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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

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

Freescale Semiconductor




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
G23 |MBA1l VbDDDR
G24 |MA3 VDODDDR
G25 |MA8 VbDDDR
G26  |Vppppr VDDDDR
G27 |GND GND
G28 |MCKO VbDDDR
H1 |Reserved! —
H2 |CLKIN Vbbio
H3 |HRESET Vbpio
H4 |PCI_CLK_IN Vbbio
H5  |NMI Vbbio
H6 |URXD/GPIO14/IRQ8/ RC_LDF UART/GPIO/IRQ Vopio
RC_LDF3 6
H7 |GE1_RX_ER/PCI_AD6/ GPIO/ |Ethernet PCl GPIO/ Ethernet 1 Vbbio
GPI025/IRQ15% 6 IRQ 1 IRQ
H8 |GE1_CRS/PCI_ADS PCI |Ethernet PCl Ethernet 1 Vbbio
1
H9 |GND GND
H10 |Vpp Vob
H11 |GND GND
H12 |Vpp Vbb
H13 |GND GND
H14 |Vpp Vob
H15 |Vpp Vbb
H16 |Vpp Vob
H17 |GND GND
H18 |Vpp Vbb
H19 |GND GND
H20 |Vpp Vob
H21  |Vpp Vbb
H22  |Vppppr VDDDDR
H23 |MBAO VDODDDR
H24 |MA15 VbDDDR
H25 |Vpppor VDDDDR
H26 |MA9 VDODDDR
H27 |MA7 VbDDDR
H28 |MCKO VDODDDR
J1  |Reserved! —
J2  |GND GND
J3  |Vbpio Vbbio
J4  |STOP_BS Vbbio
J5_ |NMI_OuT* Vobio
J6  |INT_OuT* Vbbio
J7  |SDA/GPIO27% 46 12C/GPIO Vbbio
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Freescale Semiconductor 11




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
W23 |{MDQ10 VpDDDR
W24 |GND GND
W25 |MDQ11 VpoDDR
W26 |MDMO VDDDDR
W27 |GND GND
w28 |MDQS0 VbDDDR
Y1 |Reserved! -
Y2  |UTP_TD14/PCI_FRAME UTOPIA PCI UTOPIA Vbbio
Y3 |TDM5TSYN/PCI_AD18/ TDM/GPIO PCI TDM/GPIO Vppio
GP10123 6
Y4 |TDMSTCLK/PCI_AD16 TDM PCI DM Vbpio
Y5 | TDM4RCLK/PCI_AD7 TDM PCI DM Vppio
Y6 |TDM4TSYN/PCI_AD12 TDM PCI TDM Vbpio
Y7 |UTP_TPRTY/RC14 RC14 UTOPIA Vppio
Y8  |UTP_TEN/PCI_PAR UTOPIA PCI UTOPIA Vbbio
Y9  |Reserved! VbbIo
Y10 |GND GND
Y11 |Vpowms Vbpms
Y12 |GND GND
Y13 |Voowms Vbpwms
Y14 |GND GND
Y15 |Vppwms Vbpwms
Y16 |GND GND
Y17  |Voowms Vbpms
Y18 |GND GND
Y19  |Voowms Vbpwms
Y20 |GND GND
Y21 |GND GND
Y22 |Vppppr VbDDDR
Y23 |MDQ13 VpDDDR
Y24 |VppppR VbDDDR
Y25 |GND GND
Y26 |MDQ9 VpDDDR
Y27 |VppppR VbDDDR
Y28 |MDQs8 VpoDDR
AAl |Reserved! —
AA2 |UTP_TD13/PCI_CBE3 UTOPIA PCI UTOPIA Vbbio
AA3 | TDM5RSYN/PCI_AD15/ TDM/GPIO PCI TDM/GPIO Vppio
GPI010%©
AA4 | TDMSTDAT, AT/PCI_AD17/ TDM/GPIO PCI TDM/GPIO Vppio
GPI011°
AA5 | TDM5RCLK/PCI_AD13/ TDM/GPIO PCI TDM/GPIO Vpbio
GPI028% ©
AA6 |GND | | | | GND

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

Freescale Semiconductor 19



Table 1. Signal List by Ball Number (continued)

