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Overview

1 Overview

The MPC8313E incorporates the €300c3 core, which includes 16 Kbytes of L 1 instruction and data caches
and on-chip memory management units (MM Us). The MPC8313E has interfaces to dua enhanced
three-speed 10/100/1000 Mbps Ethernet controllers, aDDR1/DDR2 SDRAM memory controller, an
enhanced local bus controller, a32-bit PCI controller, a dedicated security engine, aUSB 2.0 dual-role
controller and an on-chip full-speed PHY, a programmable interrupt controller, dual 1%C controllers, a
4-channel DMA controller, and a general-purpose 1/0 port. A block diagram of the MPC8313E is shown
in Figure 1.

DUART €300c3 Core w/FPU and

Dual I°C Power Management

Timers Interrupt 16-KB 16-KB Local Bus, DDR1/DDR2
GPIO Controller I-Cache D-Cache SPI Controller

! ! ! ! !
! ! ! ! !

. . USB 2.0 Gb Ethernet Gb Ethernet
1/0 Sequencer Security Engine 2.2 Host/Device/OTG MAC MAC
(10S) On-Chip
ULPT| Es pHyY

PCI DMA

Note: The MPC8313 does not include a security engine.

Figure 1. MPC8313E Block Diagram

The MPC8313E security engine (SEC 2.2) allows CPU-intensive cryptographic operationsto be offloaded
from the main CPU core. The security-processing accel erator provides hardware acceleration for the DES,
3DES, AES, SHA-1, and MD-5 algorithms,

1.1 MPC8313E Features

The following features are supported in the MPC8313E:

» Embedded PowerPC™ e300 processor core built on Power Architecture™ technology; operates at
up to 333 MHz.

» High-performance, low-power, and cost-effective host processor

 DDR1/DDR2 memory controller—one 16-/32-bit interface at up to 333 MHz supporting both
DDR1 and DDR2

» 16-Kbyte instruction cache and 16-Kbyte data cache, a floating point unit, and two integer units

» Periphera interfaces such as 32-bit PCI interface with up to 66-MHz operation, 16-bit enhanced
local businterface with up to 66-MHz operation, and USB 2.0 (full speed) with an on-chip PHY.

»  Security engine provides acceleration for control and data plane security protocols
» Power management controller for low-power consumption

» High degree of software compatibility with previous-generation PowerQUICC processor-based
designs for backward compatibility and easier software migration

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1
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Overview

1.2  Serial Interfaces
The following interfaces are supported in the MPC8313E: dual UART, dual 1°C, and an SP! interface

1.3  Security Engine

The security engine is optimized to handle all the algorithms associated with IPSec, IEEE Std 802.11i®,
and iSCSI. The security engine contains one crypto-channel, a controller, and a set of crypto execution
units (EUs). The execution units are as follows:

» Dataencryption standard execution unit (DEU), supporting DES and 3DES
» Advanced encryption standard unit (AESU), supporting AES

* Message digest execution unit (MDEU), supporting MD5, SHA1, SHA-224, SHA-256, and
HMAC with any algorithm

*  One crypto-channel supporting multi-command descriptor chains

1.4  DDR Memory Controller

The MPC8313E DDRY/DDR2 memory controller includes the following features:
* Single 16- or 32-bit interface supporting both DDR1 and DDR2 SDRAM
» Support for up to 333 MHz
» Support for two physical banks (chip selects), each bank independently addressable
* 64-Mbit to 1-Gbit devices with x8/x16/x32 data ports (no direct x4 support)

» Support for one 16-hit device or two 8-bit devices on a 16-bit bus, or one 32-bit device or two
16-bit devices on a 32-bit bus

» Support for up to 16 s multaneous open pages
»  Supports auto refresh

*  On-the-fly power management using CKE

e 1.8-/2.5-V SSTL2 compatible 1/0

1.5 PCI Controller

The MPCB8313E PCI controller includes the following features:
» PCI specification revision 2.3 compatible
» Single 32-bit data PCI interface operates at up to 66 MHz
» PCl 3.3-V compatible (not 5-V compatible)
»  Support for host and agent modes
*  On-chip arbitration, supporting three external masters on PCI
» Selectable hardware-enforced coherency

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1
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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 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 PHY

Dual Enhanced Three-Speed Ethernet Controllers (eTSECSs)

The MPCB8313E eTSECs include the following features:

Two RGMII/SGMII/MIT/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™, amethod 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 seria 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 (queuein queue) VLAN, IEEE Std 802.2®, PPPoE session, MPLS
stacks, and ESP/AH | P-security headers

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

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1
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» Full- and half-duplex Ethernet support (1000 M bps supports only full-duplex):

— |EEE 802.3 full-duplex flow control (automatic PAUSE frame generation or
software-programmed PAUSE frame generation and recognition)

— Programmable maximum frame length supports jumbo frames (up to 9.6 Kbytes) and
|EEE 802.1 virtual local area network (VLAN) tags and priority

— VLAN insertion and deletion
— Per-frame VLAN control word or default VLAN for each eTSEC
— Extracted VLAN control word passed to software separately

— Retransmission following a collision

— CRC generation and verification of inbound/outbound packets

— Programmable Ethernet preamble insertion and extraction of up to 7 bytes

* MAC address recognition:

— Exact match on primary and virtual 48-bit unicast addresses
— VRRP and HSRP support for seamless router fail-over

— Upto 16 exact-match MAC addresses supported

— Broadcast address (accept/reject)

— Hash table match on up to 512 multicast addresses

— Promiscuous mode

» Buffer descriptors backward compatible with MPC8260 and MPC860T 10/100 Ethernet
programming models

*  RMON statistics support
* 10-Kbyte internal transmit and 2-Kbyte receive FIFOs
* MII management interface for control and status

1.8 Programmable Interrupt Controller (PIC)

The programmable interrupt controller (PIC) implements the necessary functions to provide aflexible
solution for general-purpose interrupt control. The PIC programming model supports 5 external and 34
internal discrete interrupt sources. Interrupts can also be redirected to an external interrupt controller.

1.9 Power Management Controller (PMC)

The MPCB8313E power management controller includes the following features:
* Provides power management when the device is used in both host and agent modes
» Supports PCl power management 1.2 DO, D1, D2, D3hot, and D3cold states
*  On-chip split power supply controlled through external power switch for minimum standby power
» Support for PME generation in PCl agent mode, PME detection in PCI host mode
»  Supports wake-up from Ethernet (Magic Packet), USB, GPIO, and PCI (PME input as host)

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1
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1.10 Serial Peripheral Interface (SPI)

The seria peripheral interface (SPI) allowsthe MPC8313E to exchange data between other PowerQUICC
family chips, Ethernet PHY s for configuration, and peripheral devices such as EEPROMS, real-time
clocks, A/D converters, and ISDN devices.

The SPI isafull-duplex, synchronous, character-oriented channel that supports a four-wire interface
(receive, transmit, clock, and dave select). The SPI block consists of transmitter and receiver sections, an
independent baud-rate generator, and a control unit.

1.11 DMA Controller, Dual I2C, DUART, Local Bus Controller, and
Timers

The MPCB8313E provides an integrated four-channel DMA controller with the following features:

» Allows chaining (both extended and direct) through local memory-mapped chain descriptors
(accessible by local masters)

» Supports misaligned transfers

There are two 1°C controllers. These synchronous, multi-master buses can be connected to additional
devices for expansion and system development.

The DUART supports full-duplex operation and is compatible with the PC16450 and PC16550
programming models. The 16-byte FIFOs are supported for both the transmitter and the receiver.

The MPC8313E local bus controller (LBC) port allows connections with awide variety of external DSPs
and ASICs. Three separate state machines share the same external pins and can be programmed separately
to access different types of devices. The genera -purpose chip select machine (GPCM) controls accesses
to asynchronous devices using a simple handshake protocol. The three user programmable machines
(UPMs) can be programmed to interface to synchronous devices or custom ASIC interfaces. Each chip
select can be configured so that the associated chip interface can be controlled by the GPCM or UPM
controller. The FCM provides a glueless interface to parallel-bus NAND Flash E2PROM devices. The
FCM contains three basic configuration register groups—BRn, ORN, and FMR. Both may exist in the
same system. The local bus can operate at up to 66 MHz.

The MPCB8313E system timers include the following features: periodic interrupt timer, real time clock,
software watchdog timer, and two general-purpose timer blocks.

2 Electrical Characteristics

This section provides the AC and DC electrical specifications and thermal characteristics for the
MPC8313E. The MPC8313E is currently targeted to these specifications. Some of these specifications are
independent of the /O cell, but areincluded for amore completereference. These are not purely 1/0 buffer
design specifications.

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1
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Electrical Characteristics

2.1 Overall DC Electrical Characteristics

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

2.1.1 Absolute Maximum Ratings
Table 1 provides the absol ute maximum ratings.

Table 1. Absolute Maximum Ratings?®

Characteristic Symbol Max Value Unit Notes
Core supply voltage Vop -0.3t01.26 \% —
PLL supply voltage AVpp -0.3t01.26 \% —
Core power supply for SerDes transceivers XCOREVpp -0.3t01.26 \% —
Pad power supply for SerDes transceivers XPADVpp -0.3t01.26 \% —
DDR and DDR2 DRAM 1/O voltage GVpp -0.3t02.75 \Y —
-0.3t01.98

PCI, local bus, DUART, system control and power NVpp/LVpp -0.31t03.6 \Y, —
management, 1°C, and JTAG /O voltage
eTSEC, USB LVppa'Vops -0.3103.6 Y% —
Input voltage DDR DRAM signals MV |y —0.3to (GVpp + 0.3) \Y 2,5

DDR DRAM reference MVREer —0.3t0 (GVpp + 0.3) \Y, 2,5

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

-0.3to (L\c;rDDB +0.3)

Local bus, DUART, SYS_CLK_IN, system OV —0.3to (NVpp + 0.3) \% 3,5

control, and power management, I°C, and

JTAG signals

PCI OV)n —0.3t0 (NVpp + 0.3) Y 6
Storage temperature range Tste -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,y 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: OV,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 must not exceed LV ppa/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

Table 2 provides the recommended operating conditions for the MPC8313E. Note that the valuesin
Table 2 are the recommended and tested operating conditions. If aparticular block is given a voltage
falling within the range in the Recommended Value column, the MPC8313E is capable of delivering the

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1
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Electrical Characteristics

amount of current listed in the Current Requirement column; thisis the maximum current possible. Proper
device operation outside of these conditions is not guaranteed.

Table 2. Recommended Operating Conditions

Characteristic Symbol Recci/r:“rsslnded Unit Reglljirrfrrr:tent

Core supply voltage Vop 1.0V +50mVv \% 469 mA
Internal core logic constant power Vppe 1.0V £50mVv \Y 377 mA
SerDes internal digital power XCOREVpp 1.0 \Y 170 mA
SerDes internal digital ground XCOREVgg 0.0 \Y —
SerDes /O digital power XPADVpp 1.0 \Y, 10 mA
SerDes /O digital ground XPADVgg 0.0 \Y, —
SerDes analog power for PLL SDAVpp 1.0V £50mVv \Y 10 mA
SerDes analog ground for PLL SDAVgg 0.0 \Y, —
Dedicated 3.3 V analog power for USB PLL USB_PLL_PWR3 3.3V +300mV \ 2-3mA
Dedicated 1.0 V analog power for USB PLL USB_PLL_PWR1 1.0V 50 mV \Y 2-3mA
Dedicated analog ground for USB PLL USB_PLL_GND 0.0 \Y, —
Dedicated USB power for USB bias circuit USB_VDDA BIAS 3.3V =300 mV \% 4-5 mA
Dedicated USB ground for USB bias circuit USB_VSSA_BIAS 0.0 \Y —
Dedicated power for USB transceiver USB_VDDA 3.3V +300mV \Y, 75 mA
Dedicated ground for USB transceiver USB_VSSA 0.0 \Y, —
Analog power for e300 core APLL AVpp, 1.0V +50mV \ 2-3mA
Analog power for system APLL AVppo 1.0V +50mVv \Y 2-3 mA
DDR1 DRAM I/O voltage (333 MHz, 32-bit operation) GVpp 25V +125mVv \Y 131 mA
DDR2 DRAM 1/O voltage (333 MHz, 32-bit operation) GVpp 1.8V +80mVv \% 140 mA
Differential reference voltage for DDR controller MVRer 1/2 DDR supply \% —

(0.49 x GVpp to

0.51 x GVpp)

Standard I/0O voltage NVpp 3.3V + 300 mv? 74 mA
eTSEC2 IO supply LVppa 25V £125mv/ 22 mA

3.3V =300 mV
eTSEC1/USB DR 10 supply LVbpe 25V £125mVv/ \Y, 44 mA

3.3V =300 mV
Supply for eLBC 10s LVpp 3.3V +300mV 16 mA
Analog and digital ground Vgg 0.0 —
Junction temperature T, Oto 105 °C —

1 GVpp, NVpp, AVpp, and Vpp must track each other and must vary in the same direction—either in the positive or negative

direction.

2 Some GPIO pins may operate from a 2.5-V supply when configured for other functions.

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1
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Electrical Characteristics

Figure 2 shows the undershoot and overshoot voltages at the interfaces of the MPC8313E.

G/L/NVDD + 20%
G/L/NVDD +50 - J\- - ~ - - - - - - - — - — — .

Viy G/LINVpp

VSS B e RN
VSS -3y -~ ——mwW———— = = = = = = — —
Vi ||
Veg— 07V — LI _ _ __
| | Not to Exceedllo%
Note: L of tinterface

1. Note that tjerface refers to the clock period associated with the bus clock
interface.

Figure 2. Overshoot/Undershoot Voltage for GVpp/NVpp/LVpp

2.1.3 Output Driver Characteristics

Table 3 provides information on the characteristics of the output driver strengths.
Table 3. Output Drive Capability

Driver Type Output Impedance (Q) Supply Voltage
Local bus interface utilities signals 42 NVpp =3.3V
PCI signals 25
DDR signal 18 GVpp =25V
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 = 2.5/3.3 V
USB signals 42 LVppg = 2.5/3.3V

2.2 Power Sequencing

The MPC8313E does not require the core supply voltage (V pp and Vppc) and 10 supply voltages (GV pp,
LVpp, and OV pp) to beapplied in any particular order. Note that during power ramp-up, before the power
supplies are stable and if the 1/0O voltages are supplied before the core voltage, there might be a period of
timethat all input and output pins are actively driven and cause contention and excessive current. In order
to avoid actively driving the /O pins and to eliminate excessive current draw, apply the core voltage (Vpp

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1
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Power Characteristics

and Vppc) beforethe 1/0O voltage (GVpp, LVpp, and OV pp) and assert PORESET before the power
suppliesfully ramp up. In the case where the core voltage is applied first, the core voltage supply must rise
to 90% of itsnominal valuebeforethe |/O suppliesreach 0.7 V; see Figure 3. Once both the power supplies
(1/0 voltage and core voltage) are stable, wait for aminimum of 32 clock cycles before negating
PORESET.

Note that there is no specific power down sequence requirement for the MPC8313E. 1/0 voltage supplies
(GVpp, LVpp, and OV pp) do not have any ordering requirements with respect to one another.

A

|
PORESET /
< >,

|
\V/ | II/O Voltage (GVDD, GVpp, and OVDD)
| A -
| 'I
I ,/ |
I /' | Core Voltage (Vpp, Vppce)
I 7 |
I
I : |
0.7V
0,
90% I / |
l | | |
74 \ >
0 ' t
I
]
|
|

tsys_cLk_IN'trci_sync_in >= 32 clocks

Figure 3. Power-Up Sequencing Example

3 Power Characteristics

The estimated typical power dissipation, not including I/0O supply power, for this family of MPC8313E
devicesis shown in Table 4. Table 5 shows the estimated typical 1/0 power dissi pation.

Table 4. MPC8313E Power Dissipation1

Core Frequenc CSB Frequenc Maximum for Maximum for
(Mqu) y (Mqu) y Typical? Rev. 1.0 Rev. 2.x or Later Unit
Silicon3 Silicon3
333 167 820 1020 1200 mw
400 133 820 1020 1200 mw

1 The values do not include 1/O supply power or AVpp, but do include core, USB PLL, and a portion of SerDes
digital power (not including XCOREV pp, 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 Ty = 105°C, and an artificial
smoker test.

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1
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Table 5 describes atypical 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\'?) ((23\;'3\'?) (gl\gD\?) WVpps | Vpps (Ié\gD\'a) Unit | Comments
’ ’ ’ B3V) | 25V) ’
DDR 1, 60% utilization, 333 MHz, — 0.355 — — — — W —
50% read/write 32 bits
Ry=220 266 MHz, | — | 0323 | — — — — | w —
Rt =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, | 0246 | — | — — — — |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 1/0 load = 20 pF 66 MHz — — — — — 0.056 W —
50 MHz — — — — — 0.040 W —
TSEC I/O load = 20 pF Ml — — — 0.008 — — W | Multiple by
25 MHz number of
RGMII, — | = | = | oo7rs | 0o0aa | — | w '”terf‘zce
125 MHz use
USBDR controller load = 20 pF 60 MHz — — — 0.078 — — w —
Other 1/0 — — — 0.015 — — — W —

Table 6 shows the estimated core power dissipation of the MPC8313E while transitioning into the

D3 warm low-power state.

Table 6. MPC8313E Low-Power Modes Power Dissipation®

333-MHz Core, 167-MHz CSB2 Rev. 1.0 3 Rev.2xor | it
Later
D3 warm 400 425 mw

1 Allinterfaces are enabled. For further power savings, disable the clocks to unused

blocks.

2 The interfaces are run at the following frequencies: DDR: 333 MHz, eLBC 83 MHz,
PCI 33 MHz, eTSEC1 and TSEC2: 167 MHz, SEC: 167 MHz, USB: 167 MHz. See

the SCCR register for more information.
3 This is maximum power in D3 Warm based on a voltage of 1.05 V and a junction

temperature of 105°C.
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Clock Input Timing

4  Clock Input Timing
This section provides the clock input DC and AC electrical characteristics for the MPC8313E.

4.1  DC Electrical Characteristics
Table 7 providesthe system clock input (SYS_CLK_IN/PCI_SYNC_IN) DC timing specificationsfor the

MPC8313E.
Table 7. SYS_CLK_IN DC Electrical Characteristics

Parameter Condition Symbol Min Max Unit
Input high voltage — ViH 2.4 NVpp + 0.3 \Y
Input low voltage — Vi -0.3 0.4 \Y
SYS_CLK_IN input current 0V <V|y=NVpp N — +10 A
PCI_SYNC_IN input current oOV<V=s05V N — +10 UA

or
NVpp — 0.5 V <V £ NVpp

PCI_SYNC_IN input current 05V<VNSNVpp-05V N — +50 A

4.2 AC Electrical Characteristics

The primary clock source for the MPC8313E can be one of two inputs, SYS _CLK_IN or PCI_CLK,
depending on whether thedeviceisconfigured in PCI host or PCI agent mode. Table 8 providesthe system
clock input (SYS_CLK_IN/PCI_CLK) AC timing specifications for the MPC8313E.

Table 8. SYS_CLK_IN AC Timing Specifications

Parameter/Condition Symbol Min Typ Max Unit Notes
SYS_CLK_IN/PCI_CLK frequency fSYS_CLK_,N 24 — 66.67 MHz 1
SYS_CLK_IN/PCI_CLK cycle time tsys_cLk N 15 — — ns —
SYS_CLK_IN/PCI_CLK rise and fall time tens tkl 0.6 0.8 1.2 ns 2
SYS_CLK_IN/PCI_CLK duty cycle ticHk/tsys_CLK_IN 40 — 60 % 3
SYS_CLK_IN/PCI_CLK jitter — — — +150 ps 4,5

Notes:

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

2. Rise and fall times for SYS_CLK_IN/PCI_CLK are measured at 0.4 and 2.7 V.

3. Timing is guaranteed by design and characterization.

4. This represents the total input jitter—short term and long term—and is guaranteed by design.

5. The SYS_CLK_IN/PCI_CLK driver’s closed loop jitter bandwidth should be <500 kHz at —20 dB. The bandwidth must be set
low to allow cascade-connected PLL-based devices to track SYS_CLK_IN drivers with the specified jitter.

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1
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5 RESET Initialization

This section describes the DC and AC electrical specifications for the reset initialization timing and
electrical requirements of the MPC8313E.

51 RESET DC Electrical Characteristics
Table 9 provides the DC electrical characteristics for the RESET pins.

Table 9. RESET Pins DC Electrical Characteristics

RESET Initialization

Characteristic Symbol Condition Min Max Unit

Input high voltage ViH — 2.1 NVpp + 0.3 \Y
Input low voltage Vi — -0.3 0.8 \Y
Input current N 0V <V|y<NVpp — +5 UA
Output high voltage VoH lop=-8.0 mA 2.4 —

Output low voltage VoL loL =8.0 mA — 0.5

Output low voltage VoL loL=3.2mA — 0.4

5.2 RESET AC Electrical Characteristics
Table 10 provides the reset initialization AC timing specifications.

Table 10. RESET Initialization Timing Specifications
Parameter/Condition Min Max Unit Notes

Required assertion time of HRESET or SRESET (input) to activate reset flow 32 — tpcl_sYNC_IN 1
Required assertion time of PORESET with stable clock and power applied to 32 — tsys_cLk IN 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 — tpcl SYNC_IN 1
PCI_SYNC_IN when the device is in PCI agent mode

HRESET assertion (Output) 512 —_— tPCl_SYNC_lN 1
Input setup time for POR configuration signals (CFG_RESET_SOURCE[0:3] 4 — tsys_cLk IN 2
and CFG_SYS_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_SOURCEJ[0:2] 4 — tecl 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
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Table 10. RESET Initialization Timing Specifications (continued)

Parameter/Condition Min Max Unit Notes

Time for the device to turn on POR configuration signal drivers with respect to 1 — tpcl_SYNC_IN 1,3
the negation of HRESET

Notes:

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

2. tsys 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.

Table 11 providesthe PLL lock times.
Table 11. PLL Lock Times

Parameter/Condition Min Max Unit Notes

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) = 2.5V and DDR2 SDRAM is GV pp(typ) = 1.8 V.

