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Signal Processors)

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

Applications of Embedded - DSP (Digital
Signal Processors)

The applications of Embedded - DSP (Digital Signal
Processors) are vast and diverse, reflecting their critical
role in modern technology. In telecommunications, DSPs
are essential for signal modulation and demodulation, error
detection and correction, and data compression. In the
consumer electronics sector, DSPs enhance audio and
video processing, providing high-quality sound and image
rendering in devices like smartphones, televisions, and
home theater systems. Automotive systems utilize DSPs
for advanced driver-assistance systems (ADAS),
infotainment, and engine management. Additionally,
industrial automation relies on DSPs for real-time control of
machinery and processes, while medical devices use them
for imaging and diagnostics, ensuring accurate and
efficient healthcare solutions.

Common Subcategories of Embedded - DSP
(Digital Signal Processors)

Embedded - DSP (Digital Signal Processors) can be
categorized into several common subcategories based on
their specific applications and performance characteristics.
General-purpose DSPs offer a versatile solution for a wide
range of signal processing tasks, providing balanced
performance and flexibility. High-performance DSPs are
designed for applications requiring significant
computational power and speed, such as real-time video
processing and advanced communication systems. Low-
power DSPs cater to battery-operated and portable
devices, ensuring energy-efficient operation without
compromising performance. Additionally, application-
specific DSPs are tailored for particular functions, such as
audio processing or motor control, offering optimized
performance for specific tasks.

Types of Embedded - DSP (Digital Signal
Processors)

There are various types of Embedded - DSP (Digital Signal
Processors), each suited to different needs and
applications. Fixed-point DSPs are designed for
applications where precision is critical but the range of
values is limited, such as audio processing. Floating-point
DSPs provide a broader range of values and greater
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Figure 4. MSC8144 FC-PBGA Package, Bottom View

1 3 42 5 6 7 8 10 151312119

Bottom View

AG

AF

AE

AD

AC

AB

AA

Y

W

V

U

T

R

P

N

M

L

K

J

H

G

F

E

D

C

B

A

14 16 17 18 19 20 21 22 23 24 25 26 27

AH

28
MSC8144 Quad Core Digital Signal Processor Data Sheet, Rev. 16

 
 

Freescale Semiconductor 5



1.2 Signal List By Ball Location
Table 1 presents the signal list sorted by ball number. The functionality of multi-functional (multiplexed) pins is 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 

Ball 
Number

Signal Name

Power- 
On 

Reset 
Value

I/O Multiplexing Mode2

Ref. 
Supply0 (000) 1 (001) 2 (010) 3 (011) 4 (100) 5 (101) 6 (110) 7 (111)

A2 GND GND

A3 GE2_RX_ER/PCI_AD31 Ethernet 2 PCI Ethernet 2 VDDGE2

A4 VDDGE2 VDDGE2

A5 GE2_RX_DV/PCI_AD30 Ethernet 2 PCI Ethernet 2 VDDGE2

A6 GE2_TD0/PCI_CBE0 Ethernet 2 PCI Ethernet 2 VDDGE2

A7 SRIO_IMP_CAL_RX VDDSXC

A8 Reserved1 —

A9 Reserved1 —

A10 Reserved1 —

A11 Reserved1 —

A12 SRIO_RXD0 VDDSXC

A13 VDDSXC VDDSXC

A14 SRIO_RXD1 VDDSXC

A15 VDDSXC VDDSXC

A16 SRIO_REF_CLK VDDSXC

A17 VDDRIOPLL GNDRIOPLL

A18 GNDSXC GNDSXC

A19 SRIO_RXD2/ 
GE1_SGMII_RX

SGMII support on SERDES is enabled by Reset Configuration Word VDDSXC

A20 VDDSXC VDDSXC

A21 SRIO_RXD3/ 
GE2_SGMII_RX

SGMII support on SERDES is enabled by Reset Configuration Word VDDSXC

A22 VDDSXC VDDSXC

A23 SRIO_IMP_CAL_TX VDDSXP

A24 MDQ28 VDDDDR

A25 MDQ29 VDDDDR

A26 MDQ30 VDDDDR

A27 MDQ31 VDDDDR

A28 MDQS3 VDDDDR

B1 Reserved1 —

B2 GE2_TD1/PCI_CBE1 Ethernet 2 PCI Ethernet 2 VDDGE2

B3 GE2_TX_EN/PCI_CBE2 Ethernet 2 PCI Ethernet 2 VDDGE2

B4 GE_MDIO Ethernet VDDGE2

B5 GND GND

B6 GE_MDC Ethernet VDDGE2

B7 GNDSXC GNDSXC

B8 Reserved1 —

B9 Reserved1 —
MSC8144 Quad Core Digital Signal Processor Data Sheet, Rev. 16
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J8 VDDIO VDDIO