Power- I/0 Multiplexing Mode?
Ball . On Ref.
Numb Signal Name Reset Suppl
umber leSuee 0(000) | 1(001) | 2 (010) | 3 (011) | 4 (100) | 5(101) | 6(110) | 7 (111) upply
AA7 |TDMATCLK/PCI_AD10 TDM PCI TDM Vppio
AA8 |TDMATDAT/PCI_AD11 TDM PCI TDM Vppio
AA9  |Vppio Vobio
AAL0 |Vppwms Vbpms
AAll |GND GND
AA12  |Vppms Vbpwms
AAl13 |GND GND
AAl4  |Vppwms Vbpwms
AA15 |GND GND
AA16 |Vppwms Vbpms
AAl7 |GND GND
AA18 |Vppms Vbpwms
AAl19 |GND GND
AA20 |Vppwms Vbpwms
AA21 |GND GND
AA22 |GND GND
AA23 |MDQ15 VDDDDR
AA24 |MDQ14 VpoDDR
AA25 |MDM1 VDDDDR
AA26 |MDQ12 VDDDDR
AA28 |MDQS1 VDDDDR
AB1 |Reserved! -
AB2 |UTP_TSOC/RC15 RC15 UTOPIA Vboio
AB3  |Vppio | | | | Vbbio
AB4 | TDM6RDAT/PCI_AD20/ TDM/GPIO/ IRQ PCI TDM/GPIO/ IRQ Vppio
GPIO5/IRQ11% 6
AB5 |TDM5RDAT/PCI_AD14/ TDM/GPIO PCI TDM/GPIO Vppio
GPIO9% 8
AB6 |TDM6TSYN/PCI_AD24/ TDM/GPIO/IRQ PCI TDM/GPIO/IRQ Vppio
GPI08/ IRQ14% ©
AB7 |TDM6RCLK/PCI_AD19/ TDM/GPIO/IRQ PCI TDM/GPIO/IRQ Vppio
GPIO4/IRQ10% 6
AB8 |TDM4RSYN/PCI_AD9 TDM PCI TDM Vppio
AB9 |TDM4RDAT/PCI_ADS8 TDM PCI TDM Vppio
AB10 |GND GND
AB11 |Vppwms Vppwms
AB12 |GND GND
AB13 |Vppwms Vbpwms
AB14 |GND GND
AB15 |Vppms Vbpwms
AB16 |GND GND
AB17 |Vppwms Vppwms
AB18 |GND GND
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.
Number Signal Name Reset | 4 (000) | 1(001) | 2 (010) | 3 (011) | 4 (200) | 5 (101) | 6 (120) | 7 (121) | SUPPlY
Value
AH17 |Reserved! —
AH18 |Reserved! —
AH19 |Reserved! —
AH20 |Reserved! —
AH21 |Reserved! —
AH22 |Reserved! —
AH23 |Reserved! —
AH24 |Reserved! —
AH25 |Reserved® —
AH26 |Reserved! —
AH27 |Reserved! —
AH28 |Reserved® —
Notes: 1. Reserved signals should be disconnected for compatibility with future revisions of the device.

2. For signals with same functionality in all modes the appropriate cells are empty.
3. The choice between GPIO function and other function is by GPIO registers setup. For configuration details, see Chapter 23,

GPIO in the MSC8144 Reference Manual.
4. Open-drain signal.

o

Internal 20 KQ pull-up resistor.

6. For signals with GPIO functionality, the open-drain and internal 20 KQ pull-up resistor can be configured by GPIO register
programming. See Chapter 23, GPIO of the MSC8144 Reference Manual for configuration details.
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Electrical Characteristics

2.5.2 Serial RapidlO DC Electrical Characteristics

DC receiver logic levels are not defined since the receiver is AC-coupled.

25.2.1 DC Requirements for SerDes Reference Clocks

The SerDes reference clocks SRIO_REF_CLK and SRIO_REF_CLK are AC-coupled differential inputs. Each differential
clock input has an internal 50 Q termination to GNDgyc. The reference clock must be able to drive this termination. The
recommended minimum operating voltage is—0.4 V; the recommended maximum operating voltage is 1.32 V; and the
maximum absolute voltage is 1.72 V.

The maximum average current allowed in each input is 8 mA. This current limitation sets the maximum common mode input
voltage to belessthan 0.4 V (0.4 V/50 © =8 mA) while the minimum common mode input level is GNDgyc. For example, a
clock with a50/50 duty cycle can be driven by a current source output that ranges from 0 mA to 16 mA (0-0.8V). Theinputis
AC-coupled internally, so, therefore, the exact common mode input voltage is not critical.