6.1 DDR and DDR2 SDRAM DC Electrical Characteristics

Table 12 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 Notes
1/0 supply voltage GVpp 1.7 1.9 \% 1
1/0 reference voltage MVRer 0.49 x GVpp 0.51 x GVpp \Y, 2
I/0 termination voltage Vit MVggr — 0.04 MVggg + 0.04 \Y 3
Input high voltage ViH MVggg + 0.125 GVpp +0.3 \Y —
Input low voltage Vi -0.3 MVggg — 0.125 \Y —
Output leakage current loz -9.9 9.9 A 4
Output high current (Voyt = 1.420 V) loH -13.4 — mA —
Output low current (Voyt = 0.280 V) loL 13.4 — mA —

Notes:

1. GVpp is expected to be within 50 mV of the DRAM GVpp at all times.

2. MVRgk 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 MVgge may not exceed 2% of the DC value.

3. Vo7 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 MVggp.

4. Output leakage is measured with all outputs disabled, 0 V < Voyt < GVpp.

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1
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Table 13 provides the DDR2 capacitance when GVpp(typ) = 1.8 V.

Table 13. DDR2 SDRAM Capacitance for GVpp(typ) =1.8 V

DDR and DDR2 SDRAM

Parameter/Condition Symbol Min Max Unit Notes
Input/output capacitance: DQ, DQS, DQS Cio 6 8 pF 1
Delta input/output capacitance: DQ, DQS, DQS Cobio — 0.5 pF 1

Note:

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

Table 14 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 Notes
1/0 supply voltage GVpp 2.3 2.7 1
1/0 reference voltage MVRer 0.49 x GVpp 0.51 x GVpp \Y, 2
I/0 termination voltage Vit MVggg — 0.04 MVRggg + 0.04 \Y 3
Input high voltage \ MVggg + 0.15 GVpp+ 0.3 \Y —
Input low voltage Vi -0.3 MVggg —0.15 \Y —
Output leakage current loz -9.9 -9.9 HA 4
Output high current (Voyt = 1.95 V) lon -16.2 — mA —
Output low current (Voyt = 0.35 V) loL 16.2 — mA —

Notes:

1. GVpp is expected to be within 50 mV of the DRAM GVpp at all times.
2. MVRgr 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. V11 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 MVggp.
4. Output leakage is measured with all outputs disabled, 0 V < Vgyt < GVpp.

Table 15 provides the DDR capacitance when GVpp(typ) = 2.5V.

Table 15. DDR SDRAM Capacitance for GVpp(typ) =2.5V

Parameter/Condition Symbol Min Max Unit Notes
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, Tp = 25°C, Voyt = GVpp/2, Vout (peak-to-peak) = 0.2 V.
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DDR and DDR2 SDRAM

Table 16 provides the current draw characteristics for MV geg.

Table 16. Current Draw Characteristics for MVggg

Parameter/Condition

Symbol

Min

Max

Unit

Note

Current draw for MVggg

IMVREF

500

HA

Note:

1. The voltage regulator for MVggg 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

Table 17 provides the input AC timing specifications for the DDR2 SDRAM when GV pp(typ) = 1.8 V.

Table 17. DDR2 SDRAM Input AC Timing Specifications for 1.8-V Interface
At recommended operating conditions with GVp, of 1.8 + 5%.

Parameter Symbol Min Max Unit Notes
AC input low voltage Vi — MVggg - 0.25 \Y —
AC input high voltage ViH MVggg + 0.25 — \Y —

Table 18 provides the input AC timing specifications for the DDR SDRAM when GV pp(typ) = 2.5 V.

Table 18. DDR SDRAM Input AC Timing Specifications for 2.5-V Interface
At recommended operating conditions with GVp, of 2.5 + 5%.

Parameter Symbol Min Max Unit Notes
AC input low voltage Vi — MVggg—0.31 \Y —
AC input high voltage ViH MVgeg + 0.31 — \Y —
Table 19 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 Notes

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: tpgkew = * (T/4 — abs(tc;skew)) Where T is the clock period and abs(tciskew) is the

absolute value of tcigkew-
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DDR and DDR2 SDRAM

Figure 4 illustrates the DDR input timing diagram showing the tp, gk gy timing parameter.

MKl Vi VAR VA VAR VAR
MCK]n] /\ /\ /\ /\ /\ /\
«— tMek —> : : : : :
MDQIX] : : DOXS& D1 >§$8§< : ! !
: : —> <—tD|s;I<EW : : :
! tDIISKEW —> | ! | ! | |

Figure 4. DDR Input Timing Diagram

6.2.2 DDR and DDR2 SDRAM Output AC Timing Specifications
Table 20. DDR and DDR2 SDRAM Output AC Timing Specifications for Rev. 1.0 Silicon
Parameter Symbol 1 Min Max Unit Notes
MCK][n] cycle time, MCK[n)/MCK][n] crossing tvck 6 10 ns 2
ADDR/CMD output setup with respectto MCK |  tppkHas ns 3
333 MHz 21 —
266 MHz 25 —
ADDR/CMD output hold with respect to MCK tDDKHAX ns 3
333 MHz 24 —
266 MHz 3.15 —
MCS|n] output setup with respect to MCK tbbKHCS ns 3
333 MHz 24 —
266 MHz 3.15 —
MCS|n] output hold with respect to MCK tDDKHCX ns 3
333 MHz 24 —
266 MHz 3.15 —
MCK to MDQS Skew {DDKHMH -0.6 0.6 ns 4
MDQ//MDM output setup with respect to tDDKHDS, ps 5
MDQS IbDKLDS
333 MHz 800 —
266 MHz 900 —
MDQ//MDM output hold with respectto MDQS |  tppkHpx, ps 5
IDDKLDX
333 MHz 900 —
266 MHz 1100 —
MDQS preamble start topKHMP —0.5 x tyycx — 0.6 -0.5x tyck + 0.6 ns 6
MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1
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Table 20. DDR and DDR2 SDRAM Output AC Timing Specifications for Rev. 1.0 Silicon (continued)

Parameter

Symbol 1

Min

Max

Unit

Notes

MDQS epilogue end

tbDKHME

-0.6

0.6

ns

6

Notes:

1. The symbols used for timing specifications follow the pattern of tirst two letters of functional block)(signal)(state)(reference)(state) for
inputs and Utirst two letters of functional block)(reference)(state)(signal)(state) for outputs. Output hold time can be read as DDR timing
(DD) from the rising or falling edge of the reference clock (KH or KL) until the output went invalid (AX or DX). For example,
topkHas Ssymbolizes DDR timing (DD) for the time tyycx memory clock reference (K) goes from the high (H) state until
outputs (A) are setup (S) or output valid time. Also, tppk px Symbolizes DDR timing (DD) for the time tyycx memory clock

reference (K) goes low (L) until data outputs (D) are invalid (X) or data output hold time.
. All MCK/MCK referenced measurements are made from the crossing of the two signals +0.1 V.
. ADDR/CMD includes all DDR SDRAM output signals except MCK/MCK, MCS, and MDQ//MDM/MDQS.

w N

4. Note that tppkmy follows the symbol conventions described in note 1. For example, tppyHmy describes the DDR timing (DD)
from the rising edge of the MCK[n] clock (KH) until the MDQS signal is valid (MH). tppkymn €&n be modified through control
of the DQSS override bits in the TIMING_CFG_2 register. This is typically set to the same delay as the clock adjust in the
CLK_CNTL register. The timing parameters listed in the table assume that these 2 parameters have been set to the same

adjustment value. See the MPC8313E PowerQUICC™ Il Pro Integrated Processor Family Reference Manual, for a
description and understanding of the timing modifications enabled by use of these bits.

5. Determined by maximum possible skew between a data strobe (MDQS) and any corresponding bit of data (MDQ), ECC
(MECC), or data mask (MDM). The data strobe should be centered inside of the data eye at the pins of the microprocessor.
6. All outputs are referenced to the rising edge of MCK[n] at the pins of the microprocessor. Note that tppkvp follows the

symbol conventions described in note 1.

Table 21. DDR and DDR2 SDRAM Output AC Timing Specifications for Silicon Rev 2.x or Later

Parameter Symbol1 Min Max Unit Notes
MCK][n] cycle time, MCK[n)/MCK][n] crossing tvck 6 10 ns 2
ADDR/CMD output setup with respectto MCK |  tppknas ns 3
333 MHz 21 —
266 MHz 25 —
ADDR/CMD output hold with respect to MCK tDDKHAX ns 3
333 MHz 2.0 —
266 MHz 2.7 —
MCS|n] output setup with respect to MCK tDDKHCS ns 3
333 MHz 21 —
266 MHz 3.15 —
MCS[n] output hold with respect to MCK tDDKHCX ns 3
333 MHz 2.0 —
266 MHz 2.7 —
MCK to MDQS Skew {DDKHMH -0.6 0.6 ns 4
MDQ//MDM output setup with respect to tDDKHDS, ps 5
MDQS IbDKLDS
333 MHz 800 —
266 MHz 900 —
MDQ//MDM output hold with respectto MDQS |  tppkHpX, ps 5
IDDKLDX
333 MHz 750 —
266 MHz 1000 —
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DDR and DDR2 SDRAM

Table 21. DDR and DDR2 SDRAM Output AC Timing Specifications for Silicon Rev 2.x or Later (continued)

Parameter Symbol1 Min Max Unit Notes
MDQS preamble start tDDKHMP —-0.5x tyck— 0.6 -0.5x tyck + 0.6 ns 6
MDQS epilogue end tDDKHME -0.6 0.6 ns 6
Notes:
1. The symbols used for timing specifications follow the pattern of tfirst two letters of functional block)(signal)(state)(reference)(state) for

w N

inputs and tirst two letters of functional block)(reference)(state)(signal)(state) for outputs. Output hold time can be read as DDR timing
(DD) from the rising or falling edge of the reference clock (KH or KL) until the output went invalid (AX or DX). For example,
tppknas Symbolizes DDR timing (DD) for the time ty,cx memory clock reference (K) goes from the high (H) state until
outputs (A) are setup (S) or output valid time. Also, tppk px Symbolizes DDR timing (DD) for the time ty,cx memory clock
reference (K) goes low (L) until data outputs (D) are invalid (X) or data output hold time.

. All MCK/MCK referenced measurements are made from the crossing of the two signals +0.1 V.
. ADDR/CMD includes all DDR SDRAM output signals except MCK/MCK, MCS, and MDQ//MDM/MDQS.
. Note that tppkmy follows the symbol conventions described in note 1. For example, tppmy describes the DDR timing (DD)

from the rising edge of the MCK[n] clock (KH) until the MDQS signal is valid (MH). tppknmn €an be modified through control
of the DQSS override bits in the TIMING_CFG_2 register. This is typically set to the same delay as the clock adjust in the
CLK_CNTL register. The timing parameters listed in the table assume that these 2 parameters have been set to the same
adjustment value. See the MPC8313E PowerQUICC™ Il Pro Integrated Processor Family Reference Manual, for a
description and understanding of the timing modifications enabled by use of these bits.

. Determined by maximum possible skew between a data strobe (MDQS) and any corresponding bit of data (MDQ), ECC

(MECC), or data mask (MDM). The data strobe should be centered inside of the data eye at the pins of the microprocessor.

. All outputs are referenced to the rising edge of MCK|[n] at the pins of the microprocessor. Note that tppkHmp follows the

symbol conventions described in note 1.

NOTE

For the ADDR/CMD setup and hold specificationsin Table 21, it is
assumed that the clock control register is set to adjust the memory clocks by

1/2 applied cycle.
Figure 5 shows the DDR SDRAM output timing for the MCK to MDQS skew measurement (tppk HMH) -
MCK[r] \l/ \l
MCKIn] /i /i
[ tMICK —>>

— <—tDDK'HMH(max) =0.6ns

MDQS

|

|

|

| |

| |

| |

| |

|l «— tDDKH'MH(min) =-0.6ns |

| |

| |

| |
MDQS : :
|

Figure 5. Timing Diagram for tppk yvH
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Figure 6 shows the DDR and DDR2 SDRAM output timing diagram.

—> |<— !DDKHMH

MK/ v/ ————
MCK[r] /\ /\ /\ /\ /\ /\
< tMCK —> [ | | | |
| | | | | |
—> :<— tDDKHIASftDDKHC|S : : : : :
—>: #—tDDKHAﬁo tDDKHC)g' : : : :
| | | | | |
ADDR/CMD Write AO NOOP | I I I I I
P | | | | | |
| | | | | | |
toDKHMP l— : | | : |
| | | |
| | | |
| | | |
| | | |
|
|
|

T

MDQSI[n] .
|
—>»{| |<—tDDKHDS
! —! ‘<—tDDKLDS ! !
MDQ[x] DO D1

~>‘ <«— tpDKLDX

—>| <—IppKkHDX
Figure 6. DDR and DDR2 SDRAM Output Timing Diagram

Figure 7 provides the AC test |oad for the DDR bus.

Output ~© Zy=50Q O AN GVpp/2
| | RL = 50 Q

Figure 7. DDR AC Test Load

/7 DUART

This section describes the DC and AC electrical specifications for the DUART interface.

7.1 DUART DC Electrical Characteristics

Table 22 provides the DC electrical characteristics for the DUART interface.
Table 22. DUART DC Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage ViH 2.0 NVpp + 0.3 \Y
Low-level input voltage NVpp Vi -0.3 0.8 \Y
High-level output voltage, loy = —100 pA VoH NVpp—0.2 — \Y
Low-level output voltage, 1o, = 100 pA VoL — 0.2 \Y
Input current (0 V <V, < NVpp) N — 5 A
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7.2 DUART AC Electrical Specifications

Table 23 provides the AC timing parameters for the DUART interface.
Table 23. DUART AC Timing Specifications

Parameter Value Unit Notes
Minimum baud rate 256 baud —
Maximum baud rate > 1,000,000 baud 1
Oversample rate 16 — 2

Notes:

1. Actual attainable baud rate is limited by the latency of interrupt processing.

2. The middle of a start bit is detected as the 81" sampled 0 after the 1-to-0 transition of the start bit. Subsequent bit values are
sampled each 16" sample.

8 Ethernet: Three-Speed Ethernet, Ml Management

This section provides the AC and DC electrical characteristics for three-speed, 10/100/1000, and MI|
management.

8.1 Enhanced Three-Speed Ethernet Controller (eTSEC)
(10/100/1000 Mbps)—MII/RMII/RGMII/SGMII/RTBI Electrical
Characteristics

The electrical characteristics specified here apply to all the mediaindependent interface (MIl), reduced
gigabit mediaindependent interface (RGMII), serial gigabit media independent interface (SGMI1), and
reduced ten-bit interface (RTBI) signals except management data input/output (MDIO) and management
dataclock (MDC). The RGMII and RTBI interfaces are defined for 2.5 V, while the MII interface can be
operated at 3.3 V. The RMII and SGMII interfaces can be operated at either 3.3 or 2.5V. The RGMII and
RTBI interfaces follow the Hewlett-Packard reduced pin-count interface for Gigabit Ethernet Physical
Layer Device Specification Version 1.2a (9/22/2000). The electrical characteristics for MDIO and MDC
are specified in Section 8.5, “ Ethernet Management Interface Electrical Characteristics.”

8.1.1 TSEC DC Electrical Characteristics

All RGMII, RMII, and RTBI drivers and receivers comply with the DC parametric attributes specified in
Table 24 and Table 25. The RGMII and RTBI signals are based on a 2.5-V CMOS interface voltage as
defined by JEDEC EIA/JESDS-5.

Table 24. MIl DC Electrical Characteristics

Parameter Symbol Conditions Min Max Unit
Supply Voltage 3.3V LVDDA/LVDDB —_— 2.97 3.63 \Y
OUtpUt hlgh Voltage VOH IOH =—-4.0mA LVDDA or LVDDB = Min 2.40 LVDDA +0.3 \Y

or
LVDDB +0.3
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Table 24. MII DC Electrical Characteristics (continued)

Parameter Symbol Conditions Min Max Unit
Output low voltage VoL lop =4.0 mA LVppa Of LVppg = Min Vss 0.50 \Y
Input high voltage ViH — — 2.0 LVppa + 0.3 \Y

or
LVppg *+ 0.3

Input low voltage Vi — — -0.3 0.90 \Y,
Input high current iy Vint = Wppa OF LVppg — 40 A
Input low current I Vit = VSS -600 — UA
Note:

1. The symbol V|, in this case, represents the LV symbol referenced in Table 1 and Table 2.

Table 25. RGMII/RTBI DC Electrical Characteristics

Parameters Symbol Conditions Min Max Unit
Supply voltage 2.5V | LVppa/LVppe — 2.37 2.63 \%
Output high voltage VoH lop =-1.0 mA LVppa Of LVppg = Min 2.00 LVppa + 0.3 \Y

LVDD:r+ 0.3
Output low voltage VoL lo.=1.0 mA LVppa Or LVppg = Min Vgg—0.3 0.40
Input high voltage ViH — LVppa Or LVppg = Min 1.7 LVppat+ 0.3

LVDD:r+ 0.3
Input low voltage Vi — LVppa Or LVppg = Min -0.3 0.70 \Y
Input high current iy Vint = Wppa OF LVppg — 10 A
Input low current e Vint = Vss -15 — uA

Note:

1. Note that the symbol V), in this case, represents the LV |y symbol referenced in Table 1 and Table 2.

8.2

MIl, RGMII, and RTBI AC Timing Specifications

The AC timing specifications for M1I, RMII, RGMII, and RTBI are presented in this section.

8.2.1

MIl AC Timing Specifications

This section describes the M1 transmit and receive AC timing specifications.
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8.2.1.1 MIl Transmit AC Timing Specifi

cations

Table 26 provides the M1l transmit AC timing specifications.

Table 26. MIl Transmit AC Timing Specifications

Ethernet: Three-Speed Ethernet, Ml Management

At recommended operating conditions with LVppa/LVppe/NVpp of 3.3V + 0.3 V.
Parameter/Condition Symbol1 Min Typ Max Unit

TX_CLK clock period 10 Mbps tvTx — 400 — ns
TX_CLK clock period 100 Mbps tvTx — 40 — ns
TX_CLK duty cycle tTXHAMTX 35 — 65 %
TX_CLK to Ml data TXD[3:0], TX_ER, TX_EN delay IMTKHDX 1 5 15 ns
TX_CLK data clock rise V| (min) to V|y(max) tMTXR 1.0 — 4.0 ns
TX_CLK data clock fall V|y(max) to V (min) tmTxE 1.0 — 4.0 ns

Note:

1. The symbols used for timing specifications follow the pattern of tirst two letters of functional block)(signal)(state) (reference)(state) for .
inputs and tirst two letters of functional block)(reference)(state)(signal)(state) O outputs. For example, tyrkHpx symbolizes MII transmit

timing (MT) for the time ty1x clock reference (K) going high (H) until data outputs (D) are invalid (X). Note that, in general,

the clock reference symbol representation is based on two to three letters representing the clock of a particular functional.
For example, the subscript of ty,ryx represents the MII(M) transmit (TX) clock. For rise and fall times, the latter convention is

used with the appropriate letter: R (rise) or F (fall).

Figure 8 shows the M11 transmit AC timing diagram.

l<

8.2.1.2

< tmTx > tMTXR —>
TX_CLK
<— tMTXH tTxF —>
TXD[3:0]
TX_EN ><
TX_ER
—>| tMTKHDX

Figure 8. MIl Transmit AC Timing Diagram

MIl Receive AC Timing Specifications

Table 27 provides the M1 receive AC timing specifications.

Table 27. MIl Receive AC Timing Specifications

At recommended operating conditions with LV ppa/LVppg/NVpp of 3.3V + 0.3 V.

Parameter/Condition Symbol1 Min Typ Max Unit
RX_CLK clock period 10 Mbps tVRX — 400 — ns
RX_CLK clock period 100 Mbps tVRX — 40 — ns
RX_CLK duty cycle tMRXH/TMRX 35 — 65 %
RXD[3:0], RX_DV, RX_ER setup time to RX_CLK tMRDVKH 10.0 — — ns
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Table 27. MIl Receive AC Timing Specifications (continued)
At recommended operating conditions with LV ppa/LVppg/NVpp of 3.3V + 0.3 V.

Parameter/Condition Symbol1 Min Typ Max Unit
RXDI[3:0], RX_DV, RX_ER hold time to RX_CLK tMRDXKH 10.0 — — ns
RX_CLK clock rise V| (min) to V|y(max) tMRXR 1.0 — 4.0 ns
RX_CLK clock fall time V,y(max) to V (min) tMRXE 1.0 — 4.0 ns

Note:

1. The symbols used for timing specifications follow the pattern of tist o letters of functional block)(signal)(state)(reference)(state) TOF
inputs and tirst two letters of functional block)(reference)(state)(signal)(state) fOr Outputs. For example, tyrpykH Symbolizes Ml receive
timing (MR) with respect to the time data input signals (D) reach the valid state (V) relative to the tyrx clock reference (K)
going to the high (H) state or setup time. Also, tyrpxkL Symbolizes Mil receive timing (GR) with respect to the time data input
signals (D) went invalid (X) relative to the ty,gx clock reference (K) going to the low (L) state or hold time. Note that, in general,
the clock reference symbol representation is based on three letters representing the clock of a particular functional. For
example, the subscript of ty,gx represents the Ml (M) receive (RX) clock. For rise and fall times, the latter convention is used
with the appropriate letter: R (rise) or F (fall).

Figure 9 provides the AC test load for TSEC.

Output 4€>

ANV LVDDA/2 or LVDDB/2
RL =50Q

ZOZSOQ

—
! |—\/

Figure 9. TSEC AC Test Load

Figure 10 shows the MI1 receive AC timing diagram.

< tmRX > tMRXR —>
RX_CLK
tMRXH tMRXF
RXD[3:0]
RX_DV Valid Data
RX_ER
tMRDVKH —> <—
—> tMRDXKH

Figure 10. Mll Receive AC Timing Diagram RMII AC Timing Specifications
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8.2.1.3 RMII Transmit AC Timing Specifications

Table 28 provides the RMII transmit AC timing specifications.

Table 28. RMII Transmit AC Timing Specifications
At recommended operating conditions with NVpp of 3.3V £ 0.3 V.

Parameter/Condition Symbol1 Min Typ Max Unit
REF_CLK clock trRmx — 20 — ns
REF_CLK duty cycle trRMxHARMX 35 — 65 %
REF_CLK to RMII data TXD[1:0], TX_EN delay tRMTKHDX 2 — 10 ns
REF_CLK data clock rise V, (min) to V,y(max) tRMXR 1.0 — 4.0 ns
REF_CLK data clock fall V|(max) to V, (min) tRMXE 1.0 — 4.0 ns

Note:

1. The symbols used for timing specifications follow the pattern of tirst three letters of functional block)(signal)(state)(reference)(state) for
inputs and tsirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, trytkHDx Symbolizes RMII
transmit timing (RMT) for the time tg\x clock reference (K) going high (H) until data outputs (D) are invalid (X). Note that, in
general, the clock reference symbol representation is based on two to three letters representing the clock of a particular
functional. For example, the subscript of tgyx represents the RMII(RM) reference (X) clock. For rise and fall times, the latter

convention is used with the appropriate letter: R (rise) or F (fall).

