E-)( Fl_ Freescale Semiconductor - MSC8251TAG1000B Datasheet

Welcome to E-XFL.COM

Understanding Embedded - DSP (Digital
Signal Processors)

Embedded - DSP (Digital Signal Processors) are specialized
microprocessors designed to perform complex
mathematical computations on digital signals in real-time.
Unlike general-purpose processors, DSPs are optimized for
high-speed numeric processing tasks, making them ideal
for applications that require efficient and precise
manipulation of digital data. These processors are
fundamental in converting and processing signals in
various forms, including audio, video, and communication
signals, ensuring that data is accurately interpreted and
utilized in embedded systems.

Applications of Embedded - DSP (Digital
Signal Processors)

Details

Product Status Active

Type SC3850 Single Core

Interface Ethernet, I12C, PCI, RGMII, Serial RapidlO, SGMII, SPI, UART/USART
Clock Rate 1GHz

Non-Volatile Memory ROM (96kB)

On-Chip RAM 576kB

Voltage - I/O 2.50V

Voltage - Core 1.00v

Operating Temperature -40°C ~ 105°C

Mounting Type Surface Mount

Package / Case 783-BBGA, FCBGA

Supplier Device Package 783-FCPBGA (29x29)

Purchase URL https://www.e-xfl.com/pro/item?MUrl=&PartUrl=msc8251tag1000b

Email: info@E-XFL.COM Address: Room A, 16/F, Full Win Commercial Centre, 573 Nathan Road, Mongkok, Hong Kong



https://www.e-xfl.com/product/pdf/msc8251tag1000b-4505626
https://www.e-xfl.com
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors
https://www.e-xfl.com/product/filter/embedded-dsp-digital-signal-processors

Table of Contents

1 PinAssignment. .. ... 4
1.1 FC-PBGABall LayoutDiagram. ................... 4
1.2 Signal List By Ball Location. . ..................... 5
2 Electrical Characteristics . .......... ... ... 23
21 MaximumRatings................iiiiiii.. 23
2.2 Recommended Operating Conditions. . ............ 24
2.3 Thermal Characteristics .. ...................... 24
2.4 CLKINRequirements ........... ..., 25
2.5 DC Electrical Characteristics . ................... 25
2.6 AC Timing Characteristics. ... ................... 36
3 Hardware Design Considerations. . . ................... 53
3.1 Power Supply Ramp-Up Sequence ............... 53
3.2 PLL Power Supply Design Considerations. . ........ 56

3.3 Clock and Timing Signal Board Layout Considerations 57
3.4 SGMII AC-Coupled Serial Link Connection Example . .57

3.5 Connectivity Guidelines . ....................... 58

3.6 Guide to Selecting Connections for Remote Power
Supply Sensing. . .. ... 64
4  Ordering Information. . ........... ... ... . .. .. 64
5 Package Information. . ....... ... .. .. . 65
6 Product Documentation ............................. 66
7 RevisionHistory . ... ... . 66

List of Figures

Figure 1. MSC8251 Block Diagram .. .......... ... iuu.. 3
Figure 2. StarCore SC3850 DSP Subsystem Block Diagram . ... 3
Figure 3. MSC8251 FC-PBGA Package, Top View . ........... 4
Figure 4. Differential Voltage Definitions for Transmitter or

Receiver . ... ... 27
Figure 5. Receiver of SerDes Reference Clocks . ............ 29

Figure 6. SerDes Transmitter and Receiver Reference Circuits . 30
Figure 7. Differential Reference Clock Input DC Requirements

(External DC-Coupled) . . ...t 30
Figure 8. Differential Reference Clock Input DC Requirements
(External AC-Coupled) . ..., 31

Figure 9. Single-Ended Reference Clock Input DC Requirements 31

Figure 10.SGMII Transmitter DC Measurement Circuit. .. ... ... 34
Figure 11.DDR2 and DDR3 SDRAM Interface Input Timing

Diagram. . ... 37
Figure 12.MCKto MDQS TimiNg . . . . .o oo i 38
Figure 13.DDR SDRAM Output Timing . . . ... ..o v n 39
Figure 14.DDR2 and DDR3 Controller Bus AC Test Load. . ... .. 39
Figure 15.DDR2 and DDR3 SDRAM Differential Timing

Specifications. .. ... . 39

Figure 16.Differential Measurement Points for Rise and Fall Time 41
Figure 17.Single-Ended Measurement Points for Rise and Fall Time

Matching . ......... . 41
Figure 18.Single Frequency Sinusoidal Jitter Limits .. ......... 43
Figure 19.SGMII AC Test/Measurement Load. .. ............. 44
Figure 20.TDM Receive Signals ... ........ ... 45
Figure 21.TDM Transmit Signals. . . ... ... ..o 46
Figure 22.TDM AC TestLoad . ......... ..o iiiinnnn. 46
Figure 23.Timer AC TestLoad. . ... ... .. 46
Figure 24.MIl Management Interface Timing. . ............... 47
Figure 25.RGMII AC Timing and Multiplexing . .. ............. 48
Figure 26.SPIAC TestLoad . ......... ... .. 49
Figure 27.SPI AC Timing in Slave Mode (External Clock). . ... .. 49
Figure 28.SPI AC Timing in Master Mode (Internal Clock) . . . ... 50
Figure 29.Test Clock Input Timing . . . ... ... ..ot 51
Figure 30.Boundary Scan (JTAG) Timing . .................. 52
Figure 31.Test Access Port Timing . . ...................... 52
Figure 32.TRST TiMING . . .« oot oo 52
Figure 33.Supply Ramp-Up Sequence with Vpp Ramping Before
VDD|O and CLKIN Starting With VDD|O ............. 53
Figure 34.Supply Ramp-Up Sequence . .................... 55
Figure 35.Reset Connection in Functional Application ......... 55
Figure 36.Reset Connection in Debugger Application. . ........ 55
Figure 37.PLL Supplies . . ... ..o 56
Figure 38.SerDes PLL Supplies ......... ..o 56
Figure 39.4-Wire AC-Coupled SGMII Serial Link Connection
Example. ... ... 57
Figure 40.MSC8251 Mechanical Information, 783-ball FC-PBGA
Package. . ... .. 65