J9 VDD VDD

J10 GND GND

J11 VDD VDD

J12 GND GND

J13 VDD VDD

J14 GND GND

J15 GND GND

J16 GND GND

J17 VDD VDD

J18 GND GND

J19 VDD VDD

J20 GND GND

J21 GND GND

J22 GND GND

J23 GND GND

J24 VDDDDR VDDDDR

J25 GND GND

J26 VDDDDR VDDDDR

J27 GND GND

J28 VDDDDR VDDDDR

K1 Reserved1 —

K2 Reserved1 —

K3 Reserved1 —

K4 Reserved1 —

K5 VDDPLL2A VDDPLL2A

K6 GND GND

K7 VDDPLL0A VDDPLL0A

K8 VDDPLL1A VDDPLL1A

K9 VDD VDD

K10 GND GND

K11 VDD VDD

K12 GND GND

K13 VDD VDD

K14 VDD VDD

K15 VDD VDD

K16 VDD VDD

K17 VDD VDD

K18 GND GND

K19 VDD VDD

K20 GND GND

K21 VDD VDD

K22 VDDDDR VDDDDR

Table 1. Signal List by Ball Number  (continued)

Ball 
Number

Signal Name

Power- 
On 

Reset 
Value

I/O Multiplexing Mode2

Ref. 
Supply0 (000) 1 (001) 2 (010) 3 (011) 4 (100) 5 (101) 6 (110) 7 (111)
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K23 MBA2 VDDDDR

K24 MA10 VDDDDR

K25 MA12 VDDDDR

K26 MA14 VDDDDR

K27 MA4 VDDDDR

K28 MVREF VDDDDR

L1 Reserved1 —

L2 CLKOUT VDDIO

L3 TMR1/UTP_IR/PCI_CBE3/ 
GPIO173, 6

UTOPIA TMR/ 
GPIO

UTOPIA PCI UTOPIA VDDIO

L4 TMR4/PCI_PAR/GPIO203, 

6/ UTP_REOP
TIMER/GPIO PCI TIMER/GPIO VDDIO

L5 GND GND

L6 TMR2/PCI_FRAME/
GPIO183, 6

TIMER/GPIO PCI TIMER/GPIO UTOPIA VDDIO

L7 SCL/GPIO263, 4, 6 I2C/GPIO VDDIO

L8 UTXD/GPIO15/IRQ93, 6 UART/GPIO/IRQ VDDIO

L9 GND GND

L10 VDD VDD

L11 GND GND

L12 VDD VDD

L13 GND GND

L14 VDD VDD

L15 Reserved1 GND

L16 VDD VDD

L17 GND GND

L18 VDD VDD

L19 GND GND

L20 VDD VDD

L21 GND GND

L22 GND GND

L23 MCKE1 VDDDDR

L24 MA1 VDDDDR

L25 VDDDDR VDDDDR

L26 GND GND

L27 VDDDDR VDDDDR

L28 MCK1 VDDDDR

M1 Reserved1 —

M2 TRST VDDIO

M3 EE0 VDDIO

M4 EE1 VDDIO

M5 UTP_RCLK/PCI_AD13 UTOPIA PCI UTOPIA VDDIO

M6 UTP_RADDR0/PCI_AD7 UTOPIA PCI UTOPIA VDDIO

M7 UTP_TD8/PCI_AD30 UTOPIA PCI UTOPIA VDDIO

Table 1. Signal List by Ball Number  (continued)

Ball 
Number

Signal Name

Power- 
On 

Reset 
Value

I/O Multiplexing Mode2

Ref. 
Supply0 (000) 1 (001) 2 (010) 3 (011) 4 (100) 5 (101) 6 (110) 7 (111)
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M8 VDDIO VDDIO

