter Symbol Min Typ Max Unit Note
Deterministic jitter tolerance JD 0.37 — — Ul p-p 1
Combined deterministic and random jitter tolerance JDR 0.55 — — Ul p-p 1
Sinusoidal jitter tolerance JSIN 0.1 — — Ul p-p 1
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Table 49. I°C AC Electrical Specifications (continued)
All values refer to V, (min) and V,_(max) levels (see Table 48).

Parameter Symboll Min Max Unit
Data hold time: t|2DXKL us
CBUS compatible masters — —
I°C bus devices 0? 0.9°
Fall time of both SDA and SCL signals® tiock — 300 ns
Setup time for STOP condition tioPVKH 0.6 — us
Bus free time between a STOP and START condition tioKHDX 1.3 — us
Noise margin at the LOW level for each connected device (including VL 0.1 x NVpp — \
hysteresis)
Noise margin at the HIGH level for each connected device (including VNH 0.2 x NVpp — \Y
hysteresis)

Notes:

1. The symbols used for timing specifications follow the pattern of st two letters of functional block)(signal)(state)(reference)(state) for
inputs and tirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tjzpyky symbolizes 1°C timing
(12) with respect to the time data input signals (D) reach the valid state (V) relative to the tj,¢ clock reference (K) going to
the high (H) state or setup time. Also, t;,sxx. Symbolizes 12C timing (I2) for the time that the data with respect to the start
condition (S) went invalid (X) relative to the tj¢ clock reference (K) going to the low (L) state or hold time. Also, tjopykH
symbolizes 1°c timing (12) for the time that the data with respect to the stop condition (P) reaching the valid state (V) relative
to the tj¢ clock reference (K) going to the high (H) state or setup time. For rise and fall times, the latter convention is used
with the appropriate letter: R (rise) or F (fall).

2. The MPC8313E provides a hold time of at least 300 ns for the SDA signal (referred to the Vi, of the SCL signal) to bridge
the undefined region of the falling edge of SCL.

3. The maximum t;,pykn has only to be met if the device does not stretch the LOW period (t,¢ ) of the SCL signal.

Cpg = capacitance of one bus line in pF.

5. The MPC8313E does not follow the I2C-BUS Specifications, Version 2.1, regarding the t;,cg AC parameter.

E

This figure provides the AC test load for the 1C.
Output {} Zp=50Q () - '\_/\g\(,) o NVpp/2
€ -

Figure 46. 1°C AC Test Load
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15.2 Timers AC Timing Specifications

This table provides the Timers input and output AC timing specifications.
Table 54. Timers Input AC Timing Specifications?®

Characteristic Symbol? Min Unit

Timers inputs—minimum pulse width triwip 20 ns

Notes:
1. Input specifications are measured from the 50% level of the signal to the 50% level of the rising edge of SYS_CLK_IN.

Timings are measured at the pin.
2. Timers inputs and outputs are asynchronous to any visible clock. Timers outputs should be synchronized before use by any

external synchronous logic. Timers inputs are required to be valid for at least ttyp NS t0 ensure proper operation

This figure provides the AC test load for the Timers.

Output 4€> Z,=50Q () AN NVpp/2
RL = 50 Q
AN n

Figure 51. Timers AC Test Load

16 GPIO

This section describes the DC and AC electrical specifications for the GPIO.

16.1 GPIO DC Electrical Characteristics

This table provides the DC electrical characteristics for the GPIO when the GPIO pins are operating from
a 3.3-V supply.
Table 55. GPIO (When Operating at 3.3 V) DC Electrical Characteristics

Characteristic Symbol Condition Min Max Unit
Output high voltage VoH lon=-8.0 mA 24 —
Output low voltage VoL oL =8.0 mMA — 0.5 \Y,
Output low voltage VoL loL =3.2mA — 0.4 \
Input high voltage \m — 2.0 NVpp + 0.3 \Y,
Input low voltage Vi — -0.3 0.8 \Y,
Input current N 0V <V|NySNVpp — 5 pA

Note:
1. This specification only applies to GPIO pins that are operating from a 3.3-V supply. See Table 62 for the power supply listed
for the individual GPIO signal.
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This table provides the DC electrical characteristics for the GPIO when the GPIO pins are operating from
a 2.5-V supply.

Table 56. GPIO (When Operating at 2.5 V) DC Electrical Characteristics?!