Figure 11 shows the RMII transmit AC timing diagram.

l< tRMmx > tRMXR —>
REF_CLK
tRMXH —> tRMXF —>]
TXD[1:0]
TX_EN ><
—>| lRMTKHDX [<—

Figure 11. RMIl Transmit AC Timing Diagram

8.2.1.4 RMII Receive AC Timing Specifications

Table 29 provides the RMII receive AC timing specifications.

Table 29. RMIl Receive AC Timing Specifications
At recommended operating conditions with NVpp of 3.3V £ 0.3 V.

Parameter/Condition Symbol1 Min Typ Max Unit
REF_CLK clock period tRMX — 20 — ns
REF_CLK duty cycle trMmxH/TRMX 35 — 65 %
RXD[1:0], CRS_DV, RX_ER setup time to REF_CLK {RMRDVKH 4.0 — — ns
RXD[1:0], CRS_DV, RX_ER hold time to REF_CLK tRMRDXKH 2.0 — — ns
REF_CLK clock rise V| (min) to V|y(max) tRMXR 1.0 — 4.0 ns
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Table 29. RMII Receive AC Timing Specifications (continued)

At recommended operating conditions with NVpp of 3.3V £ 0.3 V.

Parameter/Condition

Symbol!

Min

Typ

Max

Unit

REF_CLK clock fall time V|y(max) to V, (min)

tRMXF

1.0

4.0

ns

Note:

1. The symbols used for timing specifications follow the pattern of tist three letters of functional block)(signal)(state)(reference)(state) O
inputs and tirst two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tryrpyir Symbolizes RMII
receive timing (RMR) with respect to the time data input signals (D) reach the valid state (V) relative to the tgpx clock
reference (K) going to the high (H) state or setup time. Also, tgmrpxkL Symbolizes RMII receive timing (RMR) with respect to
the time data input signals (D) went invalid (X) relative to the tg\x clock reference (K) going to the low (L) state or hold time.
Note that, in general, the clock reference symbol representation is based on three letters representing the clock of a particular
functional. For example, the subscript of tgx represents the RMII (RM) reference (X) clock. For rise and fall times, the latter
convention is used with the appropriate letter: R (rise) or F (fall).

Figure 12 provides the AC test load.

OUtpUt *{) ZO =50Q <\ AN NVDD/2
| |/ RL =50Q
Figure 12. AC Test Load
Figure 13 shows the RMII receive AC timing diagram.
< tRMmx > tRMXR —>
REF_CLK
tRMXH tRMXF
RXD[1:0]
CRS_DV Valid Data
RX_ER
tRMRDVKH —>] <
—> tRMRDXKH

Figure 13. RMII Receive AC Timing Diagram

8.2.2

RGMII and RTBI AC Timing Specifications

Table 30 presents the RGMII and RTBI AC timing specifications.

Table 30. RGMIl and RTBI AC Timing Specifications

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

Parameter/Condition Symbol? 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 tsKrRGT 1.0 — 2.8 ns
Clock cycle duration 3 tRaT 7.2 8.0 8.8 ns
Duty cycle for 1000Base-T * 5 traTH/tRGT 45 50 55 %
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Table 30. RGMIl and RTBI AC Timing Specifications (continued)
At recommended operating conditions with LV ppa/LVppg 0f 2.5V + 5%.

Parameter/Condition Symbol? Min Typ Max Unit
Duty cycle for 10BASE-T and 100BASE-TX 35 treTHtRGT 40 50 60 %
Rise time (20%—-80%) tRGTR — — 0.75 ns
Fall time (20%—80%) trTF — — 0.75 ns
GTX_CLK125 reference clock period tg1p © — 8.0 — ns
GTX_CLK125 reference clock duty cycle tg125H/tG125 47 — 53 %

Notes:

1. Note that, in general, the clock reference symbol representation for this section is based on the symbols RGT to represent
RGMII and RTBI timing. For example, the subscript of tggT 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).

2. 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.

3. For 10 and 100 Mbps, trgT scales to 400 ns * 40 ns and 40 ns + 4 ns, respectively.

4. 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 tggt of the lowest speed transitioned
between.

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

6. This symbol is used to represent the external GTX_CLK125 and does not follow the original symbol naming convention.

Figure 14 shows the RGMII and RTBI AC timing and multiplexing diagrams.

<——IRGT
(RGTH —
GTX_CLK /
(At Transmitter)
lSKRGT —>| [<—
TXDI[8:5][3:0] ~\/TXD[85
TXD[7:4][3:0] ><TXD[3'O] TXD%7:4% >< < >< ><
TXD[4 TXD[9
TX_CTL >< TXE[N] TXEI[?I% >< < >< ><
—> |«—tskrGT
TX_CLK
(At PHY)
RXD[8:5][3:0] \/RXD[8:5
RXD[7:4][3:0] ><RXD[3'°] RXDL7-4 >< >< ><
tSKrRGT —>
RXD[4 RXD[9
RX_CTL >< RXD[V] RXEI[QI% >< >< ><
—> tskrGT
RX_CLK
(At PHY)

Figure 14. RGMII and RTBI AC Timing and Multiplexing Diagrams
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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 Cty is the external (on board) AC-coupled capacitor. Each
output pin of the SerDes transmitter differentia pair features a 50-Q output impedance. Each input of the
SerDes receiver differential pair features 50-Q2 on-die termination to XCOREV SS. 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 | eft 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 SGM 11 mode, the TSEC_GTX_CLK 125 clock isnot required for this port. Instead, the
SerDes reference clock isrequired on SD_REF CLK and SD_REF _CLK pins.

8.3.1 DC Requirements for SGMII SD_REF_CLK and SD_REF_CLK

The characteristicsand DC requirements of the separate SerDesreference clock are described in Section 9,
“High-Speed Serid Interfaces (HSSI).”

8.3.2 AC Requirements for SGMII SD_REF _CLK and SD_REF CLK

Table 31 liststhe 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
tRer 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 SGMI1 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.
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Table 32. SGMII DC Transmitter Electrical Characteristics

Parameter Symbol Min Typ Max Unit Notes
Supply voltage XCOREVpp 0.95 1.0 1.05 \%
Output high voltage VoH — — XCOREVpp.fyp/2 | mV 1
+ [Vopl-max/2
Output low voltage VoL XCOREVpp_yp/2 — — mvV 1
— IVopl-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 mV 1,4
Output impedance Ro 40 — 60 Q
(single-ended)
Mismatch in a pair ARg — — 10 %
Change in Vgp between 0 and 1 AlVopl — — 25 mvV
Change in Vgg between 0 and 1 AVps — — 25 mvV
Output current on short to GND Isas lsg — — 40 mA
Notes:

1. This will not align to DC-coupled SGMII. XCOREVpp_1, = 1.0 V.

2. Vopl = [V1xn = V7xal- [Vopl is also referred as output differential peak voltage. Vx.pirrp-p = 2*[Vopl-

3. The |[Vgp| value shown in the Typ column is based on the condition of XCOREVpp_1y, = 1.0 V, no common mode offset
variation (Vog =500 mV), SerDes transmitter is terminated with 100-Q differential load between TX[n] and TX[n].

4. Vs is also referred to as output common mode voltage.

r—- - - - - - - - - - - - A
| 500 TXN | O RXm
I MV X ml X
I Transmitter I 0 Q2 Receiver
| |
| 50 Q |1
| M X | 11 C X O

TXn T™X  RXm 50 Q
I MPC8313E SGMII I
[ SerDes Interface [
I RXn | Crx  TXm 50 Q
| X | 1 X AN

) 50 Q

| Receiver | Transmitter
| | ’ 50 Q
| o X f el Xl A%
| 50 Q RXn | X T™Xm
| |
L — — — = .

Figure 15. 4-Wire AC-Coupled SGMII Serial Link Connection Example
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MPC8313E SGMII
SerDes Interface

50 Q

a
go
@)

I
I
I
I
I
| Transmitter
I
I
I
I
I

50 Q

50 Q

L — — — 4

Figure 16. SGMII Transmitter DC Measurement Circuit

Table 33. SGMII DC Receiver Electrical Characteristics

Parameter Symbol Min Typ Max Unit Notes

Supply voltage XCOREVpp 0.95 1.0 1.05 \Y,
DC Input voltage range N/A 1
Input differential voltage VRX_DIFFp-p 100 — 1200 mv 2
Loss of signal threshold VLios 30 — 100 mv
Input AC common mode voltage Vem acp-p — — 100 mv 3
Receiver differential input impedance ZRX_DIFF 80 100 120
Receiver common mode input impedance ZRx_cM 20 — 35
Common mode input voltage Ve — Vycorevss — \Y, 4

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

2. VRrx_DIFFp-p is also referred to as peak to peak input differential voltage
3. VM 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 describesthe SGMI1 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.
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SGMII Transmit AC Timing Specifications
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Table 34 provides the SGMII transmit AC timing targets. A source synchronous clock is not provided.

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

Table 34. SGMII Transmit AC Timing Specifications

Parameter Symbol Min Typ Max Unit Notes
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 Ul is 800 ps + 100 ppm.

8.3.4.2

SGMII Receive AC Timing Specifications

Table 35 provides the SGMI I receive AC timing specifications. Source synchronous clocking is not
supported. Clock isrecovered from the data. Figure 17 shows the SGMI| receiver input compliance mask

eye diagram.

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

Table 35. SGMII Receive AC Timing Specifications

Parameter Symbol Min Typ Max Unit Notes

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
Total jitter tolerance JT 0.65 — — Ul p-p 1
Bit error ratio BER — — 10712

Unit interval ul 799.92 800 800.08 ps 2
AC coupling capacitor Crx 5 — 200 nF 3

Notes:
1. Measured at receiver.
2. Each Ul is 800 ps = 100 ppm.

3. The external AC coupling capacitor is required. It is recommended to be placed near the device transmitter outputs.
4. Refer to the RapidlO™ 1x/4x LP Serial Physical Layer Specification, for interpretation of jitter specifications.
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VRX_DIFFp-p-max/2

VRX_DIFFp-p-min2

—VRX_DIFFp-p-min/2

Receiver Differential Input Voltage

—VRX_DIFFp-p-max/2

A

0 0.275 0.4 . 0.6 0.725
Time (Ul)

Figure 17. SGMII Receiver Input Compliance Mask

D+ Package

|

TX |
Silicon

+ Package ‘

\

C
D- Package |

Pin

Figure 18. SGMII AC Test/Measurement Load
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8.4 eTSEC IEEE 1588 AC Specifications
Figure 19 provides the data and command output timing diagram.

l«— tris88CLKOUT

»— tT1588CLKOUTH

TSEC_1588_CLK_OUT %é

-

B

>—tr15880V

A
A

TSEC_1588 PULSE_OUT ><
TSEC_1588_TRIG_OUT

Note: The output delay is count starting rising edge if tr15ggc1 kouT IS NON-inverting. Otherwise, it is
count starting falling edge.

Figure 19. eTSEC IEEE 1588 Output AC Timing

Figure 20 provides the data and command input timing diagram.

l«——t11588CLK—>

< > t11588CLKH

TSEC_1588_CLK |

TSEC_1588_TRIG_IN }
< tr1588TRIGH

>
Figure 20. eTSEC IEEE 1588 Input AC Timing

The |IEEE 1588 AC timing specifications are in Table 36.

Table 36. eTSEC IEEE 1588 AC Timing Specifications
At recommended operating conditions with L/TVpp of 3.3 V £ 5%.

Parameter/Condition Symbol Min Typ Max Unit Notes
TSEC_1588_CLK clock period tT1588CLK 3.8 — TRX_CLK x 9 ns 1,3
TSEC_1588_CLK duty cycle tT1588CLKH/tT1588CLK 40 50 60 %
TSEC_1588_CLK peak-to-peak tT1588CLKINI — — 250 ps
jitter
Rise time ETSEC_1588_CLK tT1588CLK|NR 1.0 — 2.0 ns
(20%—-80%)

Fall time eTSEC_lSSS_CLK tT1588CLK|NF 1.0 — 2.0 ns

(80%—20%)

TSEC_1588_CLK_OUT clock tT1588CLKOUT 2% tT1588CLK — — ns

period

TSEC_1588_CLK_OUT duty cycle tr1588CLKOTH 30 50 70 %
ItrisgscLkout

TSEC_1588_PULSE_OUT tr15880V 0.5 — 3.0 ns
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Table 36. eTSEC IEEE 1588 AC Timing Specifications (continued)
At recommended operating conditions with L/TVpp of 3.3 V + 5%.

Parameter/Condition Symbol Min Typ Max Unit Notes

TSEC_1588_TR|G_|N pulse width tT1588TR|GH 2% tT1588CLK_MAX —_— —_— ns 2

Notes:

1.Trx cLk is the max clock period of eTSEC receiving clock selected by TMR_CTRL[CKSEL]. See the MPC8313E
PowerQUICC™ |l Pro Integrated Processor Family Reference Manual, for a description of TMR_CTRL registers.

2. Itneed to be at least two times of clock period of clock selected by TMR_CTRL[CKSEL]. See the MPC8313E PowerQUICC™
Il Pro Integrated Processor Family Reference Manual, for a description of TMR_CTRL registers.

3. The maximum value of trisggcik is not only defined by the value of Tgy ¢, but also defined by the recovered clock. For
example, for 10/100/1000 Mbps modes, the maximum value of tr15ggc) k iS 3600, 280, and 56 ns, respectively.

8.5 Ethernet Management Interface Electrical Characteristics

The electrical characteristics specified here apply to M1l management interface signals MDIO
(management data i nput/output) and MDC (management data clock). The electrical characteristics for
MI1, RMII, RGMII, SGMII, and RTBI are specified in Section 8.1, “ Enhanced Three-Speed Ethernet
Controller (€TSEC) (10/100/2000 Mbps)—M I1/RMII/RGMI1/SGMII/RTBI Electrical Characteristics.”

8.5.1 MIl Management DC Electrical Characteristics

The MDC and MDIO are defined to operate at a supply voltage of 2.5V or 3.3 V. Table 37 and Table 38
provide the DC electrical characteristics for MDIO and MDC.

Table 37. MIl Management DC Electrical Characteristics When Powered at 2.5V

Parameter Symbol Conditions Min Max Unit
Supply voltage (2.5 V) NVppa/NVppe — 2.37 2.63 \Y
Output high voltage VoH lon=-1.0mA | NVppp or NVppg = Min 2.00 NVppa + 0.3 \Y

NVDDc;r+ 0.3
Output low voltage VoL lop=1.0mA NVppa or NVppg = Min Vgs—0.3 0.40
Input high voltage ViH — NVppa or NVppg = Min 1.7 —
Input low voltage Vi — NVppa or NVppg = Min -0.3 0.70
Input high current iy Vint = NVppa of NVppg — 10 A
Input low current I Vin= NVppa or NVppg -15 — A

Note:
1. Note that the symbol V), in this case, represents the LV |y symbol referenced in Table 1 and Table 2.
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Table 38. MIl Management DC Electrical Characteristics When Powered at 3.3 V

Parameter Symbol Conditions Min Max Unit
Supply voltage (3.3 V) | NVppa/NVppge — 2.97 3.63 \Y
Output high voltage VoH lop=-1.0mA NVppa or NVppg = Min 2.10 NVppa + 0.3 \Y

NVDDc;r+ 0.3
Output low voltage VoL lor=1.0mA LVppa Of LVppg = Min Vss 0.50
Input high voltage ViH — 2.0 —
Input low voltage Vi — — 0.80
Input high current iy NVppa of NVppg = Max vpnt=21v — 40 A
Input low current I NVppa or NVppg = Max ViN=0.5V —600 — A
Note:
1. Note that the symbol V), in this case, represents the LV |y symbol referenced in Table 1 and Table 2.
8.5.2 MIl Management AC Electrical Specifications
Table 39 provides the M1l management AC timing specifications.
Table 39. MIl Management AC Timing Specifications
At recommended operating conditions with LVppa/LVppg is 3.3V £ 0.3V or 2.5V + 5%
Parameter/Condition Symbol 1 Min Typ Max Unit Notes
MDC frequency fmbe — 2.5 — MHz
MDC period tmpe — 400 — ns
MDC clock pulse width high tMDCH 32 — — ns
MDC to MDIO delay tMDKHDX 10 — 170 ns
MDIO to MDC setup time t\MDDVKH 5 — — ns
MDIO to MDC hold time tMDDXKH 0 — — ns
MDC rise time tMDCR — — 10 ns
MDC fall time tMDHFE — — 10 ns
Notes:

1. The symbols used for timing specifications follow the pattern of tirst wo 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, typkHpx Symbolizes management
data timing (MD) for the time ty,pc from clock reference (K) high (H) until data outputs (D) are invalid (X) or data hold time.

Also, typpvkn Symbolizes management data timing (MD) with respect to the time data input signals (D) reach the valid state

(V) relative to the typc 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. This parameter is dependent on the csb_clk speed. (The MIIMCFG[Mgmt Clock Select] field determines the clock frequency
of the Mgmt Clock EC_MDC.)
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Figure 21 shows the M1l management AC timing diagram.

< tvbe > tMDCR —>
MDC Z
tMDCH —> tMDCF—>| |<—
Input) X | 47 N\
(Input)
IMDDVKH —>‘ <
—> <—IMDDXKH
MDIO
(Output) \ \
tMDKHDX —> -

Figure 21. MIl Management Interface Timing Diagram

9 High-Speed Serial Interfaces (HSSI)

This section describes the common portion of SerDes DC electrical specifications, whichisthe DC
requirement for SerDesreference clocks. The SerDes datalane’ stransmitter and receiver referencecircuits
are also shown.

9.1 Signal Terms Definition

The SerDes utilizes differential signaling to transfer dataacross the serial link. This section definesterms
used in the description and specification of differential signals.

Figure 22 shows how the signals are defined. For illustration purpose, only one SerDeslaneis used for
description. The figure shows waveform for either atransmitter output (TXn and TXn) or areceiver input
(RXn and RXn). Each signal swings between A volts and B volts where A > B.

Using this waveform, the definitions are as follows. To smplify illustration, the following definitions
assume that the SerDes transmitter and receiver operate in afully symmetrical differential signaling
environment.

1. Single-ended swing

The transmitter output signals and the receiver input signals TXn, TXn, RXn, and RXn each have
apeak-to-peak swing of A —B volts. Thisisalso referred as each signal wire's single-ended swing.

2. Differential output voltage, V qp (or differential output swing):

The differential output voltage (or swing) of the transmitter, V op, is defined as the difference of
the two complimentary output voltages: V1x,— Vixn. The Vop value can be either positive or
negative.

3. Differential input voltage, Vp (or differential input swing):

Thedifferential input voltage (or swing) of thereceiver, V p, isdefined asthe difference of thetwo
complimentary input voltages: Vrx,— Vrxn- The V,p value can be either positive or negative.
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Differential peak VOItage, VDlFFp

The peak value of the differential transmitter output signal or the differential receiver input signal
is defined as differential peak voltage, Vprrp = |A — B volts.

Differential peak-to-peak, VDIFFp-p

Sincethedifferential 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 isdefined asdifferential peak-to-peak voltage,
Vbirrpp = 2 X Vpiprp = 2 X (A — B)| volts, which istwice of differential swing in amplitude, or
twice of the differential peak. For example, the output differential peak-peak voltage can aso be
CaICUIated aSVTx_D”:Fp_p =2x |VOD|

Differential waveform

The differential waveform is constructed by subtracting the inverting signal (TXn, for example)
fromthe non-inverting signal (TXn, for example) within adifferential pair. Thereisonly onesignal
trace curvein adifferential waveform. The voltage represented in the differential waveformis not
referenced to ground. Refer to Figure 31 as an example for differential waveform.

. Common mode voltage, V¢,

The common mode voltage is equal to one half of the sum of the voltages between each conductor
of a balanced interchange circuit and ground. In this example, for SerDes output, V¢ out =
(V1xn + Vixn)/2 = (A + B)/2, which is the arithmetic mean of the two complimentary output
voltages within adifferential pair. In a system, the common mode voltage may often differ from
one component’s output to the other’s input. Sometimes, it may be even different between the
receiver input and driver output circuits within the same component. It's aso referred asthe DC
offset in some occasion.

TXn or RXn

AVolts - — —

_____________ -Vem = (A +B)/2

TXnor RXn
BVolts - — -

Differential Swing, V|p or Vop = A - B
Differential Peak Voltage, Vpirrp = |A — B|
Differential Peak-Peak Voltage, Vprrpp = 2*Vpprp (N0t shown)

Figure 22. Differential Voltage Definitions for Transmitter or Receiver

To illustrate these definitions using real values, consider the case of a CML (current mode logic)
transmitter that has a common mode voltage of 2.25 V and each of its outputs, TD and TD, hasa swing
that goes between 2.5 and 2.0 V. Using these val ues, the peak-to-peak voltage swing of each signal (TD or
TD) is500 mV p-p, which isreferred as the single-ended swing for each signal. In this example, since the
differential signaling environment is fully symmetrical, the transmitter output’s differential swing (Vop)
has the same amplitude as each signal’ s single-ended swing. The differential output signal ranges between
500 and -500 mV, in other words, V o is 500 mV in one phase and -500 mV in the other phase. The peak
differential voltage (V pjrrp) is 500 mV. The peak-to-peak differential voltage (V pjprp-p) 11000 mV p-p.

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1

Freescale Semiconductor 37



High-Speed Serial Interfaces (HSSI)

9.2

SerDes Reference Clocks

The SerDes reference clock inputs are applied to an internal PLL whose output creates the clock used by
the corresponding SerDes lanes. The SerDesreference clocksinputisSD_REF _CLK and SD_REF CLK
for SGMII interface.

The following sections describe the SerDes reference clock requirements and some application
information.

921

SerDes Reference Clock Receiver Characteristics

Figure 23 shows areceiver reference diagram of the SerDes reference clocks.

The supply voltage requirements for XCOREV pp are specified in Table 1 and Table 2.

SerDes reference clock receiver reference circuit structure:

— TheSD_REF CLK and SD_REF _CLK areinternally AC-coupled differential inputsasshown
in Figure 23. Each differential clock input (SD_REF _CLK or SD_REF_CLK) hasa50-Q
termination to XCOREV gg followed by on-chip AC coupling.

— The external reference clock driver must be able to drive this termination.

— The SerDes reference clock input can be either differential or single-ended. Refer to the
differential mode and single-ended mode description below for further detailed requirements.

