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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"

Not For New Designs

TriCore™

32-Bit Single-Core
180MHz

ASC, CANbus, FlexRay, MLI, MSC, SSC
DMA, POR, WDT

86

2.5MB (2.5M x 8)
FLASH

128K x 8

176K x 8

1.17V ~ 3.63V

A/D 8x10b, 32x12b
External

-40°C ~ 125°C (TA)
Surface Mount
176-LQFP
PG-LQFP-176-2
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Summary of Features

— One General Purpose Timer Array Module (GPTA) with additional Local Timer Cell
Array (LTCA2) providing a powerful set of digital signal filtering and timer
functionality to realize autonomous and complex Input/Output management

» 32 analog input lines for ADC

— 2 independent kernels (ADCO and ADC1)

— Analog supply voltage range from 3.3 V to 5 V (single supply)
» 4 different FADC input channels

— channels with impedance control and overlaid with ADC1 inputs

— Extreme fast conversion, 21 cycles of feapc clock

— 10-bit A/D conversion (higher resolution can be achieved by averaging of
consecutive conversions in digital data reduction filter)

» 86 digital general purpose /O lines (GPIO), 4 input lines
» Digital /0O ports with 3.3 V capability
*  On-chip debug support for OCDS Level 1 (CPU, PCP, DMA, On Chip Bus)
» Dedicated Emulation Device chip available (TC1782ED)
— multi-core debugging, real time tracing, and calibration
— four/five wire JTAG (IEEE 1149.1) or two wire DAP (Device Access Port) interface
*  Power Management System
* Clock Generation Unit with PLL
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System Overview of the TC1782

2 System Overview of the TC1782

The TC1782 combines three powerful technologies within one silicon die, achieving new
levels of power, speed, and economy for embedded applications:

* Reduced Instruction Set Computing (RISC) processor architecture
» Digital Signal Processing (DSP) operations and addressing modes
*  On-chip memories and peripherals

DSP operations and addressing modes provide the computational power necessary to
efficiently analyze complex real-world signals. The RISC load/store architecture
provides high computational bandwidth with low system cost. On-chip memory and
peripherals are designed to support even the most demanding high-bandwidth real-time
embedded control-systems tasks.

Additional high-level features of the TC1782 include:

« Efficient memory organization: instruction and data scratch memories, caches

» Serial communication interfaces — flexible synchronous and asynchronous modes
» Peripheral Control Processor — standalone data operations and interrupt servicing
*  DMA Controller — DMA operations and interrupt servicing

* General-purpose timers

* High-performance on-chip buses

* On-chip debugging and emulation facilities

* Flexible interconnections to external components

* Flexible power-management

The TC1782 is a high-performance microcontroller with TriCore CPU, program and data
memories, buses, bus arbitration, an interrupt controller, a peripheral control processor
and a DMA controller and several on-chip peripherals. The TC1782 is designed to meet
the needs of the most demanding embedded control systems applications where the
competing issues of price/performance, real-time responsiveness, computational power,
data bandwidth, and power consumption are key design elements.

The TC1782 offers several versatile on-chip peripheral units such as serial controllers,
timer units, and Analog-to-Digital converters. Within the TC1782, all these peripheral
units are connected to the TriCore CPU/system via the Flexible Peripheral Interconnect
(FPI) Bus and the Local Memory Bus (LMB). Several I/O lines on the TC1782 ports are
reserved for these peripheral units to communicate with the external world.
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Pinning
3 Pinning
Figure 4 is showing the TC1782 Logic Symbol.
PORST Alternate Functions
TESTMODE —»
General Control ESFD 16 Port 0 } GPTA, SCU, E-RAY"
- = MSCO
ESR1 «—» 16 .., |GPTASSCI,
TRET — (—Z= Po ADCO, OCDS
14
GPTA, SSC0/1,
0cDS) TCK / DAPO —» ji;m Port 2 }MLIO MSCO
JTAG Control | TDI/BRKIN «—» —Z= Port 3 }SEJACQ,S\,C%C%SCO/ !
TDO /DAP2 / 4
BRKOUT (— Port 4 }GPTA SCU, CAN
TMS / DAP1 <+—»
S/ e port 5 }GPTA MLIO, E-RAY.
Analog Inputs { AN[35:0] —/—) 4
Voou —»  TC1782 (=) Port6 } GPTA, MSCO
Vssm ——»
Voour > é%%n#ycﬁvfgzaggg%rmsoHR
Vssme —» SAK-TC1782 F-320 F180HL,
Analog Power Vooar SAK-TC1782 F-320 F160HR,
Supply > SAK-TC1782 F-320F160HL,
Varero —» SAK-TC1782 F-320 F133HR and
Vacnoo SAK-TC1782 F-320 F133HL
VeaReF ——
VEacND —» XTAL1
—» XTAL2
Voors T’ l«—— Vppose ¢ Oscillator
Digital Circuitry Voo — ¥ 4—— Voposcs
Power Supply Vooe %10 4—— Vssosc
Vss %
TC1782_LQFP-176