MSC8251 Single-Core Digital Signal Processor Data Sheet, Rev. 6

Freescale Semiconductor



VIANQ

32 Kbyte 32 Kbyte

JTAG
DDR DDR M3 Memory
Controller Controller 1056 Kbyte —»
CLASS
T l T T T T High-Speed Serial Interface
: DMA DMA
SC3850 N QUICCENgine
DSP Core 3 Subsystem Serial | Serial | pcj
9
<
n

ICache = DCache
512 Kbyte
L2 Cache / M2 Memory

DSP Core at 1 GHz

Four TDMs 256-Channels each

DDR Interface 64/32-bit T T DDR Interface 64/32-bit

Dual RISC Processors RapidlO' RapidlO Expr

SGMII
SPI | Ethernet | Ethernet
X2 %¢ ¢

SerDes 1 SerDes 2

4x 3.125 Gbaud
SPI RGMII RGMII PCI-EX 1x/2x/4x

Two SGMII

4x 3.125 Gbaud

1/0-Interrupt

Concentrator
—» UART
—p  Clocks
—»  Timers
—» Reset
—» Semaphores

p  Virtual
Interrupts

—» Boot ROM

—»  I’C

> Other
Modules

Note: The arrow direction indicates master or slave. Two SGMII
Figure 1. MSC8251 Block Diagram
128 bits master 128 bits slave
bus to CLASS bus from CLASS Interrupts
12 Kbyte L2 Cache / M2 M
5 byte ache / emory EPIC Timer

IQBus T DQBus

T

.

TWB
Task
Protection
Debug Support Write- Write-
g Supp I32th¥_te Through 32 Kbyte | Back Address
nstruction Buffer Data Buffer Translation
OCE30 DPU
Cache (WTB) Cache (WBB) MMU
T AA
P-bus 128 bit
SC3850 "~ Xa-bus 64 bit '
Core Xb-bus 64-bit

Figure 2. StarCore SC3850 DSP Subsystem Block Diagram

MSC8251 Single-Core Digital Signal Processor Data Sheet, Rev. 6

N

<+>

Freescale Semiconductor



Table 1. Signal List by Ball Number (continued)

Ball Number Signal Namel2 Pin Typel® Pol\ilvae:nia”
E17 M2DQ56 1/0 GVDD2
E18 M2DQ57 1/0 GVDD2
E19 M2DQS7 11O GVDD2
E20 Reserved NC —
E21 Reserved NC —
E22 Reserved NC —
E23 SXPVDD1 Power N/A
E24 SXPVSS1 Ground N/A
E25 SRl_PLL_AGND9 Ground SXCVSS1
E26 SRl_PLL_AVDD9 Power SXCVDD1
E27 SXCVSS1 Ground N/A
E28 SXCVDD1 Power N/A
F1 VSS Ground N/A
F2 GVvDD2 Power N/A
F3 M2DQ16 1/10 GVDD2
F4 VSS Ground N/A
F5 GVvDD2 Power N/A
F6 M2DQ17 1/0 GVDD2
F7 VSS Ground N/A
F8 GVDD2 Power N/A
F9 M2BA2 O GVDD2
F10 VSS Ground N/A
F11 GVDD2 Power N/A
F12 M2A4 (0] GVvDD2
F13 VSS Ground N/A
F14 GVvDD2 Power N/A
F15 M2DQ42 110 GVvDD2
F16 VSS Ground N/A
F17 GVvDD2 Power N/A
F18 M2DQ58 1/0 GVDD2
F19 M2DQS7 110 GVvDD2
F20 GVDD2 Power N/A
F21 SXPVDD1 Power N/A
F22 SXPVSS1 Ground N/A
F23 SR1_TXD2/SG1_TX* o) SXPVDD1
F24 SR1_TXD2/SG1_Tx* o) SXPVDD1
F25 SXCVDD1 Power N/A
F26 SXCVSS1 Ground N/A
F27 SR1_RXD2/SG1_RX* I SXCVDD1
F28 SRl_RXDZ/SGl_RX4 | SXCVDD1
G1 M2DQS2 110 GVDD2
G2 M2DQS2 1/0 GVDD2
G3 M2DQ19 1/0 GVDD2
G4 M2DM2 O GVDD2
G5 M2DQ21 1/0 GVDD2
G6 M2DQ22 1/10 GVDD2
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Table 1. Signal List by Ball Number (continued)

Ball Number Signal Namel2 Pin Typel® Power Rail
Name
AH17 M1DQS6 110 GVDD1
AH18 M1DQS6 110 GVDD1
AH19 M1DQ48 110 GVDD1
AH20 M1DQ49 110 GVDD1
AH21 VSS Ground N/A
AH22 TDMORCK/GE2_RD23 110 NVDD
AH23 TDMORDT/GE2_RD3? 110 NVDD
AH24 TDMOTSN/GE2_RDO? 110 NVDD
AH25 TDM1RCK/GE2_RD12 110 NVDD
AH26 TDM3TDT/GE1_RD33 110 NVDD
AH27 TDM3TCK/GE1_RD23 | NVDD
AH28 VSS Ground N/A
Notes: 1. Reserved signals should be disconnected for compatibility with future revisions of the device. Non-user signals are reserved
for manufacturing and test purposes only. The assigned signal name is used to indicate whether the signal must be
unconnected (Reserved), pulled down (VSS), or pulled up (VDD).
2. Signal function during power-on reset is determined by the RCW source type.
3. Selection of TDM versus RGMII functionality is determined by the RCW bit values.
4. Selection of RapidlO, SGMII, and PCI Express functionality is determined by the RCW bit values.
5. Selection of the GPIO function and other functions is done by GPIO register setup. For configuration details, see the GPIO
chapter in the MSC8251 Reference Manual.
6. Open-drain signal.
7. Internal 20 KQ pull-up resistor.
8.  For signals with GPIO functionality, the open-drain and internal 20 KQ pull-up resistor can be configured by GPIO register
programming. See the GPIO chapter of the MSC8251 Reference Manual for configuration details.
9. Connect to power supply via external filter. See Section 3.2, PLL Power Supply Design Considerations for details.
10. Pin types are: Ground = all VSS connections; Power = all VDD connections; | = Input; O = Output; I/O = Input/Output; NC =

