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\ssignment

Pin Assignment

This section includes diagrams of the MSC8151 package ball grid array layouts and tables showing how the pinouts are

allocated for the package.

1

FC-PBGA Ball Layout Diagram

The top view of the FC-PBGA package is shown in Figure 3 with the ball location index humbers.
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Top View
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Figure 3. MSC8151 FC-PBGA Package, Top View
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Table 1. Signal List by Ball Number (continued)

Ball Number Signal Namel2 Pin Typel® Ponv;rnlsail
G7 M2CKEO (0] GVDD2
G8 M2A11 (0] GVDD2
G9 M2A7 0] GVDD2
G10 M2CK2 0 GVDD2
G11 M2APAR_OUT O GVDD2
G12 M20DT1 O GVDD2
G13 M2APAR_IN | GVDD2
G14 M2DQ43 I/O GVvDD2
G15 M2DM5 (0] GVDD2
G16 M2DQ44 1/0 GVDD2
G17 M2DQ40 /10 GVvDD2
G18 M2DQ59 I/O GVDD2
G19 M2DM7 O GVDD2
G20 M2DQ60 110 GVDD2
G21 Reserved NC —
G22 Reserved NC —
G23 SXPVSS1 Ground N/A
G24 SXPVDD1 Power N/A
G25 SR1_IMP_CAL_TX I SXCVDD1
G26 SXCVSS1 Ground N/A
G27 Reserved NC —
G28 Reserved NC —
H1 GVvDD2 Power N/A
H2 VSS Ground N/A
H3 M2DQ18 1/0 GVDD2
H4 GVvDD2 Power N/A
H5 VSS Ground N/A
H6 M2DQ20 1/0 GVDD2
H7 GVvDD2 Power N/A
H8 VSS Ground N/A
H9 M2A15 (0] GVDD2
H10 M2CK2 (0] GVDD2
H11 M2MDICO 1/0 GVDD2
H12 M2VREF | GVvDD2
H13 M2MDIC1 /0 GVvDD2
H14 M2DQ46 1/0 GVDD2
H15 M2DQ47 1/0 GVDD2
H16 M2DQ45 /10 GVvDD2
H17 M2DQ41 1/0 GVvVDD2
H18 M2DQ62 1/0 GVDD2
H19 M2DQ63 1/0 GVDD2
H20 M2DQ61 110 GVDD2
H21 Reserved NC —
H22 Reserved NC —
H23 SFQl_TXD3/SG2_TX4 (0] SXPVDD1
H24 SRl_TXD3/SG2_TX4 (0] SXPVDD1
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Table 1. Signal List by Ball Number (continued)

Ball Number Signal Namel2 Pin Typel® Ponv;rnlsail
K15 VDD Power N/A
K16 VSS Ground N/A
K17 VSS Ground N/A
K18 VSS Ground N/A
K19 VDD Power N/A
K20 Reserved NC —
K21 Reserved NC —
K22 Reserved NC —
K23 SXPVDD2 Power N/A
K24 SXPVSS2 Ground N/A
K25 SXCVDD2 Power N/A
K26 SXCVSS2 Ground N/A
K27 SXCVDD2 Power N/A
K28 SXCVSS2 Ground N/A
L1 M2DQ9 /10 GVvDD2
L2 M2DQ12 I/O GVvDD2
L3 M2DQ13 1/0 GVDD2
L4 M2DQS0 110 GVDD2
LS M2DQS0 /10 GVvDD2
L6 M2DMO (0] GVDD2
L7 M2DQ3 I/O GVDD2
L8 M2DQ2 1/0 GVDD2
L9 M2DQ4 110 GVvDD2
L10 VDD Power N/A
L11 VSS Ground N/A
L12 M3VvDD Power N/A
L13 VSS Ground N/A
L14 VSS Ground N/A
L15 VSS Ground N/A
L16 VSS Ground N/A
L17 VSS Ground N/A
L18 VDD Power N/A
L19 VSS Ground N/A
L20 Reserved NC —
L21 Reserved NC —
L22 Reserved NC —
L23 SRZ_TXD3/PE_TXD3/SGZ_TX4 (0] SXPVDD2
L24 SRZ_TXD3/PE_TXD3/SGZ_TX4 (0] SXPVDD2
L25 SXCVSS2 Ground N/A
L26 SXCVDD2 Power N/A
L27 SR2_RXD3/PE_RXD3/SG2_RX4 | SXCVDD2
L28 S.FQ2_F2XD3/F’E_RXD3/SG2_RX4 I SXCVDD2
M1 M2DQ8 /10 GVvDD2
M2 VSS Ground N/A
M3 GVDD2 Power N/A
M4 M2DQ15 1/0 GVDD2
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Table 1. Signal List by Ball Number (continued)