Figure 4 TC1782 Logic Symbol
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PinningTC1782 Pin Configuration

Table 2 Pin Definitions and Functions (PG-LQFP-176-10 / PG-LQFP-176-20
Package) (cont'd)
Pin | Symbol Ctrl. |Type |Function
108 |P1.5 I/O0 |A1/ |Port 1 General Purpose I/O Line 35
IN21 | PU  [GPTAO Input 21
IN21 I LTCAZ2 Input 21
ouT21 o1 GPTAOQ Output 21
ouT77 02 GPTAO Output 77
ouT21 03 LTCA2 Qutput 21
109 |P1.6 I/0O0 |A1/ |Port 1 General Purpose I/O Line 6
IN22 | PU  IGPTAO Input 22
IN22 I LTCAZ2 Input 22
ouT22 (0) GPTAO Output 22
OouT78 02 GPTAO Output 78
ouT22 03 LTCAZ2 Output 22
110 |P1.7 /00 |A1/ |Port 1 General Purpose I/O Line 7
IN23 | PU  [GPTAO Input 23
IN23 I LTCAZ2 Input 23
ouT23 o1 GPTAOQ Output 23
OuT79 02 GPTAO Output 79
ouT23 03 LTCA2 Output 23
94 P1.8 I/O0 |A1+/ |Port 1 General Purpose I/O Line 8
IN24 | PU  IGPTAO Input 24
IN48 I GPTAO Input 48
MTSR1B I SSC1 Slave Receive Input B (Slave Mode)
ouT24 o1 GPTAOQ Output 24
ouT48 02 GPTAO Output 48
MTSR1B 03 SSC1 Master Transmit Output B (Master Mode)
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PinningTC1782 Pin Configuration

Table 2 Pin Definitions and Functions (PG-LQFP-176-10 / PG-LQFP-176-20
Package) (cont'd)
Pin | Symbol Ctrl. |Type |Function
71 P1.14 I/O0 |A1/ |Port 1 General Purpose I/O Line 14
IN18 | PU  [LTcA2 Input 18
ADOEMUX2 |O1 ADCO External Multiplexer Control Output 2
ADOEMUX2 |02 ADCO External Multiplexer Control Output 2
ouT18 03 LTCAZ2 Output 18
117 |P1.15 I/O0 |A2/ |Port 1 General Purpose I/O Line 15
BRKIN | PU " I'Break Input
Reserved o1 -
Reserved 02 -
Reserved 03 -
BRKOUT (0] Break Output (controlled by OCDS module)
Port 2
74 P2.0 I/O0 |A2/ |Port 2 General Purpose I/O Line 0
IN32 | PU  [GPTAO Input 32
OuT32 o1 GPTAO Output 32
TCLKO 02 MLIO Transmitter Clock Output O
ouT28 03 LTCAZ2 Output 28
75 P2.1 I/00 |A2/ |Port2 General Purpose I/O Line 1
IN33 | PU  IGPTAO Input 33
TREADYOA || MLIO Transmitter Ready Input A
OUT33 o1 GPTAO Output 33
SLSO003 02 SSCO Slave Select Output Line 3
SLSO13 03 SSC1 Slave Select Output Line 3
76 P2.2 I/O0 |A2/ |Port 2 General Purpose I/O Line 2
IN34 | PU  [GPTAO Input 34
ouT34 O1 GPTAO Output 34
TVALIDO 02 MLIO Transmitter Valid Output
OouT29 03 LTCA2 Output 29
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PinningTC1782 Pin Configuration