not connected.
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Electrical Characteristics

2.2 Recommended Operating Conditions

Table 3 lists recommended operating conditions. Proper device operation outside of these conditions is not guaranteed.

Table 3. Recommended Operating Conditions

Rating Symbol Min Nominal Max Unit
Core supply voltage Vpp 0.97 1.0 1.05 \%
M3 memory supply voltage Vobwms 0.97 1.0 1.05 \%
DDR memory supply voltage VboDDR
» DDR2 mode 1.7 1.8 1.9 \Y
» DDR3 mode 1.425 15 1.575 \Y
DDR reference voltage MVRer 0.49 X Vppppr 0.5 X Vppppr 0.51 X Vppppr \
1/0 voltage excluding DDR and Vppio 2.375 25 2.625 \Y
RapidIO lines
Rapid /0 pad voltage Vpbpsxp 0.97 1.0 1.05 \%
Rapid /O core voltage Vppsxc 0.97 1.0 1.05 \%
Operating temperature range:
» Standard T; 0 90 °C
» Higher T, 0 105 °C
» Extended Ta -40 — °C
T, — 105

Typical power: 1 GHz at 1.0 V* P — 2.91 — w
Notes: 1. The typical power values are derived for a device running under the following conditions.

. One core running at 1 GHz, Core voltage at 1V, 75% utilization (50% control/50% DSP).

. A single 64 bit DDR3 running at 800 MHz, 50% utilization (50% reads/50% writes).

. M3 Memory 50% utilized, PCI Express controller disabled, TDM enabled 20% loading, Serial RapidlO controller

disabled.
. 1 RGMII at 1 Gbps 50% loading.
. A junction temperature of 60°C.

2.3 Thermal Characteristics
Table 4 describes thermal characteristics of the MSC8251 for the FC-PBGA packages.

Table 4. Thermal Characteristics for the MSC8251

FC-PBGA
29 X 29 mm?
Characteristic Symbol Unit
Natural 200 ft/min
Convection (1 m/s) airflow
Junction-to-ambient® # RoJa 18 12 °C/W
Junction-to-ambient, four-layer board? 2 RoJa 13 9 °C/W
Junction-to-board (bottom)3 ReJs 5 °CIW
Junction-to-case® ReJc 0.6 °CIW

Notes: 1. Junction temperature is a function of die size, on-chip power dissipation, package thermal resistance, mounting site (board)

temperature, ambient temperature, air flow, power dissipation of other components on the board, and board thermal

resistance.

2. Junction-to-ambient thermal resistance determined per JEDEC JESD51-3 and JESDC51-6. Thermal test board meets JEDEC

specification for the specified package.

3. Junction-to-board thermal resistance determined per JEDEC JESD 51-8. Thermal test board meets JEDEC specification for

the specified package.

4. Junction-to-case at the top of the package determined using MIL- STD-883 Method 1012.1. The cold plate temperature is used
for the case temperature. Reported value includes the thermal resistance of the interface layer
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2.4

Electrical Characteristics

CLKIN Requirements

Table 5 summarizes the required characteristics for the CLKIN signal.

Table 5. CLKIN Requirements

Parameter/Condition® Symbol Min Typ Max Unit Notes

CLKIN duty cycle — 40 — 60 % 2
CLKIN slew rate — 1 — 4 Vins 3
CLKIN peak period jitter — — — +150 ps —
CLKIN jitter phase noise at -56 dBc — — — 500 KHz 4
AC input swing limits AVpc 15 — — \Y —
Input capacitance Cin — — 15 pf —
Notes: 1. For clock frequencies, see the Clock chapter in the MSC8251 Reference Manual.

2
3.
4

Measured at the rising edge and/or the falling edge at Vpp,o/2.
Slew rate as measured from +20% to 80% of voltage swing at clock input.
Phase noise is calculated as FFT of TIE jitter.

2.5

DC Electrical Characteristics

This section describes the DC electrical characteristics for the MSC8251.

2.5.1

DDR SDRAM DC Electrical Characteristics

This section describes the DC electrical specifications for the DDR SDRAM interface of the M SC8251.

Note: DDR2 SDRAM USESVDDDDR(typ) =1.8V and DDR3 SDRAM UseSVDDDDR(typ) =15V.

25.1.1

DDR2 (1.8 V) SDRAM DC Electrical Characteristics

Table 6 provides the recommended operating conditions for the DDR SDRAM controller when interfacing to DDR2 SDRAM.

Note: At recommended operating conditions (see Table 3) with Vppppr = 1.8 V.

