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Table 1. Signal List by Ball Number (continued)

Power- I/0 Multiplexing Mode?
Ball . On Ref.
Number Signal Name Reset | 4 (000) | 1(001) | 2 (010) | 3 (011) | 4 (200) | 5 (101) | 6 (120) | 7 (121) | SUPPlY
Value
C21 |Vppsxp Vbpsxp
C22 |SRIO_TXD3/GE2_SGMII_T SGMII support on SERDES is enabled by Reset Configuration Word Vppsxp
X
C23 |Vppsxp Vbpsxp
c24  |MDQ26 VODDDR
C25 |MDQ25 VDDDDR
c26 |MDM3 VODODR
C27 |GND GND
C28 |MDQ24 VDDDDR
D1 |Reserved! —
D2 |GE2_RD1/PCI_AD28 Ethernet 2 PCI Ethernet 2 Vobee?
D3 GND GND
D4 |TDM7TDAT/GE2 TD3/ TDM PCI Ethernet 2 UTOPIA| Vppees
PCI_AD3/UTP_TMD
D5 |TDM7RDAT/GE2_RD3/ TDM PCI Ethernet 2 UTOPIA| Vppees
PCI_ADL/UTP_STA
D6 GE1_RDO/UTP_RD2/ UTOPIA Ethernet 1 PCI UTOPIA Ethernet 1|UTOPIA| Vppge1
PCI_CBE2
D7 |TDM7TCLK/GE2_TCK/ TDM PCI Ethernet 2 UTOPIA| Vppees
PCI_IDS/UTP_RER
D8 |Reserved! —
D9 |Reserved! —
D10 |Reserved! —
D11 |Reserved! —
D12 |GNDgyp GNDgyp
D13 |SRIO_TXDO VoDsxp
D14 |GNDgyp GNDgyp
D15 |SRIO_TXD1 Vipsxp
D16  |Vppsxc Vbpsxc
D17 |Reserved! —
D18 |Reserved! —
D19 |GNDgyp GNDgyp
D20 |[SRIO_TXD2/GE1_SGMII_T SGMII support on SERDES is enabled by Reset Configuration Word Vppsxp
X
D21 |GNDgyp ‘ ‘ ‘ ‘ ‘ GNDgyp
D22 |[SRIO_TXD3/GE2_SGMII_T SGMII support on SERDES is enabled by Reset Configuration Word Vppsxp
X
D23 |GNDgyp GNDgxp
D24 |MDQ23 VbppDR
D25 |Vppppr VDDDDR
D26 |MDQ22 VbpDDR
D27 |MDQ21 VbppDR
D28 |MDQS2 VDbDDDR
El |Reserved! —
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Table 1. Signal List by Ball Number (continued)
Power- I/0 Multiplexing Mode?
Ball . On Ref.
Number Signal Name Reset | 4 (000) | 1(001) | 2 (010) | 3 (011) | 4 (200) | 5 (101) | 6 (120) | 7 (121) | SUPPlY
Value
E2 GE1_RX_CLK/UTP_RD6/ UTOPIA Ethernet 1 PCI UTOPIA Ethernet 1|UTOPIA| Vppge1
PCI_PAR
E3 GE1_RD2/UTP_RD4/ UTOPIA Ethernet 1 PCI UTOPIA Ethernet 1|UTOPIA| Vppge1
PCI_FRAME
E4 GE1_RD1/UTP_RD3/ UTOPIA Ethernet 1 PCI UTOPIA Ethernet 1|UTOPIA| Vppge1
PCI_CBE3
ES GE1_RD3/UTP_RD5/ UTOPIA Ethernet 1 PCI UTOPIA Ethernet 1|UTOPIA| Vppge1
PCI_IRDY
E6  |VbpcE1 VbpGE1
E7 GE1_TX_EN/UTP_TD6/ UTOPIA Ethernet 1 PCI UTOPIA Ethernet 1|UTOPIA| Vppge1
PCI_CBEO
E8 |Reserved! —
E9 |Reserved! —
E10 |GND GND
E1l  [Vpp Voo
E12 |GND GND
E13  [Vpp Voo
E14 |GND GND
E15 |Vpp Voo
E16 |GND GND
E17 |Vpp Voo
E18 |GND GND
E19 |Vpp Voo
E20 |GND GND
E21  |Vpp Voo
E22 |GND GND
E23  |Vppppr VbDDDR
E24 |MDQ20 VODDDR
E25 |GND GND
E26  |Vpppor VbDDDR
E27 |GND GND
E28 |MDQS2 VDDDDR
F1 |Reserved! —
F2 GE1_TX_CLK/UTP_RDO/ UTOPIA Ethernet 1 PCI UTOPIA Ethernet 1| UTOPIA| Vppce:
PCI_AD31
F3  |Vbobce1 VbpGE1
F4 GE1_TD3/UTP_TD5/ UTOPIA Ethernet 1 PCI UTOPIA Ethernet 1|UTOPIA| Vppge1
PCI_AD30
F5 GE1_TD1/UTP_TD3/ UTOPIA Ethernet 1 PCI UTOPIA Ethernet 1|UTOPIA| Vppge1
PCI_AD28
F6 GND GND
F7 GE1_TDO/UTP_TD2/ UTOPIA Ethernet 1 PCI UTOPIA Ethernet 1|UTOPIA| Vppge1
PCI_AD27
F8 |VbpcE1 VbpGE1
F9 GND GND
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Table 1. Signal List by Ball Number (continued)

Power- I/0 Multiplexing Mode?

