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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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About this Document
This Data Sheet is addressed to embedded hardware and software developers. It
provides the reader with detailed descriptions about the ordering designations, available
features, electrical and physical characteristics of the XMC4[78]00 series devices.
The document describes the characteristics of a superset of the XMC4[78]00 series
devices. For simplicity, the various device types are referred to by the collective term
XMC4[78]00 throughout this manual. 

XMC4000 Family User Documentation
The set of user documentation includes:
• Reference Manual

– decribes the functionality of the superset of devices.
• Data Sheets

– list the complete ordering designations, available features and electrical
characteristics of derivative devices.

• Errata Sheets
– list deviations from the specifications given in the related Reference Manual or

Data Sheets. Errata Sheets are provided for the superset of devices.
Attention: Please consult all parts of the documentation set to attain consolidated

knowledge about your device.

Application related guidance is provided by Users Guides and Application Notes.
Please refer to http://www.infineon.com/xmc4000 to get access to the latest versions
of those documents.

Subject to Agreement on the Use of Product Information
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1 Summary of Features
The XMC4[78]00 devices are members of the XMC4000 Family of microcontrollers
based on the ARM Cortex-M4 processor core. The XMC4000 is a family of high
performance and energy efficient microcontrollers optimized for Industrial Connectivity,
Industrial Control, Power Conversion, Sense & Control.

Figure 1 System Block Diagram

CPU Subsystem
• CPU Core

– High Performance 32-bit ARM Cortex-M4 CPU
– 16-bit and 32-bit Thumb2 instruction set 
– DSP/MAC instructions 
– System timer (SysTick) for Operating System support

• Floating Point Unit
• Memory Protection Unit
• Nested Vectored Interrupt Controller
• General Purpose DMA with up-to  channels
• Event Request Unit (ERU) for programmable processing of external and internal

service requests
• Flexible CRC Engine (FCE) for multiple bit error detection

PMU
ROM & Flash

Bus Matrix

CPU

ARM Cortex-M4 

DSRAM1 EBUDSRAM2PSRAM

FCE
GPDMA0 GPDMA1 USB

OTGEthernet
DCodeSystem ICode

Peripherals 0 Peripherals 1PBA0

Data Code

WDT

RTC

ERU0

SCU

ERU1 VADC POSIF0 CCU40 CCU41 CCU42

USIC0 DSD POSIF1 CCU80 CCU81 LEDTS0 CCU43 PORTS DAC

SDMMC USIC2 USIC1 MultiCAN

System 
Masters

System 
Slaves

PBA1

EtherCAT

Subject to Agreement on the Use of Product Information
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P2.10 N8 66 44 A2

P2.11 P8 65 - A2

P2.12 N7 64 - A2

P2.13 P7 63 - A2

P2.14 M7 60 41 A2

P2.15 L6 59 40 A2

P3.0 E1 7 7 A2

P3.1 D2 6 6 A2

P3.2 D3 5 5 A2

P3.3 H7 132 93 A1+

P3.4 G7 131 92 A1+

P3.5 D6 130 91 A2

P3.6 C7 129 90 A2

P3.7 G4 14 - A1+

P3.8 G3 13 - A1+

P3.9 H5 12 - A1+

P3.10 H6 11 - A1+

P3.11 F3 10 - A1+

P3.12 F2 9 - A2

P3.13 E2 8 - A2

P3.14 F6 134 - A1+

P3.15 F7 133 - A1+

P4.0 D8 124 85 A2

P4.1 C9 123 84 A2

P4.2 G8 122 - A1+

P4.3 H8 121 - A1+

P4.4 E7 120 - A1+

P4.5 F8 119 - A1+

P4.6 E8 118 - A1+

P4.7 E9 117 - A1+

P5.0 K9 84 58 A1+

P5.1 K8 83 57 A1+

P5.2 K7 82 56 A1+

Table 10 Package Pin Mapping (cont’d)
Function LFBGA-196 LQFP-144 LQFP-100 Pad Type Notes

Subject to Agreement on the Use of Product Information
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P14.14 K3 32 21 AN/DIG_IN

