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Figure 4. MSC8144 FC-PBGA Package, Bottom View
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1.2

Signal List By Ball Location

Table 1 presentsthe signal list sorted by ball number. The functionality of multi-functional (multiplexed) pinsis separated for
each mode. When designing a board, make sure that the reference supply for each signal is appropriately considered. The
specified reference supply must be tied to the voltage level specified in this document if any of the related signal functions are

used (active).
Table 1. Signal List by Ball Number
Power- I/O Multiplexing Mode?

Ball . On Ref.

Number Signal Name Reset | 4 (000) | 1(001) | 2 (010) | 3 (011) | 4 (200) | 5 (101) | 6 (110) | 7 (121) | SUPPlY

Value
A2 GND GND
A3 GE2_RX_ER/PCI_AD31 Ethernet 2 PCI Ethernet 2 Vppoe2
A4 |VppgE2 | | I | | VbDGE2
A5  |GE2_RX_DV/PCI_AD30 Ethernet 2 PCI Ethernet 2 VppGE?
A6 |GE2_TDO/PCI_CBEO Ethernet 2 PCI Ethernet 2 VopoE?
A7  |SRIO_IMP_CAL_RX VpDSxc
A8 |Reserved! —
A9 |Reserved! —
A10 |Reserved! —
A1l |Reserved! —
Al2 [SRIO_RXDO Vbpsxc
Al3  |Vppsxc Vbpsxc
Al4 |SRIO_RXD1 Vppsxe
AlS  |Vppsxc Vbpsxc
Al6 |SRIO_REF_CLK VpDSxc
Al7  |VppRriopLL GNDgyopLL
A18 |GNDgyc GNDgyc
Al9 |SRIO_RXD2/ SGMII support on SERDES is enabled by Reset Configuration Word Vppsxc
GE1_SGMII_RX
A20  |Vppsxc | | I I | | | Vbpsxc
A21 |SRIO_RXD3/ SGMII support on SERDES is enabled by Reset Configuration Word Vppsxc
GE2_SGMII_RX

A22  |Vppsxc Vbpsxc
A23 |SRIO_IMP_CAL_TX Vppsxp
A24 |MDQ28 VDDDDR
A25 |MDQ29 VpoDDR
A26 |MDQ30 VoDDDR
A27 |MDQ31 VDDDDR
A28 |MDQS3 VbDDDR
Bl |Reserved! —
B2 |GE2_TD1/PCI_CBE1 Ethernet 2 PCI Ethernet 2 VppGE2
B3 |GE2_TX_EN/PCI_CBE2 Ethernet 2 PCI Ethernet 2 VbpGE?
B4 |GE_MDIO Ethernet VbppGE2
B5 GND I I I I I I I GND
B6 GE_MDC Ethernet VppeE2
B7 [GNDgyc GNDgyc
B8 |Reserved® —