Table 2 Pin Definitions and Functions (PG-LQFP-176-10 / PG-LQFP-176-20
Package) (cont'd)

Pin | Symbol Ctrl. | Type |Function

77 P2.3 I/O0 |A2/ |Port 2 General Purpose I/O Line 3
IN35 | PU  [GPTAO Input 35
OuUT35 o1 GPTAO Output 35
TDATAO 02 MLIO Transmitter Data Output
OuUT30 03 LTCAZ2 Output 30

78 P2.4 I/00 |A2/ |Port2 General Purpose I/O Line 4
IN36 | PU  IGPTAO Input 36
RCLKOA I MLI Receiver Clock Input A
OuUT36 O1 GPTAO Output 36
OuUT36 02 GPTAO Output 36
OuT31 03 LTCA2 Qutput 31

79 P2.5 I/O0 |A2/ |Port 2 General Purpose I/O Line 5
IN37 | PU  IGPTAO Input 37
OouT37 O1 GPTAO Output 37
RREADYOA |02 MLIO Receiver Ready Output A
ouT110 03 LTCA2 Output 110

80 P2.6 I/O0 |A2/ |Port 2 General Purpose I/O Line 6
IN38 | PU  [GPTAO Input 38
RVALIDOA I MLI Receiver Valid Input A
OouT38 o1 GPTAO Output 38
OouT38 02 GPTAO Output 38
ouT111 03 LTCAZ2 Output 111

81 P2.7 /00 |A2/ |Port2 General Purpose I/O Line 7
IN39 | PU  IGPTAO Input 39
RDATAOA I MLI Receiver Data Input A
OuUT39 o1 GPTAO Output 39
OuT39 02 GPTAO Output 39
Reserved 03 -
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PinningTC1782 Pin Configuration

Table 2 Pin Definitions and Functions (PG-LQFP-176-10 / PG-LQFP-176-20
Package) (cont'd)
Pin | Symbol Ctrl. |Type |Function
133 |P3.15 I/00 |A2/ |Port 3 General Purpose I/O Line 15
TXDCAN1 (0) PU CAN Node 1 Transmitter Output
TXD1 02 ASC1 Transmit Output
ouT97 03 GPTAO Output 97
Port 4
86 P4.0 /00 |A1+/ |Port 4 General Purpose I/O Line 0
IN28 | PU  IGPTAO Input 28
IN52 I GPTAO Input 52
RXDCAN2 I CAN Node 2 Receiver Input
ouT28 (0) GPTAO Output 28
OouT52 02 GPTAO Output 52
Reserved 03 -
87 P4.1 /00 |A1+/ |Port 4 General Purpose I/O Line 1
IN29 | PU  [GPTAO Input 29
IN53 I GPTAO Input 53
ouT29 O1 GPTAO Output 29
OuT53 02 GPTAO Output 53
TXDCAN2 03 CAN Node 2 Transmitter Output
88 P4.2 I/O0 |A2/ |Port 4 General Purpose I/O Line 2
IN30 | PU  [GPTAO Input 30
IN54 I GPTAO Input 54
OuUT30 o1 GPTAO Output 30
OuT54 02 GPTAOQ Output 54
EXTCLK1 03 External Clock 1 Output
90 P4.3 I/00 |A2/ |Port4 General Purpose I/O Line 3
IN31 | PU  IGPTAO Input 31
IN55 I GPTAO Input 55
OouT31 O1 GPTAO Output 31
OuUT55 02 GPTAOQ Output 55
EXTCLKO 03 External Clock 0 Output
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PinningTC1782 Pin Configuration