Ball Number Signal Namel2 Pin Typel® Ponv;rnlsail
N23 SR2_TXD2/PE_TXD2/SGl_TX4 (0] SXPVDD2
N24 SR2_TXD2/PE_TXD2/S.(31_TX4 (0] SXPVDD2
N25 SXCVDD2 Power N/A
N26 SXCVSS2 Ground N/A
N27 SR2_RXD2/PE_RXD2/SGl_RX4 | SXCVDD2
N28 SRZ_RXDZ/PE_RXDZ/SGl_RX4 I SXCVDD2
P1 CLKIN | QVDD
P2 EEO | QvDD
P3 QvDD Power N/A
P4 VSS Ground N/A
P5 STOP_BS I QVDD
P6 QvDD Power N/A
P7 VSS Ground N/A
P8 PLLO_AVDD9 Power VDD
P9 PLL2_AvDD?® Power VDD
P10 VSS Ground N/A
P11 VDD Power N/A
P12 VSS Ground N/A
P13 VDD Power N/A
P14 VSS Ground N/A
P15 MVDD Power N/A
P16 VSS Ground N/A
P17 MVDD Power N/A
P18 VSS Ground N/A
P19 VDD Power N/A
P20 Reserved NC —
P21 Reserved NC —
P22 Reserved NC —
P23 SXPVDD2 Power N/A
P24 SXPVSS2 Ground N/A
P25 SR2_PLL_AGND? Ground SXCVSS2
P26 SR2_PLL_AvVDD? Power SXCVDD2
P27 SXCVSS2 Ground N/A
P28 SXCVDD2 Power N/A
R1 VSS Ground N/A
R2 NMmI | QVDD
R3 NMI_ouUT® o) QVDD
R4 HRESET®7 110 QVDD
R5 INT_OUT® o QVDD
R6 EE1l (0] QVvDD
R7 VSS Ground N/A
R8 PLLl_AVDD9 Power VDD
R9 VSS Ground N/A
R10 VDD Power N/A
R11 VSS Non-user N/A
R12 VDD Power N/A
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Table 1. Signal List by Ball Number (continued)

Ball Number Signal Namel2 Pin Typel® Ponv;rnlsail
u3 GVvVDD1 Power N/A
U4 M1DQ15 1/0 GVDD1
us M1DQ1 /10 GVvDD1
u6 VSS Ground N/A
u7 GVvDD1 Power N/A
u8 M1DQ7 1/0 GVDD1
u9 M1DQ6 /0 GvDD1
u10 VDD Power N/A
uil1 VSS Ground N/A
U1z M3VDD Power N/A
u13 VSS Ground N/A
u14 VDD Power N/A
u15 VSS Ground N/A
Ul6 VDD Power N/A
u17 VSS Ground N/A
uis8 VDD Power N/A
u19 VSS Ground N/A
u20 VSS Ground N/A
u21 VSS Ground N/A
u22 VSS Non-user N/A
u23 SRZ_TXDO/PE_TXDO4 (0] SXPVDD2
uz24 SR2_TXD0/PE_TXDO4 (0] SXPVDD2
u2s5 SXCVDD2 Power N/A
u26 SXCVSS2 Ground N/A
uz27 SRZ_RXDO/PE_RXDO4 | SXCVDD2
u28 SRZ_RXDO/PE_RXDO4 I SXCVDD2
V1 M1DQ9 /10 GVvDD1
V2 M1DQ12 I/O GVvDD1
V3 M1DQ13 I/0 GVDD1
! M1DQS0 I/0 GVDD1
V5 M1DQSO0 /10 GVvDD1
V6 M1DMO O GVvDD1
V7 M1DQ3 I/0 GVDD1
V8 M1DQ2 I/0 GVDD1
V9 M1DQ4 110 GVvDD1
V10 VSS Ground N/A
Vil VDD Power N/A
V12 VSS Ground N/A
V13 VDD Power N/A
Vi4 VSS Ground N/A
V15 VDD Power N/A
V16 VSS Ground N/A
V17 VDD Power N/A
V18 VSS Ground N/A
V19 VDD Power N/A
V20 NVDD Power N/A
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Table 1. Signal List by Ball Number (continued)