B9 |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
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
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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
K23 |MBA2 VbDDDR
K24 |MA10 VbDDDR
K25 |MA12 VDDDDR
K26 |MA14 VbDDDR
K27 |MA4 VbDDDR
K28 |MVger VbDDDR
L1 |Reserved! —
L2 |CLKOUT Vpoio
L3 |TMRLUTP_IR/PCI_CBE3/ UTOPIA TMR/ |UTOPIA| PCI UTOPIA Vopio
GPI0173 6 GPIO
L4 |TMRA4/PCI_PAR/GPIO20% TIMER/GPIO PCI TIMER/GPIO Vppio
6/ UTP_REOP
L5 |GND | | | GND
L6 |TMR2/PCI_FRAME/ TIMER/GPIO PCI TIMER/GPIO  [UTOPIA| Vppio
GPIO18%©
L7 |scL/GPIO26% 4 © 12C/GPIO VbbIo
L8  |UTXD/GPIO15/IRQ9> 6 UART/GPIO/IRQ VbbIo
L9 |GND GND
L10 |Vpp Vbp
L11 |GND GND
L12  |Vpp Vo
L13 [GND GND
L14  |Vpp Vo
L15 |Reserved! GND
L16 [Vpp Vbp
L17 |GND GND
L18 |Vpp Vo
L19 [GND GND
L20 [Vpp Vo
L21 [GND GND
L22 |GND GND
L23 |MCKE1 VbDDDR
L24  |[MA1 VDDDDR
L25 |Vppppr VDDDDR
L26 |GND GND
L27  |VbpopR VbDDDR
L28 |MCK1 VbDDDR
M1 |Reserved! —
M2 |TRST Vpoio
M3 |EEO Vboio
M4 |EE1 Vboio
M5  |UTP_RCLK/PCI_AD13 UTOPIA PCI UTOPIA Vppio
M6 |UTP_RADDRO/PCI_AD7 UTOPIA PCI UTOPIA Vboio
M7  |UTP_TD8/PCI_AD30 UTOPIA PCI UTOPIA Vboio
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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
M8  [Vbbio Vbbio
M9  |Vpp Vbp
M10 |GND GND
M1l |Vpp Voo
M12 |GND GND
M13  |Vpp Voo
M14 |GND GND
M15 |Vpp Voo
M16 |GND GND
M17  |Vpp Voo
M18 |GND GND
M19  |Vpp Voo
M20 |GND GND
M2l |Vpp Voo
M22  |VppppR VbDDDR
M23 |MCS1 VDDDDR
M24 |MA13 VODODR
M25  |MA2 VODDDR
M26  |MAO VDDDDR
M27 |GND GND
M28  [MCK1 VODDDR
N1 |Reserved® —
NZ  |Vppio Vbbio
N3 |TMS Vobio
N4 UTP_RDlO/PCl_AD]A5 UTOPIA PCI UTOPIA Vppio
N5 Vbbio Power Vppio
N6 UTP_RADDR1/PCI_AD8 UTOPIA PCI UTOPIA Vppio
N7 UTP_TDY9/PCI_AD31 UTOPIA PCI UTOPIA Vppio
N8  |TMR3/PCI_IRDY/GPIO19% TIMER/GPIO PCI TIMER/GPIO  |UTOPIA|  Vppio
6/UTP_TEOP