Table 6. DDR2 SDRAM Interface DC Electrical Characteristics

Parameter/Condition Symbol Min Max Unit Notes
I/0 reference voltage MVRer 0.49 x VppppRr 0.51 x Vppppr \Y 2,3,4
|npUt hlgh Voltage V|H MVREF +0.125 VDDDDR +0.3 \Y 5
Input low voltage Vi -0.3 MVggg - 0.125 \Y 5
I/0 leakage current loz -50 50 A 6
Output high current (Voyt (VOH) = 1.37 V) lon -13.4 — mA 7
Output low current (Voyt (VOL) =0.33 V) loL 13.4 — mA 7
Notes: 1. Vppppr iS expected to be within 50 mV of the DRAM Vpp supply voltage at all times. The DRAM and memory controller can
use the same or different sources.
2. MVRgge is expected to be equal to 0.5 x Vppppr, and to track Vppppr DC variations as measured at the receiver.
Peak-to-peak noise on MVggr may not exceed +2% of the DC value.
3. Vyris 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 MVRgg with a minimum value of MVggg — 0.4 and a maximum value of MVggg + 0.04 V. V11 should track variations in the
DC-level of MVRgg.
4. The voltage regulator for MVggg must be able to supply up to 300 HA.
5. Input capacitance load for DQ, DQS, and DQS signals are available in the IBIS models.
6. Output leakage is measured with all outputs are disabled, 0 V < Vo1 < VppppR-
7. Refer to the IBIS model for the complete output IV curve characteristics.
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Electrical Characteristics

2514 DDR Reference Current Draw
Table 9 lists the current draw characteristics for MVggr.

Note:  Valueswhen used at recommended operating conditions (see Table 3).

Table 9. Current Draw Characteristics for MVggg

Parameter / Condition Symbol Min Max Unit
Current draw for MVgggn IMVREEN —
« DDR2 SDRAM 300 JIAN
+« DDR3 SDRAM 250 UA

2.5.2 High-Speed Serial Interface (HSSI) DC Electrical Characteristics

The MSC8251 features an HSSI that includestwo 4-channel SerDes ports used for high-speed seria interface applications (PCI
Express, Serial Rapidl O interfaces, and SGMII). This section and its subsections describe the common portion of the SerDes
DC, including the DC requirementsfor the SerDes reference clocks and the SerDes data lane transmitter (Tx) and receiver (Rx)
reference circuits. The data lane circuit specifications are specific for each supported interface, and they have individual
subsections by protocol. The selection of individual data channel functionality is done via the Reset Configuration Word High
Register (RCWHR) SerDes Protocol selection fields (S1P and S2P). Specific AC electrical characteristics are defined in
Section 2.6.2, “HSSI AC Timing Specifications.”

25.2.1 Signal Term Definitions

The SerDes interface uses differential signalling to transfer data across the serial link. This section defines terms used in the
description and specification of differential signals. Figure 4 shows how the signals are defined. For illustration purposes only,
one SerDes laneis used in the description. Figure 4 shows the waveform for either a transmitter output (SR[1-2]_TX and
SR[1-2] _TX) or areceiver input (SR[1-2]_RX and SR[1-2] RX). Each signal swings between A volts and B volts where

A >B.

SR[1-2]_TX or
SR[1-2]_RX
A Volts - —
_____ - Vem=(A+B)2
SR[1-2] TX or
B Volts _ SR[1-2]_RX

Differential Swing, V|p or Vop =A—-B
Differential Peak Voltage, Vprrp = |A — B|

Differential Peak-Peak Voltage, Vprrpp = 2 X Vpjrrp (N0t shown)

Figure 4. Differential Voltage Definitions for Transmitter or Receiver
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Electrical Characteristics

Using this waveform, the definitions are listed in Table 10. To simplify the illustration, the definitions assume that the SerDes
transmitter and receiver operate in afully symmetrical differential signalling environment.

Table 10. Differential Signal Definitions

Term Definition

Single-Ended Swing The transmitter output signals and the receiver input signals SR[1-2]_TX, SR[1-2]_TX, SR[1-2]_RX
and SR[1-2]_RX each have a peak-to-peak swing of A — B volts. This is also referred to as each
signal wire’s single-ended swing.

Differential Output Voltage, Vop (or | The differential output voltage (or swing) of the transmitter, Vgp, is defined as the difference of the

Differential Output Swing): two complimentary output voltages: Vsry1-2 7x — VSRI—2]_Tx. The Vop value can be either positive
or negative.

Differential Input Voltage, V|p (or The differential input voltage (or swing) of the receiver, V|p, is defined as the difference of the two

Differential Input Swing) complimentary input voltages: Vsr[1_2) rx — Vsr[—2]_rx. The Vp value can be either positive or
negative.

Differential Peak Voltage, VbIFFp The peak value of the differential transmitter output signal or the differential receiver input signal is

defined as the differential peak voltage, Vprrp = |A — B| volts.

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

as Vrx.pirrp-p = 2 X [Vopl-

Differential Waveform The differential waveform is constructed by subtracting the inverting signal (SR[1-2]_TX, for
example) from the non-inverting signal (SR[1-2]_TX, for example) within a differential pair. There is
only one signal trace curve in a differential waveform. The voltage represented in the differential
waveform is not referenced to ground. Refer to Figure 16 as an example for differential waveform.

Common Mode Voltage, V¢, The common mode voltage is equal to half of the sum of the voltages between each conductor of a
balanced interchange circuit and ground. In this example, for SerDes output,

Vem_out = (Vsrii—2) 7 + VSRI=2] 7x) * 2 = (A + B) + 2, which is the arithmetic mean of the two
complimentary output voltages within a differential pair. In a system, the common mode voltage may
often differ from one component’s output to the other’s input. It may be different between the receiver
input and driver output circuits within the same component. It is also referred to as the DC offset on
some occasions.

