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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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XMC4[12]00 Data Sheet

Revision History: V1.3 2015-10
Previous Versions:
V1.2 2014-06
V1.1 2014-03
V1.0 2013-10
V0.6 2012-11
Page Subjects
12 Added a section listing the packages of the different markings.
14 Added BA marking variant.
14 Corrected SCU_IDCHIP value of XMC4100 EES-AA/ES-AA.
36 Added footnote explaining minimum VBAT requirements to start the 

hibernate domain and/or oscillation of a crystal on RTC_XTAL.
37 Changed pull device definition to System Requirement (SR) to reflect that 

the specified currents are defined by the characteristics of the external 
load/driver.

37 Added information that PORST Pull-up is identical to the pull-up on 
standard I/O pins.

42 Updated CAINSW, CAINTOT and RAIN parameters with improved values.
56 Added footnote on test configuration for LPAC measurement.
58 Corrected parameter name of of USB pull device (upstream port receiving) 

definition according to USB standard (referenced to DM instead of DP)
62 Relaxed RTC_XTAL VPPX parameter value and changed it to a system 

requirement.
66 Added footnote on current consumption by enabling of fCCU.
67 Added Flash endurance parameter for 64 Kbytes Physical Sector PS4 

NEPS4 for devices with BA marking.
many Added PG-TQFP-64-19 and PG-VQFN-48-71 package information.
89, 91 Added tables describing the differences between PG-LQFP-64-19 to PG-

TQFP-64-19 as well as PG-VQFN-48-53 to PG-VQFN-48-71 packages.
93 Updated to JEDEC standard J-STD-020D for the moisture sensitivity level

and added solder temperature parameter according to the same standard.
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1 Summary of Features
The XMC4[12]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
• 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 Pin Configuration and Definition
The following figures summarize all pins, showing their locations on the different
packages.

Figure 4 XMC4[12]00 PG-LQFP-64 and PG-TQFP-64 Pin Configuration
(top view)
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Figure 5 XMC4[12]00 PG-VQFN-48 Pin Configuration (top view)
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P14.9 23 19 AN/DAC/DIG_IN

P14.14 14 - AN/DIG_IN

USB_DP 7 4 special

USB_DM 6 3 special

HIB_IO_0 10 7 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.

TCK 45 34 A1 Weak pull-down active.

TMS 44 33 A1+ Weak pull-up active.
As output the strong-soft 
driver mode is active.

PORST 43 32 special Strong pull-down controlled 
by EVR. 
Weak pull-up active while 
strong pull-down is not active.

XTAL1 39 29 clock_IN

XTAL2 40 30 clock_O

RTC_XTAL1 11 8 clock_IN

RTC_XTAL2 12 9 clock_O

VBAT 13 10 Power When VDDP is supplied 
VBAT has to be supplied as 
well.

VDDA/VAREF 22 18 AN_Power/AN_
Ref

Shared analog supply and 
reference voltage pin.

VSSA/VAGND 21 17 AN_Power/AN_
Ref

Shared analog supply and 
reference ground pin.

VDDC 9 6 Power

VDDC 42 31 Power

VDDP 8 5 Power

VDDP 38 28 Power

VDDP 56 41 Power

VSS 37 27 Power

Table 11 Package Pin Mapping (cont’d)
Function LQFP-64

TQFP-64
VQFN-48 Pad Type Notes

Subject to Agreement on the Use of Product Information
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3 Electrical Parameters

3.1 General Parameters
 

3.1.1 Parameter Interpretation
The parameters listed in this section partly represent the characteristics of the
XMC4[12]00 and partly its requirements on the system. To aid interpreting the
parameters easily when evaluating them for a design, they are marked with an two-letter
abbreviation in column “Symbol”:
• CC

Such parameters indicate Controller Characteristics, which are a distinctive feature
of the XMC4[12]00 and must be regarded for system design.

• SR
Such parameters indicate System Requirements, which must be provided by the
application system in which the XMC4[12]00 is designed in.