Ball Number Signal Namel2 Pin Typel® Ponv;rnlsail
AB1 M1DQS2 110 GVDD1
AB2 M1DQS2 110 GVDD1
AB3 M1DQ19 110 GVDD1
AB4 M1DM2 o) GVDD1
AB5 M1DQ21 110 GVDD1
AB6 M1DQ22 110 GVDD1
AB7 M1CKEO o) GVDD1
ABS8 M1A11 o) GVDD1
AB9 M1A7 o) GVDD1
AB10 M1CK2 o) GVDD1
AB11 M1APAR_OUT o) GVDD1
AB12 M10DT1 o) GVDD1
AB13 MI1APAR_IN | GVDD1
AB14 M1DQ43 110 GVDD1
AB15 M1DM5 o) GVDD1
AB16 M1DQ44 /0 GVDD1
AB17 M1DQ40 /0 GVDD1
AB18 M1DQ59 /0 GVDD1
AB19 M1DM7 0 GVDD1
AB20 M1DQ60 /0 GVDD1
AB21 VSS Ground N/A
AB22 GPI031/12C_SDA5#8 110 NVDD
AB23 GPIO27/TMR4/RCW_SRC0%8 110 NVDD
AB24 GPIO25/TMR2/RCW_SRC1%8 110 NVDD
AB25 GPI024/TMR1/RCW_SRC258 110 NVDD
AB26 GPIO10/IRQ10/RC10°8 110 NVDD
AB27 GPIO5/IRQ5/RC5°8 110 NVDD
AB28 GPIO0/IRQO/RCO%8 110 NVDD
AC1 VSS Ground N/A
AC2 GVDD1 Power N/A
AC3 M1DQ16 110 GVDD1
AC4 VSS Ground N/A
AC5 GVDD1 Power N/A
AC6 M1DQ17 110 GVDD1
AC7 VSS Ground N/A
ACS8 GVDD1 Power N/A
AC9 M1BA2 o) GVDD1
AC10 VSS Ground N/A
ACl1 GVvDD1 Power N/A
AC12 M1A4 o) GVDD1
AC13 VSS Ground N/A
AC14 GVDD1 Power N/A
AC15 M1DQ42 110 GVDD1
AC16 VSS Ground N/A
AC17 GVDD1 Power N/A
AC18 M1DQ58 /0 GVDD1
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2 Electrical Characteristics

This document contains detailed information on power considerations, DC/AC electrical characteristics, and AC timing

specifications. For additional information, see the MSC8151 Reference Manual.

2.1 Maximum Ratings

In calculating timing requirements, adding a maximum value of one specification to a minimum value of another specification
does not yield a reasonable sum. A maximum specification is calculated using a worst case variation of process parameter values
in one direction. The minimum specification is calculated using the worst case for the same parameters in the opposite direction.

Therefore, a “maximum” value for a specification never occurs in the same device with a “minimum” value for another

Electrical Characteristics

specification; adding a maximum to a minimum represents a condition that can never exist.

Table 2 describes the maximum electrical ratings for the MSC8151.