To illustrate these definitions using real values, consider the example of a current mode logic (CML) transmitter that has a
common mode voltage of 2.25V and outputs, TD and TD. If these outputs have a swing from 2.0 V to 2.5 V, the peak-to-peak
voltage swing of each signal (TD or TD) is500 mV p-p, which isreferred to as the single-ended swing for each signal. Because
the differential signaling environment is fully symmetrical in this example, the transmitter output differential swing (V gp) has
the same amplitude as each signal single-ended swing. The differential output signal ranges between 500 mV and -500 mV. In
other words, V op is 500 mV in one phase and —500 mV in the other phase. The peak differential voltage (Vp)rrp) is 500 mV.
The peak-to-peak differential voltage (Vpjrrp.p) is 1000 mV p-p.
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25.2.2

The SerDes reference clock inputs are applied to an internal PLL whose output creates the clock used by the corresponding
SerDes lanes. The SerDes reference clock inputsare SR1_REF CLK/SR1 REF CLK or SR2 REF _CLK/SR2_REF CLK.
Figure 5 shows areceiver reference diagram of the SerDes reference clocks.

Electrical Characteristics

SerDes Reference Clock Receiver Characteristics

T

% 50 Q
SR[1-2]_REF_C[¥

SR[1-2] REF_C }—ﬂ
50 Q

Figure 5. Receiver of SerDes Reference Clocks

Input
Amp

The characteristics of the clock signals are as follows:

The supply voltage requirements for Vppgxc are as specified in Table 3.
The SerDes reference clock receiver reference circuit structure is as follows:

The SR[1-2]_REF_CLK and SR[1-2]_REF _CLK areinternally AC-coupled differential inputs as shownin
Figure 5. Each differential clock input (SR[1-2]_REF_CLK or SR[1-2] REF_CLK) has on-chip 50-Q
termination to GNDgyc 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 descriptions below for detailed requirements.

The maximum average current requirement also 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 pinis8 mA. In this case, the exact common mode input voltage
isnot critical aslong asit iswithin therange allowed by the maximum average current of 8 mA because the input
is AC-coupled on-chip.

This current limitation sets the maximum common mode input voltage to belessthan 0.4V (0.4V /50 =8 mA)
while the minimum common modeinput level is 0.1 V above GNDgyc. For example, a clock with a 50/50 duty
cycle can be produced by a clock driver with output driven by its current source from 0 mA 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 SR[1-2] REF CLK and SR[1-2] REF_CLK inputs cannot drive 50 Q to GNDgyc DC or
the drive strength of the clock driver chip exceeds the maximum input current limitations, it must be AC-coupled
externaly.

The input amplitude requirement is described in detail in the following sections.
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Electrical Characteristics

2523 SerDes Transmitter and Receiver Reference Circuits

Figure 6 shows the reference circuits for SerDes data lane transmitter and receiver.

500 SRI1-2]_TXm SR[1-2]_RXm
AW

Transmitter Receiver

50 Q

50 Q
ANV X
SR[1-2]_TXm SR[1-2]_RXm % 50 Q

Note: The [1-2] indicates the specific SerDes Interface (1 or 2) and the m indicates the
specific channel within that interface (0,1,2,3). Actual signals are assigned by the
HRCW assignments at reset (see Chapter 5, Reset in the reference manual for details)

Figure 6. SerDes Transmitter and Receiver Reference Circuits

2.5.3 DC-Level Requirements for SerDes Interfaces

The following subsections define the DC-level requirements for the SerDes reference clocks, the PCl Express data lines, the
Serial RapidlO datalines, and the SGMII datalines.

25.3.1 DC-Level Requirements for SerDes Reference Clocks

The DC-level requirement for the SerDes reference clock inputsis different depending on the signaling mode used to connect
the clock driver chip and SerDes reference clock inputs, as described below:

o Differential Mode

— Theinput amplitude of the differential clock must be between 400 mV and 1600 mV differential peak-peak (or
between 200 mV and 800 mV differential peak). In other words, each signal wire of the differential pair must have
asingle-ended swing of lessthan 800 mV and greater than 200 mV. Thisrequirement isthe sasmefor both external
DC-coupled or AC-coupled connection.

— For an external DC-coupled connection, the maximum average current requirements sets the requirement for
average voltage (common mode voltage) as between 100 mV and 400 mV. Figure 7 shows the SerDes reference
clock input requirement for DC-coupled connection scheme.

200 mV < Input Amplitude or Differential Peak < 800 mV

SR[1-2]_REF_CLK ] Vmax < 800 mV

100 mV < Vcm < 400 mV

SR[1-2]_REF_CLK Vmin>0V

Figure 7. Differential Reference Clock Input DC Requirements (External DC-Coupled)
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Electrical Characteristics
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Figure 10. SGMII Transmitter DC Measurement Circuit
Table 16 describes the SGMII SerDes receiver AC-coupled DC €electrical characteristics.

Table 16. SGMII DC Receiver Electrical Characteristics®

Parameter Symbol Min Typ Max Unit Notes
DC Input voltage range — N/A — 1
Input SRDSNCRA4[EICE{12:10}] = 0b001 for SGMII1 | Vrx pirrp-p 100 — 1200 mV 2,4
differential SRDSNCRA4[EICF{4:2}] = 0b001 for SGMII2
voltage
SRDSNCRA4[EICE{12:10}] = 0b100 for SGMII1 175 —
SRDSNCRA[EICF{4:2}] = 0b100 for SGMII2
Loss of SRDSNCRA4[EICE{12:10}] = 0b001 for SGMII1 VLOS 30 — 100 mV 3,4
signal SRDSNCRA4[EICF{4:2}] = 0b001 for SGMII2
threshold
SRDSNCRA4[EICE{12:10}] = 0b100 for SGMII1 65 — 175
SRDSNCRA[EICF{4:2}] = 0b100 for SGMII2
Receiver differential input impedance ZRX_DIFF 80 — 120 w —
Notes: 1. Input must be externally AC-coupled.
2. VRx_pIFrp-p is also referred to as peak-to-peak input differential voltage.
3. The concept of this parameter is equivalent to the Electrical Idle Detect Threshold parameter in the PCI Express interface.
Refer to the PCI Express Differential Receiver (RX) Input Specifications section of the PCI Express Specification document.
for details.
4. The values for SGMII1 and SGMII2 are selected in the SRDS control registers.
5. The supply voltage is 1.0 V.
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Table 21. DDR SDRAM Output AC Timing Specifications (continued)

Parameter Symboll Min | Max | Unit |Notes

Notes: 1. The symbols used for timing specifications follow the pattern of st wo letters of functional block)(signal)(state) (reference)(state) fOr
inputs and tirst two letters of functional block)(reference)(state)(signal)(state) fOF 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,
tppkHas Symbolizes DDR timing (DD) for the time tycx 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.
2. All MCK/MCK referenced measurements are made from the crossing of the two signals.

