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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"

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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CoreSight™, ETM™, Embedded Trace Macrocell™ and Embedded Trace Buffer™ are
trademarks of ARM, Limited.
Synopsys™ is a trademark of Synopsys, Inc.

We Listen to Your Comments
Is there any information in this document that you feel is wrong, unclear or missing?
Your feedback will help us to continuously improve the quality of this document.
Please send your proposal (including a reference to this document) to:
mcdocu.comments@infineon.com
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1 Summary of Features
The XMC4400 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
• One General Purpose DMA with up-to 8 channels
• Event Request Unit (ERU) for programmable processing of external and internal

service requests
• Flexible CRC Engine (FCE) for multiple bit error detection
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2.2.2 Port I/O Functions
The following general scheme is used to describe each PORT pin:

Figure 6 Simplified Port Structure

Pn.y is the port pin name, defining the control and data bits/registers associated with it.
As GPIO, the port is under software control. Its input value is read via Pn_IN.y, Pn_OUT
defines the output value.
Up to four alternate output functions (ALT1/2/3/4) can be mapped to a single port pin,
selected by Pn_IOCR.PC. The output value is directly driven by the respective module,
with the pin characteristics controlled by the port registers (within the limits of the
connected pad).
The port pin input can be connected to multiple peripherals. Most peripherals have an
input multiplexer to select between different possible input sources.
The input path is also active while the pin is configured as output. This allows to feedback
an output to on-chip resources without wasting an additional external pin.
By Pn_HWSEL it is possible to select between different hardware “masters”
(HWO0/HWI0). The selected peripheral can take control of the pin(s). Hardware control
overrules settings in the respective port pin registers. 

Table 11 Port I/O Function Description
Function Outputs Inputs

ALT1 ALTn HWO0 HWI0 Input Input
 P0.0 MODA.OUT MODB.OUT MODB.INA MODC.INA

 Pn.y MODA.OUT MODA.INA MODC.INB

XMC4000

Pn.y

VDDP

GND

Pn.y

ALT1...
ALTn

HWO0
HWO1

SW

Control Logic

Input 0

Input n
...

PAD

HWI0
HWI1

MODB.OUT

MODB
MODA

MODA.INA
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The XMC4400 has a common ground concept, all VSS, VSSA and VSSO pins share the
same ground potential. In packages with an exposed die pad it must be connected to the
common ground as well.
VAGND is the low potential to the analog reference VAREF. Depending on the application it
can share the common ground or have a different potential. In devices with shared
VDDA/VAREF and VSSA/VAGND pins the reference is tied to the supply. Some analog
channels can optionally serve as “Alternate Reference”; further details on this operating
mode are described in the Reference Manual.
When VDDP is supplied, VBAT must be supplied as well. If no other supply source (e.g.
battery) is connected to VBAT, the VBAT pin can also be connected directly to VDDP.

Subject to Agreement on the Use of Product Information
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Table 23 Standard Pads Class_A2
Parameter Symbol Values Unit Note / 

Test ConditionMin. Max.
Input Leakage current IOZA2 

CC
-6 6 μA 0 V ≤ VIN < 

0.5*VDDP - 1 V;
0.5*VDDP + 1 V 
<VIN ≤ VDDP

-3 3 μA 0.5*VDDP - 1 V < 
VIN < 0.5*VDDP 
+ 1 V

Input high voltage VIHA2 
SR

0.6 × VDDP VDDP + 0.3 V max. 3.6 V

Input low voltage VILA2 SR -0.3 0.36 × 
VDDP

V

Output high voltage, 
POD = weak

VOHA2 
CC

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

Output high voltage, 
POD = medium

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

Output high voltage, 
POD = strong

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

Output low voltage, 
POD = weak

VOLA2 
CC

− 0.4 V IOL ≤ 500 μA

Output low voltage, 
POD = medium

− 0.4 V IOL ≤ 2 mA

Output low voltage, 
POD = strong

− 0.4 V IOL ≤ 2 mA

Subject to Agreement on the Use of Product Information
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Figure 12 VADC Reference Voltage Range

4) The sampling capacity of the conversion C-network is pre-charged to VAREF/2 before the sampling moment.
Because of the parasitic elements, the voltage measured at AINx can deviate from VAREF/2.