Subject to Agreement on the Use of Product Information
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3.1.2 Absolute Maximum Ratings
Stresses above the values listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional operation of
the device at these or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute maximum rating
conditions may affect device reliability.

Table 14 Absolute Maximum Rating Parameters
Parameter Symbol Values Unit Note / 

Test Con
dition

Min. Typ. Max.

Storage temperature TST SR -65 – 150 °C –
Junction temperature TJ SR -40 − 150 °C –
Voltage at 3.3 V power supply 
pins with respect to VSS

VDDP SR – – 4.3 V –

Voltage on any Class A and 
dedicated input pin with 
respect to VSS

VIN SR -1.0 – VDDP + 1.0
or max. 4.3

V whichever 
is lower

Voltage on any analog input 
pin with respect to VAGND

VAIN
VAREF SR

-1.0 – VDDP + 1.0
or max. 4.3

V whichever 
is lower

Input current on any pin 
during overload condition

IIN SR -10 – +10 mA

Absolute maximum sum of all 
input circuit currents for one 
port group during overload 
condition1)

1) The port groups are defined in Table 18.

ΣIIN SR -25 – +25 mA

Absolute maximum sum of all 
input circuit currents during 
overload condition

ΣIIN SR -100 – +100 mA

Subject to Agreement on the Use of Product Information
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3.1.4 Pad Driver and Pad Classes Summary
This section gives an overview on the different pad driver classes and its basic
characteristics. More details (mainly DC parameters) are defined in the Section 3.2.1.

Figure 10 Output Slopes with different Pad Driver Modes

Figure 10 is a qualitative display of the resulting output slope performance with 
different output driver modes. The detailed input and output characteristics are listed in 
Section 3.2.1.

Table 19 Pad Driver and Pad Classes Overview
Class Power 

Supply
Type Sub-Class Speed 

Grade
Load Termination

A 3.3 V LVTTL 
I/O, 
LVTTL 
outputs

A1
(e.g. GPIO)

6 MHz 100 pF No

A1+
(e.g. serial I/Os)

25 MHz 50 pF Series termination 
recommended

V

VDDP

VSS

VOH

VOL

t

C
D

E F

C

D

E

F

Output High Voltage

Output Low Voltage

Weak drive strength

Medium drive strength

Strong – slow drive strength

Strong – soft drive strength

C D E F Class A1+ Pads

E F Class A1 Pads
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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 high voltage,
POD1) = strong

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

− 0.4 V IOL ≤ 2 mA;
POD1) = strong

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

− 50 ns CL = 50 pF;
POD1) = medium

− 28 ns CL = 50 pF;
POD1) = strong;
edge = slow

− 16 ns CL = 50 pF;
POD1) = strong;
edge = soft;

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

− 50 ns CL = 50 pF;
POD1) = medium

− 28 ns CL = 50 pF;
POD1) = strong;
edge = slow

− 16 ns CL = 50 pF;
POD1) = strong;
edge = soft

1) POD = Pin Out Driver

Table 23 Standard Pads Class_A1+
Parameter Symbol Values Unit Note / 

Test ConditionMin. Max.
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Total capacitance of the 
alternate reference 
inputs5)

CAREFTOT 
CC

− 20 40 pF

Total Unadjusted Error TUE CC -6 − 6 LSB 12-bit resolution; 
VDDA = 3.3 V;
VAREF = VDDA

7)Differential Non-Linearity 
Error8)

EADNL 
CC

-4.5 − 4.5 LSB

Gain Error8) EAGAIN 
CC

-6 − 6 LSB

Integral Non-Linearity8) EAINLCC -4.5 − 4.5 LSB
Offset Error8) EAOFF 

CC
-6 − 6 LSB

Worst case ADC VDDA 
power supply current per 
active converter

IDDAA
CC

− 1.5 2 mA during conversion
VDDP = 3.6 V,
TJ = 150 oC

Charge consumption on 
alternate reference per 
conversion5)