Table 2 Pin Definitions and Functions (PG-LQFP-176-10 / PG-LQFP-176-20
Package) (cont'd)
Pin | Symbol Ctrl. |Type |Function
5 P5.4 I/O0 |A1+/ |Port 5 General Purpose I/O Line 4
IN44 | PU  [GPTAO Input 44
IN29 I LTCAZ2 Input 29
SLSI2A I SSC2 Slave Select Input A
ouT44 O1 GPTAO Output 44
ouT12 02 LTCA2 Qutput 12
SLS024 03 SSC2 Slave Select Output 4
6 P5.5 I/O0 |A1+/ |Port 5 General Purpose I/O Line 5
IN45 | PU  [GPTAO Input 45
IN30 I LTCAZ2 Input 30
MRST2A I SSC2 Master Receive Input (Master Mode)
OouUT45 O1 GPTAO Output 45
OuT13 02 LTCA2 Qutput 13
MRST2 03 SSC2 Master Transmit Input (Slave Mode)
7 P5.6 /00 |A1+/ |Port 5 General Purpose I/O Line 6
IN46 | PU  [GPTAO Input 46
IN31 I LTCAZ2 Input 31
MTSR2A I SSC2 Slave Receive Input (Slave Mode)
OuUT46 O1 GPTAO Output 46
ouT14 02 LTCAZ2 Output 14
MTSR2 03 SSC2 Master Transmit Output (Master Mode)
8 P5.7 /00 |A1+/ |Port 5 General Purpose I/O Line 7
IN47 | PU  IGPTAO Input 47
SCLK2A I SSC2 Clock Input (Slave Mode)
ouT47 o1 GPTAOQ Output 47
OouT15 02 LTCAZ2 Output 15
SCLK2 03 SSC2 Clock Output (Master Mode)
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PinningTC1782 Pin Configuration

Table 2 Pin Definitions and Functions (PG-LQFP-176-10 / PG-LQFP-176-20
Package) (cont'd)
Pin | Symbol Ctrl. |Type |Function
40 AN24 I D ADC1 Analog Input Channel 24
39 AN25 I D ADC1 Analog Input Channel 25
38 AN26 I D ADC1 Analog Input Channel 26
37 AN27 I D ADC1 Analog Input Channel 27
35 AN28 I D ADC1/FADC Analog Input Channel 28
34 AN29 I D ADC1/FADC Analog Input Channel 29
33 AN30 I D ADC1/FADC Analog Input Channel 30
32 AN31 I D ADC1/FADC Analog Input Channel 31
31 AN32 I D FADC Analog Input P Channel 0
30 AN33 I D FADC Analog Input N Channel 0
29 AN34 I D FADC Analog Input P Channel 1
28 AN35 I D FADC Analog Input N Channel 1
54 Voom - - ADC Analog Part Power Supply (3.3V - 5V)
53  |Vssm - - ADC Analog Part Ground
52 V areFo - - ADCO and ADC1 Reference Voltage
51 V acNDo - - ADC Reference Ground
24 Voome - - FADC Analog Part Power Supply (3.3V)
23 Vopar - - FADC Analog Part Logic Power Supply (1.3V)
25  |Vgssue - - FADC Analog Part Ground
Vssar - - FADC Analog Part Ground
26 | Veager - - FADC Reference Voltage
27 VEacnD - - FADC Reference Ground
10,2) Voo - - Digital Core Power Supply (1.3V)
219,
68,
84,
91,
99,
123,
153,
170
2)
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TC1782

Electrical ParametersGeneral Parameters

Operating Conditions Parameters (cont'd)

Parameter

Symbol

Values

Min.

Typ.

Max.

Unit

Note /
Test Condition

FPI bus frequency

fep SR

90

MHz

SAK-TC1782F-
320F180HR / SAK-
TC1782F-
320F180HL / SAK-
TC1782N-
320F180HR / SAK-
TC1782N-
320F180HL / SAK-
TC1782F-
256F133HR / SAK-
TC1782F-
256F133HL / SAK-
TC1782N-
256F133HR / SAK-
TC1782N-
256F133HL

80

MHz

SAK-TC1782F-
320F160HR / SAK-
TC1782F-
320F160HL / SAK-
TC1782N-
320F160HR / SAK-
TC1782N-
320F160HL

Data Sheet

51

V1.4.1,2014-05



(infineon

TC1782

Electrical ParametersGeneral Parameters

Table 18 Operating Conditions Parameters (cont'd)

Parameter

Symbol

Values

Min.