5) Applies to AINx, when used as alternate reference input.
6) This represents an equivalent switched capacitance. This capacitance is not switched to the reference voltage

at once. Instead, smaller capacitances are successively switched to the reference voltage.
7) For 10-bit conversions, the errors are reduced to 1/4; for 8-bit conversions, the errors are reduced to 1/16.

Never less than ±1 LSB.
8) The sum of DNL/INL/GAIN/OFF errors does not exceed the related total unadjusted error TUE.
9) The resulting current for a conversion can be calculated with IAREF = QCONV / tc.

The fastest 12-bit post-calibrated conversion of tc =  550 ns results in a typical average current of
IAREF = 54.5 µA.

Minimum VAREF - VAGND is 1 V

V

VDDA + 0.05

VAGND + 1

VAGND

Valid VAREF

VDDA

e.g. VAREF = 4/5 of VDDA

Conversion error 
increases by 5/4

Precise conversion range (12 bit)

t

V A
R

EF

VSSA
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The power-up calibration of the ADC requires a maximum number of 4 352 fADCI cycles.

Figure 13 ADCx Input Circuits

Figure 14 ADCx Analog Input Leakage Current

Reference Voltage Input Circuitry

Analog Input Circuitry

Analog_InpRefDiag
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ADC-Leakage.vsd

VIN [% VDDA]
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3% 100%97%
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Single ADC Input
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3.2.5 High Resolution PWM (HRPWM)
The following chapters describe the operating conditions, characteristics and timing
requirements, for all the components inside the HRPWM module. Each description is
given for just one sub unit, e.g., one CSG or one HRC.
All the timing information is related to the module clock, fhrpwm.
Note: These parameters are not subject to production test, but verified by design and/or

characterization.

3.2.5.1 HRC characteristics
Table 29 summarizes the characteristics of the HRC units.

3.2.5.2 CMP and 10-bit DAC characteristics
The Table 30 summarizes the characteristics of the CSG unit.
The specified characteristics require that the setup of the HRPWM follows the
initialization sequence as documented in the Reference Manual.

Table 29 HRC characteristics (Operating Conditions apply)

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

High resolution step 
size1)2)

1) The step size for clock frequencies equal to 180, 120 and 80 MHz is 150 ps.
2) The step size for clock frequencies different from 180, 120 and 80 MHz but within the range from 180 to 64

MHz can be between 118 to 180 ps (fixed over process and operating conditions)

tHRS CC – 150 – ps

Startup time (after reset 
release)

tstart CC – – 2 μs

Table 30 CMP and 10-bit DAC characteristics (Operating Conditions apply)

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

DAC Resolution RES
CC

10 bits

DAC differential 
nonlinearity

DNL
CC

-1 – 1.5 LSB Monotonic 
behavior,
See Figure 18

DAC integral nonlinearity INL CC -3 – 3 LSB See Figure 18

Subject to Agreement on the Use of Product Information
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3.2.9 Oscillator Pins
 

Note: It is strongly recommended to measure the oscillation allowance (negative
resistance) in the final target system (layout) to determine the optimal parameters
for the oscillator operation. Please refer to the limits specified by the crystal or
ceramic resonator supplier.

Note: These parameters are not subject to production test, but verified by design and/or
characterization.

The oscillator pins can be operated with an external crystal (see Figure 21) or in direct
input mode (see Figure 22).