M9 VDD VDD

M10 GND GND

M11 VDD VDD

M12 GND GND

M13 VDD VDD

M14 GND GND

M15 VDD VDD

M16 GND GND

M17 VDD VDD

M18 GND GND

M19 VDD VDD

M20 GND GND

M21 VDD VDD

M22 VDDDDR VDDDDR

M23 MCS1 VDDDDR

M24 MA13 VDDDDR

M25 MA2 VDDDDR

M26 MA0 VDDDDR

M27 GND GND

M28 MCK1 VDDDDR

N1 Reserved1 —

N2 VDDIO VDDIO

N3 TMS VDDIO

N4 UTP_RD10/PCI_AD145 UTOPIA PCI UTOPIA VDDIO

N5 VDDIO Power VDDIO

N6 UTP_RADDR1/PCI_AD8 UTOPIA PCI UTOPIA VDDIO

N7 UTP_TD9/PCI_AD31 UTOPIA PCI UTOPIA VDDIO

N8 TMR3/PCI_IRDY/GPIO193, 

6/ UTP_TEOP
TIMER/GPIO PCI TIMER/GPIO UTOPIA VDDIO

N9 GND GND

N10 VDDM3 VDDM3

N11 VDD VDD

N12 VDDM3 VDDM3

N13 VDD VDD

N14 VDDM3 VDDM3

N15 VDD VDD

N16 VDDM3 VDDM3

N17 VDD VDD

N18 VDDM3 VDDM3

N19 VDD VDD

N20 VDDM3 VDDM3

N21 GND GND

Table 1. Signal List by Ball Number  (continued)

Ball 
Number

Signal Name

Power- 
On 

Reset 
Value

I/O Multiplexing Mode2

Ref. 
Supply0 (000) 1 (001) 2 (010) 3 (011) 4 (100) 5 (101) 6 (110) 7 (111)
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N22 GND GND

N23 MODT1 VDDDDR

N24 MCKE0 VDDDDR

N25 VDDDDR VDDDDR

N26 MA5 VDDDDR

N27 MA6 VDDDDR

N28 MA11 VDDDDR

P1 Reserved1 —

P2 TDI5 VDDIO

P3 UTP_RD11/PCI_AD15 UTOPIA PCI UTOPIA VDDIO

P4 GND GND

P5 UTP_RADDR3/PCI_AD10 UTOPIA PCI UTOPIA VDDIO

P6 UTP_RADDR2/PCI_AD9 UTOPIA PCI UTOPIA VDDIO

P7 PCI_GNT/GPIO29/IRQ73. 6 GPIO/IRQ PCI GPIO/IRQ VDDIO

P8 PCI_STOP/GPIO30/IRQ23, 

6
GPIO/IRQ PCI GPIO/IRQ VDDIO

P9 GND GND

P10 GND GND

P11 VDDM3 VDDM3

P12 GND GND

P13 VDDM3 VDDM3

P14 GND GND

P15 VDDM3 VDDM3

P16 GND GND

P17 VDDM3 VDDM3

P18 GND GND

P19 VDDM3 VDDM3

P20 GND GND

P21 GND GND

P22 VDDDDR VDDDDR

P23 MCS0 VDDDDR

P24 MRAS VDDDDR

P25 GND GND

P26 VDDDDR VDDDDR

P27 GND GND

P28 MCK2 VDDDDR

R1 Reserved1 —

R2 TCK VDDIO

R3 TDO VDDIO

R4 UTP_RD12/PCI_AD16 UTOPIA PCI UTOPIA VDDIO

R5 UTP_RCLAV_PDRPA/ 
PCI_AD12

UTOPIA PCI UTOPIA VDDIO

R6 UTP_RADDR4/PCI_AD11 UTOPIA PCI UTOPIA VDDIO

Table 1. Signal List by Ball Number  (continued)

Ball 
Number

Signal Name

Power- 
On 

Reset 
Value

I/O Multiplexing Mode2

Ref. 
Supply0 (000) 1 (001) 2 (010) 3 (011) 4 (100) 5 (101) 6 (110) 7 (111)
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R7 VDDIO VDDIO

R8 PCI_REQ PCI VDDIO

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 MODT0 VDDDDR

R24 MDIC1 VDDDDR

R25 MDIC0 VDDDDR

R26 MCAS VDDDDR

R27 MWE VDDDDR

R28 MCK2 VDDDDR

T1 Reserved1 —

T2 UTP_RPRTY/PCI_AD21 UTOPIA PCI UTOPIA VDDIO

T3 UTP_RD13/PCI_AD17 UTOPIA PCI UTOPIA VDDIO

T4 VDDIO VDDIO

T5 UTP_RD14/PCI_AD18 UTOPIA PCI UTOPIA VDDIO

T6 UTP_RD15/PCI_AD19 UTOPIA PCI UTOPIA VDDIO

T7 PCI_TRDY PCI VDDIO

T8 PCI_DEVSEL/GPIO31/
IRQ33, 6

GPIO/IRQ PCI GPIO/IRQ VDDIO

T9 GND GND

T10 GND GND

T11 GND GND

T12 GND GND

T13 GND GND

T14 GND GND

T15 GND GND

T16 GND GND

T17 GND GND

T18 GND GND

T19 GND GND

T20 GND GND

Table 1. Signal List by Ball Number  (continued)

Ball 
Number

Signal Name

Power- 
On 

Reset 
Value

I/O Multiplexing Mode2

Ref. 
Supply0 (000) 1 (001) 2 (010) 3 (011) 4 (100) 5 (101) 6 (110) 7 (111)
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T21 GND GND