Typ.

Max.

Unit

Note /
Test Condition

VDDP voltage to ensure
defined pad states®

VDDPPA

CcC

0.65

Digital ground voltage

Vgs SR

0

Analog ground voltage
for Vppm

-0.1

0.1

Analog core supply

Vopar
SR

1.235

1.3652

\Y

SAK-TC1782F-
320F180HR / SAK-
TC1782F-
320F180HL / SAK-
TC1782N-
320F180HR / SAK-
TC1782N-
320F180HL / SAK-
TC1782N-
256F133HR / SAK-
TC1782N-
256F133HL; for
duration limitation
see Voltage
Operating Timing
Profiles

1.3

1.43%

\

SAK-TC1782F-
320F160HR / SAK-
TC1782F-
320F160HL / SAK-
TC1782N-
320F160HR / SAK-
TC1782N-
320F160HL; for
duration limitation
see Voltage
Operating Timing
Profiles
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Table 22

Electrical ParametersDC Parameters

Standard_Pads Class_A1+ (cont'd)

Parameter

Symbol

Values

Min.

Typ.

Max.

Unit

Note /
Test Condition

On-Resistance of the
class A1+ pad, medium
driver

RDSONM

CcC

155

Ohm

lon< -2 mA;
P_MOS

110

Ohm

lol<2 mA;
N_MOS

On-Resistance of the
class A1+ pad, strong
driver

Rosont+
CcC

100

Ohm

lon< -2 mA;
P_MOS

80

Ohm

loL<2 mA;
N_MOS

Fall time, pad type A1+

tears CC

150

ns

C,= 20 pF; pin
out
driver= weak

28

ns

C, =50 pF;
edge= slow ;
pin out
driver= strong

16

ns

C,=50 pF;
edge= soft ; pin
out

driver= strong

50

ns

C,=50 pF; pin
out
driver= medium

140

ns

C_= 150 pF; pin
out
driver= medium

550

ns

C_= 150 pF; pin
out
driver= weak

18000

ns

C_= 20000 pF;
pin out
driver= medium

65000

ns

C,= 20000 pF;
pin out
driver= weak
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Electrical ParametersDC Parameters

Table 22 Standard_Pads Class_A1+ (cont'd)

Parameter Symbol Values Unit |Note/
Min. Typ. Max. Test Condition
Rise time, pad type A1+ |tga1. CC |- - 150 ns C,= 20 pF; pin
out
driver= weak
- - 28 ns C, =50 pF;
edge= slow ;
pin out
driver= strong
- - 16 ns C,=50 pF;
edge= soft ; pin
out
driver= strong
- - 50 ns C,=50 pF; pin
out
driver= medium
- - 140 ns C_= 150 pF; pin
out
driver= medium
- - 550 ns C_= 150 pF; pin
out
driver= weak
- - 18000 |ns C_= 20000 pF;
pin out
driver= medium
- - 65000 |ns C,= 20000 pF;
pin out
driver= weak
Input high voltage, Class | V|ya+ |06Xx |- min(V |V
A1+ pads SR Vopp DDP+
0.3,3.6
)
Input low voltage Class | Vja1. |03 |- 0.36x |V
A1+ pads SR Voop
Ratio Vil/Vih, A1+ pads Via+! |06 - -
IHA1+
CcC
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Table 23

Electrical ParametersDC Parameters

Standard_Pads Class_A2 (cont'd)

Parameter

Symbol

Values

Min.

Typ.

Max.