The maximum average current requirement that al so determines the common mode voltage range:

— When the SerDes reference clock differential inputs are DC coupled externally with the clock
driver chip, the maximum average current allowed for each input pinis 8 mA. In this case, the
exact common mode input voltageis not critical aslong asit iswithin the range allowed by the
maximum average current of 8 mA (refer to the following bullet for more detail), since the
input is AC-coupled on-chip.

— Thiscurrent limitation sets the maximum common mode input voltage to be lessthan 0.4V
(0.4 V/50 = 8 mA) while the minimum common mode input level is0.1 V above XCOREV gs.
For example, a clock with a50/50 duty cycle can be produced by a clock driver with output
driven by its current source from 0 to 16 mA (0-0.8 V), such that each phase of the differential
input hasasingle-ended swing from 0 V to 800 mV with the common mode voltage at 400 mV.

— If thedevicedriving the SD_REF_CLK and SD_REF_CLK inputs cannot drive 50 Q to
XCOREV g DC, or it exceeds the maximum input current limitations, then it must be
AC-coupled off-chip.

Theinput amplitude requirement. This requirement is described in detail in the following sections.
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50 Q
SDn_REF_CLK [X 1
Input
Amp
SDn_REF_CLK —
50 Q

Figure 23. Receiver of SerDes Reference Clocks

9.2.2 DC Level Requirement for SerDes Reference Clocks

The DC level requirement for the MPC8313E SerDes reference clock inputs is different depending on the
signaling mode used to connect the clock driver chip and SerDes reference clock inputs as described
below.

+ Differentia mode

— The input amplitude of the differential clock must be between 400 and 1600 mV differential
peak-to-peak (or between 200 and 800 mV differential peak). In other words, each signal wire
of the differential pair must have a single-ended swing less than 800 mV and greater than
200 mV. This requirement is the same for both external DC-coupled or AC-coupled
connection.

— For external DC-coupled connection, as described in Section 9.2.1, “ SerDes Reference Clock
Receiver Characteristics,” the maximum average current requirements sets the requirement for
average voltage (common mode voltage) to be between 100 and 400 mV. Figure 24 showsthe
SerDes reference clock input requirement for the DC-coupled connection scheme.

— For external AC-coupled connection, there is no common mode voltage requirement for the
clock driver. Since the external AC-coupling capacitor blocks the DC level, the clock driver
and the SerDes reference clock receiver operate in different command mode voltages. The
SerDesreference clock receiver in this connection scheme hasits common mode voltage set to
XCOREV gs. Each signal wire of the differential inputsis allowed to swing below and above
the command mode voltage (XCOREV gg). Figure 25 shows the SerDes reference clock input
requirement for AC-coupled connection scheme.

» Single-ended mode

— The reference clock can also be single-ended. The SD_REF_CLK input amplitude
(single-ended swing) must be between 400 and 800 mV peak-to-peak (fromV i, to Vg ) With
SD_REF_CLK either left unconnected or tied to ground.

— The SD_REF_CLK input average voltage must be between 200 and 400 mV. Figure 26 shows
the SerDes reference clock input requirement for the single-ended signaling mode.

— To meet the input amplitude requirement, the reference clock inputs might need to be DC or
AC coupled externally. For the best noise performance, the reference of the clock could be DC
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or AC coupled into the unused phase (SD_REF_CLK) through the same source impedance as
the clock input (SD_REF_CLK) in use.

200 mV < Input Amplitude or Differential Peak < 800 mV
SD_REF_CLK | Vimax < 800 mV

100 MV < Vg < 400 mV

SD_REF_CLK Vmin20V
Figure 24. Differential Reference Clock Input DC Requirements (External DC-Coupled)

200 mV < Input Amplitude or Differential Peak < 800 mV

SD_REF_CLK Vinax < Vem + 400 mV

SD_REF_CLK Vmin = Vem — 400 mV
Figure 25. Differential Reference Clock Input DC Requirements (External AC-Coupled)

400 mV < SD_REF_CLK Input Amplitude < 800 mV
|

SD_REF_CLK

ov

m/

Figure 26. Single-Ended Reference Clock Input DC Requirements

9.2.3 Interfacing With Other Differential Signaling Levels

«  With on-chip termination to XCOREYV g, the differential reference clocks inputs are HCSL
(high-speed current steering logic) compatible DC coupled.

* Many other low voltage differential type outputslike LV DS (low voltagedifferential signaling) can
be used but may need to be AC coupled dueto the limited common mode input range alowed (100
to 400 mV) for DC-coupled connection.

* LVPECL outputs can produce a signal with too large of an amplitude and may need to be
DC-biased at the clock driver output first, then followed with series attenuation resistor to reduce
the amplitude, in addition to AC coupling.

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1

40 Freescale Semiconductor



High-Speed Serial Interfaces (HSSI)

NOTE

Figure 27 to Figure 30 arefor conceptual reference only. Dueto thefact that
the clock driver chip'sinternal structure, output impedance, and termination
requirements are different between various clock driver chip manufacturers,
it is possible that the clock circuit reference designs provided by clock
driver chip vendors are different from what is shown in the figures. They
might also vary from one vendor to the other. Therefore, Freescale can
neither providethe optimal clock driver referencecircuits, nor guaranteethe
correctness of the following clock driver connection reference circuits. It is
recommended that the system designer contact the selected clock driver
chip vendor for the optimal reference circuits for the MPC8313E SerDes
reference clock receiver requirement provided in this document.

Figure 27 shows the SerDes reference clock connection reference circuits for HCSL type clock driver. It
assumesthat the DC levels of the clock driver chip iscompatible with MPC8313E SerDesreference clock
input’s DC requirement.

7777777 - -_— -
HCSL CLK Driver Chip : | MPC8313E
\
[ 50 Q
CLK_Out 330 SDn_lREF_CLK )
Z} | i X} 11
\
. | . . SerDes Refer.
Clock Driver | 100 Q Differential PWB Trace : CLK Receiver
|
R— — I
CLK_Out | SDn'REF_CLK
|

) 50 Q
\
\

g Clock driver vendor dependent
source termination resistor

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

Figure 27. DC-Coupled Differential Connection with HCSL Clock Driver (Reference Only)

Figure 28 shows the SerDes reference clock connection reference circuits for LVDS type clock driver.
Since LVDS clock driver’s common mode voltage is higher than the MPC8313E SerDes reference clock
input’s allowed range (100 to 400 mV), the AC-coupled connection scheme must be used. It assumes the
LVDS output driver features a 50-CQ2 termination resistor. It also assumes that the LV DS transmitter
establishes its own common mode level without relying on the receiver or other external component.
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r-— - — — — — - r-— - - - - - - - — — — 1
LVDS CLK Driver Chip | MPC8313E
|
CLK_Out 10 nF spnlRer clk S90€
Xl || 7 X |}

SerDes Refer.
CLK Receiver

Clock Driver

|/
!

| |
| |
| |
| i
| |
‘ ‘ 100 Q Differential PWB Trace
| |
| !
| |
| |
| |

X 1
I L N
CLK_Out 10 nF SDn_REF_CLK
‘ 50 Q
|
Lo - - - - _ Lo - . . _ _ _ _ _ _ __ _

Figure 28. AC-Coupled Differential Connection with LVDS Clock Driver (Reference Only)

Figure 29 shows the SerDes reference clock connection reference circuits for LVPECL type clock driver.
Since LVPECL driver’'s DC levels (both common mode voltages and output swing) are incompatible with
the MPC8313E SerDes reference clock input’s DC requirement, AC coupling has to be used. Figure 29
assumes that the LVPECL clock driver’s output impedance is 50 Q. R1 is used to DC-bias the LVPECL
outputs prior to AC coupling. Its value could be ranged from 140 to 240 Q depending on the clock driver
vendor’s requirement. R2 is used together with the SerDes reference clock receiver’s 50-Q termination
resistor to attenuate the LVPECL output’s differential peak level such that it meets the MPC8313E
SerDes3 reference clock’s differential input amplitude requirement (between 200 and 800 mV differential
peak). For example, if the LVPECL output’s differential peak is900 mV and the desired SerDesreference
clock input amplitude is selected as 600 mV, the attenuation factor is 0.67, which requires R2 = 25 Q.
Consult with the clock driver chip manufacturer to verify whether this connection scheme is compatible
with a particular clock driver chip.

r-— - — — — — 1 r-— - - - - - - - — — — — - 1
| LVPECL CLK Driver Chip | | MPC8313E |
| | | |
: CLK_Out : SDn|REF_CLK < 50Q |
| & | : & L :
\ ) \ | SerDes Refer. |
| Clock Driver | [ CLK Receiver [
| | | | |
| X— X 1 |
| CLK Out | SDn _T_REF_CLK |
| | R1 ‘ 50 Q ‘
\ \ [ [
Lo - - - _ __ _ L N

Figure 29. AC-Coupled Differential Connection with LVPECL Clock Driver (Reference Only)
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Figure 30 shows the SerDes reference clock connection reference circuits for asingle-ended clock driver.
It assumes the DC levels of the clock driver are compatible with the MPC8313E SerDes reference clock
input’s DC requirement.

B
Single-Ended CLK ‘ MPC8313E

Driver Chip
Total 50 Q. Assume clock driver’'s

\ \
\ \
| output impedance is about 16 Q. |
| | |
\ SDn|REF_CLK S0 \
‘ Clock Driver i X I I |
| CLK_Out | 7 | S f |
. . erDes Refer.
| | 100 Q Differential PWB Trace ‘ CLK Receiver ‘
| | X |—o \
| | SDn_LREF_CLK ‘
| | S0Q 50 Q ‘
\ \ \

Figure 30. Single-Ended Connection (Reference Only)

9.24 AC Requirements for SerDes Reference Clocks

The clock driver selected should provide a high quality reference clock with low-phase noise and
cycle-to-cyclejitter. Phase noise less than 100 kHz can be tracked by the PLL and datarecovery loops and
isless of aproblem. Phase noise above 15 MHz isfiltered by the PLL. The most problematic phase noise
occurs in the 1-15 MHz range. The source impedance of the clock driver should be 50 Q to match the
transmission line and reduce reflections which are a source of noise to the system.

Table 40 describes some AC parameters for SGMII protocol.

Table 40. SerDes Reference Clock Common AC Parameters
At recommended operating conditions with XVpp srps1 O XVpp srpsz = 1.0 V + 5%.

Parameter Symbol Min Max Unit Notes
Rising edge rate Rise edge rate 1.0 4.0 V/ns 2,3
Falling edge rate Fall edge rate 1.0 4.0 V/ns 2,3
Differential input high voltage \m +200 — mV 2
Differential input low voltage VL — -200 mV 2
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Table 40. SerDes Reference Clock Common AC Parameters (continued)
At recommended operating conditions with XVpp srps1 0F XVpp_srps2 = 1.0V + 5%.

Parameter Symbol Min Max Unit Notes
Rising edge rate (SDn_REF_CLK) to falling edge rate Rise-fall — 20 % 1,4
(SDn_REF_CLK) matching matching

Notes:

1. Measurement taken from single-ended waveform.

2. Measurement taken from differential waveform.

3. Measured from —200 to +200 mV on the differential waveform (derived from SDn_REF_CLK minus SDn_REF_CLK). The
signal must be monotonic through the measurement region for rise and fall time. The 400 mV measurement window is
centered on the differential zero crossing. See Figure 31.

4. Matching applies to rising edge rate for SDn_REF_CLK and falling edge rate for SDn_REF_CLK. It is measured using a
200 mV window centered on the median cross point, where SDn_REF_CLK rising meets SDn_REF_CLK falling. The median
cross point is used to calculate the voltage thresholds the oscilloscope is to use for the edge rate calculations. The rise edge
rate of SDn_REF_CLK should be compared to the fall edge rate of SDn_REF_CLK, the maximum allowed difference should
not exceed 20% of the slowest edge rate. See Figure 32.

Rise Edge Rage Fall Edge Rate
<> <>

V|H = +200 mv. - _ L _ _J N N — .
oo0VvV- — — :— ———————————————— o
V||_=—200mV_ _— - - - - - - — — — — — — — —_— — -
SDn_REF_CLK
Minus | | [ [
SDn_REF_CLK
Figure 31. Differential Measurement Points for Rise and Fall Time
I S Teaee  Trise
SDn_REF_CLK SDn_REF_CLK |
Vcross MeEDIAN T100MV - —
VcrossMEDIAN - — — ) {— — — — - VcROSS MEDIAN : —N— — — -
Vcross MEDIAN — 100 mV
SDn_REF_CLK SDn_REF_CLK

Figure 32. Single-Ended Measurement Points for Rise and Fall Time Matching

The other detailed AC requirements of the SerDes reference clocks is defined by each interface protocol
based on application usage. Refer to the following section for detailed information:

* Section 8.3.2, “AC Requirements for SGMII SD_REF _CLK and SD_REF_CLK

9.24.1 Spread Spectrum Clock

SD_REF _CLK/SD_REF _CLK are not intended to be used with, and should not be clocked by, a spread
spectrum clock source.
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9.3 SerDes Transmitter and Receiver Reference Circuits

Figure 33 shows the reference circuits for the SerDes data lane's transmitter and receiver.

TXn RXn
50 Q
AN X

50 Q
Transmitter Receiver

50 Q
A%AY X

TXn RXn 50 Q

Figure 33. SerDes Transmitter and Receiver Reference Circuits

The SerDes datalane’s DC and AC specifications are defined in the interface protocol section listed below
(SGMI1) based on the application usage:

e Section 8.3, “SGMII Interface Electrical Characteristics

Please note that a external AC-coupling capacitor isrequired for the above serial transmission protocol
with the capacitor value defined in the specifications of the protocol section.

10 USB

10.1 USB Dual-Role Controllers
This section provides the AC and DC electrical specifications for the USB interface.

10.1.1 USB DC Electrical Characteristics

Table 41 provides the DC electrical characteristics for the USB interface.
Table 41. USB DC Electrical Characteristics

Parameter Symbol Min Max Unit
High-level input voltage Vi 2.0 LVppg + 0.3 \Y
Low-level input voltage Vi -0.3 0.8 \Y
Input current N — +5 HA
High-level output voltage, Igy = =100 pA VoH LVppg — 0.2 —
Low-level output voltage, I, = 100 pA VoL — 0.2
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10.1.2 USB AC Electrical Specifications

Table 42 describes the genera timing parameters of the USB interface.
Table 42. USB General Timing Parameters (ULPI Mode Only)

Parameter Symbol1 Min Max Unit Notes
USB clock cycle time tusck 15 — ns
Input setup to USB clock—all inputs tusIVKH 4 — ns
input hold to USB clock—all inputs tusIXKH 1 — ns
USB clock to output valid—all outputs tuskHoV — 7 ns
Output hold from USB clock—all outputs tuskHOX 2 — ns

Note:
1. The symbols used for timing specifications follow the pattern of t st two letters of functional block)(signal)(state)(reference)(state) fOr

inputs and Utirst two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tygxkH Symbolizes USB timing
(UsB) for the input (I) to go invalid (X) with respect to the time the USB clock reference (K) goes high (H). Also, tyskHox
symbolizes us timing (USB) for the USB clock reference (K) to go high (H), with respect to the output (O) going invalid (X) or
output hold time.

Figure 34 and Figure 35 provide the AC test load and signals for the USB, respectively.

OUtpUt ~<> ZO =50Q <> ANV NVDD/2
RL =50Q

Figure 34. USB AC Test Load

USBDR_CLK ’
: : tysIXKH : :
| | tusivkH | |
Input Signals | -------- -l R R
| | | | |
| | | | |
| | | | |
| | | | |
< tuskHov > tuskHOX — ‘<— | I
Output Signals 'r ......... > ______ l ____________ 1'

Figure 35. USB Signals

10.2 On-Chip USB PHY

This section describes the DC and AC electrical specifications for the on-chip USB PHY of the
MPCB8313E. See Chapter 7 in the USB Specifications Rev. 2, for more information.
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Table 43 provides the USB clock input (USB_CLK_IN) DC timing specifications.
Table 43. USB_CLK_IN DC Electrical Characteristics

Enhanced Local Bus

Parameter Symbol Min Max Unit
Input high voltage ViH 2.7 NVpp + 0.3 \Y
Input low voltage Vi -0.3 0.4 \Y
Table 44 provides the USB clock input (USB_CLK_IN) AC timing specifications.
Table 44. USB_CLK_IN AC Timing Specifications
Parameter/Condition Conditions Symbol Min Typ Max Unit
Frequency range — fuse_cLk N — 24 48 MHz
Clock frequency tolerance — toLk_ToL —-0.05 0 0.05 %
Reference clock duty cycle Measured at 1.6 V tcLk_puTy 40 50 60 %
Total input jitter/time interval Peak-to-peak value measured with a tclk PJ — — 200 ps
error second order high-pass filter of 500 kHz -
bandwidth
11 Enhanced Local Bus
This section describes the DC and AC electrical specifications for the local bus interface.
11.1 Local Bus DC Electrical Characteristics
Table 45 provides the DC electrical characteristics for the local bus interface.
Table 45. Local Bus DC Electrical Characteristics at 3.3 V
Parameter Symbol Min Max Unit
High-level input voltage for Rev 1.0 ViH 2.0 LVpp + 0.3 \Y
High-level input voltage for Rev 2.x or later ViH 2.1 LVpp + 0.3 \Y
Low-level input voltage Vi -0.3 0.8 \Y
Input current, (V;y =0V or Vy = LVpp) N — +5 uA
High-level output voltage, (LVpp = min, lgy =—2 mA) VoH LVpp — 0.2 —
Low-level output voltage, (LVpp = min, lgy = 2 mA) VoL — 0.2

Note: The parameters stated in above table are valid for all revisions unless explicitly mentioned.
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11.2 Local Bus AC Electrical Specifications

Table 46 describes the general timing parameters of the local bus interface.

Table 46. Local Bus General Timing Parameters

Parameter Symbol1 Min Max Unit Notes

Local bus cycle time t Bk 15 — ns 2
Input setup to local bus clock t BIVKH 7 — ns 3,4
Input hold from local bus clock tLBIXKH 1.0 — ns 3,4
LALE output fall to LAD output transition (LATCH hold time) tLeoTOTL 15 — ns 5
LALE output fall to LAD output transition (LATCH hold time) tLeoTOT2 3 — ns 6
LALE output fall to LAD output transition (LATCH hold time) tLBOTOT3 25 — ns 7
LALE output rise to LCLK negative edge tLALEHOV — 3.0 ns

LALE output fall to LCLK negative edge tLALETOTL -1.5 — ns 5
LALE output fall to LCLK negative edge tLALETOT2 -5.0 — ns 6
LALE output fall to LCLK negative edge t ALETOTS -4.5 — ns 7
Local bus clock to output valid t BKHOV — 3 ns 3
Local bus clock to output high impedance for LAD t BKHOZ — 4 ns 8

Notes:

1. The symbols used for timing specifications follow the pattern of tirst two letters of functional block)(signal)(state)(reference)(state) fOF

inputs and tirst two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, t, gjxkH1 Symbolizes local bus
timing (LB) for the input (I) to go invalid (X) with respect to the time the t| gk clock reference (K) goes high (H), in this case for

clock one (1).

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

LCLKaO (for all other inputs).

3. All signals are measured from NVpp/2 of the rising/falling edge of LCLKO to 0.4 x NVpp of the signal in question for 3.3-V

signaling levels.
4. Input timings are measured at the pin.

5.t potor1 and t; o eTot1 Should be used when RCWHILALE] is not set and the load on LALE output pin is at least 10 pF less

than the load on LAD output pins.

6.t goToT2 and t; o etoT2 Should be used when RCWHI[LALE] is set and the load on LALE output pin is at least 10 pF less than

the load on LAD output pins.

7.t goToT3 and t_ o etoTs Should be used when RCWH[LALE] is set and the load on LALE output pin equals to the load on LAD

8.

output pins.
For purposes of active/float timing measurements, the Hi-Z or off state is defined to be when the total current delivered
through the component pin is less than or equal to the leakage current specification.

Figure 36 provides the AC test load for the local bus.

AN NVpp/2
RL =50Q

ZOZSOQ

Output {)

| | |_/—\\
N

Figure 36. Local Bus AC Test Load
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Figure 37 through Figure 40 show the local bus signals.

LCLK[r] |

<— t BIXKH

Input Signals: !
LAD[0:15]

Input Signal:
LGTA

< 1 gkHOV

Output Signals:
LBCTL/LBCKE/LOE |

T
L t BkHOZ —>
< WLBKHOV 3 |

Output Signals:
LAD[0:15]

| | |
| | | l | |
| | 1tLBoTOT | |
| | | |
| T | |

Figure 37. Local Bus Signals, Non-Special Signals Only

LCLK

T1

T3

t BKkHOZ —>:

GPCM Mode Output Signals:
LCSI[0:3)/LWE

UPM Mode Input Signal: , /N
LUPWAIT ! I
I |
! ! tBIXKH
! |
Input Signals: 'l l
LAD[0:15] |~ """ b Rt G EEEEreees
: | t BkHOZ —>|
<— tiBkHoV | |
|

UPM Mode Output Signals:
LCS[0:3]/LBS[0:1)/LGPL[0:5] ! ,

Figure 38. Local Bus Signals, GPCM/UPM Signals for LCCR[CLKDIV] =2
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LCLK

T1

I
T2 |
_

T3

T4

re— L BKkHOV —>
GPCM Mode Output Signals: !
LCS[0:3)/LWE

UPM Mode Input Signal:
LUPWAIT

tBIXKH

Input Signals:
LAD[0:15] 1

|
~— tiBKHoV
UPM Mode Output Signals: 'r
LCSJ[0:3)/LBS[0:1)/LGPL[0:5] .

Figure 39. Local Bus Signals, GPCM/UPM Signals for LCCR[CLKDIV] =4

LCLK[n]

t) BIXKH

Input Signals:
LAD[0:15]

Input Signal:
LGTA

|
|
Bl t BKHOV —>

Output Signats: '~~~ )/ —4— 7 — 7 —
LBCTL/LBCKE/LOE [ i 1
| | LBKHOZ —> | |

< t| BKHOV
Output Signals: l | | |

LAD[O:15] I~~~ """ 777 e :
| | teotor | [ | |

< LALEHOV

Figure 40. Local Bus Signals, LALE with Respect to LCLK
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12 JTAG

This section describes the DC and AC electrical specifications for the IEEE Std 1149.1™ (JTAG)

interface.

12.1 JTAG DC Electrical Characteristics
Table 47 provides the DC electrical characteristics for the IEEE Std 1149.1 (JTAG) interface.