Ball . On Ref.

Number Signal Name Reset | 4 (000) | 1(001) | 2 (010) | 3 (011) | 4 (200) | 5 (101) | 6 (120) | 7 (121) | SUPPlY

Value
J8  |Vbpio Vbbio
J9  |Vbp Vbp
J10 GND GND
J1 |Vpp Voo
J12 GND GND
13 |Vpp Voo
Ji4 GND GND
J15 GND GND
J16 GND GND
7 |Vpp Voo
Ji8 GND GND
319 |Vpp Voo
J20 GND GND
J21 GND GND
J22 GND GND
J23 GND GND
J24  |Vppppr VbDDDR
J25 GND GND
J26  |VppppRr VbDDDR
J27 GND GND
J28  |VbpDDR VbDDDR
K1 |Reserved! —
K2 |Reserved! —
K3 |Reserved! —
K4 |Reserved! —
KS  |VoppLi2a VbppLL2A
K6 GND GND
K7 |VbppLLoa VbpPLLOA
K8 |VpppLL1A VbppLL1A
K9  |Vop Vop
K10 |GND GND
K11 |Vpp Voo
K12 |GND GND
K13 |Vpp Voo
K14  |Vpp Voo
K15 |Vpp Voo
K16  |Vpp Voo
K17  |Vpp Voo
K18 |GND GND
K19 |Vpp Voo
K20 |GND GND
K21 [Vpp Voo
K22  |Vppppr VbDDDR
MSC8144 Quad Core Digital Signal Processor Data Sheet, Rev. 16
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Table 1. Signal List by Ball Number (continued)

Power- I/0 Multiplexing Mode?

Ball . On Ref.

Numb Signal Name Reset s |
umber leSuee 0(000) | 1(001) | 2 (010) | 3 (011) | 4 (100) | 5(101) | 6(110) | 7 (111) upply
AB19 |Vppwms Vbpms
AB20 |GND GND
AB21 |GND GND
AB22 |Vppppr VDDDDR
AB23 |MECC7 VDDoDDR
AB24 |MECC1 VoDDDR
AB25 |MECC4 VDDDDR
AB26 |MECCS5 VDDoDDR
AB27 |MECC2 VoDDDR
AB28 |ECC_MDQS VDDDDR
AC1 |Reserved! —
AC2 |UTP_RD9Y/RC13 RC13 UTOPIA Vboio
AC3 |UTP_RD8/RC12 RC12 UTOPIA Vbpio
AC4 |TDM6TCLK/PCI_AD22 TDM PCI TDM Vppio
AC5 |TDM6RSYN/PCI_AD21/ TDM/GPIO/IRQ PCI TDM/GPIO/IRQ Vppio

GPI06/ IRQ123 6
AC6  |Vppio I I I I Vobio
AC7 |TDM3TSYN/RC11 RC11 TDM Vbpio
AC8 |PCI_AD23/GPIO7/IRQ13/ TDM/GPIO/IRQ PCI TDM/GPIO/IRQ |UTOPIA Vppio
TDM6TDAT? &UTP_RMOD
AC9 |TDM7TSYN/PCI_AD4 TDM PCI reserved Vppio
ACI10 |Vppmsio Vbpmsio
AC11 |GND GND
AC12 |Vppms Vbpwms
AC13 |GND GND
AC14 |Vppwms Vbpms
AC15 |GND GND
AC16 |Vppms Vbpwms
AC17 |GND GND
AC18 |Vppwms Vbpwms
AC19 |GND GND
AC20 |Vppmsio Vbowmsio
AC21 |Reserved! —
AC22 |MECC6 VoDDDR
AC23 |MECC3 VDDDDR
AC24 |ECC_MDM VDDDDR
AC25 |Vppppr VbDDDR
AC26 |MECCO VDoDDR
AC27 |VppppR VDDDDR
AC28 |ECC_MDQS VoDDDR
AD1 |Reserved! —
AD2 |GPIO1%6 GPIO VbbIo
AD3 |TMRO/GPIO13 TIMER/GPIO Vboio
MSC8144 Quad Core Digital Signal Processor Data Sheet, Rev. 16
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Table 2. Absolute Maximum Ratings

