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Welcome to E-XFL.COM

What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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1.4.23 Calibration EBI
The Calibration EBI controls data transfer across the crossbar switch to/from memories or peripherals attached to the VertiCal 
connector in the calibration address space. The Calibration EBI is only available in the VertiCal Calibration System. 

Features include:

• 1.8 V to 3.3 V ± 10% I/O (1.6 V to 3.6 V)

• Memory controller supports various memory types

• 16-bit data bus, up to 22-bit address bus

• Pin muxing supports 32-bit muxed bus

• Selectable drive strength

• Configurable bus speed modes

• Bus monitor

• Configurable wait states

1.4.24 Power management controller (PMC)
The power management controller contains circuitry to generate the internal 3.3 V supply and to control the regulation of 1.2 V 
supply with an external NPN ballast transistor. It also contains low voltage inhibit (LVI) and power-on reset (POR) circuits for 
the 1.2 V supply, the 3.3 V supply, the 3.3 V/5 V supply of the closest I/O segment (VDDEH1) and the 5 V supply of the 
regulators (VDDREG).

1.4.25 Nexus port controller
The NPC (Nexus Port Controller) block provides real-time Nexus Class3+ development support capabilities for the MPC5644A 
Power Architecture-based MCU in compliance with the IEEE-ISTO 5001-2003 and 2010 standards. MDO port widths of 4 pins 
and 12 pins are available in all packages.

1.4.26 JTAG
The JTAGC (JTAG Controller) block provides the means to test chip functionality and connectivity while remaining transparent 
to system logic when not in test mode. Testing is performed via a boundary scan technique, as defined in the IEEE 1149.1-2001 
standard. All data input to and output from the JTAGC block is communicated in serial format. The JTAGC block is compliant 
with the IEEE 1149.1-2001 standard and supports the following features:

• IEEE 1149.1-2001 Test Access Port (TAP) interface 4 pins (TDI, TMS, TCK, and TDO)

• A 5-bit instruction register that supports the following IEEE 1149.1-2001 defined instructions:

— BYPASS, IDCODE, EXTEST, SAMPLE, SAMPLE/PRELOAD, HIGHZ, CLAMP

• A 5-bit instruction register that supports the additional following public instructions:

— ACCESS_AUX_TAP_NPC

— ACCESS_AUX_TAP_ONCE

— ACCESS_AUX_TAP_eTPU

— ACCESS_CENSOR

• 3 test data registers to support JTAG Boundary Scan mode

— Bypass register

— Boundary scan register

— Device identification register

• A TAP controller state machine that controls the operation of the data registers, instruction register and associated 
circuitry

• Censorship Inhibit Register
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Figure 1. MPC5644A series block diagram

ADC – Analog to Digital Converter
ADCi – ADC interface
AMux – Analog Multiplexer
BAM – Boot Assist Module
CRC – Cyclic Redundancy Check unit
DEC – Decimation Filter
DTS – Development Trigger Semaphore
DSPI – Deserial/Serial Peripheral Interface
EBI – External Bus Interface
ECSM – Error Correction Status Module
eDMA – Enhanced Direct Memory Access
eMIOS – Enhanced Modular Input Output System
eSCI – Enhanced Serial Communications Interface
eTPU2 – Second gen. Enhanced Time Processing Unit
FlexCAN – Controller Area Network (FlexCAN)
FMPLL – Frequency-Modulated Phase Locked Loop

JTAG – IEEE 1149.1 test controller
MMU – Memory Management Unit
MPU – Memory Protection Unit
PMC – Power Management Controller
PIT – Periodic Interrupt Timer
RCOSC – low-speed RC oscillator
REACM – Reaction module
SIU – System Integration Unit
SPE – Signal Processing Extension
SRAM – Static RAM
STM – System Timer Module
SWT – Software Watchdog Timer
VGA – Variable Gain Amplifier
VLE – Variable Length (instruction) Encoding
XOSC – XTAL Oscillator

LEGEND
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GPIO[180]
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O

I/O

VDDEH4
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O
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GPIO[185]

eMIOS channel
eTPU A channel (output only)
GPIO

P
A1
G

01
10
00

185 I/O
O

I/O

VDDEH4
Slow

— / Down — / Down 68 P7 AA14

EMIOS7
ETPUA7_O8

GPIO[186]
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GPIO[188]
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O
I