N9 GND GND
N10 |Vppwms Vbpwms
N1l |Vpp Voo
N12  |Vppms Vbpwms
N13  |Vpp Voo
N14  |Vppwms Vbpwms
N15  |Vpp Voo
N16 |Vppms Vbpwms
N17  |Vpp Voo
N18 |Vppwms Vppwms
N19  |Vpp Voo
N20  |Vppwms Vbpwms
N21 |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
N22 |GND GND
N23 |MODT1 VbooDR
N24 |MCKEO VboDDR
N25 |Vppppr VDDDDR
N26 |MAS VbooDR
N27  |MA6 VboDDR
N28  |MA11 VDDDDR
P1 |Reserved! —
P2 |TDI® Vbbio
P3 UTP_RD11/PCI_AD15 UTOPIA PCI UTOPIA Vppio
P4 GND ‘ ‘ ‘ GND
P5 UTP_RADDRS3/PCI_AD10 UTOPIA PCI UTOPIA Vppio
P6 UTP_RADDR2/PCI_AD9 UTOPIA PCI UTOPIA Vppio
P7 |PCI_GNT/GPIO29/IRQ73 6 GPIO/IRQ PCI GPIO/IRQ Vbbio
P8 |PCI_STOP/GPIO30/RQZ* GPIO/IRQ PCI GPIO/IRQ Vobio
P9 GND GND
P10 |GND GND
P11l  |Vppwms Vbpwms
P12 |GND GND
P13  |Vppwms Vbpms
P14 |GND GND
P15  |Vppwms Vbpwms
P16 |GND GND
P17  |Vppwms Vbpwms
P18 |GND GND
P19  |Vppwms Vbpms
P20 |GND GND
P21 |GND GND
P22 |Vppppr VDDDDR
P23 MCSO0 VbppDR
P24 MRAS VbDpDDR
P25 |GND GND
P26  |Vppppr VbDDDR
P27 |GND GND
P28 |MCK2 VbDDDR
R1 |Reserved! —
R2 |TCK Vobio
R3 |TDO Voo
R4 UTP_RD12/PCI_AD16 UTOPIA PCI UTOPIA Vppio
R5 UTP_RCLAV_PDRPA/ UTOPIA PCI UTOPIA Vppio
PCI_AD12
R6 UTP_RADDRA4/PCI_AD11 UTOPIA PCI UTOPIA Vppio
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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
R7  |Vobio Vbbio
R8 |PCLREQ PCI Vppio
R9 |GND GND
R10 [GND GND
R11 [GND GND
R12 |GND GND
R13 [GND GND
R14 [GND GND
R15 |GND GND
R16 [GND GND
R17 [GND GND
R18 |GND GND
R19 [GND GND
R20 [GND GND
R21 |GND GND
R22 |GND GND
R23 |MODTO VpoDDR
R24 |MDIC1 VbDDDR
R25 |MDICO VDDDDR
R26 |MCAS VbDDDR
R27 _|MWE VbopDR
R28 [MCK2 VDDDDR
T1 |Reserved! —
T2 |UTP_RPRTY/PCI_AD21 UTOPIA PCI UTOPIA Vboio
T3  |UTP_RD13/PCI_AD17 UTOPIA PCI UTOPIA Vbpio
T4 |Vooio ‘ ‘ ‘ Vbbio
T5 |UTP_RD14/PCI_AD18 UTOPIA PCI UTOPIA Vboio
T6 |UTP_RD15/PCI_AD19 UTOPIA PCI UTOPIA Vbpio
T7 |PCL_TRDY PCI Vboio
T8 |PCI_DEVSEL/GPIO31/ GPIO/IRQ PCI GPIO/IRQ Vpoio
RQ33 6
T9 |GND GND
T10 [GND GND
T11 [GND GND
Ti2 |GND GND
T13 [GND GND
Ti4 |GND GND
Ti5 |GND GND
T16 |[GND GND
T17 |GND GND
Ti8 |GND GND
T19 [GND GND
T20 |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
T21 GND GND
T22  |VppppR VbDDDR
T23 GND GND
T24  |VppppR VDDDDR
T25 GND GND
T26  |Vopppr VbDDDR
T27 GND GND
T28  |VppppR VbDDDR
Ul |Reserved! —
u2 UTP_TCLK/PCI_AD29 UTOPIA PCI UTOPIA Vppio
U3 UTP_TADDRA4/PCI_AD27 UTOPIA PCI UTOPIA Vppio
U4  |UTP_TADDR2 UTOPIA Vobio
U5 GND I I GND
U6 |UTP_REN/PCI_AD20 UTOPIA PCI UTOPIA Vbbio
U7  |PCI_AD26 PCI Vobio
Us |PCI_AD25 PCI Vboio
U9 |Reserved! VbbIo
U10 |Vppwms Vbpwms
Ull |GND GND
Ul2  |Vppwms Vbpwms
Ul3 |GND GND
Ul4  |Vppwms Vbpms
Ul5 |GND GND
U16  |Vppwms Vbpwms
Ul7 |GND GND
Ul8 |Vppwms Vbpwms
Ul9 |GND GND
U20  |Vppwms Vbpms
U21 |GND GND
U22 |GND GND
U23  |MDQ7 VDDDDR
U24 |MDQ3 VbooDR
U25 |MDQ4 VbDDDR
U26 |MDQ5 VbDDDR
U27 |MDQ1 VbooDR
U28  |MDQO VbDDDR
V1l |Reserved! —
v2 |UTP_TD10/PCI_CBEO UTOPIA PCI UTOPIA Vbbio
V3 |UTP_TADDR3 UTOPIA Vobio
V4  |UTP_TD1/PCI_PERR UTOPIA PCI UTOPIA Vbpio
V5 UTP_TADDRO/PCI_AD23 UTOPIA PCI UTOPIA Vppio
V6 UTP_TADDR1/PCI_AD24 UTOPIA PCI UTOPIA Vppio
V7 UTP_TCLAV/PCI_AD28 UTOPIA PCI UTOPIA Vppio
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rical Characteristics