T22 VDDDDR VDDDDR

T23 GND GND

T24 VDDDDR VDDDDR

T25 GND GND

T26 VDDDDR VDDDDR

T27 GND GND

T28 VDDDDR VDDDDR

U1 Reserved1 —

U2 UTP_TCLK/PCI_AD29 UTOPIA PCI UTOPIA VDDIO

U3 UTP_TADDR4/PCI_AD27 UTOPIA PCI UTOPIA VDDIO

U4 UTP_TADDR2 UTOPIA VDDIO

U5 GND GND

U6 UTP_REN/PCI_AD20 UTOPIA PCI UTOPIA VDDIO

U7 PCI_AD26 PCI VDDIO

U8 PCI_AD25 PCI VDDIO

U9 Reserved1 VDDIO

U10 VDDM3 VDDM3

U11 GND GND

U12 VDDM3 VDDM3

U13 GND GND

U14 VDDM3 VDDM3

U15 GND GND

U16 VDDM3 VDDM3

U17 GND GND

U18 VDDM3 VDDM3

U19 GND GND

U20 VDDM3 VDDM3

U21 GND GND

U22 GND GND

U23 MDQ7 VDDDDR

U24 MDQ3 VDDDDR

U25 MDQ4 VDDDDR

U26 MDQ5 VDDDDR

U27 MDQ1 VDDDDR

U28 MDQ0 VDDDDR

V1 Reserved1 —

V2 UTP_TD10/PCI_CBE0 UTOPIA PCI UTOPIA VDDIO

V3 UTP_TADDR3 UTOPIA VDDIO

V4 UTP_TD1/PCI_PERR UTOPIA PCI UTOPIA VDDIO

V5 UTP_TADDR0/PCI_AD23 UTOPIA PCI UTOPIA VDDIO

V6 UTP_TADDR1/PCI_AD24 UTOPIA PCI UTOPIA VDDIO

V7 UTP_TCLAV/PCI_AD28 UTOPIA PCI UTOPIA VDDIO

Table 1. Signal List by Ball Number  (continued)

Ball 
Number

Signal Name

Power- 
On 

Reset 
Value

I/O Multiplexing Mode2

Ref. 
Supply0 (000) 1 (001) 2 (010) 3 (011) 4 (100) 5 (101) 6 (110) 7 (111)
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Electrical 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

In calculating timing requirements, adding a maximum value of one specification to a minimum value of another specification 
does not yield a reasonable sum. A maximum specification is calculated using a worst case variation of process parameter values 
in one direction. The minimum specification is calculated using the worst case for the same parameters in the opposite direction. 
Therefore, a “maximum” value for a specification never occurs in the same device with a “minimum” value for another 
specification; adding a maximum to a minimum represents a condition that can never exist.

Table 2 describes the maximum electrical ratings for the MSC8144.

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 VDD).

Table 2. Absolute Maximum Ratings

Rating Symbol Value Unit

Core supply voltage Vdd –0.3 to 1.1 V

PLL supply voltage3 VDDPLL0
VDDPLL1
VDDPLL2

–0.3 to 1.1 V

M3 memory Internal voltage VDDM3 –0.3 to 1.32 V

DDR memory supply voltage
• DDR mode
• DDR2 mode

DDR reference voltage

Input DDR voltage

VDDDDR

MVREF

VINDDR

–0.3 to 2.75
–0.3 to 1.98

–0.3 to 0.51 × VDDDDR

–0.3 to VDDDDR + 0.3

V
V

V

V

Ethernet 1 I/O voltage

Input Ethernet 1 I/O voltage

VDDGE1

VINGE1

–0.3 to 3.465

–0.3 to VDDGE1 + 0.3

V

V

Ethernet 2 I/O voltage

Input Ethernet 2I/O voltage

VDDGE2

VINGE2

–0.3 to 3.465

–0.3 to VDDGE2 + 0.3

V

V

I/O voltage excluding Ethernet, DDR, M3, and RapidIO lines

Input I/O voltage

VDDIO

VINIO

–0.3 to 3.465

–0.3 to VDDIO + 0.3

V

V

MSC8144 Quad Core Digital Signal Processor Data Sheet, Rev. 16
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Electrical Characteristics
2.2 Recommended Operating Conditions 
Table 3 lists recommended operating conditions. Proper device operation outside of these conditions is not guaranteed. 