Parameters Symbol Conditions Min Max Unit
Supply voltage 2.5 V NVpp — 2.37 2.63 \%
Output high voltage VoH loy =—-1.0 mA NVpp = min 2.00 NVpp + 0.3 \
Output low voltage VoL loL = 1.0 mA NVpp = min Vggs—0.3 0.40 \
Input high voltage Viy — NVpp = min 1.7 NVpp + 0.3 \Y
Input low voltage Vi — NVpp = min -0.3 0.70 \Y
Input high current I Vin=NVpp — 10 pA
Input low current I VN = Vss -15 — pA

Note:

1. This specification only applies to GPIO pins that are operating from a 2.5-V supply. See Table 62 for the power supply listed
for the individual GPIO signal

16.2 GPIO AC Timing Specifications

This table provides the GP10O input and output AC timing specifications.
Table 57. GPIO Input AC Timing Specifications?

Characteristic Symbol? Min Unit

GPIO inputs—minimum pulse width terwiD 20 ns

Notes:

1. Input specifications are measured from the 50% level of the signal to the 50% level of the rising edge of SYS_CLKIN. Timings
are measured at the pin.

2. GPIO inputs and outputs are asynchronous to any visible clock. GPIO outputs should be synchronized before use by any
external synchronous logic. GPIO inputs are required to be valid for at least tp\yp NS to ensure proper operation.

This figure provides the AC test load for the GPIO.
Output {) Zy=50Q <) - '\_/\g\(,) 5 NVpp/2
L

Figure 52. GPIO AC Test Load
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Table 62. MPC8313E TEPBGAII Pinout Listing (continued)

Power

Signal Package Pin Number Pin Type Supply Note
SPI
SPIMOSI/GTM1_TIN3/GTM2_TIN4/GPIO28/LSRCID4 H1 I/0 NVpp —
SPIMISO/GTM1_TGATE3/GTM2_TGATE4/GP1029/ H3 /0 NVpp —
LDVAL
SPICLK/GTM1_TOUT3/GPIO30 G1 110 NVpp —
SPISEL/GPIO31 G3 1/0 NVpp —
Power and Ground Supplies
AVpp1 F14 Power for e300 core — —
APLL
a.ov)
AVppo P21 Power for system — —
APLL (1.0V)
GVpp A2,A3,A4,A24,A25 B3, Power for DDR1 — —
B4,B5,B12,B13,B20,B21, | and DDR2 DRAM
B24,B25,B26,D1,D2,D8, 1/0 voltage
D9,D16,D17 (1.8/2.5V)
LVpp D24,D25,G23,H23,R23, | Power for local bus — —
T23,W25,Y25,AA22,AC23 3.3V)
LVppa W2,Y2 Power for eTSEC2 — —
(2.5V,3.3V)
LVppe AC8,AC9,AE4,AE5 Power for eTSEC1/ — —
USB DR
(25V,3.3V)
MVRee C14,D14 Reference voltage — —
signal for DDR
NVpp G4,H4,L.2,M2,AC16,AC17, Standard I/0 — —
AD25,AD26,AE12,AE13, voltage (3.3 V)
AE20,AE21,AE24,AE25,
AE26,AF24,AF25
Vpp K11,K12,K13,K14,K15, Power for core (1.0 — —
K16,L10,L17,M10,M17, V)
N10,N17,U12,U13,
Vppe F6,F10,F19,K6,K10,K17, Internal core logic — —
K21,P6,P10,P17,R10,R17, | constant power (1.0
T10,T17,U10,U11,U14, V)
U15,U16,U17,W6,W21,
AAB6,AA10,AA14,AAL9
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A
Table 69. Package Thermal Characteristics for TEPBGAII (continued)

Characteristic Board Type Symbol TEPBGA I Unit Note
Junction-to-case — Reic 8 °CIW 5
Junction-to-package top Natural convection Yir 7 °CIW 6
Note:

1. Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site (board)
temperature, ambient temperature, airflow, power dissipation of other components on the board, and board thermal resistance.

2. Per JEDEC JESD51-2 with the single layer board horizontal. Board meets JESD51-9 specification.

3. Per JEDEC JESD51-6 with the board horizontal.

4. Thermal resistance between the die and the printed-circuit board per JEDEC JESD51-8. Board temperature is measured on
the top surface of the board near the package.

5. Thermal resistance between the die and the case top surface as measured by the cold plate method (MIL SPEC-883 Method
1012.1).

6. Thermal characterization parameter indicating the temperature difference between package top and the junction temperature
per JEDEC JESD51-2. When Greek letters are not available, the thermal characterization parameter is written as Psi-JT.