Note:  Thisinternal AC-couple network does not function correctly with reference clock frequencies below 90 MHz.

If the device driving the SRIO_REF_CLK inputs cannot drive 50 Q to GNDgy, or if it exceeds the maximum input current
limitations, then it must use external AC-coupling. The minimum differential peak-to-peak amplitude of theinput clock is0.4 V
(0.2 V peak-to-peak per phase). The maximum differential peak-to-peak amplitude of theinput clock is 1.6 V peak-to-peak (see
Figure 5. The termination to GNDgy ¢ alows compatibility with HCSL type reference clocks specified for PCI-Express
applications. Many other low voltage differentia type outputs can be used but will probably need to be AC-coupled due to the
limited common modeinput range. LV PECL outputs can produce too large an amplitude and may need to be source terminated
with adivider network to reduce the amplitude. The amplitude of the clock must be at least a400 mV differential peak-peak for
single-ended clock. If driven differentially, each signal wire needs to drive 100 mV around common mode voltage. The
differential reference clock (SRIO_REF_CLK/SRIO_REF_CLK) inputisHCSL -compatible DC coupled or LVDS-compatible
with AC-coupling.

SRIO_REF_CLK }7

50 Q

GNDgyc
50 Q

SRIO_REF_CLK }—

Figure 5. SerDes Reference Clocks Input Stage

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

Freescale Semiconductor 31



P

rical Characteristics

2.5.2.2 Spread Spectrum Clock

SRIO_REF _CLK/ SRIO_REF CLK isdesigned to work with a spread spectrum clock (0 to 0.5% spreading at 3033 kHz rate

is allowed), assuming both ends have same reference clock. For better results use a source without significant unintended

modulation.

2.5.3

PCI DC Electrical Characteristics

Table 9. PCI DC Electrical Characteristics

Characteristic Symbol Min Max Unit
Supply voltage 3.3 V Vppecl 3.135 3.465 \
Input high voltage ViH 0.5 X Vpppcy 3.465 \%
Input low voltage Vi -0.5 0.3 X Vpppcy \%
Input Pull-up voltage! Vipu 0.7 X Vpppcl
Input leakage current, 0<V|y <Vpppc| IIN -30 30 UHA
Tri-state (high impedance off state) leakage current, 0<V,\ <Vpppc| loz -30 30 A
Signal low input current, v, = 0.4 V1 I -30 30 A
Signal high input current, V;; = 2.0 V2 Iy -30 30 UA
Output high voltage, Ioy = —0.5 mA, except open drain pins VoH 0.9 X Vpppcy — \
Output low voltage, Ig = 1.5 mA VoL — 0.1 X Vpppcy \%
Input Pin Capacitancel Cin 10 pF
Notes: 1. Nottested. Guaranteed by design.
2.5.4  TDM DC Electrical Characteristics

Table 10. TDM DC Electrical Characteristics

Characteristic Symbol Min Max Unit
Supply voltage 3.3 V VopTDM 3.135 3.465 \%
Input high voltage ViH 2.0 3.465 \%
Input low voltage Vi -0.3 0.8 \%
Input leakage current 0<V|y <VppTtpm IIN -30 30 A
Tri-state (high impedance off state) leakage current loz -30 30 LA
Output high voltage, oy = -1.6 mA VoH 2.4 — \%
Output low voltage, |g = 0.4mA VoL — 0.4 \%
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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

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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Electrical Characteristics

Figure 8 shows the DDR SDRAM output timing for the MCK to MDQS skew measurement (tppk HMH)-

L~ _

MCK[n] . l
< MCK >

| | |
| \DDKHMHmMax) = 0.6 ns

MDQS

|

|

|

|

|

|

|

|

|
{DDKHMH(min) = —0.6 ns

| |

| |

| |

| |

| |

MDQS ! |
Figure 8. Timing for tppkHmH

Figure 9 shows the DDR SDRAM output timing diagram.