M3 memory I/O and M3 memory charge pump voltage

Input M3 memory I/O voltage

VDDM3IO
V25M3

VINM3IO

–0.3 to 2.75

–0.3 to VDDM3IO + 0.3

V

V

Rapid I/O C voltage VDDSXC –0.3 to 1.21 V

Rapid I/O P voltage VDDSXP –0.3 to 1.26 V

Rapid I/O PLL voltage VDDRIOPLL –0.3 to 1.21 V

Operating temperature TJ –40 to 105 °C

Storage temperature range TSTG –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)

Table 3. Recommended Operating Conditions

Rating Symbol Min Nominal Max Unit

Core supply voltage
• 800 MHz (VT, SVT, TVT) and 

1000 MHz (VT)
• 1000 MHz (SVT, TVT)

VDD
0.97

0.97

1.0

1.0

1.05

1.03

V

V

PLL supply voltage
• 800 MHz (VT, SVT, TVT) and 

1000 MHz (VT)
• 1000 MHz (SVT, TVT)

VDDPLL0
VDDPLL1
VDDPLL2

0.97

0.97

1.0

1.0

1.05

1.03

V

V

M3 memory Internal voltage VDDM3 1.213 1.25 1.313 V

DDR memory supply voltage
• DDR mode
• DDR2 mode
DDR reference voltage

VDDDDR

MVREF

2.375
1.71

0.49 × VDDDDR (nom)

2.5
1.8

0.5 × VDDDDR (nom)

2.625
1.89

0.51 × VDDDDR (nom)

V
V
V

Ethernet 1 I/O voltage
• 2.5 V mode
• 3.3 V mode

VDDGE1
2.375
3.135

2.5
3.3

2.625
3.465

V
V

Ethernet 2 I/O voltage
• 2.5 V mode
• 3.3 V mode

VDDGE2
2.375
3.135

2.5
3.3

2.625
3.465

V
V

I/O voltage excluding Ethernet, 
DDR, M3, and RapidIO lines

VDDIO 3.135 3.3 3.465 V

M3 memory I/O and M3 charge 
pump voltage

VDDM3IO
V25M3

2.375 2.5 2.625 V

Rapid I/O C voltage VDDSXC 0.97 1.0 1.05 V

Rapid I/O P voltage
• Short run (haul) mode
• Long run (haul) mode

VDDSXP
0.97
1.14

1.0
1.2

1.05
1.26

V
V

Rapid I/O PLL voltage VDDRIOPLL 0.97 1.0 1.05 V

Operating temperature range:
• Standard (VT)
• Intermediate (SVT)
• Extended (TVT)

TJ
TJ
TA
TJ

0
0

–40
—

90
105
—

105

°C
°C
°C
°C

Note: PLL supply voltage is specified at input of the filter and not at pin of the MSC8144 (see Figure 43).

Table 2. Absolute Maximum Ratings

Rating Symbol Value Unit
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Electrical Characteristics
2.5.6 ATM/UTOPIA/POS DC Electrical Characteristics

2.5.7 SPI DC Electrical Characteristics
Table 14 provides the SPI DC electrical characteristics.

2.5.8 GPIO, UART, TIMER, EE, STOP_BS, I2C, IRQn, NMI_OUT, INT_OUT, 
CLKIN, JTAG Ports DC Electrical Characteristics

Table 13. ATM/UTOPIA/POS DC Electrical Characteristics

Characteristic Symbol Min Max Unit

Supply voltage 3.3 V VDDIO 3.135 3.465 V

Input high voltage VIH 2.0 3.465 V

Input low voltage VIL –0.3 0.8 V

Input leakage current, VIN = supply voltage IIN –30 30 μA

Signal low input current, VIL = 0.4 V1 IL –30 30 μA

Signal high input current, VIH = 2.4 V1 IH –30 30 μA

Output high voltage, IOH = –4 mA VOH 2.4 3.465 V

Output low voltage, IOL= 4 mA VOL — 0.5 V

Notes: 1. Not tested. Guaranteed by design.

Table 14. SPI DC Electrical Characteristics

Characteristic Symbol Min Max Unit

Input high voltage VIH 2.0 3.465 V

Input low voltage VIL –0.3 0.8 V

Input current IIN 30 μA

Output high voltage, IOH = –4.0 mA VOH 2.4 — V

Output low voltage, IOL = 4.0 mA VOL — 0.5 V

Table 15. GPIO, UART, Timer, EE, STOP_BS, I2C, IRQn, NMI_OUT, INT_OUT, CLKIN, and JTAG Port1 
DC Electrical Characteristics 

Characteristic Symbol Min Max Unit

Supply voltage 3.3 V VDDIO 3.135 3.465 V

Input high voltage VIH 2.0 3.465 V

Input low voltage VIL –0.3 0.8 V

Input leakage current, VIN = supply voltage IIN –30 30 μA

Tri-state (high impedance off state) leakage current, VIN = supply voltage IOZ –30 30 μA