Electrical Characteristics

Rating Symbol Value Unit
M3 memory /O and M3 memory charge pump voltage Vpbomzio -0.3t02.75 \
Vasms
Input M3 memory I/O voltage VINM3I0 —0.3to Vppmaio + 0.3 \
Rapid 1/O C voltage Vpbsxc -0.3t01.21 \%
Rapid 1/0 P voltage Vppsxp -0.3t01.26 \
Rapid I/0 PLL voltage VDDRIOPLL -0.3to1.21 \
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 MSC8144 (see Figure 43)

2.2

Recommended Operating Conditions

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

Table 3. Recommended Operating Conditions

Rating Symbol Min Nominal Max Unit

Core supply voltage Vpp
* 800 MHz (VT, SVT, TVT) and 0.97 1.0 1.05 \Y,

1000 MHz (VT)
* 1000 MHz (SVT, TVT) 0.97 1.0 1.03 \Y
PLL supply voltage VpppPLLO
* 800 MHz (VT, SVT, TVT) and VpppLLL 0.97 1.0 1.05 \Y,

1000 MHz (VT) VDDPLLZ
* 1000 MHz (SVT, TVT) 0.97 1.0 1.03 \Y
M3 memory Internal voltage Vbpwms 1.213 1.25 1.313 \%
DDR memory supply voltage VbpDDR
» DDR mode 2.375 25 2.625 \Y,
+ DDR2 mode 1.71 1.8 1.89 \Y
DDR reference voltage MVRer 0.49 x Vppppr (Nom) 0.5 x Vppppr (nom) 0.51 x VppppR (nhom) \
Ethernet 1 1/0 voltage VbDGEL
* 2.5V mode 2.375 25 2.625 \Y
e 3.3V mode 3.135 3.3 3.465 \Y
Ethernet 2 1/O voltage VbbGE2
e 2.5V mode 2.375 25 2.625 \Y
* 3.3V mode 3.135 33 3.465 \Y
1/0 voltage excluding Ethernet, Vppio 3.135 3.3 3.465 \
DDR, M3, and RapidIO lines
M3 memory I/O and M3 charge Vbbomaio 2.375 25 2.625 \%
pump voltage Vo5m3
Rapid 1/0O C voltage Vppsxc 0.97 1.0 1.05 \%
Rapid 1/0O P voltage Vpbsxp
* Short run (haul) mode 0.97 1.0 1.05 \%
e Long run (haul) mode 1.14 1.2 1.26 \%
Rapld 1/0 PLL Voltage VDDR|OPLL 0.97 1.0 1.05 \Y
Operating temperature range:
» Standard (VT) T; 0 90 °C
* Intermediate (SVT) T; 0 105 °C
» Extended (TVT) Ta -40 — °C

T, — 105 °C
Note: PLL supply voltage is specified at input of the filter and not at pin of the MSC8144 (see Figure 43).
MSC8144 Quad Core Digital Signal Processor Data Sheet, Rev. 16
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2.5 DC Electrical Characteristics

This section describes the DC €electrical characteristics for the MSC8144.

25.1 DDR SDRAM DC Electrical Characteristics
This section describes the DC electrical specifications for the DDR SDRAM interface of the M SC8144.

Electrical Characteristics

Note: DDR SDRAM uses VDDDDR(typ) =25V and DDR2 SDRAM uses VDDDDR(typ) =18V.

25.1.1 DDR2 (1.8 V) SDRAM DC Electrical Characteristics

Table 6 provides the recommended operating conditions for the DDR2 SDRAM component(s) of the MSC8144 when

Vppppr(typ) =1.8 V.

Table 6. DDR2 SDRAM DC Electrical Characteristics for Vppppr (typ) =1.8 V

Parameter/Condition Symbol Min Max Unit
I/0 supply voltage! VDDDDR 1.7 1.9 \Y
1/0 reference V0|tagez MVREF 0.49 x VDDDDR 0.51 x VDDDDR \Y
I/O termination voltage® Vit MVggg — 0.04 MVggg + 0.04 \%
Input hlgh voltage V|H MVREF +0.125 VDDDDR +0.3 \Y%
Input low voltage Vi -0.3 MVgge — 0.125 \%
Output leakage current? loz -50 50 LA
Output high current (Voyt = 1.420 V) loH -13.4 — mA
Output low current (Vo = 0.280 V) loL 13.4 — mA
Notes: 1. Vppppr iS expected to be within 50 mV of the DRAM Vpp at all times.
2. MVggr is expected to be equal to 0.5 x Vppppg, 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. This rail should track variations in the DC level of Vppppg-
4. Output leakage is measured with all outputs are disabled, 0 V < Voyt < Vppppr-
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Electrical Characteristics

2.6 AC Timings

The following sections include illustrations and tables of clock diagrams, signals, and parallel 1/O outputs and inputs.