MCKin] Vi T Ty

VKD A S — —) —

—we— 1

| | | | | | | |

| | | | | | | |

— & bpKHAS: IDDKHES | | | | |

—» L tDDKll-iAX vtDDKHICX | | | |

ADDR/CMD Write AO NOOP I I I I I

| | l l l l l l

Cooewey e L

| | | tDDKHMHl | | | |

| L e | | | :

MDQS[n] I . 7 | | | I
: | : : | —» |« lpKHME

| | | |

]
—»1 & tppkHDS
| |

—> }4* topKLDS
MDQIX] DO D1

4,‘ 4— IDDKLDX

IopkHDX —P|  [€—

Figure 9. DDR SDRAM Output Timing
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< >«
tromcH trpmeL
TDMXTCLK
trpMDHOZ
trpMDHOV
»
T tromMHOX
TDMXTDAT ,,,,,,,,,,,, TPM[,)H,O,)(_ -

K

trpmMsHov >
77777 - L TDMSHOX
TDMXTSYN l )

Figure 20. TDM Output Signals

Note:  For some TDM modes, transmit datais output on other pins. Thistiming isalso valid for those pins. See the
MSC8144 Reference Manual

2.6.8 UART Timing

Table 38. UART Timing

Characteristics Symbol Expression Min Max Unit

URXD and UTXD inputs high/low duration TUREECLK 16 X TRercLk 160 — ns

Note: TUREFCLK = TREFCLK is guaranteed by design.

Figure 21 shows the UART input AC timing

UTXD, URXD
inputs
T
|< UREFCLK R TUREFCLK

Figure 21. UART Input Timing

Figure 22 shows the UART output AC timing

UTXD output
TurEFCLK
| < R TUREFCLK

Figure 22. UART Output Timing
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ETHCLOCK \ \
tSMDVKH tSMDxKH
ETHSYNC_IN .
ETHRXD Valid ><><
4 »
tsmMxrR

ETHSYNC ) .
e U000 X0 =%

Figure 30. SMIl Mode Signal Timing

2.6.10.6 RGMII AC Timing Specifications
Table 45 presents the RGMII AC timing specifications for applications requiring an on-board delayed clock.

Table 45. RGMII with On-Board Delay AC Timing Specifications

Parameter/Condition Symbol Min Typ Max Unit
Data to clock output skew (at transmitter) tskEWT -0.5 — 0.5 ns
Data to clock input skew (at receiver) 2 tSKEWR 0.9 — 2.6 ns

Notes: 1. Atrecommended operating conditions with LVpp of 2.5V +/- 5%.

2. This implies that PC board design requires clocks to be routed such that an additional trace delay of greater than 1.5 ns is
added to the associated clock signal.
3. GCR4 should be programmed as 0x00001004.

Table 46 presents the RGMII AC timing specification for applications required non-delayed clock on board.

Table 46. RGMII with No On-Board Delay AC Timing Specifications

Parameter/Condition Symbol Min Typ Max Unit
Data to clock output skew (at transmitter) tskEWT -2.6 — -0.9 ns
Data to clock input skew (at receiver) 2 tsKEWR -0.5 — 05 ns

Notes: 1. Atrecommended operating conditions with LVpp of 2.5 V +/- 5%.

2. This implies that PC board design will require clocks to be routed with no additional trace delay
3. GCR4 should be programmed as 0x0004C130.
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SPICLK (Output)

—» INIXKH !

, tNivkH — !

Input Signals: !
SPIMISO ---- e S

(See Note) | [

INIKHOX —P |

Output Signals: tNIkHOV I
SPIMOSI ~=----=smmmmmmmmmYomemmoo o

(See Note)

Note: The clock edge is selectable on SPI.
Figure 36. SPI AC Timing in Master Mode (Internal Clock)

2.6.13 Asynchronous Signal Timing
Table 49. Signal Timing

Characteristics Symbol Type Min
Input tin Asynchronous One CLKIN cycle®
Output tout Asynchronous Application dependent
Note: 1. Relevant for EEO, IRQ[W], and NMI only.

The following interfaces use the specified asynchronous signals:

e« GPIO. Signals GPIO[31-0], when used as GPIO signals, that is, when the alternate multiplexed special functions are
not selected.

Note:  When used as a GPl, the input should be driven until it is acknowledged by the device; the GPIO input status is read
from aregister.
e EEport. Signals EEOQ, EE1, EE2 0, EE2 1, EE2 2, and EE2_3.
e Boot function. Signal STOP_BS.
« I1°Cinterface. Signals|12C_SCL and 12C_SDA.
e Interrupt inputs. Signals IRQ[15-0] and NMI.
e Interrupt outputs. Signals INT_OUT and NMI_OUT (pulse width is 10 ns).

Figure 37 shows the behavior of the asynchronous signals.

Figure 37. Asynchronous Signal Timing
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Figure 40 shows the test access port timing diagram
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Figure 40. Test Access Port Timing

Figure 41 shows the TRST timing diagram.