Table 2. Absolute Maximum Ratings

Rating Power Rail Name Symbol Value Unit
Core supply voltage VDD Vpp -0.3to 1.1 \%
PLL supply voltage® VDDPLLO -03t01.1 \Y
VDDPLLl -0.3t01.1 \Y%
VDDPLL2 -0.3t01.1 \
M3 memory supply voltage M3VvVDD Vppowms -0.3to 1.1 \%
MAPLE-B supply voltage MVDD Voom -0.3to 1.1 \%
DDR memory supply voltage GvDD1, GvVDD2 VpDDDR
» DDR2 mode -0.3t01.98 \
* DDR3 mode -0.3t01.65 \
DDR reference voltage MVREF MVRger —0.3t0 0.51 x Vppppr \
Input DDR Voltage V|NDDR -0.3to VDDDDR +0.3
I/0 voltage excluding DDR and RapidIO lines NVDD, QvDD Vopio —0.310 2.625
Input I/O voltage Vinio —0.3t0 Vpp,p+ 0.3
RapidlO pad voltage SXPVDD1, Vppsxp -0.3t0 1.26
SXPVDD2
Rapid 1/O core voltage SXCVDD1, Vbpsxc -0.3t01.21 \
SXCVDD2
Rapid /0 PLL voltage® VDDRIOPLL —-0.3t01.21 Y
Input RapidIO I/O voltage ViNRIO —0.3 to Vppgxc + 0.3 \
Operating temperature T; —40 to 105 °C
Storage temperature range Tste —55 to +150 °C

Notes: 1.

Functional operating conditions are given in Table 3.
2. Absolute maximum ratings are stress ratings only, and functional operation at the maximum is not guaranteed. Stress beyond

the listed limits may affect device reliability or cause permanent damage.
3. PLL supply voltage is specified at input of the filter and not at pin of the MSC8151 (see Figure 37 and Figure 38)
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Electrical Characteristics
2.3 Thermal Characteristics
Table 4 describes thermal characteristics of the MSC8151 for the FC-PBGA packages.

Table 4. Thermal Characteristics for the MSC8151

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

2.4 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 — — \ —
Input capacitance CiNn — — 15 pf —

Notes: 1. For clock frequencies, see the Clock chapter in the MSC8151 Reference Manual.
2. Measured at the rising edge and/or the falling edge at Vpp,o/2.
3. Slew rate as measured from +20% to 80% of voltage swing at clock input.
4. Phase noise is calculated as FFT of TIE jitter.
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rical Characteristics

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

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

Table 9. Current Draw Characteristics for MVggg

Parameter / Condition Symbol Min Max Unit
Current draw for MVggg, IMVREEN —
« DDR2 SDRAM 300 pA
+ DDR3 SDRAM 250 pA

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

The MSC8151 features an HSSI that includes two 4-channel SerDes ports used for high-speed serial interface applications (PCI
Express, Serial RapidlO interfaces, and SGMII). This section and its subsections describe the common portion of the SerDes
DC, including the DC requirements for 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 lane is used in the description. Figure 4 shows the waveform for either a transmitter output (SR[1-2]_TX and
SR[1-2]_TX) or a receiver 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 a fully 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, Vgp (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 — VSR 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: Vsg1-2] rx — Vsr[i—2]_rx. The Vp value can be either positive or
negative.

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

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

Differential Peak-to-Peak, Vprrp.p Since the differential output signal of the transmitter and the differential input signal of the receiver
each range from A — B to —(A — B) volts, the peak-to-peak value of the differential transmitter output
signal or the differential receiver input signal is defined as differential peak-to-peak voltage,
Vpirrp-p = 2 % 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 % [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—21 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 2.25 V 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) is 500 mV p-p, which is referred 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 (Vgp) has
the same amplitude as each signal single-ended swing. The differential output signal ranges between 500 mV and -500 mV. In
other words, Vgp is 500 mV in one phase and 500 mV in the other phase. The peak differential voltage (Vpgrp) 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 inputs are SR1_REF_CLK/SR1_REF_CLK or SR2_REF_CLK/SR2_REF_CLK.
Figure 5 shows a receiver reference diagram of the SerDes reference clocks.