P14.15 K2 31 20 AN/DIG_IN

P15.2 K1 30 19 AN/DIG_IN

P15.3 J2 29 18 AN/DIG_IN

P15.4 J4 28 - AN/DIG_IN

P15.5 J3 27 - AN/DIG_IN

P15.6 J5 26 - AN/DIG_IN

P15.7 J6 25 - AN/DIG_IN

P15.8 P6 54 39 AN/DIG_IN

P15.9 N6 53 38 AN/DIG_IN

P15.12 M5 50 - AN/DIG_IN

P15.13 P4 49 - AN/DIG_IN

P15.14 N4 44 - AN/DIG_IN

P15.15 M4 43 - AN/DIG_IN

USB_DP G1 16 9 special

USB_DM F1 15 8 special

HIB_IO_0 H4 21 14 A1 special At the first power-up and 
with every reset of the 
hibernate domain this pin 
is configured as open-
drain output and  drives 
"0".
As output the medium 
driver mode is active.

HIB_IO_1 H3 20 13 A1 special At the first power-up and 
with every reset of the 
hibernate domain this pin 
is configured as input with 
no pull device active.
As output the medium 
driver mode is active.

TCK J8 93 67 A1 Weak pull-down active.

TMS J7 92 66 A1+ Weak pull-up active.
As output the strong-soft 
driver mode is active.

Table 10 Package Pin Mapping (cont’d)
Function LFBGA-196 LQFP-144 LQFP-100 Pad Type Notes

Subject to Agreement on the Use of Product Information
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P6.6 U2C0.
DOUT0

DSD.
MCLK3

ECAT0.
P0_TXD3

DB.
ETM_TRACEDA
TA0

EBU.
BC3

DSD.
MCLK3A

ETH0.
CLK_TXB

CAN.
N3_RXDB

P7.0 CAN.
N3_TXD

ECAT0.
P0_TXD0

EBU.
A19

P7.1 ECAT0.
P0_TXD1

EBU.
A20

CAN.
N3_RXDC

P7.2 CAN.
N4_TXD

ECAT0.
P0_TXD2

EBU.
A21

P7.3 ECAT0.
P0_TXD3

EBU.
A22

CAN.
N4_RXDC

P7.4 CCU42.
OUT0

ECAT0.
P0_RXD0C

P7.5 CCU42.
OUT1

ECAT0.
P0_RXD1C

P7.6 CCU42.
OUT2

ECAT0.
P0_RXD2C

P7.7 CCU42.
OUT3

ECAT0.
P0_RXD3C

P7.8 CAN.
N5_TXD

ECAT0.
P0_TX_ENA

DB.
ETM_TRACECLK

P7.9 CCU80.
OUT22

ECAT0.
P0_RX_ERRC

P7.10 CCU80.
OUT32

ECAT0.
P0_RX_CLKC

P7.11 CCU80.
OUT33

ECAT0.
P0_RX_DVC

P8.0 ECAT0.
P1_TXD0

DB.
ETM_TRACEDA
TA0

CAN.
N5_RXDC

P8.1 ECAT0.
P1_TXD1

DB.
ETM_TRACEDA
TA1

U0C0.
DX2C

P8.2 ECAT0.
P1_TXD2

DB.
ETM_TRACEDA
TA2

P8.3 ECAT0.
P1_TXD3

DB.
ETM_TRACEDA
TA3

U0C0.
DX1C

P8.4 U0C0.
SELO1

ECAT0.
P1_RXD0C

P8.5 U0C0.
SCLKOUT

ECAT0.
P1_RXD1C

P8.6 U0C0.
SELO0

ECAT0.
P1_RXD2C

P8.7 U0C0.
DOUT0

ECAT0.
P1_RXD3C

P8.8 ECAT0.
P1_TX_ENA

U0C0.
DX0E

Table 12 Port I/O Functions (cont’d)
Function Outputs Inputs

ALT1 ALT2 ALT3 ALT4 HWO0 HWO1 HWI0 HWI1 Input Input Input Input Input Input Input Input

S
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Table 15 PN-Junction Characterisitics for positive Overload
Pad Type IOV = 5 mA, TJ = -40 °C IOV = 5 mA, TJ = 150 °C
A1 / A1+ VIN = VDDP + 1.0 V VIN = VDDP + 0.75 V
A2 VIN = VDDP + 0.7 V VIN = VDDP + 0.6 V
AN/DIG_IN VIN = VDDP + 1.0 V VIN = VDDP + 0.75 V