Unit

Note /
Test Condition

Rise time, pad type A2

traz CC

150

ns

C,= 20 pF; pin
out
driver= weak

7.0

ns

C, =50 pF;
edge= medium
; pin out
driver= strong

10

ns

C,=50 pF;
edge= medium-
minus ; pin out
driver= strong

3.7

ns

C,=50 pF;
edge= sharp ;
pin out
driver= strong

ns

C,=50 pF;
edge= sharp-
minus ; pin out
driver= strong

16

ns

C,=50 pF;
edge= soft ; pin
out

driver= strong

50

ns

C,=50 pF; pin
out
driver= medium

7.5

ns

C,=100 pF;
edge= sharp ;
pin out
driver= strong

140

ns

C_= 150 pF; pin
out
driver= medium
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Electrical ParametersDC Parameters

Table 23 Standard_Pads Class_A2 (cont'd)

Parameter

Symbol

Values

Min.

Typ.

Max.

Unit

Note /
Test Condition

550

ns

C_= 150 pF; pin
out
driver= weak

18000

ns

C,= 20000 pF;
pin out
driver= medium

65000

ns

C_= 20000 pF;
pin out
driver= weak

Input high voltage, class
A2 pads

Vinaz
SR

min(V
DDP +
0.3,
3.6)

Input low voltage Class A2
pads

VILA2 SR

0.36 x
Voop

Output voltage high class
A2 pads

Vonaz
CC

o= -1.4 mA;
pin out
driver= medium

lop=>-1.4 mA;
pin out
driver= strong

o= -2 mA; pin
out
driver= medium

24

lon= -2 mA; pin
out
driver= strong

Vooe -
0.4

lop=> -400 pA;
pin out
driver= weak

24

lop> -500 pA;
pin out
driver= weak
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522

Electrical ParametersDC Parameters

Analog to Digital Converters (ADCx)

ADC parameter are valid for Vi, ppar = 1.17 V10 1.43 V; V=45V 10 5.5 V.

Table 27 ADC Parameters
Parameter Symbol Values Unit |Note/
Min. |Typ. |Max. Test Condition
Switched capacitance at | Cpnsw 9 20 pF
the analog voltage inputs” | CC
Total capacitance of an Camntor |- 20 30 pF
analog input CcC
Switched capacitance at | Cprersw | — 15 30 pF
the positive reference CC
voltage input?®
Total capacitance of the | Carerro |— 20 40 pF
voltage reference inputs? |; CC
Differential Non-Linearity |EApy. |[-3 - 3 LSB |ADC
Error*®8)7) cC resolution= 12-
bit &9
Gain Error®%)7) EAgan |35 |- 35 LSB |ADC
CcC resolution= 12-
bit & 9
Integral Non- EAN -3 - 3 LSB |ADC
Linearity*%)9)7) cc resolution= 12-
bit & 9
Offset Error8®)7) EAoer |4 - 4 LSB |ADC
CcC resolution= 12-
bit & 9
Data Sheet 74 V 1.4.1,2014-05
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Electrical ParametersDC Parameters

523 Fast Analog to Digital Converter (FADC)

Table 29 FADC Parameters
Parameter Symbol Values Unit |Note/
Min. |Typ. |Max. Test Condition

Input current at VFAREF | Ieprer - 120 pA

CcC
Input leakage currentat | lgoz -500 |- 500 NA | Vearer< Vooure
VFAREF" cC V; Veprer= 0V
Input leakage current at | lggzs -500 |- 500 nA
VFAGND CcC
Data Sheet 80 V1.4.1,2014-05
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Electrical ParametersAC Parameters

\ Voor-12%

Vooeea S
VDDP \VDDPPA
e i
VDD 0\
L toon Vob-12% ‘__
tpoa
PORST 7/
- — - <71P0H - — - <—1P0H T
TRST - f
TESTMODE c Iga
—= g - c ] —— Z ‘
ESRO ——
— | tHDH < 4>tHDH<—4>tHDH<7 —
HWCFG . .
teip — tp—— tpp — ety ~— —
Pads_@’ 7 2!
—{tpy = = = —tpy[—— —tp =
PIP

[f7] Pad-state undefined

[ ] Tri-state or pull device active
reset_beh2

I:l As programmed

Figure 15 Power, Pad and Reset Timing
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