Signal low input current, VIL = 0.4 V2 IL –30 30 μA

Signal high input current, VIH = 2.0 V2 IH –30 30 μA

Output high voltage, IOH = –2 mA,
except open drain pins

VOH 2.4 3.465 V

Output low voltage, IOL= 3.2 mA VOL — 0.4 V

Notes: 1. This does not include TDI and TMS, which have internal pullup resistors.
2. Not tested. Guaranteed by design.
MSC8144 Quad Core Digital Signal Processor Data Sheet, Rev. 16
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Electrical 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)2 tMCK 5 10 ns

ADDR/CMD output setup with respect to MCK3

• 400 MHz
• 333 MHz
• 266 MHz
• 200 MHz

tDDKHAS
1.95
2.40
3.15
4.20

—
—
—
—

ns
ns
ns
ns

ADDR/CMD output hold with respect to MCK3

• 400 MHz
• 333 MHz
• 266 MHz
• 200 MHz

tDDKHAX
1.85
2.40
3.15
4.20

—
—
—
—

ns
ns
ns
ns

MCSn output setup with respect to MCK3

• 400 MHz
• 333 MHz
• 266 MHz
• 200 MHz

tDDKHCS
1.95
2.40
3.15
4.20

—
—
—
—

ns
ns
ns
ns

MCSn output hold with respect to MCK3

• 400 MHz
• 333 MHz
• 266 MHz
• 200 MHz

tDDKHCX
1.95
2.40
3.15
4.20

—
—
—
—

ns
ns
ns
ns

MCK to MDQS Skew4 tDDKHMH –0.6 0.6 ns

MDQ/MECC/MDM output setup with respect to MDQS5

• 400 MHz
• 333 MHz
• 266 MHz
• 200 MHz

tDDKHDS,
tDDKLDS 700

900
1100
1200

—
—
—
—

ps
ps
ps
ps

MDQ/MECC/MDM output hold with respect to MDQS5

• 400 MHz
• 333 MHz
• 266 MHz
• 200 MHz

tDDKHDX,
tDDKLDX 700

900
1100
1200

—
—
—
—

ps
ps
ps
ps

MDQS preamble start6 tDDKHMP –0.5 × tMCK – 0.6 –0.5 × tMCK +0.6 ns

MDQS epilogue end6 tDDKHME –0.6 0.6 ns

Notes: 1. The symbols used for timing specifications follow the pattern of t(first two letters of functional block)(signal)(state) (reference)(state) for 
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, 
tDDKHAS symbolizes DDR timing (DD) for the time tMCK memory clock reference (K) goes from the high (H) state until outputs 
(A) are setup (S) or output valid time. Also, tDDKLDX symbolizes DDR timing (DD) for the time tMCK memory clock reference 
(K) goes low (L) until data outputs (D) are invalid (X) or data output hold time.

2. All MCK/MCK referenced measurements are made from the crossing of the two signals ±0.1 V.
3. 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.

4. Note that tDDKHMH follows the symbol conventions described in note 1. For example, tDDKHMH describes the DDR timing (DD) 
from the rising edge of the MCK(n) clock (KH) until the MDQS signal is valid (MH). tDDKHMH can 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. 

5. Determined by maximum possible skew between a data strobe (MDQS) and any corresponding bit of data (MDQ), ECC 
(MECC), or data mask (MDM). The data strobe should be centered inside of the data eye at the pins of the microprocessor.

6. All outputs are referenced to the rising edge of MCK(n) at the pins of the microprocessor. Note that tDDKHMP follows the 
symbol conventions described in note 1.

7. At recommended operating conditions with VDDDDR (1.8 V or 2.5 V) ± 5%.
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Electrical Characteristics
Using these waveforms, the definitions are as follows:

1. The transmitter 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. The differential output signal of the transmitter, VOD, is defined as VTD – VTD.

3. The differential input signal of the receiver, VID, is defined as VRD – VRD.

4. The differential 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 is A – B. 

6. The value of the differential transmitter output signal and the differential receiver input signal is 2 × (A – B) VPP.

To illustrate these definitions using real values, consider the case of a CML (Current Mode Logic) transmitter that has a common 
mode voltage of 2.25 V and each of its outputs, TD and TD, has a swing that goes between 2.5 V and 2.0 V. Using these values, 
the peak-to-peak voltage swing of the signals TD and TD is 500 mVPP. The differential output signal ranges between 500 mV 
and –500 mV. The peak differential voltage is 500 mV. The peak-to-peak differential voltage is 1000 mVPP.