Table 16 PN-Junction Characterisitics for negative Overload
Pad Type IOV = 5 mA, TJ = -40 °C IOV = 5 mA, TJ = 150 °C
A1 / A1+ VIN = VSS - 1.0 V VIN = VSS - 0.75 V
A2 VIN = VSS - 0.7 V VIN = VSS - 0.6 V
AN/DIG_IN VIN = VDDP - 1.0 V VIN = VDDP - 0.75 V

Table 17 Port Groups for Overload and Short-Circuit Current Sum 
Parameters

Group Pins
1 P0.[15:0], P3.[15:0], P8.[11:0]
2 P14.[15:0], P15.[15:0]
3 P2.[15:0], P5.[11:0], P7[11:0]
4 P1.[15:0], P4.[7:0], P6.[6:0], P9.[11:0]

Subject to Agreement on the Use of Product Information
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Table 21 Standard Pads Class_A1
Parameter Symbol Values Unit Note / 

Test ConditionMin. Max.
Input leakage current IOZA1 CC -500 500 nA 0 V ≤ VIN ≤ VDDP

Input high voltage VIHA1 SR 0.6 × VDDP VDDP + 0.3 V max. 3.6 V
Input low voltage VILA1 SR -0.3 0.36 × VDDP V
Output high voltage, 
POD1) = weak

VOHA1
CC

VDDP - 0.4 − V IOH ≥ -400 μA
2.4 − V IOH ≥ -500 μA

Output high voltage, 
POD1) = medium

VDDP - 0.4 − V IOH ≥ -1.4 mA
2.4 − V IOH ≥ -2 mA

Output low voltage VOLA1
CC

− 0.4 V IOL ≤ 500 μA;
POD1) = weak

− 0.4 V IOL ≤ 2 mA;
POD1) = medium

Fall time tFA1 CC − 150 ns CL = 20 pF;
POD1) = weak

1) POD = Pin Out Driver

− 50 ns CL = 50 pF;
POD1) = medium

Rise time tRA1 CC − 150 ns CL = 20 pF;
POD1) = weak

− 50 ns CL = 50 pF;
POD1) = medium

Table 22 Standard Pads Class_A1+
Parameter Symbol Values Unit Note / 

Test ConditionMin. Max.
Input leakage current IOZA1+ CC -1 1 μA 0 V ≤ VIN ≤ VDDP

Input high voltage VIHA1+ SR 0.6 × VDDP VDDP + 0.3 V max. 3.6 V
Input low voltage VILA1+ SR -0.3 0.36 × VDDP V

Subject to Agreement on the Use of Product Information
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Table 24 HIB_IO Class_A1 special Pads
Parameter Symbol Values Unit Note / 

Test ConditionMin. Max.
Input leakage current IOZHIB

CC
-500 500 nA 0 V ≤ VIN ≤ VBAT

Input high voltage VIHHIB
SR

0.6 × VBAT VBAT + 0.3 V max. 3.6 V

Input low voltage VILHIB
SR

-0.3 0.36 × VBAT V

Input Hysteresis for 
HIB_IO pins1)

1) Hysteresis is implemented to avoid metastable states and switching due to internal ground bounce. It can not
be guaranteed that it suppresses switching due to external system noise.

HYSHIB 
CC

0.1 × VBAT − V VBAT ≥ 3.13 V
0.06 × 
VBAT

− V VBAT < 3.13 V

Output high voltage, 
POD1) = medium

VOHHIB
CC

VBAT - 0.4 − V IOH ≥ -1.4 mA

Output low voltage VOLHIB
CC

− 0.4 V IOL ≤ 2 mA

Fall time tFHIB CC − 50 ns VBAT ≥ 3.13 V
CL = 50 pF

− 100 ns VBAT < 3.13 V
CL = 50 pF

Rise time tRHIB CC − 50 ns VBAT ≥ 3.13 V
CL = 50 pF

− 100 ns VBAT < 3.13 V
CL = 50 pF

Subject to Agreement on the Use of Product Information
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Figure 18 GxORCOUTy Trigger Generation

Figure 19 ORC Detection Ranges
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Subject to Agreement on the Use of Product Information



XMC4700 / XMC4800
XMC4000 Family

Electrical Parameters 

Data Sheet 63 V1.0, 2016-01
 

3.2.5 Die Temperature Sensor
 

The Die Temperature Sensor (DTS) measures the junction temperature TJ.
Note: These parameters are not subject to production test, but verified by design and/or

characterization.