SerDes Reference Clock Receiver Characteristics

T

SR[1-2] REF_CI[& %

SR[1-2]_REF_C }—ﬂ
50 Q

Figure 5. Receiver of SerDes Reference Clocks

50 Q
[
[

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 are internally AC-coupled differential inputs as shown in
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 pin is 8 mA. In this case, the exact common mode input voltage
is not critical as long as it is within the range 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 be less than 0.4 V (0.4 V /50 = 8 mA)
while the minimum common mode input 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 has a single-ended swing from 0 V to 800 mV with the common mode
voltage at 400 mV.

If the device driving the SR[1-2]_REF_CLK and SR[1-2]_REF_CLK inputs cannot drive 50 2 to GNDgyc DC or
the drive strength of the clock driver chip exceeds the maximum input current limitations, it must be AC-coupled
externally.

The input amplitude requirement is described in detail in the following sections.
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2.5.2.3 SerDes Transmitter and Receiver Reference Circuits

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

50  SRI1-2]_TXm SR[1-2]_RXm
W—X

Transmitter Receiver

50 Q

50 Q
AN 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 PCI Express data lines, the
Serial RapidlO data lines, and the SGMII data lines.

2.53.1 DC-Level Requirements for SerDes Reference Clocks

The DC-level requirement for the 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:
» Differential Mode
— The input 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
a single-ended swing of less than 800 mV and greater than 200 mV. This requirement is the same for 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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Figure 11 shows the DDR2 and DDR3 SDRAM interface input timing diagram.

MCK[n] \l/
l«—— tmck —>1

IDISKEW —>| | <—
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| |

| | |
MDQSIn] | | Y/ l‘ 7 \l

| | |

: : —»| |« toiskaw
MDQ[n] : : >§ DO D1

I I

| |

| |

|

|

\VA \VA \VA Y Y
A —————=%

Figure 11. DDR2 and DDR3 SDRAM Interface Input Timing Diagram

2.6.1.2 DDR SDRAM Output AC Timing Specifications
Table 21 provides the output AC timing specifications for the DDR SDRAM interface.

Table 21. DDR SDRAM Output AC Timing Specifications

Parameter Symbol 1 Min Max Unit Notes
MCK][n] cycle time tmek 25 5 ns 2
ADDR/CMD output setup with respect to MCK tDDKHAS 3
* 800 MHz data rate 0.917 — ns
¢ 667 MHz data rate 1.10 — ns
ADDR/CMD output hold with respect to MCK tDDKHAX 3
* 800 MHz data rate 0.767 — ns
* 667 MHz data rate 1.02 — ns
MCSn output setup with respect to MCK tbpDKHCS 3
¢ 800 MHz data rate 0.917 — ns
¢ 667 MHz data rate 1.10 — ns
MCSn output hold with respect to MCK tDDKHCX 3
* 800 MHz data rate 0.767 — ns
* 667 MHz data rate 1.02 — ns
MCK to MDQS Skew {DDKHMH ns 4
¢ 800 MHz data rate -0.4 0.375
¢ 667 MHz data rate -0.6 0.6
MDQ/MECC/MDM output setup with respect to MDQS tDDKHDS, 5
¢ 800 MHz tDDKLDS 300 — ps
¢ 667 MHz 375 — ps
MDQ/MECC/MDM output hold with respect to MDQS {DDKHDX, 5
¢ 800 MHz tbDKLDX 300 — ps
e 667 MHz 375 — ps
MDQS preamble topkHMP -0.9 x tmek — ns —
MDQS postamble tDDKHME —0.4 x tyck —0.6 x tyck ns —
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Table 21. DDR SDRAM Output AC Timing Specifications (continued)

Parameter Symbol 1 Min ‘ Max ‘ Unit ‘Notes

Notes: 1. The symbols used for timing specifications follow the pattern of st two letters of functional block)(signal)(state) (reference)(state) fOr
inputs and t(fir's,t 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,
tbpkHas 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.
2. Al 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, tppkHmy 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 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 MSC8151 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 MSC8151.

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

w

Note: For the ADDR/CMD setup and hold specifications in Table 21, it is assumed that the clock control register is set to
adjust the memory clocks by %2 applied cycle.

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

MCKn]  —| \/ Q
MCKIn] !
— tM.CK —>

| |
—> [ tDDK;HMHmax) =10.6 ns or 0.375 ns
| | | I

MDQS

MDQS

Figure 12. MCK to MDQS Timing
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Figure 13 shows the DDR SDRAM output timing diagram.