Table 47. JTAG Interface DC Electrical Characteristics

JTAG

Characteristic Symbol Condition Min Max Unit
Input high voltage ViH — 2.1 NVpp + 0.3 \Y
Input low voltage Vi — -0.3 0.8 \Y
Input current N — — 15 pA
Output high voltage VoH lop=-8.0 mA 2.4 —
Output low voltage VoL loL =8.0 mA — 0.5
Output low voltage VoL loL=3.2mA — 0.4
12.2 JTAG AC Timing Specifications
This section describes the AC electrical specifications for the IEEE Std 1149.1 (JTAG) interface.
Table 48 provides the JTAG AC timing specifications as defined in Figure 42 through Figure 45.
Table 48. JTAG AC Timing Specifications (Independent of SYS_CLK_IN)1
At recommended operating conditions (see Table 2).
Parameter Symbol2 Min Max Unit Notes
JTAG external clock frequency of operation f116 0 33.3 MHz
JTAG external clock cycle time t 710 30 — ns
JTAG external clock pulse width measured at 1.4 V tTKHKL 15 — ns
JTAG external clock rise and fall times tyrer & tyToE 0 2 ns
TRST assert time trrsT 25 — ns 3
Input setup times: ns
Boundary-scan data t3TDVKH 4 — 4
TMS, TDI tITIVKH 4 _
Input hold times: ns
Boundary-scan data t3TDXKH 10 — 4
TMS, TDI tITIXKH 10 —
Valid times: ns
Boundary-scan data t3TKLDY 2 11 5
TDO|  tyrkiov 2 11
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Table 48. JTAG AC Timing Specifications (Independent of SYS_CLK_IN)! (continued)
At recommended operating conditions (see Table 2).

Parameter Symbol2 Min Max Unit Notes
Output hold times:
Boundary-scan data t3TKLDX 2 — ns 5
TDO tyTKLOX 2 —

JTAG external clock to output high impedance:
Boundary-scan data t3TKLDZ

N
[Eny
©

ns 56

Notes:

1. All outputs are measured from the midpoint voltage of the falling/rising edge of t+| « to the midpoint of the signal in question.
The output timings are measured at the pins. All output timings assume a purely resistive 50-Q load (see Figure 34).
Time-of-flight delays must be added for trace lengths, vias, and connectors in the system.

2. 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, tyrpykH Symbolizes JTAG device
timing (JT) with respect to the time data input signals (D) reaching the valid state (V) relative to the t;1g clock reference (K)
going to the high (H) state or setup time. Also, t;rpxkH Symbolizes JTAG timing (JT) with respect to the time data input signals
(D) went invalid (X) relative to the t 31 clock reference (K) going to the high (H) state. Note that, in general, the clock reference
symbol representation is based on three letters representing the clock of a particular functional. For rise and fall times, the
latter convention is used with the appropriate letter: R (rise) or F (fall).

. TRST is an asynchronous level sensitive signal. The setup time is for test purposes only.

. Non-JTAG signal input timing with respect to trc k.

. Non-JTAG signal output timing with respect to tyc) k.

. Guaranteed by design and characterization.

o0k Ww

Figure 41 provides the AC test load for TDO and the boundary-scan outputs.

Output ~<> Zy=50Q () AN NVpp/2
| RL = 50 Q

Figure 41. AC Test Load for the JTAG Interface
Figure 42 provides the JTAG clock input timing diagram.

JTAG
External Clock

< tite > tyTGF —>
VM = Midpoint Voltage (NVpp/2)

Figure 42. JTAG Clock Input Timing Diagram

Figure 43 provides the TRST timing diagram.

TRST VM VM

< tTRsT >|
VM = Midpoint Voltage (NVpp/2)

Figure 43. TRST Timing Diagram
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Figure 44 provides the boundary-scan timing diagram.

JTAG 5( VM VM

External Clock
\

tUTDOVKH —>  |[<—
~<—tTDXKH

Boundary N < >< Input >< >7
Data Inputs Data Valid

<—1TKLDV
tTKLDX —> <

Boundary

Data Outputs Output Data Valid

—> tTKLDZ \r—

Boundary
Data Outputs

Output Data Valid >/‘ N

VM = Midpoint Voltage (NVpp/2)
Figure 44. Boundary-Scan Timing Diagram

Figure 45 provides the test access port timing diagram.

JTAG \
External Clock K M N VM
tTIVKH —>]
. <— tTIXKH
Input
TDI, TMS N < >< Data Valid >< >
< tyTKLOV
tTkLOX — <—
TDO Output Data Valid

—> t7KL0Z \r—

TDO Output Data Valid >/] N
VM = Midpoint Voltage (NVpp/2)
Figure 45. Test Access Port Timing Diagram
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1’c

13 12C

This section describes the DC and AC electrical characteristics for the 12C interface.

13.1 I2C DC Electrical Characteristics

Table 49 provides the DC electrical characteristics for the 1°C interface.

Table 49. 1°C DC Electrical Characteristics
At recommended operating conditions with NVpp 0f 3.3V £ 0.3 V.

Parameter Symbol Min Max Unit Notes
Input high voltage level ViH 0.7 x NVpp NVpp + 0.3 \Y
Input low voltage level Vi -0.3 0.3 x NVpp \Y
Low level output voltage VoL 0 0.2 x NVpp \Y 1
Output fall time from V,,,(min) to V, (max) with a bus tiok LKV 20+0.1xCpg 250 ns 2
capacitance from 10 to 400 pF
Pulse width of spikes which must be suppressed by toKHKL 0 50 ns 3
the input filter
Capacitance for each 1/0O pin C — 10 pF
Input current, (0 V <V < NVpp) N — 5 A 4
Notes:

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

2. Cg = capacitance of one bus line in pF.

3. Refer to the MPC8313E PowerQUICC ™ Il Pro Integrated Processor Family Reference Manual, for information on the digital
filter used.

4. 1/0 pins obstruct the SDA and SCL lines if NVpp is switched off.

13.2 1°C AC Electrical Specifications

Table 50 provides the AC timing parameters for the 12C interface.

Table 50. I°C AC Electrical Specifications
All values refer to V| (min) and V,_(max) levels (see Table 49).

Parameter Symbol! Min Max Unit
SCL clock frequency floc 0 400 kHz
Low period of the SCL clock tiocL 1.3 — us
High period of the SCL clock tocH 0.6 — us
Setup time for a repeated START condition tosvKH 0.6 — us
Hold time (repeated) START condition (after this period, the first clock tosxKL 0.6 — us
pulse is generated)
Data setup time t2DVKH 100 — ns
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Table 50. I12C AC Electrical Specifications (continued)

All values refer to V| (min) and V,_(max) levels (see Table 49).

Parameter Symbol! Min Max Unit
Data hold time: tIZDXKL us
CBUS compatible masters — —
12C bus devices 0? 0.9°
Fall time of both SDA and SCL signals® tioce — 300 ns
Setup time for STOP condition t12PVKH 0.6 — us
Bus free time between a STOP and START condition toKHDX 1.3 — us
Noise margin at the LOW level for each connected device (including Vi 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.

N

The symbols used for timing specifications follow the pattern of tirst two letters of functional block)(signal)(state)(referenge)(state) for
inputs and tirst two letters of functional block)(reference)(state)(signal)(state) FOF OUtputs. For example, tjopyk Symbolizes 1°C timing (12)
with respect to the time data input signals (D) reach the valid state (V) relative to the t,¢ clock reference (K) going to the high
(H) state or setup time. Also, tjogxk Symbolizes I2C timing (12) for the time that the data with respect to the start condition
(S) went invalid (X) relative to the t5¢ clock reference (K) going to the low (L) state or hold time. Also, tj;pykHy 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 t;,¢ 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).

. The MPCB8313E provides a hold time of at least 300 ns for the SDA signal (referred to the V|, Of the SCL signal) to bridge

the undefined region of the falling edge of SCL.

. The maximum tj,pykH has only to be met if the device does not stretch the LOW period (t;»¢ ) of the SCL signal.
. Cg = capacitance of one bus line in pF.
. The MPC8313E does not follow the °C-BUS Specifications, Version 2.1, regarding the tj,cg AC parameter.

Figure 46 provides the AC test load for the 1°C.

Output {) Zy=50Q O AN NVpp/2
| | RL =50Q

Figure 46. I°C AC Test Load

Figure 47 shows the AC timing diagram for the 1°C bus.

TN/

<— t2DVKH tioKHKL

tosxkL 1 | [<—

tiacH ﬁ <1 ti2svkH ti2pvkH -~

<— T2DxKL | Sr] P S
Figure 47. I°C Bus AC Timing Diagram

SCL
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PCI

14 PCI

This section describes the DC and AC electrical specifications for the PCI bus.

14.1 PCI DC Electrical Characteristics

Table 51 provides the DC electrical characteristics for the PCI interface.
Table 51. PCI DC Electrical Characteristics®

Parameter Symbol Test Condition Min Max Unit
High-level input voltage ViH Vout 2 Vo (min) or 0.5x NVpp NVpp + 0.3 \Y
Low-level input voltage Vi Vourt < Vo, (max) -0.5 0.3 x NVpp \Y
High-level output voltage VoH NVpp = min, gy =-100 pA | 0.9 x NVpp — \Y
Low-level output voltage VoL NVpp = min, Ig. =100 pA — 0.1 x NVpp \Y
Input current Iin 0V <V<NVpp — 5 A

Note:

1. Note that the symbol Vy, in this case, represents the OV, symbol referenced in Table 1 and Table 2.

14.2 PCI AC Electrical Specifications

This section describes the general AC timing parameters of the PCI bus. Note that the PCI_CLK or
PCI_SYNC_IN signal isused asthe PCI input clock depending on whether the MPC8313E is configured

as ahost or agent device.

Table 52 shows the PCl AC timing specifications at 66 MHz.

Table 52. PCI AC Timing Specifications at 66 MHz

Parameter Symbol1 Min Max Unit Notes
Clock to output valid tpcKkHOV — 6.0 ns 2
Output hold from clock tpckHOX 1 — ns 2
Clock to output high impedance tpckHOZ — 14 ns 2,3
Input setup to clock tpCIVKH 3.0 — ns 2,4
Input hold from clock tPCIXKH 0 — ns 2,4

Notes:

1. The symbols used for timing specifications follow the pattern of Yfirst two letters of functional block)(signal)(state)(reference)(state) for
inputs and Lfirst two letters of functional block)(reference)(state)(signal)(state) for outputs. For example, tpcykH Symbolizes PCI timing
(PC) with respect to the time the input signals (I) reach the valid state (V) relative to the PCI_SYNC_IN clock, tgys, reference
(K) going to the high (H) state or setup time. Also, tbcryrpy Symbolizes PCI timing (PC) with respect to the time hard reset
(R) went high (H) relative to the frame signal (F) going to the valid (V) state.

N

. See the timing measurement conditions in the PC/ 2.3 Local Bus Specifications.

3. For purposes of active/float timing measurements, the Hi-Z or off state is defined to be when the total current delivered
through the component pin is less than or equal to the leakage current specification.
4. Input timings are measured at the pin.

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1

56

Freescale Semiconductor




Table 53 shows the PCl AC timing specifications at 33 MHz.
Table 53. PCI AC Timing Specifications at 33 MHz

PCI

Parameter Symbol1 Min Max Unit Notes
Clock to output valid tPCKHOV — 11 ns 2
Output hold from clock tpckHOX 2 — ns 2
Clock to output high impedance tpckHOZ — 14 ns 2,3
Input setup to clock thcIvKH 3.0 — ns 2,4
Input hold from clock tpCIXKH 0 — ns 2,4

Notes:

1. The symbols used for timing specifications follow the pattern of tist two letters of functional block)(signal)(state)(reference)(state) fpr
inputs and st two letters of functional block)(reference)(state)(signal)(state) fOr outputs. For example, tpcvkH Symbolizes PCI timing
(PC) with respect to the time the input signals (1) reach the valid state (V) relative to the PCI_SYNC_IN clock, tsys, reference
(K) going to the high (H) state or setup time. Also, tpcryry Symbolizes PCI timing (PC) with respect to the time hard reset

(R) went high (H) relative to the frame signal (F) going to the valid (V) state.
. See the timing measurement conditions in the PCI 2.3 Local Bus Specifications.

N

3. For purposes of active/float timing measurements, the Hi-Z or off state is defined to be when the total current delivered

through the component pin is less than or equal to the leakage current specification.
4. Input timings are measured at the pin.

Figure 48 provides the AC test load for PCI.

Output ~<> Zp=50Q

AN NVpp/2
RL =50Q

| | |_/—\
N

Figure 48. PCI AC Test Load

Figure 49 shows the PCI input AC timing conditions.

CLK

tpcivkH —>
—> <— tpcixkH

Input

Figure 49. PCl Input AC Timing Measurement Conditions
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Figure 50 shows the PCI output AC timing conditions.

S N S N

—> tpckHOV
<— tpckHOX

Output Delay

<— tpckHOZ —>

High-Impedance
Output

Figure 50. PCI Output AC Timing Measurement Condition

15 Timers

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

15.1 Timers DC Electrical Characteristics

Table 54 providesthe DC electrical characteristics for the MPC8313E timers pins, including TIN, TOUT,
TGATE, and RTC_CLK.

Table 54. Timers DC Electrical Characteristics

Characteristic Symbol Condition Min Max Unit
Output high voltage VoH loy=-8.0 mA 2.4 —
Output low voltage VoL loL =8.0 mA — 0.5 \Y
Output low voltage VoL loL=3.2mA — 0.4 \
Input high voltage ViH — 21 NVpp + 0.3 \Y
Input low voltage Vi — -0.3 0.8 \Y
Input current N 0V<=<V|NSNVpp — +5 UA

15.2 Timers AC Timing Specifications

Table 55 provides the Timers input and output AC timing specifications.
Table 55. Timers Input AC Timing Specifications1

Characteristic Symbol? Min Unit

Timers inputs—minimum pulse width tTiwip 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 tt)y,p NS to ensure proper operation
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Figure 51 provides the AC test load for the Timers.

Output ~{>

16 GPIO

ZOZSOQ

0
=

Figure 51. Timers AC Test Load

M
RL=SOQ

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

16.1 GPIO DC Electrical Characteristics
Table 56 provides the DC electrical characteristics for the GPIO when the GPIO pins are operating from

a3.3-V supply.

NVpp/2

Table 56. GPIO (When Operating at 3.3 V) DC Electrical Characteristics®

GPIO

Characteristic Symbol Condition Min Max Unit
Output high voltage VoH loy=-8.0 mA 2.4 —
Output low voltage VoL loL =8.0 mA — 0.5 \Y
Output low voltage VoL loL =3.2mA — 0.4 \
Input high voltage ViH — 2.0 NVpp + 0.3 \Y
Input low voltage ViU — -0.3 0.8 \%
Input current N 0V<VNSNVpp — +5 UA

1 This specification only applies to GPIO pins that are operating from a 3.3-V supply. See Table 63 for the power supply listed

for the individual GPIO signal.

Table 57 provides the DC electrical characteristics for the GPIO when the GPIO pins are operating from

a2.5-V supply.
Table 57. 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 lop =-1.0 mA NVpp = min 2.00 NVpp + 0.3 \Y
Output low voltage VoL lor=1.0mA NVpp = min Vggs—0.3 0.40 \Y
Input high voltage ViH — NVpp = min 1.7 NVpp + 0.3 \Y
Input low voltage Vi — NVpp = min -0.3 0.70 \Y
Input high current H Vin=NVpp — 10 A
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IPIC

Table 57. GPIO (When Operating at 2.5 V) DC Electrical Characteristics® (continued)

Parameters Symbol Conditions Min Max Unit

Input low current I ViN= Vss -15 — A

1 This specification only applies to GPIO pins that are operating from a 2.5-V supply. See Table 63 for the power supply listed
for the individual GPIO signal.

16.2 GPIO AC Timing Specifications

Table 58 provides the GPIO input and output AC timing specifications.
Table 58. GPIO Input AC Timing Specifications?

Characteristic Symbol? Min Unit

GPIO inputs—minimum pulse width teiwiD 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 tpyp NS to ensure proper operation.

Figure 52 provides the AC test load for the GPIO.

Output {) Z4=50Q O A NVpp/2
| RL =50Q

Figure 52. GPIO AC Test Load

17 IPIC

This section describes the DC and AC electrical specifications for the externa interrupt pins.

17.1 IPIC DC Electrical Characteristics

Table 59 provides the DC electrical characteristics for the external interrupt pins.
Table 59. IPIC DC Electrical Characteristics

Characteristic Symbol Condition Min Max Unit
Input high voltage ViH — 2.1 NVpp + 0.3 \Y
Input low voltage Vi — -0.3 0.8 \Y
Input current N — — +5 HA
Output low voltage VoL loL =8.0 mA — 0.5
Output low voltage VoL loL=3.2mA — 0.4

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1

60 Freescale Semiconductor



17.2

Table 60 provides the IPIC input and output AC timing specifications.

IPIC AC Timing Specifications

Table 60. IPIC Input AC Timing Specifications®

SPI

Characteristic

Symbol?

Min

Unit

IPIC inputs—minimum pulse width

triwiD

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

in edge triggered mode.

18 SPI

This section describes the DC and AC electrical specifications for the SPI of the MPC8313E.

18.1 SPI DC Electrical Characteristics
Table 61 provides the DC electrical characteristics for the MPC8313E SPI.

Table 61. SPI DC Electrical Characteristics

Characteristic Symbol Condition Min Max Unit
Output high voltage VoH loy=-6.0 mA 2.4 — \%
Output low voltage Vou loL =6.0 mA — 0.5 \
Output low voltage VoL loL=3.2mA — 0.4 \
Input high voltage Vi — 21 NVpp + 0.3 \Y
Input low voltage Vi — -0.3 0.8 \Y
Input current N 0V <V<NVpp — 5 A
18.2 SPI AC Timing Specifications
Table 62 and provide the SPI input and output AC timing specifications.
Table 62. SPI AC Timing Specifications?
Characteristic Symbol? Min Max Unit
SPI outputs—master mode (internal clock) delay tNIKHOV 0.5 6 ns
SPI outputs—slave mode (external clock) delay tNEKHOV 2 8 ns
SPI inputs—master mode (internal clock) input setup time tNIIVKH 6 — ns
SPI inputs—master mode (internal clock) input hold time tNIIXKH 0 — ns
SPI inputs—slave mode (external clock) input setup time tNEIVKH 4 — ns
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SPI

Table 62. SPI AC Timing Specifications?

Characteristic Symbol? Min Max Unit

SPI inputs—slave mode (external clock) input hold time tNEIXKH 2 — ns

Notes:

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

2. The symbols used for timing specifications follow the pattern of tst 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, tyikHov Symbolizes the NMSI
outputs internal timing (NI) for the time tgp; memory clock reference (K) goes from the high state (H) until outputs (O) are
valid (V).

Figure 53 provides the AC test load for the SPI.

Output {) Z5=50Q

AN NVpp/2
RL =50Q

=D

Figure 53. SPI AC Test Load

Figure 54 through Figure 55 represent the AC timing from Table 62. Note that although the specifications
generaly reference therising edge of the clock, these AC timing diagramsal so apply when thefalling edge
isthe active edge.

Figure 54 shows the SPI timing in slave mode (external clock).

SPICLK (Input)

—> tNEIXKH

Input Signals:
SPIMOSI
(See Note) |

|
tNEIVKH l<— :
|

|
) <— INEKHOV
Output Signals: |

SPIMISO --------------- R
(See Note) '

Note: The clock edge is selectable on SPI.

Figure 54. SPI AC Timing in Slave Mode (External Clock) Diagram
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Package and Pin Listings

Figure 55 shows the SPI timing in master mode (internal clock).

SPICLK (Output)

—> tNIIXKH '

, tNnivkn —> !

Input Signals: ' '
SPIMISO ---- Yoo R R R

(See Note) | :
|

|
, <— INIKHOV i
Output Signals: |
SPIMOSI - -------------- R s (D S R R
(See Note) '

Note: The clock edge is selectable on SPI.
Figure 55. SPI AC Timing in Master Mode (Internal Clock) Diagram

19 Package and Pin Listings

This section detail s package parameters, pin assignments, and dimensions. The MPC8313E isavailablein
athermally enhanced plastic ball grid array (TEPBGAII), see Section 19.1, “ Package Parameters for the
MPC8313E TEPBGAII,” and Section 19.2, “Mechanical Dimensions of the MPC8313E TEPBGAIII,” for
information on the TEPBGAII.

19.1 Package Parameters for the MPC8313E TEPBGAII

The package parameters are as provided in the following list. The package type is 27 mm x 27 mm,
516 TEPBGAII.

Package outline 27 mm x 27 mm

Interconnects 516

Pitch 1.00 mm

Module height (typical) 2.25mm

Solder Balls 95.5 Sn/0.5 Cu/4 Ag (VR package),
62 Sn/36 Ph/2 Ag (ZQ package)

Ball diameter (typical) 0.6 mm
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Package and Pin Listings

19.2 Mechanical Dimensions of the MPC8313E TEPBGAII

Figure 56 shows the mechanical dimensions and bottom surface nomenclature of the 516-TEPBGAII
package.
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Notes:

1. All dimensions are in millimeters.

2. Dimensions and tolerances per ASME Y14.5M-1994.

3. Maximum solder ball diameter measured parallel to datum A.

4. Datum A, the seating plane, is determined by the spherical crowns of the solder balls.
5. Package code 5368 is to account for PGE and the built-in heat spreader.

Figure 56. Mechanical Dimension and Bottom Surface Nomenclature of the MPC8313E TEPBGAII
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19.3 Pinout Listings

Table 63 provides the pin-out listing for the MPC8313E, TEPBGAII package.