I/O
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DSPI_D_PCS[3]
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DSPI D peripheral chip select
Reaction channel 3B
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O
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— / 
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Table 3. MPC5644A signal properties (continued)

Name Function1
P
A
G2

PCR 
PA 

Field3
PCR4 I/O

Type
Voltage5 / 
Pad Type6

Status7 Package pin #

During Reset
After 
Reset

176 208 324
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Table 6. Power/ground segmentation

Power Segment Voltage I/O Pins Powered by Segment

VDDE2  1.8 V - 3.3 V CS0, CS1, CS2, CS3,RD_WR, BDIP, WE0, WE1, OE, TS, TA

VDDE3 1.8 V - 3.3 V ADDR12, ADDR13, ADDR14, ADDR15

VDDE5  1.8 V - 3.3 V DATA0, DATA1, DATA2, DATA3, DATA4, DATA5, DATA6, 
DATA7, DATA8, DATA9, DATA10, DATA11, DATA12, DATA13, 
DATA14, DATA15, CLKOUT, ENGCLK

VDDE12 1.8 V - 3.3 V CAL_CS0, CAL_CS2, CAL_CS3 CAL_ADDR12, 
CAL_ADDR13, CAL_ADDR14, CAL_ADDR15, 
CAL_ADDR16, CAL_ADDR17, CAL_ADDR18, 
CAL_ADDR19, CAL_ADDR20, CAL_ADDR21, 
CAL_ADDR22, CAL_ADDR23, CAL_ADDR24, 
CAL_ADDR25, CAL_ADDR26, CAL_ADDR27, 
CAL_ADDR28, CAL_ADDR29, CAL_ADDR30, CAL_DATA0, 
CAL_DATA1,  CAL_DATA2, CAL_DATA3, CAL_DATA4, 
CAL_DATA5, CAL_DATA6, CAL_DATA7, CAL_DATA8, 
CAL_DATA9, CAL_DATA10, CAL_DATA11, CAL_DATA12, 
CAL_DATA13, CAL_DATA14, CAL_DATA15, CAL_RD_WR, 
CAL_WE0, CAL_WE1, CAL_OE, CAL_TS

VDDE-EH 3.0 V - 5 V ADDR16, ADDR17, ADDR18, ADDR19, ADDR20, ADDR21, 
ADDR22, ADDR23, ADDR24, ADDR25, ADDR26, ADDR27, 
ADDR28, ADDR29, ADDR30, ADDR31

VDDEH1  3.3 V - 5.0 V ETPUA10, ETPUA11, ETPUA12, ETPUA13, ETPUA14, 
ETPUA15, ETPUA16, ETPUA17, ETPUA18, ETPUA19, 
ETPUA20, ETPUA21, ETPUA22, ETPUA23, ETPUA24, 
ETPUA25, ETPUA26, ETPUA27, ETPUA28, ETPUA29, 
ETPUA30, ETPUA31

VDDEH4  3.3 V - 5.0 V EMIOS0, EMIOS1, EMIOS2, EMIOS3, EMIOS4, EMIOS5, 
EMIOS6, EMIOS7, EMIOS8, EMIOS9, EMIOS10, EMIOS11, 
EMIOS12, EMIOS13, EMIOS14, EMIOS15, EMIOS16, 
EMIOS17, EMIOS18, EMIOS19, EMIOS20, EMIOS21, 
EMIOS22, EMIOS23, TCRCLKA, ETPUA0, ETPUA1, 
ETPUA2, ETPUA3, ETPUA4, ETPUA5, ETPUA6, ETPUA7, 
ETPUA8, ETPUA9, ETPUA0

VDDEH6  3.3 V - 5.0 V RESET, RSTOUT, PLLREF, PLLCFG1, RSTCFG, 
BOOTCFG0, BOOTCFG1, WKPCFG, CAN_A_TX, 
CAN_A_RX, CAN_B_TX, CAN_B_RX, CAN_C_TX, 
CAN_C_RX, SCI_A_TX, SCI_A_RX, SCI_B_TX, SCI_C_RX, 
DSPI_B_SCK, DSPI_B_SIN, DSPI_B_SOUT, 
DSPI_B_PCS[0], DSPI_B_PCS[1], DSPI_B_PCS[2], 
DSPI_B_PCS[3], DSPI_B_PCS[4], DSPI_B_PCS[5], 
SCI_B_RX, SCI_C_TX, EXTAL, XTAL