ADDR/CMD includes all DDR SDRAM output signals except MCK/MCK, MCS, and MDQ/MECC/MDM/MDQS.

4. Note that tppkymn follows the symbol conventions described in note 1. For example, tppkymn describes the DDR timing (DD)
from the rising edge of the MCK(n) clock (KH) until the MDQS signal is valid (MH). tppkymn €an be modified through control of
the DQSS override bits in the TIMING_CFG_2 register. This will typically be set to the same delay as the clock adjust in the
CLK_CNTL register. The timing parameters listed in the table assume that these two parameters have been set to the same
adjustment value. See the MSC8251 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 MSC8251.

6. Atrecommended operating conditions with Vppppgr (1.5 V or 1,8 V) £ 5%.

w

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 ¥ applied cycle.

Figure 12 shows the DDR SDRAM output timing for the MCK to MDQS skew measurement (tppk HmH)-

MCK[n] @, Q
MCK(n] /\ /,
l—— tM.CK —> :

|

|

|

|
<— IDDKHMHMax) =(0.6 ns or 0.375 ns

MDQS

|
|
|
|
| |
| |
| |
| |
4—tDDKHI\:/lH(min) =06 ns or-0.375 ns
|
I
|
|

MDQS

Figure 12. MCK to MDQS Timing
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2.6.2.2

PCI Express AC Physical Layer Specifications

The AC requirements for PCl Express implementations have separate requirements for the Tx and Rx lines. The MSC8251
supports a 2.5 Gbps PCl Express interface defined by the PCI Express Base Specification, Revision 1.0a. The transmitter
specifications are defined in Table 25 and the receiver specifications are defined in Table 26. The parameters are specified at
the component pins. the AC timing specifications do not include REF_CLK jitter.

Note:  Specifications are valid at the recommended operating conditions listed in Table 3.

Table 25. PCI Express (2.5 Gbps) Differential Transmitter (Tx) Output AC Specifications

Parameter Symbol Min Typical Max Units Notes
Unit interval ul 399.88 400.00 400.12 ps 1
Minimum Tx eye width T1x-EYE 0.70 — — ul 2,3
Maximum time between the jitter median and TTX-EYE-MEDIAN- — — 0.15 ul 3,4
maximum deviation from the median. to-MAX-JITTER
AC coupling capacitor Crx 75 — 200 nF 5
Notes: 1. Each Ul is 400 ps + 300 ppm. Ul does not account for spread spectrum clock dictated variations. No test load is necessarily

associated with this value.

2. The maximum transmitter jitter can be derived as Tty yax-a11ER = 1 — TTx-EYE = 0.3 UL

3. Specified at the measurement point into a timing and voltage compliance test load as shown in Figure 8 and measured over
any 250 consecutive Tx Uls. A Ttyx_gyg = 0.70 Ul provides for a total sum of deterministic and random jitter budget of
TTX-J|TTER-MAX = 0.30 Ul for the transmitter collected over any 250 consecutive Tx Uls. The TTX-EYE-MED|AN-'(O-MAX-J|TTER
median is less than half of the total Tx jitter budget collected over any 250 consecutive Tx Uls. It should be noted that the
median is not the same as the mean. The jitter median describes the point in time where the number of jitter points on either
side is approximately equal as opposed to the averaged time value. Jitter is defined as the measurement variation of the
crossing points (Vrx.pirrp-p = 0 V) in relation to a recovered Tx Ul. A recovered Tx Ul is calculated over 3500 consecutive
unit intervals of sample data.

4. Jitter is measured using all edges of the 250 consecutive Ul in the center of the 3500 Ul used for calculating the Tx UL.

5.  All transmitters shall be AC-coupled. The AC coupling is required either within the media or within the transmitting component
itself. The SerDes transmitter does not have built-in Tx capacitance. An external AC coupling capacitor is required.

Table 26. PCl Express (2.5 Gbps) Differential Receiver (Rx) Input AC Specifications

Parameter Symbol Min Typical Max Units Notes

Unit Interval ul 399.88 400.00 400.12 ps 1
Minimum receiver eye width TRX-EYE 0.4 — — ul 2,3,4
Maximum time between the jitter median TRX-EYE-MEDIAN-to-MAX — — 0.3 Ul 3,4,5
and maximum deviation from the median. _JITTER
Notes: 1. Each Ulis 400 ps + 300 ppm. Ul does not account for spread spectrum clock dictated variations. No test load is necessarily

associated with this value.

2. The maximum interconnect media and transmitter jitter that can be tolerated by the receiver can be derived as
Trx-MAX-JITTER = 1 = Trx-gve = 0.6 U

3. Specified at the measurement point and measured over any 250 consecutive Uls. The test load in Figure 8 should be used as
the Rx device when taking measurements. If the clocks to the Rx and Tx are not derived from the same reference clock, the
Tx Ul recovered from 3500 consecutive Ul must be used as a reference for the eye diagram.