Note: AC electrical specifications are given for transmitter and receiver. Long run and short run interfaces at three baud 
rates (a total 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™. XAUI has similar application goals to 
serial RapidIO. The goal of this standard is that electrical designs for serial RapidIO 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 media will cause degradation of the signal at the receiver. Effects such 
as Inter-Symbol Interference (ISI) 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 equalization techniques that can be used are:

• A passive high pass filter network placed at the receiver. This is often referred to as passive equalization.

• The use of active circuits in the receiver. This is often referred to as adaptive equalization.

2.6.5.4 Transmitter Specifications
LP-Serial 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

• –10 dB for (baud frequency)/10 < freq(f) < 625 MHz, and

• –10 dB + 10log(f/625 MHz) dB for 625 MHz ≤ freq(f) ≤ baud frequency

The reference impedance for the differential return loss measurements is 100 Ω resistive. Differential return loss includes 
contributions from internal circuitry, packaging, and any external components related to the driver. The output impedance 
requirement applies to 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 ps in each case. It is also recommended that the timing skew at the output 
of an LP-Serial 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 ps at 3.125 GB. 

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

Characteristic Symbol
Range

Unit Notes
Min Max

Output Voltage VO –0.40 2.30 V Voltage relative to COMMON of either signal 
comprising a differential pair

Differential Output Voltage VDIFFPP 500 1000 mVPP

Deterministic Jitter JD 0.17 UIPP

Total Jitter JT 0.35 UIPP
MSC8144 Quad Core Digital Signal Processor Data Sheet, Rev. 16
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Electrical Characteristics
Multiple output skew SMO 1000 ps Skew at the transmitter output between lanes of a 
multilane link

Unit Interval UI 800 800 ps  ±100 ppm

Table 26. Short Run Transmitter AC Timing Specifications—2.5 GBaud

Characteristic Symbol
Range

Unit Notes
Min Max

Output Voltage VO –0.40 2.30 V Voltage relative to COMMON of either signal 
comprising a differential pair

Differential Output Voltage VDIFFPP 500 1000 mVPP

Deterministic Jitter JD 0.17 UIPP

Total Jitter JT 0.35 UIPP

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

Unit Interval UI 400 400 ps  ±100 ppm

Table 27. Short Run Transmitter AC Timing Specifications—3.125 GBaud

Characteristic Symbol
Range

Unit Notes
Min Max

Output Voltage VO -0.40 2.30 V Voltage relative to COMMON of either signal 
comprising a differential pair

Differential Output Voltage VDIFFPP 500 1000 mVPP

Deterministic Jitter JD 0.17 UIPP

Total Jitter JT 0.35 UIPP

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

Unit Interval UI 320 320 ps  ±100 ppm

Table 28. Long Run Transmitter AC Timing Specifications—1.25 GBaud

Characteristic Symbol
Range

Unit Notes
Min Max

Output Voltage VO -0.40 2.30 V Voltage relative to COMMON of either signal 
comprising a differential pair

Differential Output Voltage VDIFFPP 800 1600 mVPP

Deterministic Jitter JD 0.17 UIPP

Total Jitter JT 0.35 UIPP

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

Unit Interval UI 800 800 ps  ±100 ppm

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

Characteristic Symbol
Range

Unit Notes
Min Max
MSC8144 Quad Core Digital Signal Processor Data Sheet, Rev. 16

 
 

Freescale Semiconductor44



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

Figure 25 shows the MII transmit AC timing diagram.

2.6.10.3 MII Receive AC Timing Specifications
Table 42 provides the MII receive AC timing specifications. 

Figure 24. MII Management Interface Timing 

Table 41. MII Transmit AC Timing Specifications

Parameter/Condition Symbol 1 Min Max Unit

TX_CLK to MII data TXD[3:0], TX_ER, TX_EN delay tMTKHDX 0 25 ns

Notes: 1. Typical TX_CLK period (tMTX) for 10 Mbps is 400 ns and for 100 Mbps is 40 ns.
2. Program GCR4 as 0x00030CC3.

Figure 25. MII Transmit AC Timing 

Table 42. MII Receive AC Timing Specifications

Parameter/Condition Symbol 1 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 (tMRX) for 10 Mbps is 400 ns and for 100 Mbps is 40 ns.
2. Program GCR4 as 0x00030CC3.

ETHMDC

ETHMDIO

ETHMDIO

(Input)

(Output)

tMDC

tMDDXKH
tMDDVKH

tMDKHDX

TX_CLK

TXD[3:0]

tMTKHDX

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

Figure 32 provides the AC test load for the ATM/UTOPIA/POS. 

Figure 33 shows the ATM/UTOPIA/UTOPIA timing with external clock.