TRST
(Input)
B trrsT

€ P

Figure 41. TRST Timing

3 Hardware Design Considerations

The following sections discuss areas to consider when the MSC8144 device is designed into a system.
3.1 Start-up Sequencing Recommendations

3.1.1 Power-on Sequence

Use the following guidelines for power-on sequencing:
*  There are no dependencies in power-on/power-off sequence between V o3 and Vpp supplies.

»  There are no dependenciesin power-on/power-off sequence between Rapidl O supplies: Vppsxc, Vppsxp
VDDRlOPLL and other MSC8144 &Jpplles

*  Vppp.L should be coupled with the Vpp power rail with extremely low impedance path.

External voltage applied to any input line must not exceed the related to this port 1/0 supply by morethan 0.6 V at any time,
including during power-up. Some designs require pull-up voltages applied to selected input lines during power-up for
configuration purposes. Thisis an acceptabl e exception to the rule during start-up. However, each such input can draw up to 80
mMA per input pin per MSC8144 device in the system during start-up. An assertion of theinputs to the high voltage level before
power-up should be with slew rate lessthan 4 V/ns.

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

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

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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P

ware Design Considerations

3.2 Power Supply Design Considerations

Each PLL supply must have an external RC filter for the Vppp,  input. Thefilter isa 10 Q resistor in series with two 2.2 uF,
low ESL (<0.5 nH) and low ESR capacitors. All three PLLs can connect to a single supply voltage source (such as a voltage
regulator) aslong as the external RC filter is applied to each PLL separately (see Figure 43). For optimal noise filtering, place
the circuit as close as possible to its Vppp | inputs. These traces should be short and direct.

MSC8144
Volt R lat 100
oltage Regulator
/\NV\ VbpPLLO
22pF ] 22 uF[
v v
10 Q
/\N\/\ VbDPLLO
220F[ 22uF[
v \Y4
10 Q
J_ /\NV\ J_ VbpPLLO
2.2 HF—|— 2.2 pF—|_
\V4 \Y4

Figure 43. PLL Supplies
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Hardware Design Considerations

3.3 Clock and Timing Signal Board Layout Considerations

When laying out the system board, use the following guidelines:
¢ Keep clock and timing signal paths as short as possible and route with 50 Q impedance.

e Useaserial termination resistor placed close to the clock buffer to minimize signal reflection. Use the following
equation to compute the resistor value:

Rterm = Rim — Rbuf
where Rim = trace characteristic impedance
Rbuf = clock buffer internal impedance.

Note:  See MSC8144 CLKIN and PCI_CLK_IN Board Layout (AN3440) for an example layout.

3.4 Connectivity Guidelines

Note:  Although the package actually uses aball grid array, the more conventional term pin is used to denote signal
connections in this discussion.

First, select the pin multiplexing mode to allocate the required 1/0 signals. Then use the guidelines presented in the following
subsections for board design and connections. The following conventions are used in describing the connectivity requirements:

1. GND indicates using a 10 kQ pull-down resistor (recommended) or a direct connection to the ground plane. Direct
connections to the ground plane may yield DC current up to 50mA through the 1/0 supply that adds to overall power
consumption.

2. Vpp indicates using a 10 kQ pull-up resistor (recommended) or a direct connection to the appropriate power supply.
Direct connections to the supply may yield DC current up to 50mA through the 1/0 supply that addsto overall power
consumption.

3. Mandatory use of a pull-up or pull-down resistor it is clearly indicated as “ pull-up/pul l-down”.
NC indicates “not connected” and means do not connect anything to the pin.
5. Thephrase“in use” indicates atypical pin connection for the required function.

e

Note:  Please see recommendations #1 and #2 as mandatory pull-down or pull-up connection for unused pinsin case of
subset interface connection.

3.4.1 DDR Memory Related Pins
This section discusses the various scenarios that can be used with DDR1 and DDR2 memory.

Note:  For information about unused differential/non-differential pinsin DDR1/DDR2 modes (that is, unused negative lines
of strobesin DDR1), please refer to Table 51.

34.1.1 DDR Interface Is Not Used

Table 51. Connectivity of DDR Related Pins When the DDR Interface Is Not Used

Signal Name Pin Connection
MDQ[0-31] NC
MDQS[0-3] NC
MDQS[0-3] NC
MA[0-15] NC
MCK[0-2] NC
MCK[0-2] NC
MCS[0-1] NC

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