The following formula calculates the temperature measured by the DTS in [oC] from the
RESULT bit field of the DTSSTAT register.

Temperature TDTS = (RESULT - 605) / 2.05 [°C]

This formula and the values defined in Table 29 apply with the following calibration
values:
• DTSCON.BGTRIM = 8H
• DTSCON.REFTRIM = 4H

Table 29 Die Temperature Sensor Parameters
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Temperature sensor range TSR SR -40 − 150 °C
Linearity Error
(to the below defined formula)

ΔTLE CC − ±1 − °C per ΔTJ ≤ 30 °C

Offset Error ΔTOE CC − ±6 − °C ΔTOE = TJ - TDTS
VDDP ≤ 3.3 V1)

1) At VDDP_max = 3.63 V the typical offset error increases by an additional ΔTOE = ±1 °C.

Measurement time tM CC − − 100 μs
Start-up time after reset 
inactive

tTSST SR − − 10 μs

Subject to Agreement on the Use of Product Information
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Table 33 RTC_XTAL Parameters
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Input frequency fOSC SR − 32.768 − kHz
Oscillator start-up 
time1)2)3)

1) tOSCS is defined from the moment the oscillator is enabled by the user with SCU_OSCULCTRL.MODE until the
oscillations reach an amplitude at RTC_XTAL1 of 400 mV. 

2) The external oscillator circuitry must be optimized by the customer and checked for negative resistance and
amplitude as recommended and specified by crystal suppliers.

3) For a reliable start of the oscillation in crystal mode it is required that VBAT ≥ 3.0 V. A running oscillation is
maintained across the full VBAT voltage range.

tOSCS 
CC

− − 5 s

Input voltage at 
RTC_XTAL1

VIX SR -0.3 − VBAT +
0.3

V

Input amplitude (peak-
to-peak) at 
RTC_XTAL12)4)

4) If the shaper unit is enabled and not bypassed.

VPPX SR 0.4 − − V

Input high voltage at 
RTC_XTAL15)

5) If the shaper unit is bypassed, dedicated DC-thresholds have to be met.

VIHBXSR 0.6 ×
VBAT

− VBAT +
0.3

V

Input low voltage at 
RTC_XTAL15)

VILBX SR -0.3 − 0.36 ×
VBAT

V

Input Hysteresis for 
RTC_XTAL15)6)

6) Hysteresis is implemented to avoid metastable states and switching due to internal ground bounce. It can not
be guaranteed that it suppresses switching due to external system noise.

VHYSX 
CC

0.1 × 
VBAT

− V 3.0 V ≤ 
VBAT < 3.6 V

0.03 × 
VBAT

− V VBAT < 3.0 V

Input leakage current at 
RTC_XTAL1

IILX1 CC -100 − 100 nA Oscillator power 
down
0 V ≤ VIX ≤ VBAT

Subject to Agreement on the Use of Product Information
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3.3.9.3 Inter-IC (IIC) Interface Timing
The following parameters are applicable for a USIC channel operated in IIC mode.
Note: These parameters are not subject to production test, but verified by design and/or

characterization.

Table 48 USIC IIC Standard Mode Timing1)

1) Due to the wired-AND configuration of an IIC bus system, the port drivers of the SCL and SDA signal lines
need to operate in open-drain mode. The high level on these lines must be held by an external pull-up device,
approximalely 10 kOhm for operation at 100 kbit/s, approximately 2 kOhm for operation at 400 kbit/s.

Parameter Symbol Values Unit Note / 
Test ConditionMin. Typ. Max.

Fall time of both SDA and 
SCL

t1 
CC/SR

- - 300 ns

Rise time of both SDA and 
SCL

t2 
CC/SR

- - 1000 ns

Data hold time t3 
CC/SR

0 - - µs

Data set-up time t4 
CC/SR

250 - - ns

LOW period of SCL clock t5 
CC/SR

4.7 - - µs

HIGH period of SCL clock t6 
CC/SR

4.0 - - µs

Hold time for (repeated) 
START condition

t7 
CC/SR

4.0 - - µs

Set-up time for repeated 
START condition

t8 
CC/SR

4.7 - - µs

Set-up time for STOP 
condition

t9 
CC/SR

4.0 - - µs

Bus free time between a 
STOP and START 
condition

t10 
CC/SR

4.7 - - µs

Capacitive load for each 
bus line

Cb SR - - 400 pF

Subject to Agreement on the Use of Product Information
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Demultiplexed Read Timing