2.6.1 Start-Up Timing

Starting the device requires coordination among several input sequences including clocking, reset, and power. Section 2.6.2
describes the clocking characteristics. Section 2.6.3 describes the reset and power-up characteristics. You must use the
following guidelines when starting up an MSC8144 device:

* PORESET and TRST must be asserted externally for the duration of the power-up sequence using the Vpp,o (3.3 V)

supply. See Table 19 for timing. TRST deassertion does not have to be synchronized with PORESET deassertion.
During functional operation when JTAG isnot used, TRST can be asserted and remain asserted after the power ramp.

Note:  For applications that use M3 memory, M3 _RESET should replicate the PORESET sequence timing, but using the
Vppwmaio (2.5 V) supply. See Section 3.1.1, Power-on Sequence for additional design information.

e CLKIN should start toggling at least 32 cycles before the PORESET deassertion to guarantee correct device operation
(see Figure 6). 32 cycles should be accounted only after Voo reachesits nominal value.

e CLKINandPCI_CLK_IN should either be stablelow during the power-up of Vo supply and start their swings after
power-up or should swing within Vpp,g range during Vpp,g power-up., so their amplitude grows as Vpp g grows
during power-up.

Figure 6 shows a sequence in which Vpp,g israised after Vpp and CLKIN begins to toggle with the raise of Vpp,o supply.

VDD|O = Nominal

f Vpp = Nominal

A :

33V-¢- Vppio Nominal
)
]
S —_—
o
>

1.0 V- Vpp Nominal

Time
PORESET/TRST asserted
Vpp applied CLKIN starts toggling PORESET

VDD|O applled

Figure 6. Start-Up Sequence with Vpp Raised Before Vpp,o with CLKIN Started with Vppg

2.6.2 Clock and Timing Signals

Thefollowing sectionsinclude adescription of clock signal characteristics. Table 16 shows the maximum frequency valuesfor
CLKIN and PCI_CLK_IN. The user must ensure that maximum frequency values are not exceeded.

Table 16. Clock Frequencies

Characteristic Symbol Min Max Unit
CLKIN frequency FeLkin 33 133 MHz
PCI_CLK_IN frequency Fpcl cLk N 33 133 MHz
CLKIN duty cycle Derkin 40 60 %
PCI_CLK_IN dUty cycle DPCl_CLK_lN 40 60 %
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2.6.4

DDR SDRAM AC Timing Specifications

This section describes the AC electrical characteristics for the DDR SDRAM interface.

2.6.4.1 DDR SDRAM Input Timings

Electrical Characteristics

Table 20 provides the input AC timing specifications for the DDR SDRAM when Vppppr (typ) = 2.5 V.

Table 20. DDR SDRAM Input AC Timing Specifications for 2.5-V Interface

Parameter Symbol Min Max Unit
AC input low voltage Vi — MVggg—0.31 \
AC input high voltage \m MVggg + 0.31 — \
Note: At recommended operating conditions with Vppppr 0f 2.5 + 5%.

Table 21 provides the input AC timing specifications for the DDR SDRAM when Vppppr (typ) = 1.8 V.
Table 21. DDR2 SDRAM Input AC Timing Specifications for 1.8-V Interface

Parameter Symbol Min Max Unit
AC input low voltage VL — MVRgg — 0.25 \%
AC input high voltage Viy MVggg + 0.25 — \
Note: At recommended operating conditions with Vppppg 0f 1.8 + 5%.

Table 22 provides the input AC timing specifications for the DDR SDRAM interface.
Table 22. DDR SDRAM Input AC Timing Specifications
Parameter Symbol Min Max Unit
Controller Skew for MDQS—MDQ/MECC/MDM?* toiskew
* 400 MHz -365 365 ps
* 333 MHz -390 390 ps
* 266 MHz —428 428 ps
e 200 MHz —490 490 ps
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]. Subtract this value from the total timing budget.
2. Atrecommended operating conditions with Vppppgr (1.8 V or 2.5 V) + 5%
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rical Characteristics

2.6.4.2

DDR SDRAM Output AC Timing Specifications

Table 23 provides the output AC timing specifications for the DDR SDRAM interface.