2 Electrical Characteristics

This document contains detailed information on power considerations, DC/AC electrical characteristics, and AC timing
specifications. For additional information, see the MSC8144 Reference Manual.

2.1 Maximum Ratings

CAUTION

This device contains circuitry protecting against damage
due to high static voltage or electrical fields; however,
normal precautions should be taken to avoid exceeding
maximum voltage ratings. Reliability is enhanced if unused
inputs are tied to an appropriate logic voltage level (for
example, either GND or Vpp).

In calculating timing requirements, adding a maximum value of one specification to a minimum value of another specification
doesnot yield areasonable sum. A maximum specification iscal culated using aworst case variation of process parameter values
in one direction. The minimum specification is cal culated using theworst case for the same parametersin the opposite direction.
Therefore, a“maximum” value for a specification never occurs in the same device with a“minimum” value for another
specification; adding a maximum to a minimum represents a condition that can never exist.

Table 2 describes the maximum electrical ratings for the MSC8144.

Table 2. Absolute Maximum Ratings

Rating Symbol Value Unit
Core supply voltage Vyd -0.3to 1.1 \
PLL supply voltage® VbDPLLO -03to1.1 %
VbppLLL
VbpPLL2
M3 memory Internal voltage Vppm3 -0.3t01.32 \
DDR memory supply voltage VDDDDR
+ DDR mode -0.3t02.75 \%
» DDR2 mode -0.3t01.98 \Y
DDR reference voltage MVRer —0.3t0 0.51 x Vppppr \%
Input DDR V0|tage V|NDDR -0.3to VDDDDR +0.3
Ethernet 1 I/O voltage VppeEL —0.3 to 3.465
Input Ethernet 1 I/O voltage VINGEl -0.3to VDDGEl +0.3
Ethernet 2 I/O voltage VppcE2 —0.3 to 3.465
Input Ethernet 21/0 voltage VINGE2 -0.3to VDDGE2 +0.3
I/0 voltage excluding Ethernet, DDR, M3, and RapidlO lines Vppio —0.3 to 3.465
Input 110 voltage VINIO -0.3to VDDIO +0.3 \%
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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
Freescale Semiconductor 27



P

rical Characteristics

2.5.6 ATM/UTOPIA/POS DC Electrical Characteristics
Table 13. ATM/UTOPIA/POS DC Electrical Characteristics

Characteristic Symbol Min Max Unit
Supply voltage 3.3 V Vbpio 3.135 3.465 \
Input high voltage ViH 2.0 3.465 \
Input low voltage " -0.3 0.8 \
Input leakage current, V,y = supply voltage IIN -30 30 LA
Signal low input current, V= 0.4 I -30 30 HA
Signal high input current, V| = 2.4 vi Iq -30 30 LA
Output high voltage, lgy = -4 mA VoH 24 3.465 \
Output low voltage, Ig = 4 mA VoL — 0.5
Notes: 1. Nottested. Guaranteed by design.
2.5.7 SPI1 DC Electrical Characteristics
Table 14 provides the SPI DC electrical characteristics.

Table 14. SPI DC Electrical Characteristics

Characteristic Symbol Min Max Unit
Input high voltage Viy 2.0 3.465 \%
Input low voltage Vi -0.3 0.8 \Y
Input current N 30 A
Output high voltage, gy = —4.0 mA VoH 2.4 —
Output low voltage, I, = 4.0 mA VoL — 0.5

2.5.8

GPIO, UART, TIMER, EE, STOP_BS, I2C, IRQn, NMI_OUT, INT_OUT,

CLKIN, JTAG Ports DC Electrical Characteristics

Table 15. GPIO, UART, Timer, EE, STOP_BS, 1°C, IRQn, NMI_OUT, INT_OUT, CLKIN, and JTAG Port!
DC Electrical Characteristics

Characteristic Symbol Min Max Unit

Supply voltage 3.3 V Vobio 3.135 3.465 \
Input high voltage Vi 2.0 3.465 \
Input low voltage Vi -0.3 0.8 \
Input leakage current, V,\ = supply voltage IIN -30 30 LA
Tri-state (high impedance off state) leakage current, V,y = supply voltage loz -30 30 LA
Signal low input current, V,_ = 0.4 V2 I -30 30 LA
Signal high input current, V| = 2.0 V2 In -30 30 LA
Output high voltage, loy = -2 mA, VoK 2.4 3.465 \Y
except open drain pins

Output low voltage, Ig = 3.2 mA VoL — 0.4 \

Notes: 1. This does not include TDI and TMS, which have internal pullup resistors.
2. Not tested. Guaranteed by design.
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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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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 25. Short Run Transmitter AC Timing Specifications—1.25 GBaud (continued)

Range
Characteristic Symbol Unit Notes
Min Max
Multiple output skew Smo 1000 ps Skew at the transmitter output between lanes of a
multilane link
Unit Interval ul 800 800 ps +100 ppm

Table 26. Short Run Transmitter AC Timing Specifications—2.5 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
Multiple Output skew Smo 1000 ps Skew at the transmitter output between lanes of a
multilane link
Unit Interval ul 400 400 ps +100 ppm