Figure 21 Oscillator in Crystal Mode

XTAL1

XTAL2

fOSC

Damping resistor 
may be needed for 
some crystals

VPPX

VPPX_min ≤ VPPX ≤ VPPX_max

t

V

VPPX_min

tOSCS

GND
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Power Dissipation PDISS CC − − 1 W VDDP = 3.6 V,
TJ = 150 oC

Wake-up time from Sleep to 
Active mode

tSSA CC − 6 − cycles

Wake-up time from Deep 
Sleep to Active mode

− − − ms Defined by the 
wake-up of the 
Flash module, 
see 
Section 3.2.11

Wake-up time from 
Hibernate mode

− − − ms Wake-up via 
power-on reset 
event, see 
Section 3.3.2

1) CPU executing code from Flash, all peripherals idle.
2) CPU executing code from Flash. Ethernet, USB and CCU clock off.
3) CPU in sleep, all peripherals idle, Flash in Active mode.
4) CPU in sleep, Flash in Active mode.
5) CPU in sleep, peripherals disabled, after wake-up code execution from RAM.
6) To wake-up the Flash from its Sleep mode, fCPU ≥ 1 MHz is required.
7) OSC_ULP operating with external crystal on RTC_XTAL
8) OSC_ULP off, Hibernate domain operating with OSC_SI clock
9) Test Power Loop: fSYS = 120 MHz, CPU executing benchmark code from Flash, all CCUs in 100kHz timer

mode, all ADC groups in continuous conversion mode, USICs as SPI in internal loop-back mode, CAN in
500kHz internal loop-back mode, interrupt triggered DMA block transfers to parity protected RAMs and FCE,
DTS measurements and FPU calculations.
The power consumption of each customer application will most probably be lower than this value, but must be
evaluated separately.

10)  IDDP decreases typically by 5 mA when fSYS decreases by 10 MHz, at constant TJ

11)  Sum of currents of all active converters (ADC and DAC)

Table 39 Power Supply Parameters
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.

Subject to Agreement on the Use of Product Information
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Peripheral Idle Currents
Test conditions:
• fsys and derived clocks at 120 MHz
• VDDP = 3.3 V, Ta =25 °C
• all peripherals are held in reset (see the PRSTAT registers in the Reset Control Unit

of the SCU)
• the peripheral clocks are disabled (see CGATSTAT registers in the Clock Control

Unit of the SCU
• no I/O activity
• the given values are a result of differential measurements with asserted and

deasserted peripheral reset and enabled clock of the peripheral under test
The tested peripheral is left in the state after the peripheral reset is deasserted, no further
initialisation or configuration is done. E.g. no timer is running in the CCUs, no
communication active in the USICs, etc.

Table 40 Peripheral Idle Currents
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
PORTS
ETH
USB
FCE
WDT
POSIFx

IPER CC − ≤ 0.3 − mA

MultiCAN
ERU
LEDTSCU0
CCU4x
CCU8x

− ≤ 1.0 −

DAC (digital)1)

1) The current consumption of the analog components are given in the dedicated Data Sheet sections of the
respective peripheral.

− 1.3 −

USICx − 3.0 −

DSD
VADC (digital)1)

− 4.5 −

DMAx − 6.0 −

Subject to Agreement on the Use of Product Information
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3.2.11 Flash Memory Parameters

Note: These parameters are not subject to production test, but verified by design and/or
characterization.

Table 41 Flash Memory Parameters
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Erase Time per 256 
Kbyte Sector

tERP CC − 5 5.5 s

Erase Time per 64 Kbyte 
Sector

tERP CC − 1.2 1.4 s

Erase Time per 16 Kbyte 
Logical Sector

tERP CC − 0.3 0.4 s

Program time per page1) tPRP CC − 5.5 11 ms
Erase suspend delay tFL_ErSusp 

CC
− − 15 ms

Wait time after margin 
change

tFL_Margin

Del CC
10 − − μs

Wake-up time tWU CC − − 270 μs
Read access time ta CC 20 − − ns For operation 

with 1 / fCPU < ta 
wait states must 
be configured2)

Data Retention Time, 
Physical Sector3)4)

tRET CC 20 − − years Max. 1000 
erase/program 
cycles

Data Retention Time, 
Logical Sector3)4)

tRETL CC 20 − − years Max. 100 
erase/program 
cycles
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3.3.2 Power-Up and Supply Monitoring
 PORST is always asserted when VDDP and/or VDDC violate the respective thresholds.
Note: These parameters are not subject to production test, but verified by design and/or

characterization.