Figure 42 Demultiplexed Read Access
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Multiplexed Write Timing

Figure 43 Multiplexed Write Access
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Demultiplexed Write Timing

Figure 44 Demultiplexed Write Access
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3.3.12 Ethernet Interface (ETH) Characteristics
For proper operation of the Ethernet Interface it is required that  fSYS ≥ 100 MHz.
Note: These parameters are not subject to production test, but verified by design and/or

characterization.

3.3.12.1 ETH Measurement Reference Points

Figure 51 ETH Measurement Reference Points

ETH_Testpoints.vsd

ETH Clock 1.4 V 1.4 V

2.0 V
0.8 V

2.0 V
0.8 V

tR tF

ETH I/O
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3.3.12.4 ETH RMII Parameters
In the following, the parameters of the RMII (Reduced Media Independent Interface) are
described.

Figure 54 ETH RMII Signal Timing

Table 66 ETH RMII Signal Timing Parameters
Parameter Symbol Values Unit Note / 

Test Condit
ion

Min. Typ. Max.

ETH_RMII_REF_CL clock period t13 SR 20 – – ns CL = 25 pF; 
50 ppm

ETH_RMII_REF_CL clock high time t14 SR 7 – 13 ns CL = 25 pF
ETH_RMII_REF_CL clock low time t15 SR 7 – 13 ns
ETH_RMII_RXD[1:0], 
ETH_RMII_CRS setup time 

t16 SR 4 – – ns

ETH_RMII_RXD[1:0], 
ETH_RMII_CRS hold time 

t17 SR 2 – – ns

ETH_RMII_TXD[1:0], 
ETH_RMII_TXEN data valid

t18 CC 4 – 15 ns

ETH_Timing-RMII .vsd

ETH_RMII_REF_CL

t17

Valid Data

t16

Valid Data

t18

t13

t15 t14

ETH_RMII_REF_CL

ETH_RMII_REF_CL

ETH_RMII _RXD[1:0]
ETH_RMII _CRS

ETH_RMII _TXD[1:0]
ETH_RMII _TXEN

(sourced by STA)

(sourced by PHY)

Valid Data
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Figure 56 ECAT Management Signal Timing

3.3.13.3 MII Timing TX Characteristics

Table 68 ETH MII TX Signal Timing Parameters
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
PHY_CLK25, TX_CLK 
period 

tTX_CLK
SR

– 40 – ns

Delay between PHY clock 
source PHY_CLK25 and 
TX_CLK output of the PHY

tPHY_delay
SR

– – – ns PHY dependent

ECAT_Timing-Mgmt.vsd

ECAT_MCLK

ECAT_MDIO
(output) Valid Data

tD_setup

Valid Data

tD_valid

ECAT_MDIO
(input)

ECAT_MCLK

ECAT_MDIO sourced by STA:

ECAT_MDIO sourced by PHY:

ECAT_MCLK

tMCLK

tMCLK_l tMCLK_h

tD_hold
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3.3.13.5 Sync/Latch Timings

Note: SYNC0/1 pulse length are initially loaded by EEPROM content ADR 0x0002. The
actual used value can be read back from Register DC_PULSE_LEN.

Figure 59 Sync/Latch Timings

Table 70 Sync/Latch Timings
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
SYNC0/1 tDC_SYNC_

Jitter SR
– – 11 + 

m1)

1) additional delay form logic and pad, number is added after characterization

ns

LATCH0/1 tDC_LATCH
SR

12 + 
n2)

2) additional shaping delay, number is added after characterization

– – ns

tDC_SYNC_Jiiter

SYNC0/1

LATCH0/1

tDC_LATCH tDC_LATCH

Subject to Agreement on the Use of Product Information
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Figure 62 PG-LFBGA-196-2 (Plastic Green Low Profile Fine Pitch Ball Grid Array)

All dimensions in mm.
You can find complete information about Infineon packages, packing and marking in our
Infineon Internet Page “Packages”: http://www.infineon.com/packages

Subject to Agreement on the Use of Product Information

http://www.infineon.com/packages