21.2 Thermal Management Information

For the following sections, Pp = (Vpp x Ipp) + Pyj0, Where Py,q is the power dissipation of the 1/0 drivers.

21.2.1 Estimation of Junction Temperature with Junction-to-Ambient
Thermal Resistance

An estimation of the chip junction temperature, T;, can be obtained from the equation:
Ty=Ta+ (Raa x Pp)
where:
T; = junction temperature (°C)
Ta = ambient temperature for the package (°C)
Rgia = junction-to-ambient thermal resistance (°C/W)
Pp = power dissipation in the package (W)

The junction-to-ambient thermal resistance is an industry standard value that provides a quick and easy
estimation of thermal performance. As a general statement, the value obtained on a single layer board is
appropriate for a tightly packed printed-circuit board. The value obtained on the board with the internal
planes is usually appropriate if the board has low power dissipation and the components are well separated.
Test cases have demonstrated that errors of a factor of two (in the quantity T; — T,) are possible.

21.2.2 Estimation of Junction Temperature with Junction-to-Board
Thermal Resistance

The thermal performance of a device cannot be adequately predicted from the junction-to-ambient thermal
resistance. The thermal performance of any component is strongly dependent on the power dissipation of
surrounding components. In addition, the ambient temperature varies widely within the application. For
many natural convection and especially closed box applications, the board temperature at the perimeter
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Rgc IS device related and cannot be influenced by the user. The user controls the thermal environment to
change the case-to-ambient thermal resistance, R g4. For instance, the user can change the size of the heat
sink, the airflow around the device, the interface material, the mounting arrangement on the printed-circuit
board, or change the thermal dissipation on the printed-circuit board surrounding the device.

To illustrate the thermal performance of the devices with heat sinks, the thermal performance has been
simulated with a few commercially available heat sinks. The heat sink choice is determined by the
application environment (temperature, airflow, adjacent component power dissipation) and the physical
space available. Because there is not a standard application environment, a standard heat sink is not
required.

Table 70. Thermal Resistance for TEPBGAIl with Heat Sink in Open Flow

Heat Sink Assuming Thermal Grease Airflow Therma(llcl::{/(\als;stance
Wakefield 53 x 53 x 2.5 mm pin fin Natural convection 13.0
0.5 m/s 10.6
1m/s 9.7
2m/s 9.2
4 m/s 8.9
Aavid 35 x 31 x 23 mm pin fin Natural convection 14.4
0.5 m/s 11.3
1m/s 10.5
2m/s 9.9
4mls 9.4
Aavid 30 x 30 x 9.4 mm pin fin Natural convection 16.5
0.5 m/s 13.5
1m/s 12.1
2m/s 10.9
4 m/s 10.0
Aavid 43 x 41 x 16.5 mm pin fin Natural convection 145
0.5 m/s 11.7
1m/s 10.5
2m/s 9.7
4 mls 9.2

Accurate thermal design requires thermal modeling of the application environment using computational
fluid dynamics software which can model both the conduction cooling and the convection cooling of the
air moving through the application. Simplified thermal models of the packages can be assembled using the
junction-to-case and junction-to-board thermal resistances listed in Table 70. More detailed thermal
models can be made available on request.
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PORESET 4
From Target
Board Sources SRESET 9
(fany) | HRESET
HRESET 10 kQ
13 > A~
SRESET
11 > *—\/\/\/—
10 kQ
10 kQ
10 kQ
TRST
4 >
2 kQ
3
(4] o1 | VDD_SENSE e
IE‘ 5 NC
15 CHKSTP_OUT
(o] 10 kQ
11 |12 10 kQ
2 142
No pin CHKSTP_IN
R
15[ |16 o TMS
S 9
COP Connector i 1 TDO
Physical Pin Out o <
S DI
3
TCK
7
2 — NC
10 — NC
12 — NC
16 ]

Notes:

1. Some systems require power to be fed from the application board into the debugger repeater card

PORESET
SRESET
HRESET

NVpp
NVpp

NVpp

NVpp

TRST

NVpp

CHKSTP_OUT
NVpp

NVpp
CHKSTP_IN
TMS

TDO

TDI

TCK

via the COP header. In this case the resistor value for VDD_SENSE should be around 20 Q.
2. Key location; pin 14 is not physically present on the COP header.

Figure 61. JTAG Interface Connection

23 Ordering Information

Ordering information for the parts fully covered by this specification document is provided in
Section 23.1, “Part Numbers Fully Addressed by this Document.”
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