Figure 26 PORST Circuit

Table 42 Supply Monitoring Parameters
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Digital supply voltage reset 
threshold

VPOR CC 2.791)

1) Minimum threshold for reset assertion.

− 3.052) V 3)

Core supply voltage reset 
threshold

VPV CC − − 1.17 V

VDDP voltage to ensure 
defined pad states

VDDPPA 
CC

− 1.0 − V

PORST rise time tPR SR − − 2 μs
Startup time from power-on 
reset with code execution 
from Flash

tSSW CC − 2.5 3.5 ms Time to the first 
user code 
instruction

VDDC ramp up time tVCR CC − 550 − μs Ramp up after 
power-on or 
after a reset 
triggered by a 
violation of 
VPOR or VPV

VDDP

PORST

GND

PORESET

VDDP

GND

XMC4000
RPORST

(optional)

External 
reset 

trigger

Supply 
MonitoringIPPD
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3.3.5 Internal Clock Source Characteristics
 

Fast Internal Clock Source

Table 45 Fast Internal Clock Parameters
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Nominal frequency fOFINC 

CC
− 36.5 − MHz not calibrated
− 24 − MHz calibrated

Accuracy ΔfOFI 
CC

-0.5 − 0.5 % automatic 
calibration1)2)

1) Error in addition to the accuracy of the reference clock.
2) Automatic calibration compensates variations of the temperature and in the VDDP supply voltage.

-15 − 15 % factory 
calibration,
VDDP = 3.3 V

-25 − 25 % no calibration,
VDDP = 3.3 V

-7 − 7 % Variation over 
voltage range3)

3.13 V ≤ VDDP ≤
3.63 V

3) Deviations from the nominal VDDP voltage induce an additional error to the uncalibrated and/or factory
calibrated oscillator frequency.

Start-up time tOFIS CC − 50 − μs
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3.3.6 JTAG Interface Timing
The following parameters are applicable for communication through the JTAG debug
interface. The JTAG module is fully compliant with IEEE1149.1-2000.
Note: These parameters are not subject to production test, but verified by design and/or

characterization.

Note: Operating conditions apply.

Table 47 JTAG Interface Timing Parameters
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
TCK clock period t1 SR 25 – – ns
TCK high time t2 SR 10 – – ns
TCK low time t3 SR 10 – – ns
TCK clock rise time t4 SR – – 4 ns
TCK clock fall time t5 SR – – 4 ns
TDI/TMS setup
to TCK rising edge

t6 SR 6 – – ns

TDI/TMS hold
after TCK rising edge

t7 SR 6 – – ns

TDO valid after TCK falling 
edge1) (propagation delay)

1) The falling edge on TCK is used to generate the TDO timing.

t8 CC – – 13 ns CL = 50 pF
3 – – ns CL = 20 pF

TDO hold after TCK falling 
edge1)

t18 CC 2 – – ns

TDO high imped. to valid
from TCK falling edge1)2)

2) The setup time for TDO is given implicitly by the TCK cycle time.

t9 CC – – 14 ns CL = 50 pF

TDO valid to high imped.
from TCK falling edge1)

t10 CC – – 13.5 ns CL = 50 pF
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Figure 28 Test Clock Timing (TCK)

Figure 29 JTAG Timing
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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: Operating Conditions apply.

Table 53 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
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3.3.11 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.

3.3.11.1 ETH Measurement Reference Points

Figure 39 ETH Measurement Reference Points
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3.3.11.3 ETH RMII Parameters
In the following, the parameters of the RMII (Reduced Media Independent Interface) are
described.

Figure 41 ETH RMII Signal Timing

Table 59 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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