Table 23. DDR SDRAM Output AC Timing Specifications

Parameter Symbol 1 Min Max Unit

MCK[n] cycle time, (MCK[n)/MCK][n] crossing)® tvek 5 10 ns
ADDR/CMD output setup with respect to MCK® {DDKHAS

¢ 400 MHz 1.95 — ns
e 333 MHz 2.40 — ns
e 266 MHz 3.15 — ns
e 200 MHz 4.20 — ns
ADDR/CMD output hold with respect to MCK3 tDDKHAX

¢ 400 MHz 1.85 — ns
e 333 MHz 2.40 — ns
e 266 MHz 3.15 — ns
e 200 MHz 4.20 — ns
MCSh output setup with respect to MCK® topKHCS

e 400 MHz 1.95 — ns
e 333 MHz 2.40 — ns
e 266 MHz 3.15 — ns
e 200 MHz 4.20 — ns
MCSn output hold with respect to MCK?® tODKHEX

e 400 MHz 1.95 — ns
e 333 MHz 2.40 — ns
e 266 MHz 3.15 — ns
e 200 MHz 4.20 — ns
MCK to MDQS Skew* tDODKHMH -0.6 0.6 ns
MDQ/MECC/MDM output setup with respect to MDQS® tDDKHDS,

e 400 MHz tDDKLDS 700 — ps
* 333 MHz 900 — ps
e 266 MHz 1100 — ps
e 200 MHz 1200 — ps
MDQ/MECC/MDM output hold with respect to MDQS® tDDKHDX,

e 400 MHz tDDKLDX 700 — ps
* 333 MHz 900 — ps
e 266 MHz 1100 — ps
e 200 MHz 1200 — ps
MDQS preambile start® toDKHMP —05xtyck—0.6 | —0.5x tyck +0.6 ns
MDQS epilogue end® tDDKHME -0.6 0.6 ns

Notes: 1.

The symbols used for timing specifications follow the pattern of st two letters of functional block)(signal)(state) (reference)(state) O

inputs and t(first 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.

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/MECC/MDM/MDQS. For the
ADDR/CMD setup and hold specifications, it is assumed that the Clock Control register is set to adjust the memory clocks by
1/2 applied cycle.

Note that tppkmn follows the symbol conventions described in note 1. For example, tppkHmn describes the DDR timing (DD)
from the rising edge of the MCK(n) clock (KH) until the MDQS signal is valid (MH). typknmn €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 2 parameters have been set to the same
adjustment value. See the MSC8144 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 tppkymp follows the
symbol conventions described in note 1.

At recommended operating conditions with Vppppr (1.8 V or 2.5 V) £ 5%.
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Electrical Characteristics

Using these waveforms, the definitions are as follows:
1. Thetransmitter output signals and the receiver input signals TD, TD, RD and RD each have a peak-to-peak voltage
(Vpp) swing of A —B.
2. Thedifferential output signal of the transmitter, Vp, isdefined as V1p — V1p.
3. Thedifferential input signal of the receiver, V|p, isdefined asVgp — Vgp.
4. Thedifferential output signal of the transmitter and the differential input signal of the receiver each range from A —B
to—(A —B).
5. The peak value of the differential transmitter output signal and the differential receiver input signal isA —B.
6. Thevalue of the differential transmitter output signal and the differential receiver input signal is2 x (A —B) Vpp
Toillustratethese definitionsusing real values, consider the case of aCML (Current Mode Logic) transmitter that hasacommon
mode voltage of 2.25V and each of itsoutputs, TD and TD, has aswing that goes between 2.5V and 2.0 V. Using these values,

the peak-to-peak voltage swing of the signals TD and TD is 500 mV pp The differential output signal ranges between 500 mV
and —500 mV. The pesak differential voltage is 500 mV. The peak-to-peak differential voltageis 1000 mV pp

Note:  AC electrical specifications are given for transmitter and receiver. Long run and short run interfaces at three baud
rates (atotal of six cases) are described. The parameters for the AC electrical specifications are guided by the XAUI
electrical interface specified in Clause 47 of IEEE™ Std 802.3ae-2002™. X AUI has similar application goalsto
serial RapidlO. The goa of this standard is that electrical designs for serial RapidlO can reuse electrical designs for
XAUI, suitably modified for applications at the baud intervals and reaches described herein.

2.6.5.3 Equalization

With the use of high speed serial links, the interconnect mediawill cause degradation of the signal at the receiver. Effects such
as Inter-Symbol Interference (1S1) or data dependent jitter are produced. This loss can be large enough to degrade the eye
opening at the receiver beyond what is allowed in the specification. To negate a portion of these effects, equalization can be
used. The most common egualization techniques that can be used are:

e A passive high passfilter network placed at the receiver. Thisis often referred to as passive equalization.

e Theuse of active circuitsin the receiver. Thisis often referred to as adaptive equalization.

2.6.5.4 Transmitter Specifications

LP-Seria transmitter electrical and timing specifications are stated in the text and tables of this section. The differential return
loss, S11, of the transmitter in each case shall be better than

e —10dB for (baud frequency)/10 < freq(f) < 625 MHz, and
e —10dB + 10log(f/625 MHz) dB for 625 MHz < freq(f) < baud frequency

The reference impedance for the differential return loss measurementsis 100 Q resistive. Differential return loss includes
contributions from internal circuitry, packaging, and any external components related to the driver. The output impedance
requirement appliesto all valid output levels. It is recommended that the 20-80% rise/fall time of the transmitter, as measured
at the transmitter output, have a minimum value 60 psin each case. It is also recommended that the timing skew at the output
of an LP-Seria transmitter between the two signals comprising a differential pair not exceed 25 ps at 1.25 GB, 20 ps at 2.50
GB, and 15 psat 3.125 GB.