MCKIn] v/ VA VA VA VA—V/
e
tMCK I I I I |
| | | I I I I |
| | | I I I I |
- ¢ tppKHAS: IDDKHES | | ! | |
—» 4 tppkHAXIDDKHEX | | | |
| | | | | |
ADDR/CMD Write AO NOOPR | | I | I
| | | | | |
| | | | | | | |
[T | | | | | | I
| DDKHMPl i | | | | I
| | | tDDKHMH' | | | |
I L e e | I | I
MDQSIH L N
| | | I ] I |
| | —»| — topkups | —> |« lDpKHME
: : : — ’4* topkiDs : :
MDQ[X] DO D1

—P‘ 4— IDDKLDX

IDDKHDX —P|  [€—

Figure 13. DDR SDRAM Output Timing

Figure 14 provides the AC test load for the DDR2 and DDR3 controller bus.

Output 4&) Zy=500Q <> YAVAVA VbpppR/2
R, =500
J_—

Figure 14. DDR2 and DDR3 Controller Bus AC Test Load

2.6.1.3 DDR2 and DDR3 SDRAM Differential Timing Specifications

This section describes the DC and AC differential timing specifications for the DDR2 and DDR3 SDRAM controller interface.
Figure 15 shows the differential timing specification.

GVDD - - — = - mm - mm oo e oo
VTR
GVDD/2 —————————————————
VCP
GND - == ——mmm - m e m e mm e m e m oo

Figure 15. DDR2 and DDR3 SDRAM Differential Timing Specifications

Note: VTR specifies the true input signal (such as MCK or MDQS) and VCP is the complementary input signal (such as
MCK or MDQS).
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Figure 21 shows the TDM transmit signal timing.

tom
|
tom_HIGH tom_Low

< ><

tomTKHOV

tbm_ouTad

TDMXTD - - - —————— =4+ ——— - — | -
TDMxRCK
> tpbMFsKkHOV
> <« IDMFSKHOX
TDMXTFS (outputy | A
t
tDM|VKH DMFSIXKH
TDMXTFS (input) - — 4 | N .

Figure 21. TDM Transmit Signals

Figure 22 provides the AC test load for the TDM/SI.

Output ~@ Zy=50Q

Figure 22. TDM AC Test Load

AN Vppio/2
R, =50 Q

IHCD

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
Timers inputs—minimum pulse width TriwiD 8 ns 1,2
The maximum allowed frequency of timer outputs is 125 MHz. Configure the timer modules appropriately.

Notes: 1.
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€> Zp=500Q () AN Vppio/2
RL = 50 Q
J__

Figure 23. Timer AC Test Load
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2.6.6 SPI Timing

Table 36 lists the SPI input and output AC timing specifications.
Table 36. SPI AC Timing Specifications

Parameter Symbol 1 Min Max Unit Note
SPI outputs valid—Master mode (internal clock) delay INIKHOV — 6 ns 2
SPI outputs hold—Master mode (internal clock) delay INIKHOX 0.5 — ns 2
SPI outputs valid—Slave mode (external clock) delay tNEKHOV — 12 ns 2
SPI outputs hold—Slave mode (external clock) delay INEKHOX 2 — ns 2
SPI inputs—Master mode (internal clock) input setup time INIVKH 12 — ns —
SPI inputs—Master mode (internal clock) input hold time INIIXKH 0 — ns —
SPI inputs—Slave mode (external clock) input setup time INEIVKH 4 — ns —
SPI inputs—Slave mode (external clock) input hold time INEIXKH 2 — ns —

Notes: 1. The symbols used for timing specifications follow the pattern of st two letters of functional block)(signal)(state)
(reference)(state) fOF INPUtS and tirst two letters of functional block ﬁreference)(state) signal)(state) fOr outputs. For example,
tniknox Symbolizes the internal timing (NI) for the time SPICLK clock reference (K) goes to the high state (H) until
outputs (O) are invalid (X).

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

Figure 26 provides the AC test load for the SPI.