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 Impedance1 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. ATM/UTOPIA/POS AC Test Load

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

Output Z0 = 50 Ω VDD/2
RL = 50 Ω

CLK (input)

tUEIXKH
tUEIVKH

tUEKHOV

Input Signals:

Output Signals:

tUEKHOX
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Hardware Design Considerations
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.

3.4.2 Serial RapidIO Interface Related Pins

3.4.2.1 Serial RapidIO interface Is Not Used

MWE in use

MVREF 1/2*VDDDDR

VDDDDR 2.5 V or 1.8 V

Table 53. Connectivity of Unused ECC Mechanism Pins

Signal Name Pin connection

MECC[0–7] pull-up to VDDDDR

ECC_MDM NC

ECC_MDQS pull-down to GND

ECC_MDQS pull-up to VDDDDR

Table 54. Connectivity of Serial RapidIO 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

GNDRIOPLL GND

GNDSXP GND

GNDSXC GND

VDDSXP GND

VDDSXC GND

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

Signal Name Pin connection
MSC8144 Quad Core Digital Signal Processor Data Sheet, Rev. 16
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Hardware Design Considerations
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, VDDGE2 is connected to GND), Table 61 lists the recommended management pin connections.

3.4.5 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/POS interface is used. For multiplexing options that select a subset of the UTOPIA/POS interface, use the connections 
described in Table 62 for those signals that are not selected. Table 62 assumes that the alternate function of the specified pin is 
not used. If the alternate function is used, connect that pin as required to support the selected function.

GE2_SGMII_RX GNDSXC

GE2_SGMII_TX NC

GE2_SGMII_TX NC

GE2_TCK NC

GE2_TD[0–3] NC

GE2_TX_EN NC

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

Signal Name Pin Connection

GE_MDC NC

GE_MDIO NC

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] VDDIO

UTP_RCLAV_PDRPA NC

UTP_RCLK GND

UTP_RD[0–15] GND

UTP_REN VDDIO

UTP_RPRTY GND

UTP_RSOC GND

UTP_TADDR[0–4] VDDIO

UTP_TCLAV NC

UTP_TCLK GND

UTP_TD[0–15] NC

UTP_TEN VDDIO

UTP_TPRTY NC

UTP_TSOC NC

VDDIO 3.3 V

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

Signal Name Pin Connection
MSC8144 Quad Core Digital Signal Processor Data Sheet, Rev. 16
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Hardware Design Considerations
3.4.8 Miscellaneous Pins
Table 65 lists the board connections for the pins if they are not required by the system design. Table 65 assumes that the alternate 
function of the specified pin is not used. If the alternate function is used, connect that pin as required to support the selected 
function.

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

Table 65. Connectivity of Individual Pins When They Are Not Required 

Signal Name Pin Connection

CLKOUT NC

EE0 GND

EE1 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

IRQ[0–15] See the GPIO connectivity guidelines in this table.

NMI VDDIO

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.

VDDIO 3.3 V

Note: When using I/O multiplexing mode 5 or 6, tie the TDM7TSYN/PCI_AD4 signal (ball number AC9) to GND.
MSC8144 Quad Core Digital Signal Processor Data Sheet, Rev. 16
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Revision History
7 Revision History
Table 66 provides a revision history for this data sheet.

Table 66. Document Revision History 

Rev. Date Description

0 Feb. 2007 • Initial public release.

1 Apr. 2007 • Adds new I/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 cycles in Table 20.
• Updates PCI AC timings in Table 41.
• Removes UTOPIA internal clock specifications in Table 52.
• Updates JTAG timings in Table 56.
• Clarifies connectivity guidelines for Ethernet pins in 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 note in Table 7 for PLL power supplies.
• DDR voltage designator changed from VDD to VDDDDR in Table 8, Table 10, Section 2.7.4.1, Section 2.7.4.2, 

and Figure 11. Changed range on IOZ 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 a 1 to the note in 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 levels in Table 17 and Table 18.
• Deleted text before Table 19.
• Added clock skew ranges in percent in Table 21.
• Changed VREF to MVREF in Table 26.
• Changed VDD to VDDIO in Table 41 Updated note 2.
• Added note 4 to Table 42. Changed tTDMSHOX value.
• Changed VDD to VDDGE in Figure 27 and Figure 30.
• Changed the value of the data to 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 cycle time, TCK high phase, and boundary scan input data hold time in 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 μa to –30 and 30 μa.

• Change the minimum value of tMDDVKH in Table 45 from 5 ns to 7 ns.
• Updated note 1 in Table 45.

5 Oct 2007 • Corrected column numbering in Figure 3 and Figure 4.
• Updated SPI signal names in Table 1.

6 Oct 2007 • Updated SPI signal names in Table 1.
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