Table 25. Short Run Transmitter AC Timing Specifications—1.25 GBaud

Range
Characteristic Symbol Unit Notes
Min Max
Output Voltage Vo -0.40 2.30 \ Voltage relative to COMMON of either signal
comprising a differential pair
Differential Output Voltage VpiFEPP 500 1000 mVpp
Deterministic Jitter Jp 0.17 Ulpp
Total Jitter Jr 0.35 Ulpp
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Table 34. Receiver AC Timing Specifications—3.125 GBaud

Range
Characteristic Symbol Unit Notes
Min Max

Differential Input Voltage ViN 200 1600 mVpp | Measured at receiver

Deterministic Jitter Tolerance Jp 0.37 Ulpp | Measured at receiver

Combined Deterministic and Random Jbr 0.55 Ulpp | Measured at receiver

Jitter Tolerance

Total Jitter Tolerance Jr 0.65 Ulpp Measured at receiver. 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 13. The sinusoidal jitter
component is included to ensure margin for low
frequency jitter, wander, noise, crosstalk and other
variable system effects.

Multiple Input Skew Swmi 22 ns Skew at the receiver input between lanes of a
multilane link

Bit Error Rate BER 10712

Unit Interval Ul 320 320 ps +100 ppm

8.5 Ul p-p

Sinusoidal
Jitter
Amplitude

0.10 Ul p-p

22.1 kHz Frequency 1.875 MHz 20 MHz

Figure 13. Single Frequency Sinusoidal Jitter Limits
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2.6.5.8 Eye Template Measurements

For the purpose of eye template measurements, the effects of a single-pole high passfilter with a3 dB point at (baud
frequency)/1667 is applied to thejitter. The data pattern for template measurementsisthe continuousjitter test pattern (CJPAT)
defined in Annex 48A of |IEEE Std. 802.3ae. All lanes of the LP-Serial link shall be active in both the transmit and receive
directions, and opposite ends of the links shall use asynchronous clocks. Four lane implementations shall use CIPAT as defined
in Annex 48A. Single lane implementations shall use the CIPAT seguence specified in Annex 48A for transmission on lane O.
The amount of data represented in the eye shall be adequate to ensure that the bit error ratio isless than 1072, The eye pattern
shall be measured with AC coupling and the compliance template centered at 0 Volts differential. The left and right edges of
the template shall be aligned with the mean zero crossing points of the measured data eye. The load for thistest shall be 100 Q
resistive +5% differential to 2.5 GHz.

2.6.5.9 Jitter Test Measurements

For the purpose of jitter measurement, the effects of asingle-pole high passfilter with a3 dB point at (baud frequency)/1667 is
applied to the jitter. The data pattern for jitter measurements is the Continuous Jitter Test Pattern (CJPAT) pattern defined in
Annex 48A of | EEE Std. 802.3ae. All lanes of the LP-Serial link shall be active in both the transmit and receive directions, and
opposite ends of the links shall use asynchronous clocks. Four laneimplementations shall use CIJPAT asdefined in Annex 48A.
Single lane implementations shall use the CIPAT sequence specified in Annex 48A for transmission on lane 0. Jitter shall be
measured with AC coupling and at 0 V differential. Jitter measurement for the transmitter (or for calibration of ajitter tolerance
setup) shall be performed with atest procedure resulting in a BER curve such as that described in Annex 48B of |EEE Std.
802.3ze.

2.6.5.10 Transmit Jitter

Transmit jitter is measured at the driver output when terminated into aload of 100 Q resistive +5% differential to 2.5 GHz.

2.6.5.11 Jitter Tolerance

Jitter tolerance is measured at the receiver using ajitter tolerance test signal. Thissignal is obtained by first producing the sum
of deterministic and random jitter defined in Section 2.6.5.9 and then adjusting the signal amplitude until the data eye contacts
the 6 points of the minimum eye opening of the receive template shown in Figure 14 and Table 35. Note that for this to occur,
the test signal must have vertical waveform symmetry about the average value and have horizontal symmetry (including jitter)
about the mean zero crossing. Eye template measurement requirements are as defined above. Random jitter is calibrated using
ahigh passfilter with alow frequency corner at 20 MHz and a 20 dB/decade roll-off below this. The required sinusoidal jitter
specified in Section 8.6 is then added to the signal and the test load is replaced by the receiver being tested.

2.6.6 PCI Timing

This section describes the general AC timing parameters of the PCI bus. Table 36 provides the PCI AC timing specifications.