4. A Trxeeye = 0.40 Ul provides for a total sum of 0.60 Ul deterministic and random jitter budget for the transmitter and
interconnect collected any 250 consecutive Uls. The Trx_evE-MEDIAN-to-MAX-JITTER SPecification ensures a jitter distribution in
which the median and the maximum deviation from the median is less than half of the total. Ul jitter budget collected over any
250 consecutive Tx Uls. It should be noted that the median is not the same as the mean. The jitter median describes the point
in time where the number of jitter points on either side is approximately equal as opposed to the averaged time value. If the
clocks to the Rx and Tx are not derived from the same reference clock, the Tx Ul recovered from 3500 consecutive Ul must
be used as the reference for the eye diagram.

5. Jitter is defined as the measurement variation of the crossing points (Vrx.pirrp-p = 0 V) in relation to a recovered Tx Ul. A
recovered Tx Ul is calculated over 3500 consecutive unit intervals of sample data. Jitter is measured using all edges of the
250 consecutive Ul in the center of the 3500 Ul used for calculating the Tx Ul. It is recommended that the recovered Tx Ul is
calculated using all edges in the 3500 consecutive Ul interval with a fit algorithm using a minimization merit function. Least
squares and median deviation fits have worked well with experimental and simulated data.
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2.6.2.3 Serial RapidlO AC Timing Specifications

Note:  Specifications are valid at the recommended operating conditions listed in Table 3.

Table 27 definesthe transmitter AC specificationsfor the Serial Rapidl O interface. The AC timing specificationsdo not include
REF_CLK jitter.

Table 27. Serial RapidlO Transmitter AC Timing Specifications

Characteristic Symbol Min Typical Max Unit
Deterministic Jitter Jp — — 0.17 Ul p-p
Total Jitter Jr — — 0.35 Ul p-p
Unit Interval: 1.25 GBaud ul 800 — 100ppm 800 800 + 100ppm ps
Unit Interval: 2.5 GBaud Ul 400 — 100ppm 400 400 + 100ppm ps
Unit Interval: 3.125 GBaud Ul 320 — 100ppm 320 320 + 100ppm ps

Table 28 defines the Receiver AC specifications for the Serial Rapidl O interface. The AC timing specifications do not include
REF_CLK jitter.

Table 28. Serial RapidlO Receiver AC Timing Specifications

Characteristic Symbol Min Typical Max Unit Notes
Deterministic Jitter Tolerance Jp 0.37 — — Ul p-p 1
Combined Deterministic and Random Jitter Jbr 0.55 — — Ul p-p 1
Tolerance
Total Jitter Tolerance Jr 0.65 — — Ul p-p 1,2
Bit Error Rate BER — — 10712 — —
Unit Interval: 1.25 GBaud ul 800 — 100ppm 800 800 + 100ppm ps —
Unit Interval: 2.5 GBaud ul 400 — 100ppm 400 400 + 100ppm ps —
Unit Interval: 3.125 GBaud ul 320 — 100ppm 320 320 + 100ppm ps —
Notes: 1. Measured at receiver.
2. Total jitter is composed of three components, deterministic jitter, random jitter, and single frequency sinusoidal jitter. The
sinusoidal jitter may have any amplitude and frequency in the unshaded region of Figure 18. The sinusoidal jitter component
is included to ensure margin for low frequency jitter, wander, noise, crosstalk, and other variable system effects.

A

8.5 Ul p-p

|

Sinusoidal
Jitter
Amplitude

0.10 Ul p-p —

I
! | >
22.1 kHz Frequency 1.875 MHz 20 MHz

Figure 18. Single Frequency Sinusoidal Jitter Limits
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26.24

Note:

SGMII AC Timing Specifications

Specifications are valid at the recommended operating conditions listed in Table 3.

Transmitter and receiver AC characteristics are measured at the transmitter outputs (SR[1-2]_TX[n] and SR[1-2] _TX[n]) or at
the receiver inputs (SR[1-2]_RX[n] and SR[1-2] RX[n]) as depicted in Figure 19, respectively.

D+ Package P e e e e e —— e — A
Pin \: C = Cry !

1 AY| . 1

T : Jl :
Silicon 1 1

+ Package ! \| !

) '

1 1

D- Package _J: C =Cqyx :
Pin | R=50Q R=50Q

1 |

1 |

1 |

1 |

1 — 1

1 1

Figure 19. SGMII AC Test/Measurement Load

Table 29 provides the SGMII transmit AC timing specifications. A source synchronous clock is not supported. The AC timing
specifications do not include REF_CLK jitter.

Table 29. 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 2
Unit Interval ul 799.92 800 800.08 ps 1
Notes: 1. See Figure 18 for single frequency sinusoidal jitter limits

2. Each Ul is 800 ps + 100 ppm.

Table 30 providesthe SGMII receiver AC timing specifications. The AC timing specifications do not include REF_CLK jitter.
Table 30. SGMII Receive AC Timing Specifications

Symbol Min Typ Max Unit Notes

Deterministic Jitter Tolerance JD 0.37 — — Ul p-p 1,2
Combined Deterministic and Random Jitter Tolerance JDR 0.55 — — Ul p-p 1,2
Total Jitter Tolerance JT 0.65 — — Ul p-p 1,2
Bit Error Ratio BER — — 1012 — —
Unit Interval ul 799.92 800.00 800.08 ps 3
Notes: 1. Measured at receiver.

2. Refer to RapidlO™ 1x/4x LP Serial Physical Layer Specification for interpretation of jitter specifications. Also see Figure 18.

3. Each Ulis 800 ps + 100 ppm.
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Figure 21 showsthe TDM transmit signal timing.

tom
<
toM_HIGH tom_Low
< V:
TDMXTCK -1 tDMTKHOV
Ibvm_ouTAC
L4
TDMXTD - - - - === ——f - - - — - | / ) o
TDMxRCK
> < tbMFSKHOV
> <« IDMFSKHOX
TDMXTFS (outputy | l — — —
t IDMFSIXKH l
DMIVKH
TDMXTFS (input)  __ _ " | o ____.