Table 63. MPC8313E TEPBGAII Pinout Listing

Package and Pin Listings

Signal Package Pin Number Pin Type SPS;V;; Notes
DDR Memory Controller Interface
MEMC_MDQO A8 10 GVpb
MEMC_MDQ1 A9 10 GVpp
MEMC_MDQ2 C10 10 GVpb
MEMC_MDQ3 C9 10 GVpb
MEMC_MDQ4 E9 10 GVpp
MEMC_MDQ5 E11 10 GVpp
MEMC_MDQ6 E10 10 GVpp
MEMC_MDQ7 C8 10 GVpp
MEMC_MDQ8 E8 10 GVpb
MEMC_MDQ9 A6 10 GVpb
MEMC_MDQ10 B6 10 GVpp
MEMC_MDQ11 C6 10 GVpp
MEMC_MDQ12 c7 10 GVpp
MEMC_MDQ13 D7 10 GVpp
MEMC_MDQ14 D6 10 GVpp
MEMC_MDQ15 A5 10 GVpp
MEMC_MDQ16 A19 10 GVpp
MEMC_MDQ17 D18 10 GVpp
MEMC_MDQ18 Al7 10 GVpp
MEMC_MDQ19 E17 10 GVpp
MEMC_MDQ20 E16 10 GVpp
MEMC_MDQ21 ci1s 10 GVpb
MEMC_MDQ22 D19 10 GVpb
MEMC_MDQ23 C19 10 GVpb
MEMC_MDQ24 E19 10 GVpp
MEMC_MDQ25 A22 10 GVpp
MEMC_MDQ26 c21 10 GVpb
MEMC_MDQ27 C20 10 GVpb
MEMC_MDQ28 A21 10 GVpp
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Table 63. MPC8313E TEPBGAII Pinout Listing (continued)

Signal Package Pin Number Pin Type SPL?;V;; Notes
MEMC_MDQ29 A20 10 GVpp
MEMC_MDQ30 c22 10 GVpp
MEMC_MDQ31 B22 10 GVpp
MEMC_MDMO B7 o] GVpp
MEMC_MDM1 E6 o] GVpp
MEMC_MDM2 E18 o] GVpp
MEMC_MDM3 E20 o] GVpp
MEMC_MDQSO0 A7 10 GVpp
MEMC_MDQS1 E7 10 GVpp
MEMC_MDQS?2 B19 10 GVpp
MEMC_MDQS3 A23 10 GVpp
MEMC_MBAO D15 o] GVpp
MEMC_MBA1 A18 o] GVpp
MEMC_MBA?2 A15 o] GVpp
MEMC_MAO E12 o] GVpp
MEMC_MA1 D11 o] GVpp
MEMC_MA2 B11 o] GVpp
MEMC_MA3 All o) GVpp
MEMC_MA4 Al12 o) GVpp
MEMC_MA5 E13 o) GVpp
MEMC_MAG Cc12 o) GVpp
MEMC_MA7 El4 o) GVpp
MEMC_MAS8 B15 o) GVpp
MEMC_MA9 c17 o) GVpp
MEMC_MA10 C13 o) GVpp
MEMC_MA11 Al6 o) GVpp
MEMC_MA12 C15 o) GVpp
MEMC_MA13 C16 o) GVpp
MEMC_MA14 E15 o) GVpp
MEMC_MWE B18 o] GVpp
MEMC_MRAS c11 o GVpp
MEMC_MCAS B10 o] GVpp
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Table 63. MPC8313E TEPBGAII Pinout Listing (continued)

Signal Package Pin Number Pin Type SPL?;V;; Notes
MEMC_MCSO0 D10 o) GVpp
MEMC_MCS1 Al10 o GVpp
MEMC_MCKE B14 o) GVpp 3
MEMC_MCK A13 o] GVpp
MEMC_MCK Al4 o) GVpp
MEMC_MODTO B23 o] GVpp
MEMC_MODT1 c23 o] GVpp
Local Bus Controller Interface
LADO K25 10 Vpp
LAD1 K24 10 WVpb
LAD2 K23 10 WVpp
LAD3 K22 10 WVpb
LAD4 J25 10 AV
LAD5 J24 10 AV
LAD6 J23 10 AV
LAD7 J22 10 AV
LADS H24 10 AV
LAD9 F26 10 LVpp
LAD10 G24 10 LVpp
LAD11 F25 10 LVpp
LAD12 E25 10 Vpp
LAD13 F24 10 LVbp
LAD14 G22 10 Vpp
LAD15 F23 10 LVpp
LA16 AC25 o) Vpp
LA17 AC26 o) Vpp
LA18 AB22 o) LVbp
LA19 AB23 o) Vpp
LA20 AB24 0] LVpp
LA21 AB25 o) Vpp
LA22 AB26 o) Vpp
LA23 E22 o) LVbb
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Table 63. MPC8313E TEPBGAII Pinout Listing (continued)

Signal Package Pin Number Pin Type SPS;V;; Notes
LA24 E23 o] LVbp
LA25 D22 o] Vbp
LCSO D23 o) LVpp
LCS1 J26 o LVpp
LCS2 F22 o LVpp
LCS3 D26 o) LVpp
LWEO/LFWE E24 o) Vpp
LWE1L H26 o) LVpp
LBCTL L22 o] WVpp
LALE/M1LALE/M2LALE E26 o] LVbp
LGPLO/LFCLE AA23 o] LVbp
LGPL1/LFALE AA24 o] LVbp
LGPL2/LOE/LFRE AA25 o) Vpp
LGPL3/LFWP AA26 o) Vpp
LGPL4/LGTA/LUPWAIT/LFRB Y22 10 LVpp
LGPL5 E21 o] LVpp
LCLKO H22 o] Vpp
LCLK1 G26 o] LVop
LAO/GPIO0/MSRCIDO AC24 10 LVop
LAL/GPIO1//MSRCID1 Y24 10 LVop
LA2/GPIO2//MSRCID2 Y26 10 LVpp
LA3/GPIO3//MSRCID3 w22 10 LVpp
LA4/GPIO4//MSRCID4 w24 10 LVpp
LA5/GPIO5/MDVAL W26 10 LVop
LAG6/GPIO6 V22 10 LVop
LA7/GPIO7/TSEC_1588_TRIG2 V23 10 LVop 8
LA8/GPIO13/TSEC_1588_ALARM1 V24 10 LVpp 8
LA9/GPIO14/TSEC_1588_PP3 V25 10 LVpp 8
LA10/TSEC_1588_CLK V26 o] LVbp 8
LA11/TSEC_1588_GCLK u22 o] LVbp 8
LA12/TSEC_1588_PP1 AD24 o] LVpp 8
LA13/TSEC_1588_PP2 L25 o] LVop 8
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Table 63. MPC8313E TEPBGAII Pinout Listing (continued)

Signal Package Pin Number Pin Type SPS;V;; Notes
LA14/TSEC_1588 TRIG1 L24 o} Vpp 8
LA15/TSEC_1588 ALARM2 K26 WVpp 8

DUART
UART_SOUT1/MSRCIDO N2 o} NVpp
UART_SIN1/MSRCID1 M5 10 NVpp
UART_CTS1/GPIO8/MSRCID2 M1 10 NVpp
UART_RTS1/GPIO9/MSRCID3 K1 10 NVpp
UART_SOUT2/MSRCID4/TSEC_1588 CLK M3 o] NVpp 8
UART_SIN2/MDVAL/TSEC_1588_GCLK L1 10 NVpp 8
UART_CTS2/TSEC_1588 _PP1 L5 10 NVpp 8
UART_RTS2/TSEC_1588 PP2 L3 10 NVpp 8
I2C interface
IIC1_SDA/CKSTOP_OUT/TSEC_1588 TRIG1 Ja 10 NVpp 2,8
IIC1_SCL/CKSTOP_IN/TSEC_1588 ALARM2 J2 10 NVpp 2,8
IIC2_SDA/PMC_PWR_OK/GPIO10 J3 10 NVpp 2
IIC2_SCL/GPIO11 H5 10 NVpp 2
Interrupts
MCP_OUT G5 o) NVpp 2
IRQO/MCP_IN K5 | NVpp
IRQ1 K4 [ NVpp
1IRQ2 K2 [ NVpp
IRQ3/CKSTOP_OUT K3 10 NVpp
IRQ4/CKSTOP_IN/GPI012 J1 10 NVpp
Configuration
CFG_CLKIN_DIV D5 [ NVpp
EXT_PWR_CTRL J5 o] NVpp
CFG_LBIU_MUX_EN R24 I NVpp
JTAG
TCK El I NVpp
TDI E2 I NVpp 4
TDO E3 o] NVpp 3
MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1

Freescale Semiconductor 69



Package and Pin Listings

Table 63. MPC8313E TEPBGAII Pinout Listing (continued)

Signal Package Pin Number Pin Type SPL?;V;; Notes
T™MS E4 [ NVpp 4
TRST E5 | NVpp 4
TEST
TEST_MODE F4 [ NVpp 6
DEBUG
QUIESCE F5 o NVpp
System Control
HRESET F2 10 NVpp 1
PORESET F3 [ NVpp
SRESET F1 | NVpp
Clocks
SYS_CR_CLK_IN u26 [ NVpp
SYS_CR_CLK_OUT u25 o] NVpp
SYS_CLK_IN u23 [ NVpp
USB_CR_CLK_IN T26 [ NVpp
USB_CR_CLK_OUT R26 o] NVpp
USB_CLK_IN T22 [ NVpp
PCI_SYNC_OUT u24 o] NVpp 3
RTC_PIT_CLOCK R22 [ NVpp
PCI_SYNC_IN T24 [ NVpp
MISC
THERMO N1 [ NVpp 7
THERM1 N3 [ NVpp 7
PCI
PCI_INTA AF7 o] NVpp
PCI_RESET_OUT AB11 o] NVpp
PCI_ADO AB20 10 NVpp
PCI_AD1 AF23 10 NVpp
PCI_AD2 AF22 10 NVpp
PCI_AD3 AB19 10 NVpp
PCI_AD4 AE22 10 NVpp
PCI_AD5 AF21 10 NVpp
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Table 63. MPC8313E TEPBGAII Pinout Listing (continued)

Signal Package Pin Number Pin Type SPS;V;; Notes
PCI_ADG AD19 10 NVpp
PCI_AD7 AD20 10 NVpp
PCI_ADS8 AC18 10 NVpp
PCI_AD9 AD18 10 NVpp
PCI_AD10 AB18 10 NVpp
PCI_AD11 AE19 10 NVpp
PCI_AD12 AB17 10 NVpp
PCI_AD13 AE18 10 NVpp
PCI_AD14 AD17 10 NVpp
PCI_AD15 AF19 10 NVpp
PCI_AD16 AB14 10 NVpp
PCI_AD17 AF15 10 NVpp
PCI_AD18 AD14 10 NVpp
PCI_AD19 AE14 10 NVpp
PCI_AD20 AF12 10 NVpp
PCI_AD21 AE11 10 NVpp
PCI_AD22 AD12 10 NVpp
PCI_AD23 AB13 10 NVpp
PCI_AD24 AF9 10 NVpp
PCI_AD25 AD11 10 NVpp
PCI_AD26 AE10 10 NVpp
PCI_AD27 AB12 10 NVpp
PCI_AD28 AD10 10 NVpp
PCI_AD29 AC10 10 NVpp
PCI_AD30 AF10 10 NVpp
PCI_AD31 AF8 10 NVpp
PCI_C/BEO AC19 10 NVpp
PCI_C/BE1 AB15 10 NVpp
PCI_C/BE2 AF14 10 NVpp
PCI_C/BE3 AF11 10 NVpp
PCI_PAR AD16 10 NVpp
PCI_FRAME AF16 10 NVpp 5
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Table 63. MPC8313E TEPBGAII Pinout Listing (continued)

Signal Package Pin Number Pin Type SPS;V;; Notes
PCI_TRDY AD13 10 NVpp 5
PCI_IRDY AC15 10 NVpp 5
PCI_STOP AF13 10 NVpp 5
PCI_DEVSEL AC14 10 NVpp 5
PCI_IDSEL AF20 [ NVpp
PCI_SERR AE15 10 NVpp 5
PCI_PERR AD15 10 NVpp 5
PCI_REQO AB10 10 NVpp
PCI_REQ1/CPCI_HS_ES AD9 I NVpp
PCI_REQ2 ADS8 [ NVpp
PCI_GNTO AC11 10 NVpp
PCI_GNT1/CPCI_HS_LED AE7 0 NVpp
PCI_GNT2/CPCI_HS_ENUM AD7 0 NVpp
M66EN AD21 [ NVpp
PCI_CLKO AF17 o] NVpp
PCI_CLK1 AB16 o] NVpp
PCI_CLK2 AF18 o] NVpp
PCI_PME AD22 10 NVpp
ETSEC1/_USBULPI
TSEC1_COL/USBDR_TXDRXDO AD2 10 LVppe
TSEC1_CRS/USBDR_TXDRXD1 AC3 10 LVppe
TSEC1_GTX_CLK/USBDR_TXDRXD2 AF3 10 LVpps 3
TSEC1_RX_CLK/USBDR_TXDRXD3 AE3 10 LVppe
TSEC1_RX_DV/USBDR_TXDRXD4 AD3 10 LVpos
TSEC1_RXD3/USBDR_TXDRXD5 AC6 10 LVppe
TSEC1_RXD2/USBDR_TXDRXD6 AF4 10 LVppe
TSEC1_RXD1/USBDR_TXDRXD7 AB6 10 LVppe
TSEC1_RXDO/USBDR_NXT/TSEC_1588_TRIG1 ABS5 [ LVpps
TSEC1_RX_ER/USBDR_DIR/TSEC_1588_TRIG2 AD4 [ LVppe
TSEC1_TX_CLK/USBDR_CLK/TSEC_1588_CLK AF5 [ LVppe
TSEC1_TXD3/TSEC_1588_GCLK AE6 o LVpps
TSEC1_TXD2/TSEC_1588_PP1 AC7 o] LVpps
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Table 63. MPC8313E TEPBGAII Pinout Listing (continued)

Signal Package Pin Number Pin Type SPS;V;; Notes
TSEC1_TXD1/TSEC_1588_PP2 AD6 o] Vpps
TSEC1_TXDO/USBDR_STP/TSEC_1588_PP3 AD5 o} WVppg
TSEC1_TX_EN/TSEC_1588_ALARM1 AB7 o LVppe
TSEC1_TX_ER/TSEC_1588_ALARM2 AB8 o LVppe
TSEC1_GTX_CLK125 AE1 [ LVpps
TSEC1_MDC/LB_POR_CFG_BOOT_ECC_DIS AF6 o} NVpp 9
TSEC1_MDIO AB9 10 NVpp 2

ETSEC2
TSEC2_COL/GTM1_TIN4/GTM2_TIN3/GPI015 AB4 10 LVppa
TSEC2_CRS/GTM1_TGATE4/GTM2_TGATE3/GPI016 AB3 10 LVppa
TSEC2_GTX_CLK/GTM1_TOUT4/GTM2_TOUT3/GPIO17 AC1 10 LVppa
TSEC2_RX_CLK/GTM1_TIN2/GTM2_TIN1/GPIO18 AC2 10 LVppa
TSCE2_RX_DV/GTM1_TGATE2/GTM2_TGATE1/GPI019 AA3 10 LVppa
TSEC2_RXD3/GPI020 Y5 10 LVppa
TSEC2_RXD2/GPI021 AA4 10 LVppa
TSEC2_RXD1/GPI022 AB2 10 LVppa
TSEC2_RXDO/GPI023 AA5 10 LVppa
TSEC2_RX_ER/GTM1_TOUT2/GTM2_TOUT1/GP1024 AA2 10 LVbpa
TSEC2_TX_CLK/GPIO25 AB1 10 LVppa
TSEC2_TXD3/CFG_RESET_SOURCEOQ w3 10 LVppa
TSEC2_TXD2/CFG_RESET_SOURCE1 Y1 10 LVpbpa
TSEC2_TXD1/CFG_RESET_SOURCE2 W5 10 LVpbpa
TSEC2_TXDO/CFG_RESET_SOURCE3 Y3 10 LVppa
TSEC2_TX_EN/GPIO26 AA1 10 LVppa
TSEC2_TX_ER/GPIO27 w1 10 LVppa
SGMII PHY

TXA u3 o

TXA V3 o]

RXA Ul |

RXA V1 [

TXB P4 0]

TXB N4 o]
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Table 63. MPC8313E TEPBGAII Pinout Listing (continued)

Signal Package Pin Number Pin Type SPS;V;; Notes

RXB R1 I
RXB P1 I
SD_IMP_CAL_RX V5 | 200 Qto

GND
SD_REF_CLK T5 I
SD_REF_CLK T4 I
SD_PLL_TPD T2 o]
SD_IMP_CAL_TX N5 | 100 Q to

GND
SDAVDD R5 10
SD_PLL_TPA_ANA R4 o]
SDAVSS R3 10

USB PHY
USB_DP P26 10
USB_DM N26 10
USB_VBUS P24 10
USB_TPA L26 10
USB_RBIAS M24 10
USB_PLL_PWR3 M26 10
USB_PLL_GND N24 10
USB_PLL_PWR1 N25 10
USB_VSSA_BIAS M25 10
USB_VDDA_BIAS M22 10
USB_VSSA N22 10
USB_VDDA P22 10
GTM/USB
USBDR_DRIVE_VBUS/GTM1_TIN1/GTM2_TIN2/LSRCIDO AD23 10 NVpp
USBDR_PWRFAULT/GTM1_TGATE1/GTM2_TGATE2/ AE23 10 NVpp
LSRCID1
USBDR_PCTLO/GTM1_TOUT1/LSRCID2 AC22 o NVpp
USBDR_PCTL1/LBC_PM_REF_10/LSRCID3 AB21 o} NVpp
SPI

SPIMOSI/GTM1_TIN3/GTM2_TIN4/GPIO28/LSRCID4 H1 10 NVpp

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1

74 Freescale Semiconductor



Package and Pin Listings

Table 63. MPC8313E TEPBGAII Pinout Listing (continued)

Power

Signal Package Pin Number Pin Type Supply Notes
SPIMISO/GTM1_TGATE3/GTM2_TGATE4/GP1029/ H3 10 NVpp
LDVAL
SPICLK/GTM1_TOUT3/GPIO30 Gl 10 NVpp
SPISEL/GPIO31 G3 10 NVpp

Power and Ground Supplies
AVpp F14 Power fore300 —
core APLL
a.0v)
AVppo P21 Power for —
system APLL
1.0v)
GVpp A2,A3,A4,A24,A25,B3, Power for —
B4,B5,812,B13,B20,B21, DDR1 and
B24,B25,B26,D1,D2,D8, DDR2 DRAM
D9,D16,D17 1/0O voltage
(1.8/2.5V)
LVpp D24,D25,G623,H23,R23, | Power forlocal —
T23,W25,Y25,AA22,AC23 | bus (3.3V)
LVbpa W2,Y2 Power for —
eTSEC2
(2.5V,3.3V)
LVppe AC8,AC9,AE4,AES Power for —
eTSEC1/
USB DR
(2.5V,3.3V)
MVREr C14,D14 Reference —
voltage signal
for DDR
NVpp G4,H4,L.2,M2,AC16,AC17, | Standard I/O —
AD25,AD26,AE12,AE13, |voltage (3.3 V)
AE20,AE21,AE24,AE25,
AE26,AF24,AF25
Vpp K11,K12,K13,K14,K15, | Power for core —
K16,L10,L17,M10,M17, a.ov
N10,N17,U12,U13,
Vbbe F6,F10,F19,K6,K10,K17, Internal core —
K21,P6,P10,P17,R10,R17, | logic constant
T10,T17,U10,U11,U14, | power (1.0 V)
U15,U16,U17,W6,W21,
AA6,AA10,AA14,AAL19
MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1
Freescale Semiconductor 75



Package and Pin Listings

Table 63. MPC8313E TEPBGAII Pinout Listing (continued)

Signal

Package Pin Number

Pin Type

Power
Supply

Notes

B1,B2,B8,B9,B16,817,C1,
C2,C3,C4,C5,C24,C25,
C26,D3,D4,D012,D013,D20,
D21,F8,F11,F13,F16,F17,
F21,G2,G25,H2,H6,H21,
H25,0L4,L6,L.11,0.12,113,
L14,015,L16,L.21,L.23,M4,
M11,M12,M13,M14,M15,
M16,M23,N6,N11,N12,
N13,N14,N15,N16,
N21,N23,P11,P12,P13,
P14,P15,P16,P23,P25,
R11,R12,R13,R14,R15,
R16,R25,7T6,T11,T12,T13,
T14,T15,T16,T21,T25,U5,
U6,U21,W4,W23,Y4,Y23,
AA8,AA11,AAL13,AA1LG,
AA17,AA21,AC4,AC5,
AC12,AC13,AC20,AC21,
AD1,AE2,AE8,AE9,AE1G6,
AE17,AF2

XCOREVpp

T1,U2,v2

Core power for
SerDes
transceivers
a.ov)

XCOREVgg

P2,R2,T3

XPADVpp

P5,U4

Pad power for
SerDes
transceivers
a.ov)

XPADVgg

P3,v4

Notes:

1. This pin is an open drain signal. A weak pull-up resistor (1 kQ) should be placed on this pin to NVpp.

~NOoO o~ WN

(o]

9. LB_POR_CFG_BOOT_ECC_DIS is available only in MPC8313 Rev 2.x or later.

. This pin is an open drain signal. A weak pull-up resistor (2—10 k) should be placed on this pin to NVpp.
. This output is actively driven during reset rather than being three-stated during reset.
. These JTAG pins have weak internal pull-up P-FETs that are always enabled.

. This pin should have a weak pull up if the chip is in PCI host mode. Follow PCI specifications recommendation.
. This pin must always be tied to Vgg.

. Internal thermally sensitive resistor, resistor value varies linearly with temperature. Useful for determining the junction

temperature.
. 1588 signals are available on these pins only in MPC8313 Rev 2.x or later.
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20 Clocking
Figure 57 shows the internal distribution of clocks within the MPC8313E.

MPCB8313E

re30003 Core

I
USBMac| | m |
I

A |
USB PHY R 1
PLL
To DDR
Memory
m‘jx csb_clk|  controller
\
A DDR > MEMC_MCK | DDR
> quck Memory
USB_CLK_IN | Divider » MEMC_MCK | Device
/2
USB_CR_CLK_IN —|—> ddr_clk
x L2
Crystal [ Clock
System | Unit
USB_CR_CLK_OUT /1,/ﬂ PLL Ibc_clk
A _
v ﬂ Local Bus
A A u
TolocalBus | | p- > LCLK[0:1] $ Memory
Clock Device
Divider
CEG CLKIN DIV csb_clkto Rest
- - of the Device PCI_CLK/
* PCI_SYNC_IN
SYS_CLK_IN .
SYS_CR_CLK_IN _L)D ;\S .

Y

-"PCI_SYNC_OUT

[
Crystal PCI Clock )

g — > Divider (+2)
SYS_CR_CLK_OUT 3
> PCI_CLK_OUT[0:2]
GTX_CLK125 |
125-MHz Source eTSEC
Protocol RTC

Converter

Sys Ref —T T—

RTC_CLK (32 kHz)

1 Multiplication factor M = 1, 1.5, 2, 2.5, and 3. Value is decided by RCWLR[COREPLL].
2 Multiplication factor L = 2, 3, 4, 5, and 6. Value is decided by RCWLR[SPMF].