Table 36. PCI AC Timing Specifications

33 MHz 66 MHz
Parameter Symbol Unit
Min Max Min Max
Output delay tPCVAL 2.0 11.0 1.0 6.0 ns
High-Z to Valid Output delay tpcon 2.0 — 1.0 — ns
Valid to High-Z Output delay tpcoFE — 28 — 14 ns
Input setup tpcsu 7.0 — 3.0 — ns
Input hold tpcH 0 — 0 — ns
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2.6.9 Timer Timing
Table 39. Timer Timing

Characteristics Symbol Min Unit
TIMERX frequency TTMREFCLK 10.0 ns
TIMERX Input high phase TTMCH 4.0 ns
TIMERXx Output low phase TrmeL 4.0 ns

Figure 23 shows the timer input AC timing

TTMREFCLK

A
y

Tmen L TmcL

L

TIMERX (Input) 7 /_

Figure 23. Timer Timing

A
A4

2.6.10 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 MSC8144 Reference
Manual.

2.6.10.1 Management Interface Timing

Table 40. Ethernet Controller Management Interface Timing

Characteristics Symbol Min Max Unit
ETHMDC to ETHMDIO delay? tMDKHDX 10 70 ns
ETHMDIO to ETHMDC rising edge setup time tMDDVKH 7 — ns
ETHMDC rising edge to ETHMDIO hold time tMDDXKH 0 — ns

Notes: 1. Program the ETHMDC frequency (fypc) to @ maximum value of 2.5 MHz (400 ns period for t\ypc). 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 MSC8144 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.

MSC8144 Quad Core Digital Signal Processor Data Sheet, Rev. 16

54 Freescale Semiconductor



2.6.11 ATM/UTOPIA/POS Timing
Table 47 provides the ATM/UTOPIA/POS input and output AC timing specifications.

Table 47. ATM/UTOPIA/POS AC Timing (External Clock) Specifications

Characteristic Symbol Min Max Unit
Outputs—External clock delay tUEKHOV 1 9 ns
Outputs—External clock High Impedance?! tUEKHOX 1 9 ns
Inputs—External clock input setup time tUEIVKH 4 ns
Inputs—External clock input hold time tUEIXKH 1 ns

Notes: 1. Not tested. Guaranteed by design.
2. Output specifications are measured from the 50% level of the rising edge of CLKIN to the 50% level of the signal. Timings are
measured at the pin. 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 32 provides the AC test load for the ATM/UTOPIA/POS.

Output ~€> Zo=50Q WVDD/Z
R_=50Q

Figure 32. ATM/UTOPIA/POS AC Test Load

Figure 33 showsthe ATM/UTOPIA/UTOPIA timing with external clock.

CLK (input)

tUEIXKH

INpUL Signals: - - - - - - - === Nl
e tuekrov
Output Signals: - - - - - - - - - <
|<—>
* tuEKHOX

Figure 33. ATM/UTOPIAPOS AC Timing (External Clock)
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2.6.14 JTAG Signals

Table 50. JTAG Timing

All frequencies
Characteristics Symbol Unit
Min Max
TCK cycle time trekx 36.0 — ns
TCK clock high phase measured at V), = 1.6 V tTeKH 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 trekHoV — 20.0 ns
TCK fall to output high impedance trckHOZ — 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 trpoHOZ — 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 38 showsthe Test Clock Input Timing Diagram
|< »)
trekx
\d »
N trekH
TCK N YWw_ ) Vm_ __ NG
(Input) N
fTCKR——> D E— —> [——1rckr
Figure 38. Test Clock Input Timing
Figure 39 shows the boundary scan (JTAG) timing diagram.
TCK N\
(Input) 55
tgsvKH tBSXKH
Data ¢ .
Inputs p) Input Data Valid

trckHov

Outputs

14
/_S)
Data > Output Data Valid

trekHoz

A 4

Data cC
Outputs )

Figure 39. Boundary Scan (JTAG) Timing
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Hardware Design Considerations

The following supplies should rise before any other suppliesin any sequence

Vpp and Vppp | coupled together
Vbbpwms

After the above suppliesrise to 90% of their nominal value the following 1/0 supplies may risein any sequence (see Figure 42):

Note:

3.1.2

VbbeEL
VbpeE2

Vbbio
Vppppr ad MVieg coupled one to another. MVggg should be either at same time or after Vpppprg-

Vbpwmaio
PV

I/O supplies

Vppwms, Vb, and VpppLL

I

|
90% |
|

!

Figure 42. Vppms: Vopwmazio and Vaogyz Power-on Sequence

»
»

This recommended power sequencing is different from the M SC8122/M SC8126.

If the DDR interface is not used, Vppppr and MV gee can be tied to GND.
If theM3 memory is not used, VDDM3’ VDDM3|O’ and V25M3 can betied to GND.
If the RapIdIO interface is not used, VDDSX' VDDSXP’ and VDDRlOPLL can betied to GND.