VDDEH7  3.3 V - 5.0 V EMIOS14, EMIOS 15, GPIO98, GPIO99, GPIO203, GPIO204, 
GPIO206, GPIO207, GPIO219, EVTI, EVTO, MDO4, MDO5, 
MDO6, MDO7, MDO8, MDO9, MDO10, MDO11, MSEO0, 
MSEO1, RDY, TCK, TDI, TDO, TMS, JCOMP, DSPI_A_SCK, 
DSPI_A_SIN, DSPI_A_SOUT, DSPI_A_PCS[0], 
DSPI_A_PCS[1], DSPI_A_PCS[4], DSPI_A_PCS[5], 
AN12-SDS, AN13-SDO, AN14-SDI, AN15-FCK
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VIHEXT CC T EXTAL input high voltage Crystal Mode12 Vxtal 
+ 0.4

— V

T External 
Reference12, 13

VRC33
/2 + 
0.4

VRC33

VILEXT CC T EXTAL input low voltage Crystal Mode12 — Vxtal - 
0.4

V

T External 
Reference12, 13

0 VRC33
/2 - 
0.4

— CC T XTAL load capacitance10 4 MHz 5 30 pF

8 MHz 5 26

12 MHz 5 23

16 MHz 5 19

20 MHz 5 16

40 MHz 5 8

tlpll CC P PLL lock time 10, 14 — — 200 s

tdc CC T Duty cycle of reference — 40 60 %

fLCK CC T Frequency LOCK range — –6 6 % fsys

fUL CC T Frequency un-LOCK range — –18 18 % fsys

fCS
fDS

CC D Modulation Depth Center spread ±0.25 ±4.0 % fsys

D Down Spread –0.5 –8.0

fMOD CC D Modulation frequency15 — — 100 kHz

1 Considering operation with PLL not bypassed.
2 All internal registers retain data at 0 Hz.
3 “Loss of Reference Frequency” window is the reference frequency range outside of which the PLL is in self clocked 

mode.
4 Self clocked mode frequency is the frequency that the PLL operates at when the reference frequency falls outside 

the fLOR window.
5 fVCO self clock range is 20–150 MHz. fSCM represents fSYS after PLL output divider (ERFD) of 2 through 16 in 

enhanced mode.
6 This value is determined by the crystal manufacturer and board design.
7 Jitter is the average deviation from the programmed frequency measured over the specified interval at maximum 

fSYS. Measurements are made with the device powered by filtered supplies and clocked by a stable external clock 
signal. Noise injected into the PLL circuitry via VDDPLL and VSSPLL and variation in crystal oscillator frequency 
increase the CJITTER percentage for a given interval.

Table 26. PLLMRFM electrical specifications

(VDDPLL = 1.08 V to 3.6 V, VSS = VSSPLL = 0 V, TA = TL to TH) (continued)

Symbol C Parameter Conditions
Value

Unit
min max
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3.17.4 External Bus Interface (EBI) and calibration bus interface timing

Table 41. External Bus Interface maximum operating frequency

Port
Width

Multiplexed
Mode

ADDR[12:15]
Pin Usage

ADDR[16:31]
Pin Usage

DATA[0:15]
Pin Usage

Max. Operating 
Frequency

16-bit Yes ADDR[12:15] GPIO ADDR[16:31]
DATA[0:15]

66 MHz1

1 Set SIU_ECCR[EBDF] to divide by two or divide by four if the system frequency is greater than 66 MHz.

16-bit No ADDR[12:15] ADDR[16:31] DATA[0:15] 33 MHz2,3

2 System Frequency must be 132 MHz and SIU_ECCR[EBDF] set to divide by four.
3 Pad restrictions limit the maximum operating frequency.