Figure 57. MPC8313E Clock Subsystem
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The primary clock source for the MPC8313E can be one of two inputs, SYS _CLK_IN or PCI_CLK,
depending on whether the device is configured in PCI host or PCI agent mode. When the device is
configured as a PCI host device, SYS_CLK_IN isits primary input clock. SYS CLK_IN feedsthe PCI
clock divider (+2) and the multiplexorsfor PCI_SYNC_OUT and PClI_CLK_OUT. The
CFG_CLKIN_DIV configuration input selects whether SYS CLK_IN or SYS CLK_IN/2 isdriven out
onthe PCI_SYNC_OUT signal. The OCCR[PCICOERN| parameters select whether the PCI_SYNC_OUT
isdriven out on the PCI_CLK_OUTn signals.

PCI_SYNC_OUT is connected externally to PCI_SYNC_IN to alow theinternal clock subsystem to
synchronize to the system PCI clocks. PCI_SYNC_OUT must be connected properly to PCI_SYNC_IN,
with equal delay to all PCl agent devices in the system, to allow the device to function. When the device
isconfigured as a PCl agent device, PCI_CLK isthe primary input clock. When the device is configured
asaPCl agent devicethe SYS_CLK_IN signal should be tied to VSS.

As shown in Figure 57, the primary clock input (frequency) is multiplied up by the system phase-locked
loop (PLL) and the clock unit to create the coherent system bus clock (csb_clk), the internal clock for the
DDR controller (ddr_clk), and the internal clock for the local businterface unit (Ibc_clk).

The csb_clk frequency is derived from a complex set of factors that can be simplified into the following
equation:

csb clk={PCI_SYNC_IN x (1 + ~CFG_CLKIN_DIV)} x SPMF
In PCI host mode, PCI_SYNC_IN x (1 + ~CFG_CLKIN_DIV) isthe SYS CLK_IN frequency.

The csb_clk serves as the clock input to the e300 core. A second PLL inside the e300 core multiplies up
the csb_clk frequency to create the internal clock for the €300 core (core_clk). The system and core PLL
multipliers are selected by the SPMF and COREPLL fieldsin the reset configuration word low (RCWL)
which isloaded at power-on reset or by one of the hard-coded reset options. See Chapter 4, “ Reset,
Clocking, and Initialization,” in the MPC8313E PowerQUICC |1 Pro Integrated Processor Family
Reference Manual, for more information on the clock subsystem.

The internal ddr_clk frequency is determined by the following equation:

ddr_clk=csb clk x (1 + RCWL[DDRCM)])
Notethat ddr_clkisnot the external memory busfrequency; ddr_clk passesthroughthe DDR clock divider
(+2) to create the differential DDR memory bus clock outputs (MCK and MCK). However, the datarate
isthe same frequency as ddr_clk.
Theinternal Ibc_clk frequency is determined by the following equation:

Ibc_clk=csb_clk x (1 + RCWL[LBCM])
Note that Ibc_clk is not the external local bus frequency; Ibc_clk passes through the a LBC clock divider

to create the external local bus clock outputs (LCLKJ[0:1]). The LBC clock divider ratio is controlled by
LCCR[CLKDIV].

In addition, some of the internal units may be required to be shut off or operate at lower frequency than
the csb_clk frequency. Those units have a default clock ratio that can be configured by a memory mapped
register after the device comes out of reset. Table 64 specifies which units have a configurable clock
frequency.
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Table 64. Configurable Clock Units

Unit Frzgzagjr:t:y Options
TSEC1 cshb_clk Off, csb_clk, csb_clki2, csb_clki3
TSEC2 cshb_clk Off, csb_clk, csb_clki2, csb_clki3
Security Core, 12C, SAP, TPR cshb_clk Off, csb_clk, csb_clki2, csb_clki3
USB DR csb_clk Off, csb_clk, csb_clki2, csb_clk/3
PCI and DMA complex cshb_clk Off, csb_clk

Table 65 providesthe operating frequenciesfor the MPC8313E TEPBGAII under recommended operating
conditions (see Table 2).

Table 65. Operating Frequencies for TEPBGAII

Characteristict Operall/il?g;irgrl:er;uency Unit
e300 core frequency (core_clk) 333 MHz
Coherent system bus frequency (csb_clk) 167 MHz
DDR1/2 memory bus frequency (MCK)? 167 MHz
Local bus frequency (LCLKn)3 66 MHz
PCI input frequency (SYS_CLK_IN or PCI_CLK) 66 MHz
Notes:

1. The SYS_CLK_IN frequency, RCWL[SPMF], and RCWL[COREPLL] settings must be
chosen such that the resulting csb_clk, MCK, LCLKJO0:1], and core_clk frequencies do not
exceed their respective maximum or minimum operating frequencies. The value of
SCCR[ENCCM] and SCCR[USBDRCM] must be programmed such that the maximum
internal operating frequency of the security core and USB modules do not exceed their
respective value listed in this table.

. The DDR data rate is 2x the DDR memory bus frequency.

3. The local bus frequency is 1/2, 1/4, or 1/8 of the Ibc_clk frequency (depending on

LCCR[CLKDIV]), which is in turn, 1x or 2x the csb_clk frequency (depending on
RCWL[LBCM]).

N

20.1 System PLL Configuration

The system PLL iscontrolled by the RCWL[SPMF] parameter. Table 66 shows the multiplication factor
encodings for the system PLL.

Table 66. System PLL Multiplication Factors

RCWL[SPMF] Mult%ﬁctztrino?;::ctor
0000 Reserved
0001 Reserved
0010 x2
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Table 66. System PLL Multiplication Factors (continued)

RCWL[SPMF] Mult%ﬁctztrino?;::ctor
0011 X 3
0100 x 4
0101 x5
0110 %X 6
0111-1111 Reserved

As described in Section 20, “Clocking,” the LBCM, DDRCM, and SPMF parameters in the reset
configuration word low and the CFG_CLKIN_DIV configuration input signal select theratio between the
primary clock input (SYS_CLK_IN or PCI_SYNC_IN) and the internal coherent system bus clock
(csb_clKk). Table 67 shows the expected frequency values for the CSB frequency for select csb_clk to
SYS CLK_IN/PCI_SYNC_IN ratios.

Table 67. CSB Frequency Options

Input Clock Frequency (MHz)?
CRe_CHNPV | spwF Cgﬁ)—c‘;'kR:;?i‘c’)‘g't 24 25 33.33 66.67
csb_clk Frequency (MHz)

High 0010 2:1 133
High 0011 3:1 100

High 0100 41 100 133

High 0101 5:1 120 125 167

High 0110 6:1 144 150

Low 0010 2:1 133
Low 0011 31 100

Low 0100 4:11 100 133

Low 0101 5:1 120 125 167

Low 0110 6:1 144 150

1 CFG_CLKIN_DIV select the ratio between SYS_CLK_IN and PCI_SYNC_OUT.

2 SYS_CLK_IN is the input clock in host mode; PCI_CLK is the input clock in agent mode.
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20.2 Core PLL Configuration

RCWL[COREPLL] selectstheratio between theinternal coherent system busclock (csb_clk) and the e300
core clock (core_clk). Table 68 shows the encodings for RCWL[COREPLL]. COREPLL valuesthat are
not listed in Table 68 should be considered as reserved.

NOTE

Clocking

Core VCO fregquency = core frequency x VCO divider. The VCO divider,
which is determined by RCWLR[COREPLL], must be set properly so that
the core VCO frequency isin the range of 400800 MHz.

Table 68. e300 Core PLL Configuration

RCWL[COREPLL]
core_clk : csb_clk Ratio® VCO Divider (VCOD)?
0-1 2-5 6
nn 0000 0 PLL bypassed PLL bypassed
(PLL off, csb_clk clocks core directly) (PLL off, csb_clk clocks core directly)
11 nnnn n n/a n/a
00 0001 0 11 2
01 0001 0 11 4
10 0001 0 11 8
00 0001 1 151 2
01 0001 1 1.51 4
10 0001 1 151 8
00 0010 0 2:1 2
01 0010 0 2:1 4
10 0010 0 21 8
00 0010 1 251 2
01 0010 1 251 4
10 0010 1 251 8
00 0011 0 3:1 2
01 0011 0 3:1 4
10 0011 0 31 8

1 For core_clk:csb_clk ratios of 2.5:1 and 3:1, the core_clk must not exceed its maximum operating frequency of

333 MHz.

2 Core VCO frequency = core frequency x VCO divider. Note that VCO divider has to be set properly so that the core

VCO frequency is in the range of 400-800 MHz.
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20.3 Example Clock Frequency Combinations

Table 69 shows several possible frequency combinations that can be selected based on the indicated input
reference frequencies, with RCWLR[LBCM] = 0 and RCWLR[DDRCM] =1, such that the LBC operates
with afrequency equal to the frequency of csb_clk and the DDR controller operates at twice the frequency

of csb_clk.
Table 69. System Clock Frequencies
LBC(Ibc_clk) €300 Core(core_clk)
SYS_
CLK_IN/ | SPMF! |vcoD? | vco® (Csisflk)4 (dc?rD';k) 2| 14 |8 LrJeSfE x1 |x15| x2 |x25]| x3
PCI_CLK - -
25.0 6 2 600.0 150.0 300.0 — | 37.5|18.8| Note® | 150.0 | 225 | 300 | 375 | —
25.0 5 2 500.0 125.0 250.0 |62.5(31.25|15.6| Note 6 | 125.0 | 188 | 250 | 313 | 375
33.3 5 2 666.0 166.5 333.0 — 141.63|20.8| Note6 | 166.5 | 250 | 333 | — | —
33.3 4 2 532.8 133.2 266.4 |66.6| 33.3 |16.7 | Note 6 | 133.2 | 200 | 266 | 333 | 400
48.0 3 2 576.0 144.0 288.0 — | 36 |18.0| 48.0 | 144.0| 216 | 288 | 360 | —
66.7 2 2 533.4 133.3 266.7 |66.7|33.34|16.7 | Note 6 | 133.3 | 200 | 267 | 333 | 400
1 System PLL multiplication factor.
2 System PLL VCO divider.
3 When considering operating frequencies, the valid core VCO operating range of 400-800 MHz must not be violated.
4 Due to erratum eTSECA40, csb_clk frequencies of less than 133 MHz do not support gigabit Ethernet data rates. The core
frequency must be 333 MHz for gigabit Ethernet operation. This erratum will be fixed in revision 2 silicon.
5 Frequency of USB PLL input reference.
6 USB reference clock must be supplied from a separate source as it must be 24 or 48 MHz, the USB reference must be
supplied from a separate external source using USB_CLK_IN.
21 Thermal

This section describes the thermal specifications of the MPC8313E.

21.1 Thermal Characteristics

Table 70 provides the package thermal characteristics for the 516, 27 x 27 mm TEPBGAII.
Table 70. Package Thermal Characteristics for TEPBGAII

Characteristic Board Type Symbol TEPBGA Il Unit Notes
Junction-to-ambient natural convection Single layer board (1s) Rosa 25 °C/IW 1,2
Junction-to-ambient natural convection Four layer board (2s2p) Rosa 18 °C/IW 1,2,3
Junction-to-ambient (@200 ft/min) Single layer board (1s) Rgima 20 °C/W 1,3
Junction-to-ambient (@200 ft/min) Four layer board (2s2p) Rgima 15 °C/IW 1,3
Junction-to-board — Ress 10 °C/W 4
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Table 70. Package Thermal Characteristics for TEPBGAII (continued)

Characteristic Board Type Symbol TEPBGA Il Unit Notes
Junction-to-case — Rgic 8 °C/W 5
Junction-to-package top Natural convection WYy 7 °C/W 6

Notes:

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.

. 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.

w

21.2 Thermal Management Information

For the following sections, Py = (Vpp x Ipp) + P, Where Py,q isthe power dissipation of the |/O drivers.

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

An estimation of the chip junction temperature, T 3, can be obtained from the equation:
T3=Ta+ (Rga > Pp)

where:

T; = junction temperature (°C)

T, = ambient temperature for the package (°C)

Rgsa = 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 atightly packed printed-circuit board. The value obtained on the board with the internal

planesisusually appropriateif the board haslow power dissipation and the componentsare well separated.
Test cases have demonstrated that errors of afactor of two (in the quantity T;—Tp) are possible.

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

Thethermal performance of adevice 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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(edge) of the package is approximately the same as the local air temperature near the device. Specifying
the local ambient conditions explicitly asthe board temperature provides a more precise description of the
local ambient conditions that determine the temperature of the device.

At aknown board temperature, the junction temperature is estimated using the following equation:
T;=Tg+ (Rag X Pp)
where:
T; = junction temperature (°C)
Tg = board temperature at the package perimeter (°C)
Rgg = junction-to-board thermal resistance (°C/W) per JESD51-8
Pp = power dissipation in the package (W)

When the heat loss from the package case to the air can be ignored, acceptable predictions of junction
temperature can be made. The application board should be similar to the thermal test condition: the
component is soldered to a board with internal planes.

21.2.3 Experimental Determination of Junction Temperature

To determine the junction temperature of the device in the application after prototypes are available, the
thermal characterization parameter ( ¥51) can be used to determine the junction temperature with a
measurement of the temperature at the top center of the package case using the following equation:

Ty=Tr+ (¥ xPp)
where:
T; = junction temperature (°C)
T+ = thermocoupl e temperature on top of package (°C)
¥51 = thermal characterization parameter (°C/W)
Pp = power dissipation in the package (W)

The thermal characterization parameter is measured per JESD51-2 specification using a40 gauge type T
thermocoupl e epoxied to the top center of the package case. The thermocouple should be positioned so
that the thermocouple junction rests on the package. A small amount of epoxy is placed over the
thermocoupl e junction and over about 1 mm of wire extending from the junction. The thermocouple wire
is placed flat against the package case to avoid measurement errors caused by cooling effects of the
thermocouple wire.

21.2.4 Heat Sinks and Junction-to-Case Thermal Resistance

In some application environments, aheat sink isrequired to provide the necessary therma management of
the device. When a heat sink is used, the thermal resistance is expressed as the sum of ajunction to case
thermal resistance and a case to ambient thermal resistance:

Raia = Rasc + Reca
where:
Rgsa = junction-to-ambient thermal resistance (°C/W)
Rgic = junction-to-case thermal resistance (°C/W)
Rgca = case-to- ambient thermal resistance (°C/W)
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Rgc 1S device related and cannot be influenced by the user. The user controls the thermal environment to
change the case-to-ambient thermal resistance, Rgca. 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.

Toillustrate the thermal performance of the devices with heat sinks, the thermal performance has been
smulated with afew 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 71. Thermal Resistance for TEPBGAII with Heat Sink in Open Flow

Heat Sink Assuming Thermal Grease Airflow Therma(liglt\a/\s/;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
2ml/s 9.2
4 m/s 8.9
Aavid 35 x 31 x 23 mm pin fin Natural convection 14.4
0.5m/s 11.3
1m/s 105
2m/s 9.9
4 m/s 9.4
Aavid 30 x 30 x 9.4 mm pin fin Natural convection 16.5
0.5m/s 135
1m/s 121
2m/s 10.9
4 mls 10.0
Aavid 43 x 41 x 16.5 mm pin fin Natural convection 145
0.5 m/s 11.7
1m/s 105
2ml/s 9.7
4 mls 9.2

Accurate thermal design requires therma 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 71. More detailed thermal
models can be made available on request.
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Heat sink Vendors include the following list:

Aavid Thermalloy

80 Commercial St.

Concord, NH 03301

Internet: www.aavidthermalloy.com

AlphaNovatech

473 Sapena Ct. #12

Santa Clara, CA 95054

Internet: www.al phanovatech.com

International Electronic Research Corporation (IERC)
413 North Moss St.

Burbank, CA 91502

Internet: www.ctscorp.com

Millennium Electronics (MEI)
Loroco Sites

671 East Brokaw Road

San Jose, CA 95112

Internet: www.mei-thermal.com

Tyco Electronics

Chip Coolers™

PO. Box 3668

Harrisburg, PA 17105

Internet: www.chipcoolers.com

Wakefield Engineering

33 Bridge St

Pelham, NH 03076

Internet: www.wakefield.com

Interface material vendors include the following:

Chomerics, Inc.

77 Dragon Ct.

Woburn, MA 01801

Internet: www.chomerics.com

Dow-Corning Corporation
Corporate Center

PO BOX 994

Midland, M| 48686-0994
Internet: www.dowcorning.com

Shin-Etsu MicroSi, Inc.
10028 S. 51t S.

Phoenix, AZ 85044
Internet: www.microsi.com

603-224-9988

408-749-7601

818-842-7277

408-436-8770

800-522-6752

603-635-2800

781-935-4850

800-248-2481

888-642-7674

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1

86

Freescale Semiconductor



Thermal

The Bergquist Company 800-347-4572
18930 West 78th St.

Chanhassen, MN 55317

Internet: www.bergquistcompany.com

21.3 Heat Sink Attachment

When attaching heat sinks to these devices, an interface material is required. The best method is to use
thermal grease and a spring clip. The spring clip should connect to the printed-circuit board, either to the
board itself, to hooks soldered to the board, or to a plastic stiffener. Avoid attachment forces which would
lift the edge of the package or peel the package from the board. Such peeling forces reduce the solder joint
lifetime of the package. Recommended maximum force on the top of the package is10 Ib (4.5 kg) force.
If an adhesive attachment is planned, the adhesive should be intended for attachment to painted or plastic
surfaces and its performance verified under the application requirements.

21.3.1 Experimental Determination of the Junction Temperature with a
Heat Sink

When heat sink is used, the junction temperature is determined from a thermocouple inserted at the
interface between the case of the package and the interface material. A clearance slot or hole is normally
required in the heat sink. Minimizing the size of the clearance is important to minimize the changein
thermal performance caused by removing part of the thermal interface to the heat sink. Because of the
experimental difficulties with this technique, many engineers measure the heat sink temperature and then
back calcul ate the case temperature using a separate measurement of the thermal resistance of the
interface. From this case temperature, the junction temperature is determined from the junction to case
thermal resistance.
Ty=Tc+ (Rac xPp)

where:

T; = junction temperature (°C)

Tc = case temperature of the package

Rgc = junction-to-case thermal resistance

Pp = power dissipation
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22 System Design Information

This section provides electrical and thermal design recommendations for successful application of the
MPC8313E SYS CLK_IN

22.1 System Clocking

The MPC8313E includes three PLLs.

1. Theplatform PLL (AVppy) generates the platform clock from the externally supplied
SYS CLK_IN inputin PCI host modeor SYS CLK_IN/PCI_SYNC_IN in PCI agent mode. The
frequency ratio between the platform and SYS_CLK_IN is selected using the platform PLL ratio
configuration bits as described in Section 20.1, “ System PLL Configuration.”

2. The e300 core PLL (AVpp7) generates the core clock as a slave to the platform clock. The
frequency ratio between the e300 core clock and the platform clock is selected using the e300
PLL ratio configuration bits as described in Section 20.2, “Core PLL Configuration.”

3. ThereisaPLL for the SerDes block.

22.2 PLL Power Supply Filtering

Each of the PLLslisted above is provided with power through independent power supply pins (AVpp1,
AV ppo, and SDAV pp, respectively). The AV pp level should always be equivalent to V pp, and preferably
these voltages are derived directly from V pp through alow frequency filter scheme such asthe following.

There are a number of waysto reliably provide power to the PLLs, but the recommended solution isto
provide independent filter circuits asillustrated in Figure 58, one to each of the five AV pp pins. By
providing independent filtersto each PLL the opportunity to cause noise injection from one PLL to the
other is reduced.

Thiscircuit isintended to filter noise in the PLL s resonant frequency range from a 500 kHz to 10 MHz
range. It should be built with surface mount capacitors with minimum effective series inductance (ESL).
Consistent with the recommendations of Dr. Howard Johnson in High Speed Digital Design: A Handbook
of Black Magic (Prentice Hall, 1993), multiple small capacitors of equal value are recommended over a
single large value capacitor.

Each circuit should be placed as close as possible to the specific AV pp pin being supplied to minimize
noise coupled from nearby circuits. It should be possible to route directly from the capacitorsto the AV pp
pin, which is on the periphery of package, without the inductance of vias.

Figure 58 shows the PLL power supply filter circuits.

1.0Q
VDD O AN l l O AVDDl and AVDDZ
2.2 uF 2.2 yF

Low ESL Surface Mount Capacitors

Figure 58. PLL Power Supply Filter Circuit

MPC8313E PowerQUICC™ Il Pro Processor Hardware Specifications, Rev. 2.1

88 Freescale Semiconductor



System Design Information

The SDAV pp signal provides power for the analog portions of the SerDes PLL. To ensure stability of the
internal clock, the power supplied to the PLL isfiltered using acircuit like the one shown in Figure 59.
For maximum effectiveness, the filter circuit should be placed as closely as possible to the SDAV p ball
to ensureit filters out as much noise as possible. The ground connection should be near the SDAV p ball.
The 0.003-uF capacitor is closest to the ball, followed by the two 2.2-uF capacitors, and finally the 1-Q
resistor to the board supply plane. The capacitors are connected from traces from SDAV p to the ground
plane. Use ceramic chip capacitors with the highest possible self-resonant frequency. All traces should be
kept short, wide, and direct.

1.0Q

XCOREVpp © AN l l 0 SDAVpp
T 2.2 uFt T 2.2 yFt 0.003 pF

Note: O SDAVSS

1. An 0805 sized capacitor is recommended for system initial bring-up.

Figure 59. SerDes PLL Power Supply Filter Circuit

Note the following:
» SDAVpp should be afiltered version of XCOREV pp.

* Output signals on the SerDesinterface are fed from the XPADV pp power plane. Input signals and
sensitive transceiver analog circuits are on the XCOREV pp supply.

* Power: XPADV pp consumes less than 300 mW; XCOREV pp + SDAV pp consumes less than
750 mW.

22.3 Decoupling Recommendations

Due to large address and data buses, and high operating frequencies, the device can generate transient
power surges and high frequency noisein its power supply, especialy whiledriving large capacitive loads.
This noise must be prevented from reaching other components in the MPC8313E system, and the
MPCB8313E itself requires a clean, tightly regulated source of power. Therefore, it is recommended that
the system designer place at least one decoupling capacitor at each Vpp, NVpp, GVpp, LVpp, LVppa:
and LV ppg pin of the device. These decoupling capacitors should receive their power from separate V pp,
NVDD, GVDD, LVDD, LVDDA’ LVDDB’ and VSS power planes inthe PCB, utilizi ng short traces to
minimize inductance. Capacitors may be placed directly under the device using a standard escape pattern.
Others may surround the part.

These capacitors should have a value of 0.01 or 0.1 pF. Only ceramic SMT (surface mount technology)
capacitors should be used to minimize lead inductance, preferably 0402 or 0603 sizes.