SO~ WNE

Start-Up Timing

Section 2.6.1 describes the start-up timing.
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If no pins that require Vppge; as areference supply are used (see Table 1), Vppgez can betied to GND.
If no pins that require Vppge2 as areference supply are used (see Table 1), Vppgez can betied to GND.
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ware Design Considerations

Table 58. Connectivity of GE1 Related Pins When only a subset of the GE1 Interface Is required (continued)

Signal Name Pin Connection
GE1_SGMII_TX NC
GE1_TD[0-3] NC
GE1_TX_CLK GND
GE1_TX_EN NC
GE1_TX_ER NC

3.4.4.2 Ethernet Controller 2 (GE2) Related Pins

Note:  Table 59 through Table 61 assume that the alternate function of the specified pinis not used. If the alternate function

is used, connect the pin as required to support that function.

34421 GEZ2 interface Is Not Used

Table 59 assumes that the GE2 pins are not used for any purpose (including any multiplexed function) and that Vppgg istied

to GND.
Table 59. Connectivity of GE2 Related Pins When the GE2 Interface Is Not Used
Signal Name Pin Connection
GE2_RDI[0-3] NC
GE2_RX_CLK NC
GE2_RX_DV NC
GE2_RX_ER NC
GE2_SGMII_RX GNDgyc
GE2_SGMII_RX GNDgxc
GE2_SGMI_TX NC
GE2_SGMII_TX NC
GE2_TCK Nc
GE2_TD[0-3] Nc
GE2_TX_EN NC

3.44.2.2 Subset of GE2 Pins Required

When only asubset of thewhole GE2 interfaceisused, such asfor RMI1, the unused GE2 pins should be connected as described
in Table 60. The table assumes that the unused GE2 pins are not used for any purpose (including any multiplexed functions)
and that Vppgg istied to either 25V or 3.3 V.

Table 60. Connectivity of GE1 Related Pins When only a subset of the GEL1 Interface Is required

Signal Name Pin Connection
GE2_RDI[0-3] GND
GE2_RX_CLK GND
GE2_RX_DV GND
GE2_RX_ER GND
GE2_SGMII_RX GNDgxc
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3.4.8 Miscellaneous Pins

Hardware Design Considerations

Table 65 liststhe board connectionsfor the pinsif they are not required by the system design. Table 65 assumesthat the alternate
function of the specified pinis not used. If the aternate function is used, connect that pin as required to support the selected

function.
Table 65. Connectivity of Individual Pins When They Are Not Required
Signal Name Pin Connection

CLKOUT NC

EEO GND

EE1l NC

GPIO[0-31] GND

SCL See the GPIO connectivity guidelines in this table.
SDA See the GPIO connectivity guidelines in this table.
INT_OUT NC

m See the GPIO connectivity guidelines in this table.
NMI Vbbio

NMI_OUT NC

RC[0-16] GND

RC_LDF NC

STOP_BS GND

TCK GND

TDI GND

TDO NC

TMR[0-4] See the GPIO connectivity guidelines in this table.
TMS GND

TRST GND

URXD See the GPIO connectivity guidelines in this table.
UTXD See the GPIO connectivity guidelines in this table.
Vbbio 33V

Note: When using I/0 multiplexing mode 5 or 6, tie the TDM7TSYN/PCI_AD4 signal (ball number AC9) to GND.

Note:  For details on configuration, see the MSC8144 Reference Manual. For additional information, refer to the MSC8144
Design Checklist (AN3202).
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Package Information

Notes:
1. All dimensions in millimeters.

2. Dimensioning and tolerancing
per ASME Y14.5M-1994.

AMaximum solder ball diameter
measured parallel to Datum A.

ADamm A, the seating plane, is
determined by the spherical
crowns of the solder balls.

AParallelism measurement
should exclude any effect of
marking.

Capacitors may not be present
on all devices.

ACaution must be taken not to
short exposed metal capacitor
pads on package top.

Figure 44. MSC8144 Mechanical Information, 783-ball FC-PBGA Package

Product Documentation

¢ MSC8144 Technical Data Sheet (MSC8144). Details the signals, AC/DC characteristics, clock signal characteristics,
package and pinout, and electrical design considerations of the MSC8144 device.

e MSC8144 Reference Manual (M SC8144RM). Includes functional descriptions of the extended cores and all the

internal subsystems including configuration and programming information.

«  Application Notes. Cover various programming topics related to the StarCore DSP core and the M SC8144 device.

e SC3400 DSP Core Reference Manual. Coversthe SC3400 core architecture, control registers, clock registers, program
control, and instruction set.

e MSC8144 SC3400 DSP Core Subsystem Reference Manual. Covers core subsystem architecture, functionality, and
registers.

MSC8144 Quad Core Digital Signal Processor Data Sheet, Rev. 16

Freescale Semiconductor

77