Figure 21. TDM Transmit Signals

Figure 22 provides the AC test |oad for the TDM/SI.

Output 4@ Z5=50Q

Figure 22. TDM AC Test Load

AN Vppio/2
R, =50 Q

1=

2.6.4 Timers AC Timing Specifications
Table 32 lists the timer input AC timing specifications.

Table 32. Timers Input AC Timing Specifications
Characteristics Symbol Minimum Unit Notes
TT|W|D 8 ns 1,2

Timers inputs—minimum pulse width
Notes: 1. The maximum allowed frequency of timer outputs is 125 MHz. Configure the timer modules appropriately.
2. Timer inputs and outputs are asynchronous to any visible clock. Timer outputs should be synchronized before use by any
external synchronous logic. Timer inputs are required to be valid for at least tt),y,p Ns to ensure proper operation.

Note:  For recommended operating conditions, see Table 3.
Figure 23 shows the AC test load for the timers.

Output 4€> Zy=50Q < ) AN Vppio/2
R =50Q
J__

Figure 23. Timer AC Test Load
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2.6.5 Ethernet Timing

This section describes the AC electrical characteristics for the Ethernet interface.

There are programmable delay units (PDU) that should be programmed differently for each interface to meet timing. Thereis
ageneral configuration register 4 (GCR4) used to configure the timing. For additional information, seethe MSC8251 Reference
Manual.

2.6.5.1 Management Interface Timing

Table 33 lists the timer input Ethernet controller management interface timing specifications shown in Figure 24.

Table 33. Ethernet Controller Management Interface Timing

Characteristics Symbol Min Max Unit
GE_MDC frequency fmpe — 25 MHz
GE_MDC period tvpe 400 — ns
GE_MDC clock pulse width high tvoc H 160 — ns
GE_MDC clock pulse width low tvoc L 160 — ns
GE_MDC to GE_MDIO delay? tMDKHDX 10 70 ns
GE_MDIO to GE_MDC rising edge setup time t\MDDVKH 20 — ns
GE_MDC rising edge to GE_MDIO hold time tMDDXKH 0 — ns

Notes: 1. Program the GE_MDC frequency (fypc) to a maximum value of 2.5 MHz (400 ns period for ty,pc). The value depends on the
source clock and configuration of MIIMCFG[MCS] and UPSMR[MDCP]. For example, for a source clock of 400 MHz to
achieve fypc = 2.5 MHz, program MIIMCFG[MCS] = 0x4 and UPSMR[MDCP] = 0. See the MSC8251 Reference Manual for
configuration details.

2. The value depends on the source clock. For example, for a source clock of 267 MHz, the delay is 70 ns. For a source clock of
333 MHz, the delay is 58 ns.

GE_MDC +

o 1010 N \

‘_
tMDDVKH ' —p 4— MDDXKH

GE_MDIO
(Output)

IMDKHDX

Figure 24. MIl Management Interface Timing
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SPICLK (output)

|
> INIXKH

. tNIVKH
Input Signals: '

I
|
|
SPIMISO - e o
|
|
|

See note
( ) INIKHOX

Output Signals:
SPIMOSI = -------ieoe e R
(See note)

Note: measured with SPMODE[CI] = 0, SPMODE[CP] =0
Figure 28. SPI AC Timing in Master Mode (Internal Clock)
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2.6.7 Asynchronous Signal Timing
Table 35 lists the asynchronous signal timing specifications.

Table 37. Signal Timing

Characteristics Symbol Type Min
Input N Asynchronous One CLKIN cycle
Output touT Asynchronous Application dependent

Note: Input value relevant for EEO, IRQ[15-0], and NMI only.

The following interfaces use the specified asynchronous signals:

* GPIO. Signals GPIO[31-0], when used as GPIO signals, that is, when the alternate multiplexed special functions are
not sel ected.

Note:  When used asageneral purposeinput (GPI), the input signal should be driven until it is acknowledged by the
MSC8251 device, that is, when the expected input value is read from the GPIO dataregister.
» EE port. Signals EEQ, EE1.
e Boot function. Signal STOP_BS.
« I12%Cinterface. Signals12C_SCL and I12C_SDA.
* Interrupt inputs. Signals IRQ[15-0] and NMI.
e Interrupt outputs. Signals INT_OUT and NMI_OUT (minimum pulse width is 32 ns).

2.6.8 JTAG Signals
Table 38 lists the JTAG timing specifications shown in Figure 29 through Figure 32.

Table 38. JTAG Timing

All frequencies
Characteristics Symbol Unit
Min Max
TCK cycle time trekx 36.0 — ns
TCK clock high phase measured at Vy, = Vppo/2 trekH 15.0 — ns
Boundary scan input data setup time tBSVKH 0.0 — ns
Boundary scan input data hold time tBSXKH 15.0 — ns
TCK fall to output data valid trekHovV — 20.0 ns
TCK fall to output high impedance trekHOZ — 24.0 ns
TMS, TDI data setup time tTDIVKH 0.0 — ns
TMS, TDI data hold time tTDIXKH 5.0 — ns
TCK fall to TDO data valid trooHOV — 10.0 ns
TCK fall to TDO high impedance trDoHOZ — 12.0 ns
TRST assert time tTRsT 100.0 — ns
Note: All timings apply to OnCE module data transfers as well as any other transfers via the JTAG port.

Figure 29 shows the test clock input timing diagram.

A
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¢
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Tck N ____ A 72 VM_ o N
(Input) N
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Figure 29. Test Clock Input Timing
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NOTES:
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Figure 40. MSC8251 Mechanical Information, 783-ball FC-PBGA Package
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