In addition, it is recommended that there be several bulk storage capacitors distributed around the PCB,
feedi ng the VDD, NVDD, GVDD, LVDD, LVDDA’ and LVDDB planeS, to enable QUiCk reCharg| ng of the
smaller chip capacitors. These bulk capacitors should have alow ESR (equivalent seriesresi stance) rating
to ensure the quick response time necessary. They should aso be connected to the power and ground
planes through two vias to minimize inductance. Suggested bulk capacitors—100 to 330 uF (AVX TPS
tantalum or Sanyo OSCON). However, customers should work directly with their power regul ator vendor
for best values and types of bulk capacitors.
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22.4 SerDes Block Power Supply Decoupling Recommendations

The SerDes block requires aclean, tightly regulated source of power (XCOREV pp and XPADV pp) to
ensure low jitter on transmit and reliable recovery of datain the receiver. An appropriate decoupling
scheme is outlined below.

Only SMT capacitors should be used to minimize inductance. Connections from all capacitors to power
and ground should be done with multiple vias to further reduce inductance.

» First, the board should have at least 10 x 10-nF SMT ceramic chip capacitors as close as possible
to the supply balls of the device. Where the board has blind vias, these capacitors should be placed
directly below the chip supply and ground connections. Where the board does not have blind vias,
these capacitors should be placed in aring around the device as close to the supply and ground
connections as possible.

» Second, there should be a 1-pF ceramic chip capacitor from each SerDes supply (XCOREV pp and
XPADV pp) to the board ground plane on each side of the device. This should be done for all
SerDes supplies.

» Third, between the device and any SerDes voltage regulator there should be a 10-pF, low
equivalent series resistance (ESR) SMT tantalum chip capacitor and a 100-pF, low ESR SMT
tantalum chip capacitor. This should be done for al SerDes supplies.

22.5 Connection Recommendations

To ensurereliable operation, it is highly recommended to connect unused inputs to an appropriate signal
level. Unused active low inputs should betied to NVDD, GVDD, LVDD, LVDDA’ or LVDDB as reqmraj.
Unused active high inputs should be connected to V gg. All NC (no-connect) signals must remain
unconnected.

Power and ground connections must be made to all external Vpp, NVpp, GVpp, LVpp, LVppa, LVppe:
and V gg pins of the device.

22.6 Output Buffer DC Impedance

The MPCB8313E drivers are characterized over process, voltage, and temperature. For all buses, the driver
isapush-pull single-ended driver type (open drain for 1°C).

To measure Z, for the single-ended drivers, an external resistor is connected from the chip pad to NVpp
or Vgs. Then, the value of each resistor is varied until the pad voltageis NV pp/2 (see Figure 60). The
output impedanceisthe average of two components, the resistances of the pull-up and pull-down devices.
When dataisheld high, SW1isclosed (SW2 isopen), and Rpistrimmed until thevoltage at the pad equals
NV pp/2. Rpthen becomestheresistance of the pull-up devices. Rp and Ry are designed to be close to each
other invalue. Then, Zy= (Rp+ Ry)/2.
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NVpp

Sw2

Pad
Data

Swi
Rp

Vss

Figure 60. Driver Impedance Measurement

The value of this resistance and the strength of the driver’s current source can be found by making two
measurements. First, the output voltageis measured while driving logic 1 without an external differential
termination resistor. The measured voltageisV 1 = Rggyree X |source- S€CONd, the output voltage is measured
while driving logic 1 with an external precision differential termination resistor of value Ry The
measured voltage isV, = (L/(1/Rq + VRy)) X | gource- SolVing for the output impedance gives Ry yrce =
Rierm X (V1/V2 —1). Thedrive current isthen | g5 rce = V1/Rsource:

Table 72 summarizes the signal impedance targets. The driver impedance are targeted at minimum V pp,
nominal NV pp, 105°C.

Table 72. Impedance Characteristics

Loéakilfrs’cit:sg;et’ PCI Signals PCI Output Clocks
Impedance Confi ura{tion PO\;VGF (Not Including PCI (Including DDR DRAM | Symbol Unit
g ’ Output Clocks) | PCI_SYNC_OUT)
Management
RN 42 Target 25 Target 42 Target 20 Target Zy
Rp 42 Target 25 Target 42 Target 20 Target Zy
Differential NA NA NA NA ZpiEE Q

Note: Nominal supply voltages. See Table 1, T; = 105°C.

22.7 Configuration Pin Muxing

The MPCB8313E provides the user with power-on configuration options which can be set through the use
of external pull-up or pull-down resistors of 4.7 k€2 on certain output pins (see customer visible
configuration pins). These pins are generally used as output only pinsin normal operation.

While HRESET is asserted however, these pins are treated as inputs. The value presented on these pins
while HRESET is asserted, is latched when PORESET deasserts, at which time the input receiver is
disabled and the I/O circuit takes on its normal function. Careful board layout with stubless connections
to these pull-up/pull-down resistors coupled with the large value of the pull-up/pull-down resistor should
minimize the disruption of signal quality or speed for output pins thus configured.
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22.8 Pull-Up Resistor Requirements

The MPC8313E requires high resistance pull-up resistors (10 k€2 isrecommended) on open drain type pins
including | 2C, Ethernet management MDIO, and IPIC (integrated programmabl e interrupt controller).

Correct operation of the JTAG interface requires configuration of a group of system control pins as
demonstrated in Figure 61. Care must be taken to ensure that these pinsare maintained at avalid deasserted
state under normal operating conditions because most have asynchronous behavior and spurious assertion,
which give unpredictable results.

Refer to the PCI 2.2 Specification, for all pull-ups required for PCI.

22.9 JTAG Configuration Signals

Boundary scan testing is enabled through the JTAG interface signals. The TRST signal is optional in
|EEE 1149.1, but is provided on any Freescale devices that are built on Power Architecture technology.
The devicerequires TRST to be asserted during reset conditions to ensure the JTAG boundary logic does
not interfere with normal chip operation. Whileit is possible to force the TAP controller to the reset state
using only the TCK and TMSsignals, systems generally assert TRST during power-on reset. Because the
JTAG interface is also used for accessing the common on-chip processor (COP) function, simply tying
TRST to PORESET is not practical.

The COP function of these processors allows 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 TRST without causing
PORESET. If the target system hasindependent 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
signalswith logic.

The arrangement shown in Figure 61 allows the COP to independently assert HRESET or TRST, while
ensuring that the target can drive HRESET as well. If the JTAG interface and COP header are not used,
TRST should be tied to PORESET so that it is asserted when the system reset signal (PORESET) is
asserted.

The COP header shown in Figure 61 adds many benefits—breakpoints, watchpoints, register and memory
examination/modification, and other standard debugger features are possible through this interface—and
can be as inexpensive as an unpopulated footprint for a header to be added when needed.

The COP interface has a standard header for connection to the target system, based on the 0.025"
sguare-post, 0.100" centered header assembly (often called a Berg header).

Thereisno standardized way to number the COP header shownin Figure 61; consequently, many different
pin numbers have been observed from emulator vendors. Some are numbered top-to-bottom then
left-to-right, while others use |eft-to-right then top-to-bottom, while still others number the pins counter
clockwise from pin 1 (aswith an IC). Regardless of the numbering, the signal placement recommended in
Figure 61 is common to all known emulators.
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PORESET ® PORESET
From Target
Board Sources SRESET L2 SRESET
(fany) | ARESET HRESET
HRESET 10 kQ
13 |- A~ Voo
SRESET
11 [ o—AA— NVop
10 kQ
VAVA—{NVoo
10 kQ
VV\— NVop
S 10kQ |
TRST TRST
4 -
2 kQ
3 4
¢ 1 | VDD_SENSE AN, Voo
(6] 51— NC
CHKSTP_OUT
15 = CHKSTP_OUT
10 10 kQ
- T—\/\/\/i NVpp
10 kQ
142 NVpp
No pim CHKSTP_IN
5 8> CHKSTP_IN
< T™S
S 9P T™MS
COP Connector E 1 TDO
Physical Pin Out o -<TDI TDO
© 3 DI
TCK
7 TCK
2 I— NC
10 |— NC
12 |— NC
1
°

Notes: .

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

Table 73 provides arevision history for this hardware specification.

Table 73. Document Revision History

Rev.

Number Date Substantive Change(s)
21 12/2008 Added Figure 2, after Table 2 and renumbered the following figures.
2 10/2008 Added Note “The information in this document is accurate for revision 1.0, and 2.x and later. See
Section 24.1, “Part Numbers Fully Addressed by this Document,” before Section 1, “Overview.”
Added part numbering details for all the silicon revisions in Table 74.
Changed V), from 2.7 V to 2.4 V in Table 7.
Added a row for V| level for Rev 2.x or later in Table 45.
Added a column for maximum power dissipation in low power mode for Rev 2.x or later silicon in
Table 6.
Added a column for Power Nos for Rev 2.x or later silicon and added a row for 400 MHz in Table 4.
Removed footnote, “These are preliminary estimates.” from Table 4.
Added Table 21 for DDR AC Specs on Rev 2.x or later silicon.
Added Section 9, “High-Speed Serial Interfaces (HSSI).”
Added LFWE, LFCLE, LFALE, LOE, LFRE, LFWP, LGTA, LUPWAIT, and LFRB in Table 63.
In Table 39, added note 2: “This parameter is dependent on the csb_clk speed. (The MIIMCFG[Mgmt
Clock Select] field determines the clock frequency of the Mgmt Clock EC_MDC.)”
Removed mentions of SGMII (SGMII has separate specs) from Section 8.1, “Enhanced
Three-Speed Ethernet Controller (eTSEC) (10/100/1000 Mbps)—MII/RMI/RGMII/SGMII/RTBI
Electrical Characteristics.”
Corrected Section 8.1, “Enhanced Three-Speed Ethernet Controller (eTSEC)
(10/100/1000 Mbps)—MII/RMII/RGMII/SGMII/RTBI Electrical Characteristics,” to state that
RGMII/RTBI interfaces only operate at 2.5V, not 3.3 V.
Added ZQ package to ordering information In Table 74 and Section 19.1, “Package Parameters for
the MPC8313E TEPBGAII" (applicable to both silicon rev. 1.0 and 2.1)
Removed footnotes 5 and 6 from Table 1 (left over when the PCI undershoot/overshoot voltages and
maximum AC waveforms were removed from Section 2.1.2, “Power Supply Voltage Specification”).
Removed SD_PLL_TPD (T2) and SD_PLL_TPA_ANA (R4) from Table 63.
Added Section 8.3, “SGMII Interface Electrical Characteristics.” Removed Section 8.5.3 SGMII DC
Electrical Characteristics.
Removed “HRESET negation to SRESET negation (output)” spec and changed “HRESET/SRESET
assertion (output)” spec to “HRESET assertion (output)” in Table 10.
Clarified POR configuration signal specs to “Time for the device to turn off POR configuration signal
drivers with respect to the assertion of HRESET” and “Time for the device to turn on POR
configuration signal drivers with respect to the negation of HRESET” in Table 10.
Added Section 24.2, “Part Marking,” and Figure 62.
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Table 73. Document Revision History (continued)

Rev. .
Number Date Substantive Change(s)
1 3/2008 | ¢ Replaced OVDD with NVpp everywhere

Added XCOREVDD and XPADVDD to Table 1

Moved VDD and VDDC to the top of the table before SerDes supplies in Table 2

In Table 2 split DDR row into two from total current requirement of 425 mA. One for DDR1 (131 mA)
and other for DDR2 (140 mA).

In Table 2 corrected current requirement numbers for NVpp from 27 mA to 74 mA, LVpp from 60 mA
to 16 mA, LVppa from 85 mA to 22 mA and LVppg from 85 mA to 44 mA.

In Table 2 corrected Vdd and Vddc current requirements from 560 mA and 454 mA to 469 and

377 mA, respectively. Corrected Avdd1 and Avdd2 current requirements from 10 mA to 2—-3 mA, and
XCOREVDD from 100 mA to 170 mA.

In Table 2, added row stating junction temperature range of 0 to 105+C. Added footnote 2 stating
GPIO pins may operate from 2.5-V supply as well when configured for different functionality.

In Section 2.1.2, “Power Supply Voltage Specification,” added a note describing the purpose of
Table 2.

In Section 3, “Power Characteristics,” added a note describing the purpose of Table 5.

Rewrote Section 2.2, “Power Sequencing,” and added Figure 3.

In Table 4, added “but do include core, USB PLL, and a portion of SerDes digital power...” to Note 1.
In Table 4 corrected “Typical power” to “Maximum power” in note 2 and added a note for Typical
Power.

In Table 4 removed 266-MHz row as 266-MHz core parts are not offered.

In Table 5, moved Local bus typical power dissipation under LvVdd.

Added Table 6 to show the low power mode power dissipation for D3warm mode.

In Table 8 corrected SYS_CLK_IN frequency range from 25-66 MHz to 24—66.67 MHz.

Added Section 8.4, “eTSEC IEEE 1588 AC Specifications”

In Table 42 changed minimum value of USB input hold tygxxH from O to 1ns

Added Table 43 and Table 44 showing USB clock in specifications

In Table 46, added rows for t ALEHOW: tLALETOTl, tLALETOTZ, and t ALETOT3 Parameters. Added
Figure 40.

In Table 50, removed row for rise time (tocr). Removed minimum value of tj,cg Added note 5 stating
that the device does not follow the I12C-BUS Specifications version 2.1 regarding the tj,cg AC
parameter.

In Table 56, added a note stating: “This specification only applies to GPIO pins that are operating
from a 3.3-V supply. See Table 63 for the power supply listed for the individual GPIO signal.” [
Added Table 57 to show DC characteristics for GPIO pins supplied by a 2.5-V supply. Same as
eTSEC DC characteristics when operating at 2.5 V.

In Section 20, “Clocking,” corrected the sentence “When the device is configured as a PCI agent
device, PCI_SYNC_IN is the primary input clock.” to state “When the device is configured as a PCI
agent device, PCI_CLK is the primary input clock.”

Added “Value is decided by RCWLR[COREPLL]" to note 1 of Figure 57

Added paragraph and Figure 59 to Section 22.2, “PLL Power Supply Filtering.”

Added Section 22.4, “SerDes Block Power Supply Decoupling Recommendations

Removed the two figures on PCI undershoot/overshoot voltages and maximum AC waveforms from
Section 2.1.2, “Power Supply Voltage Specification,”
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Document Revision History

Table 73. Document Revision History (continued)

Rev.
Number

Date

Substantive Change(s)

1

3/2008

In Table 63, added LBC_PM_REF_10 & LSRCID3 as muxed with USBDR_PCTL1

In Table 63, added LSRCID2 as muxed with USBDR_PCTLO

In Table 63, added LSRCID1 as muxed with USBDR_PWRFAULT

In Table 63, added LSRCIDO as muxed with USBDR_DRIVE_VBUS

In Table 63, moved T1, U2,& V2 from Vpp to XCOREVDD.

In Table 63, moved P2, R2, & T3 from Vg5 to XCOREVSS.

In Table 63, moved P5, & U4 from Vpp to XPADVDD.

In Table 63, moved P3, & V4 from Vgg to XPADVSS.

In Table 63, removed “Double with pad” for AVpp, and AVpp, and moved AVpp, and AVpp, to Power
and Ground Supplies section

In Table 63, added impedance control requirements for SD_IMP_CAL_TX (100 ohms to GND) and
SD_IMP_CAL_RX (200 ohms to GND).

In Table 63, updated muxing in pinout to show new options for selecting IEEE 1588 functionality.
Added footnote 8

In Table 63, updated muxing in pinout to show new LBC ECC boot enable control muxed with
eTSEC1_MDC

« Added pin type information for power supplies.

« Removed N1 and N3 from Vss section of Table 63. Added Therm0 and Therm1 (N1 and N3,
respectively). Added note 7 to state: “Internal thermally sensitive resistor, resistor value varies
linearly with temperature. Useful for determining the junction temperature.”

In Table 65 corrected maximum frequency of Local Bus Frequency from “33—66" to 66 MHz

In Table 65 corrected maximum frequency of PCI from “24-66" to 66 MHz

¢ Added “which is determined by RCWLR[COREPLL]," to the note in Section 20.2, “Core PLL
Configuration” about the VCO divider.

Added “(VCOD)" next to VCO divider column in Table 68. Added footnote stating that core_clk

frequency must not exceed its maximum, so 2.5:1 and 3:1 core_clk:csb_clk ratios are invalid for

certain csb_clk values.

In Table 69, notes were confusing. Added note 3 for VCO column, note 4 for CSB (csb_clk) column,

note 5 for USB ref column, and note 6 to replace “Note 1”. Clarified note 4 to explain erratum

eTSEC40.

In Table 69, updated note 6 to specify USB reference clock frequencies limited to 24 and 48 for rev.

2 silicon.

Replaced Table 71 “Thermal Resistance for TEPBGAII with Heat Sink in Open Flow”.

* Removed last row of Table 19.

Removed 200 MHz rows from Table 21 and Table 5.

¢ Changed VIH minimum spec from 2.0 to 2.1 for clock, PIC, JTAG, SPI, and reset pins in Table 9,
Table 47, Table 54, Table 59, and Table 61.

« Added Figure 4 showing the DDR input timing diagram.

In Table 19, removed “MDM” from the “MDQS-MDQ/MECC/MDM” text under the Parameter

column for the tCISKEW parameter. MDM is an output signal and should be removed from

the input AC timing spec table (tCISKEW).

* Added “and power” to rows 2 and 3 in Table 10

« Added the sentence “Once both the power supplies..” and PORESET to Section 2.2, “Power

Sequencing,” and Figure 3.

In Figure 35, corrected “USBO_CLK/USB1_CLK/DR_CLK” with “USBDR_CLK”

In Table 42, clarified that AC specs are for ULPI only.

6/2007

Initial release.
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24 Ordering Information

Ordering information for the parts fully covered by this specification document is provided in
Section 24.1, “Part Numbers Fully Addressed by this Document.”

24.1 Part Numbers Fully Addressed by this Document

Table 74 providesthe Freescal e part numbering nomenclature for the M PC8313E. Note that theindividual
part numbers correspond to a maximum processor core frequency. For avail able frequencies, contact your
local Freescale sales office. In addition to the processor frequency, the part numbering scheme also
includes an application modifier which may specify special application conditions. Each part number also
contains a revision code which refersto the die mask revision number.

Table 74. Part Numbering Nomenclature

MPC nnnn e t pp aa a X
Product Part Encryption Temperature package 1 e300 core DDR Revision
Code Identifier | Acceleration Range 3 g Frequency 2 Frequency Level

MPC 8313 Blank = Not Blank = 0° to 105°C {ZQ = PB AF =333 MHz |F=333MHz |Blank=1.0
included C=-40° to 105°C TEPBGAII GD =400 MHz |D =266 MHz |A=2.0
E =included VR =PB free B=21
TEPBGAII
Notes:

1. See Section 19, “Package and Pin Listings,” for more information on available package types.

2. Processor core frequencies supported by parts addressed by this specification only. Not all parts described in this
specification support all core frequencies. Additionally, parts addressed by Part Number Specifications may support other
maximum core frequencies.

3. Contact local Freescale office on availability of parts with °C temperature range.
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24.2 Part Marking

Parts are marked as shown in Figure 62.

MPCnnnnetppaaar
core/ddr MHz
ATWLYYWW

CCccc

MMMMM YWWLAZ

TePBGA
Notes:
MPCnnnnetppaar is the orderable part number.
ATWLYYWW is the standard assembly, test, year, and work week codes.
CCCCC is the country code.
MMMMM is the mask number.

Figure 62. Part Marking for TEPBGAII Device
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@Iasﬂ U

KomnaHus ((3J'IeKTpO|_|J'|aCT» npeanaraeT 3akKn4vyeHmne onrocpoYHbIX OTHOLLIEHUN npu
NOoCTaBKaxX MMMNOPTHbIX 3NTEKTPOHHbIX KOMMOHEHTOB Ha B3aMMOBbLIFO4HbIX yCJ'IOBI/lFlX!

Hawwn npeumyuiectsa:

e OnepaTuBHbIE NOCTABKM LUMPOKOrO CMeKTpa 3NeKTPOHHbIX KOMMNOHEHTOB OTEYECTBEHHOIO U
MMMOPTHOrO NPON3BOACTBA HANPAMYO OT MPOM3BOAMTENEN U C KPYNMHENLLNX MUPOBbLIX
CKNaaos.;

MocTaBka 6onee 17-TM MUNIIMOHOB HAMMEHOBAHWUIN 3NEKTPOHHbLIX KOMMNOHEHTOB;

MocTaBka CNoXHbIX, AeULNTHBIX, MMOO CHATLIX C MPOM3BOACTBA NO3ULIUIA;

OnepaTtunBHbIE CPOKM NOCTABKM Nof 3aka3 (0T 5 pabounx gHewn);

OKcnpecc goctaska B Nnobyto Touky Poccuu;

TexHnyeckas nogaepkka npoekTa, NomMoLLlb B nogdope aHanoros, NocTaBka NPOTOTUMOB;

Cuctema MeHeXMeHTa KavyecTBa cepTuduumnposaHa no MexayHapogHomy ctaHgapTty 1ISO

9001;

o JlnueHausa ®CH Ha ocyulecTBneHne paboT ¢ NCNONb30BaHWEM CBEOEHUIN, COCTABAOLLINX
rocygapCTBEHHYIO TalHy;

o [locTaBka cneumnanmampoBaHHbIX KOMNoHeHToB (Xilinx, Altera, Analog Devices, Intersil,
Interpoint, Microsemi, Aeroflex, Peregrine, Syfer, Eurofarad, Texas Instrument, Miteq,
Cobham, E2V, MA-COM, Hittite, Mini-Circuits,General Dynamics v gp.);

MoMMMO 3TOro, O4HMM M3 HanpaBnNeHU koMnaHum «AnekTpollnacT» ABNseTca HanpaBneHne

«UcTouHmkn nutaHua». Mel npeanaraem Bam nomoub KoHCTpyKTOpCKOro otaena:

e [logGop onTuManeHOro peleHus, TexHn4eckoe 060CHOBaHME Npu BbIOOpPE KOMMOHEHTA;
Monbop aHanoros.;
KoHcynbTaumm no NpUMEHEHMIO KOMMOHEHTA;
MocTaBka 06pa3yoB M NPOTOTUMNOB;
TexHn4veckasn noaaepka npoekTa;
3awmTa OT CHATMSA KOMMOHEHTA C NPON3BOACTBA.

Kak c Hamu cBfizaTbCcA

TenedoH: 8 (812) 309 58 32 (MHOrokaHanbHbIN)
Pakc: 8 (812) 320-02-42

OnekTpoHHas nouTta: org@eplastl.ru

Aapec: 198099, r. Cankt-INeTepbypr, yn. KannHuHa,
Oom 2, kopnyc 4, nutepa A.
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