Output 4@ Zy=500Q O—WVDDIO/2
RL = 50 Q

L

Figure 26. SPI AC Test Load

Figure 27 and Figure 28 represent the AC timings from Table 36. Note that although the specifications generally reference the
rising edge of the clock, these AC timing diagrams also apply when the falling edge is the active edge.

Figure 27 shows the SPI timings in slave mode (external clock).

SPICLK (input)

|

|

Input Signals: |
SPIMOSI  --f  peeeeeeede R R

|

|

|

|
See note
( ) : tNEKHOX

|
, ! <— INEKHOV
Output Signals: :

SPIMISO - -------- - -mmmmmmm oo l--mmmmm e
(See note) , '

Note: measured with SPMODE[CI] = 0, SPMODE[CP] = 0
Figure 27. SPI AC Timing in Slave Mode (External Clock)

Figure 28 shows the SPI timings in master mode (internal clock).
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3 Hardware Design Considerations

The following sections discuss areas to consider when the MSC8151 device is designed into a system.

3.1 Power Supply Ramp-Up Sequence

The following subsections describe the required device initialization sequence.

3.1.1 Clock, Reset, and Supply Coordination

Starting the device requires coordination between several inputs including: clock, reset, and power supplies. Follow this
guidelines when starting up an MSC8151 device:

+ PORESET and TRST must be asserted externally for the duration of the supply ramp-up, using the Vpp,o supply.
TRST deassertion does not have to be synchronized with PORESET deassertion. However, TRST must be deasserted
before normal operation begins to ensure correct functionality of the device.

»  CLKIN should toggle at least 32 cycles before PORESET deassertion to guarantee correct device operation. The 32
cycles should only be counted from the time after Vpp, reaches its nominal value (see timing 1 in Figure 33).

*  CLKIN should either be stable low during ramp-up of Vpp o supply (and start its swings after ramp-up) or should
swing within Vpp,o range during Vpp,o ramp-up, so its amplitude grows as Vpp,o grows during ramp-up.

Figure 33 shows a sequence in which Vpp,o ramps-up after Vpp and CLKIN begins to toggle with the raise of Vpp o supply.

VDDlO = Nominal

Vpp = Nominal
A Lo

Vppio Nominal

Voltage
|

I A A i Vpp Nominal
l
“ ' Time

PORESET deasserted

v

PORESET/TRST asserted
Vpp applied CLKIN starts toggling

Vbpio applied

Figure 33. Supply Ramp-Up Sequence with Vpp Ramping Before Vpp o and CLKIN Starting With Vppo

Note:  For details on power-on reset flow and duration, see the Reset chapter in the MSC8151 Reference Manual.
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2. After the above rails rise to 90% of their nominal voltage, the following 1/0O power rails may rise in any sequence (see
Figure 34): QvDD, NVDD, GVDD1, and GVDD?2.

A NVDD, QVDD, GVDD1, GVDD2

VDD, MvDD, M3VDD

s
90% |
|

Figure 34. Supply Ramp-Up Sequence
Notes: If the M3 memory is not used, M3VDD can be tied to GND.
If the MAPLE-B is not used, MVVDD can be tied to GND.
If the HSSI portl is not used, SXCVDD1land SXPVDD1 must be connected to the designated power supplies.
If the HSSI port2 is not used, SXCVDD2 and SXPVDD2 must be connected to the designated power supplies.
If the DDR port 1 interface is not used, it is recommended that GVDD1 be left unconnected.
If the DDR port 2 interface is not used, it is recommended that GVDD2 be left unconnected.

ok~ wnE

3.14 Reset Guidelines

When a debugger is not used, implement the connection scheme shown in Figure 35.

MSC815x
On-board PORESET source TRST
(example: voltage monitor) l
o PORESET

Figure 35. Reset Connection in Functional Application
When a debugger is used, implement the connection scheme shown in Figure 36.

VDD,

[ 10 KQ
On-board TRST source

(example: OnCE) ‘ MSC815x

(@, N
TRST
On-board PORESET source l

(example: voltage monitor)

O

PORESET

Figure 36. Reset Connection in Debugger Application
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