Table 27. Short Run Transmitter AC Timing Specifications—3.125 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 VpiEepP 500 1000 mVpp
Deterministic Jitter Jo 0.17 Ulpp
Total Jitter Jr 0.35 Ulpp
Multiple output skew Smo 1000 ps Skew at the transmitter output between lanes of a
multilane link
Unit Interval ul 320 320 ps +100 ppm

Table 28. Long 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 VpirEpP 800 1600 mVpp

Deterministic Jitter Jp 0.17 Ulpp

Total Jitter Jr 0.35 Ulpp

Multiple output skew Smo 1000 ps Skew at the transmitter output between lanes of a
multilane link

Unit Interval ul 800 800 ps +100 ppm
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Figure 24. MIl Management Interface Timing

2.6.10.2 MIl Transmit AC Timing Specifications
Table 41 provides the MII transmit AC timing specifications.

Table 41. MIl Transmit AC Timing Specifications

Parameter/Condition Symbol ! Min Max Unit
TX_CLK to Ml data TXD[3:0], TX_ER, TX_EN delay tMTKHDX 0 25 ns
Notes: 1. Typical TX_CLK period (tyrx) for 10 Mbps is 400 ns and for 100 Mbps is 40 ns.
2. Program GCR4 as 0x00030CC3.
Figure 25 shows the MI1 transmit AC timing diagram.
TX_CLK J—\——Z \ / \
TXD[3:0]
TX_EN ><
TX_ER
—» IMTKHDX
Figure 25. MIl Transmit AC Timing
2.6.10.3 MIl Receive AC Timing Specifications
Table 42 provides the Ml receive AC timing specifications.
Table 42. MIl Receive AC Timing Specifications
Parameter/Condition Symbol * Min Max Unit
RXD[3:0], RX_DV, RX_ER setup time to RX_CLK tMRDVKH 10.0 — ns
RXD[3:0], RX_DV, RX_ER hold time to RX_CLK tMRDXKH 2 — ns

Notes: 1. Typical RX_CLK period (tyrx) for 10 Mbps is 400 ns and for 100 Mbps is 40 ns.
2. Program GCR4 as 0x00030CC3.
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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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Hardware Design Considerations

Table 52. Connectivity of DDR Related Pins When Using 16-bit DDR Memory Only (continued)

Signal Name Pin connection
MWE in use
MVRer 1/2*Vppppr
VbbDDR 25Vorl8V

3.4.1.3 ECC Unused Pin Connections

When the error code corrected mechanism is not used in any 32- or 16-bit DDR configuration, refer to Table 53 to determine

the correct pin connections.

Table 53. Connectivity of Unused ECC Mechanism Pins

Signal Name Pin connection
MECC[0-7] pull-up to Vppppr
ECC_MDM NC
ECC_MDQS pull-down to GND
ECC_MDQS pull-up to Vppppr

3.4.2 Serial RapidlO Interface Related Pins

3421 Serial RapidIlO interface Is Not Used

Table 54. Connectivity of Serial RapidlO Interface Related Pins When the RapidIO Interface Is Not Used

Signal Name Pin Connection

SRIO_IMP_CAL_RX GND
SRIO_IMP_CAL_TX GND
SRIO_REF_CLK GND
SRIO_REF_CLK GND
SRIO_RXD[0-3] GND
SRIO_RXD[0-3] GND
SRIO_TXD[0-3] NC

SRIO_TXD[0-3] NC

VDDRIOPLL GND
GNDRopLL GND
GNDgyp GND
GNDgyc GND
Vbpsxp GND
Vbbpsxc GND
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Table 60. Connectivity of GE1 Related Pins When only a subset of the GE1 Interface Is required (continued)

Signal Name Pin Connection
GE2_SGMII_RX GNDgyc
GE2_SGMI_TX NC
GE2_SGMII_TX NC
GE2_TCK NC
GE2_TD[0-3] NC
GE2_TX_EN NC

3.4.4.3 GE1 and GE2 Management Pins

GE_MDC and GE_MDIO pins should be connected as required by the specified protocol. If neither GE1 nor GE2 is used (that
IS, Vppge2 IS connected to GND), Table 61 lists the recommended management pin connections.