32-bit Yes ADDR[12:15] ADDR[16:31]
DATA[16:31]

DATA[0:15] 33 MHz2,3

Table 42. Calibration bus interface maximum operating frequency

Port
Width

Multiplexed
Mode

CAL_ADDR[12:15]
Pin Usage

CAL_ADDR[16:30]
Pin Usage

CAL_DATA[0:15]
Pin Usage

Max. Operating 
Frequency

16-bit Yes GPIO GPIO CAL_ADDR[12:30]
CAL_DATA[0:15]

66 MHz1

1 Set SIU_ECCR[EBDF] to divide by two or divide by four if the system frequency is greater than 66 MHz

16-bit No CAL_ADDR[12:15] CAL_ADDR[16:30] CAL_DATA[0:15] 66 MHz1

32-bit Yes CAL_WE[2:3]
CAL_DATA[31]

CAL_ADDR[16:30]
CAL_DATA[16:30]

CAL_ADDR[0:15]
CAL_DATA[0:15]

66 MHz1

Table 43.  External bus interface (EBI) and calibration bus operation timing 1

# Symbol C Characteristic
66 MHz (ext. bus)2

Unit Notes
Min Max

1 TC CC P CLKOUT Period 15.2 — ns Signals are 
measured at 50% 
VDDE.

2 tCDC CC D CLKOUT duty cycle 45% 55% TC

3 tCRT CC D CLKOUT rise time — 3 ns

4 tCFT CC D CLKOUT fall time — 3 ns

5 tCOH CC D CLKOUT Posedge to Output Signal 
Invalid or High Z(Hold Time)

 • ADDR[8:31]
 • CS[0:3]
 • DATA[0:31]
 • OE
 • RD_WR
 • TS
 • WE[0:3]/BE[0:3]

1.3 — ns
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3.17.7 eMIOS timing

3.17.8 DSPI timing
DSPI channel frequency support for the MPC5644A MCU is shown in Table 47. Timing specifications are in Table 48.

Table 46. eMIOS timing1

1 eMIOS timing specified at fSYS = 80 MHz, VDD = 1.14 V to 1.32 V, VDDEH = 4.5 V to 5.5 V, TA = TL to TH, and CL = 
50 pF with SRC = 0b00.

# Symbol C Characteristic
Min. 

Value
Max. 
Value

Unit

1 tMIPW CC D eMIOS Input Pulse Width 4 — tCYC

2 tMOPW CC D eMIOS Output Pulse Width 1 — tCYC

Table 47. DSPI channel frequency support

System Clock 
(MHz)

DSPI Use 
Mode

Max. Usable 
Frequency 

(MHz)
Notes

150 LVDS 37.5 Use sysclock /4 divide ratio.

Non-LVDS 18.75 Use sysclock /8 divide ratio.

120 LVDS 40 Use sysclock /3 divide ratio. Gives 33/66 duty cycle. Use DSPI 
configuration DBR=0b1 (double baud rate), BR=0b0000 (scaler 
value 2) and PBR=0b01 (prescaler value 3).

Non-LVDS 20 Use sysclock /6 divide ratio.

80 LVDS 40 Use sysclock /2 divide ratio.

Non-LVDS 20 Use sysclock /4 divide ratio.

Table 48. DSPI timing1,2

# Symbol C Characteristic Condition Min. Max. Unit

1 tSCK CC D SCK Cycle Time3,4,5 24.4 ns 2.9 ms —

2 tCSC CC D PCS to SCK Delay6 227 — ns

3 tASC CC D After SCK Delay8 219 — ns

4 tSDC CC D SCK Duty Cycle (½tSC)–2 (½tSC)+2 ns

5 tA CC D Slave Access Time
(SS active to SOUT driven)

— 25 ns

6 tDIS CC D Slave SOUT Disable Time
(SS inactive to SOUT High-Z or 
invalid)

— 25 ns

7 tPCSC CC D PCSx to PCSS time 410 — ns

8 tPASC CC D PCSS to PCSx time 511 — ns
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Figure 24. DSPI classic SPI timing — master, CPHA = 1

Figure 25. DSPI classic SPI timing — slave, CPHA = 0
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Figure 35. 176 LQFP package mechanical drawing (part 3)
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Figure 37. 208 MAPBGA package mechanical drawing (part 2)
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4.1.3 324 TEPBGA

Figure 38. 324 BGA package mechanical drawing (part 1)