Table 61. Connectivity of GE Management Pins When GE1 and GE2 Are Not Used

Signal Name Pin Connection
GE_MDC NC
GE_MDIO NC

3.45 UTOPIA/POS Related Pins

Table 62 lists the board connections of the UTOPIA/POS pins when the entire UTOPIA/POS interface is not used or subset of
UTOPIA/POSinterfaceisused. For multiplexing optionsthat sel ect a subset of the UTOPIA/POS interface, use the connections
described in Table 62 for those signal s that are not selected. Table 62 assumes that the alternate function of the specified pinis
not used. If the alternate function is used, connect that pin as required to support the selected function.

Table 62. Connectivity of UTOPIA/POS Related Pins When UTOPIA/POS Interface Is Not Used

Signal Name Pin Connection

UTP_IR GND
UTP_RADDR[0-4] Vbbio
UTP_RCLAV_PDRPA NC

UTP_RCLK GND
UTP_RD[0-15] GND
UTP_REN Vbpio
UTP_RPRTY GND
UTP_RSOC GND
UTP_TADDR[0-4] Vboio
UTP_TCLAV NC

UTP_TCLK GND
UTP_TD[0-15] NC

UTP_TEN Vbpio
UTP_TPRTY NC

UTP_TSOC NC

Vbpio 33V
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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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sion History

7 Revision History
Table 66 provides arevision history for this data sheet.

Table 66. Document Revision History

Rev. Date

Description

0 Feb. 2007

Initial public release.

1 Apr. 2007

Adds new 1/O multiplexing mode 7 that supports POS functionality.

Updates reference voltage supply for pins G5, H7, and H8 in Table 1.

Updates start-up timing recommendations with regard to TRST and M3_RESET in Section 2.7.1.
Adds input clock duty cyclesin Table 20.

Updates PCI AC timingsin Table 41.

Removes UTOPIA internal clock specificationsin Table 52.

Updates JTAG timingsin Table 56.

Clarifies connectivity guidelines for Ethernet pinsin Section 3.3.4.

Miscellaneous pin connectivity guidelines were updated in Table 71.

Updates name of core subsystem reference manual.

2 June 2007

Corrected AA4 definition in Table 1. Changed TDM5TD3 to correct name TDM5TDAT.

Removed Figure 35 because the device does not support UTOPIA using an internal clock. Renumbered
subsequent figures.

Removed Section 3.5 Thermal Considerations. To be replaced with an application note.

3 Sep 2007

Updated M3 voltage range in Table 3.

Changed notein Table 7 for PLL power supplies.

DDR voltage designator changed from Vpp to Vppppr in Table 8, Table 10, Section 2.7.4.1, Section 2.7.4.2,
and Figure 11. Changed range on | oz in Table 8 and Table 10.

Deleted text before Table 13 and added note 2 to input pin capacitance.

Deleted text before Table 14, added a 1 to the note, and added note 1 to input pin capacitance.

Deleted Section 2.6.5 on page 32 and renumbered subsequent subsections.

Deleted text before new Section 2.6.5.1.

Added a1 to the notein Table 15 and added note 1 to input pin capacitance.

Deleted ac voltage rows from Table 16. Added note 1 to input pin capacitance.

Changed output high and low voltage levelsin Table 17 and Table 18.

Deleted text before Table 19.

Added clock skew rangesin percent in Table 21.

Changed VREF to MVREF in Table 26.

Changed Vpp to Vpp,o in Table 41 Updated note 2.

Added note 4 to Table 42. Changed ttppspox value.

Changed Vpp to Vppgg in Figure 27 and Figure 30.

Changed the value of the datato clock out skew in Table 51.

Changed EE pin timing in Table 55.

Changed the head for the JTAG timing section, now Section 2.7.15.

Updated JTAG timing for TCK cycletime, TCK high phase, and boundary scan input datahold timein Table 56.
Added new Section 3.3 with guidelines for board layout for clock and timing signals. Renumbered subsequent
sections.

4 Sep 2007

Changed leakage current values in Table 13, Table 14, Table 11, Table 16, Table 17, Table 18, and Table 19
from —10 and 10 pato—30 and 30 pa.

Change the minimum value of ty,ppykp in Table 45 from5nsto 7 ns.

Updated note 1 in Table 45.

5 Oct 2007

Corrected column numbering in Figure 3 and Figure 4.
Updated SPI signal namesin Table 1.

6 Oct 2007

Updated SPI signal namesin Table 1.
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