QCONV 
CC

− 30 − pC 0 V ≤ VAREF 
≤ VDDA

9)

ON resistance of the 
analog input path

RAIN CC − 600 1 200 Ohm

ON resistance for the ADC 
test (pull down for AIN7)

RAIN7T 
CC

180 550 900 Ohm

1) A running conversion may become imprecise in case the normal conditions are violated (voltage overshoot).
2) If the analog reference voltage is below VDDA, then the ADC converter errors increase. If the reference voltage

is reduced by the factor k (k<1), TUE, DNL, INL, Gain, and Offset errors increase also by the factor 1/k.
3) The leakage current definition is a continuous function, as shown in figure ADCx Analog Inputs Leakage. The

numerical values defined determine the characteristic points of the given continuous linear approximation -
they do not define step function (see Figure 14).

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.

Table 25 ADC Parameters (Operating Conditions apply)

Parameter Symbol Values Unit Note / 
Test ConditionMin. Typ. Max.
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Conversion Calculation
Unsigned:
DACxDATA = 4095 × (VOUT - VOUT_MIN) / (VOUT_MAX - VOUT_MIN)
Signed:
DACxDATA = 4095 × (VOUT - VOUT_MIN) / (VOUT_MAX - VOUT_MIN) - 2048

Offset error EDOFF CC ±20 mV
Gain error EDG_IN CC -5 0 5 %
Startup time tSTARTUP CC − 15 30 μs time from output 

enabling till code 
valid ±16 LSB

3dB Bandwidth of 
Output Buffer

fC1 CC 2.5 5 − MHz verified by design

Output sourcing 
current

IOUT_SOURCE 
CC

− -30 − mA

Output sinking 
current

IOUT_SINK
CC

− 0.6 − mA

Output resistance ROUT CC − 50 − Ohm
Load resistance RL SR 5 − − kOhm
Load capacitance CL SR − − 50 pF
Signal-to-Noise 
Ratio

SNR CC − 70 − dB examination 
bandwidth < 25 kHz

Total Harmonic 
Distortion

THD CC − 70 − dB examination 
bandwidth < 25 kHz

Power Supply 
Rejection Ratio

PSRR CC − 56 − dB to VDDA
verified by design

1) According to best straight line method.

Table 27 DAC Parameters (Operating Conditions apply) (cont’d)

Parameter Symbol Values Unit Note / 
Test ConditionMin. Typ. Max.
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Figure 16 GxORCOUTy Trigger Generation

Figure 17 ORC Detection Ranges
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3.2.10 Power Supply Current
The total power supply current defined below consists of a leakage and a switching
component.
Application relevant values are typically lower than those given in the following tables,
and depend on the customer's system operating conditions (e.g. thermal connection or
used application configurations).
Note: These parameters are not subject to production test, but verified by design and/or

characterization.

If not stated otherwise, the operating conditions for the parameters in the following table
are:
VDDP = 3.3 V, TA = 25 oC

Table 38 Power Supply Parameters
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Active supply current1)

Peripherals enabled
Frequency: 
fCPU / fPERIPH / fCCU in MHz

IDDPA CC − 80 − mA 80 / 80 / 80
− 75 − 80 / 40 / 40
− 73 − 40 / 40 / 80
− 59 − 24 / 24 / 24
− 50 − 1 / 1 / 1

Active supply current
Code execution from RAM
Flash in Sleep mode
Frequency: 
fCPU / fPERIPH / fCCU in MHz

IDDPA CC − 24 − mA 80 / 80 / 80
− 19 − 80 / 40 / 40

Active supply current2)

Peripherals disabled
Frequency: 
fCPU / fPERIPH in MHz

IDDPA CC − 63 − mA 80 / 80 / 80
− 62 − 80 / 40 / 40
− 60 − 40 / 40 / 80
− 54 − 24 / 24 / 24
− 50 − 1 / 1 / 1
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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. 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 = 80 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 3.5 mA when fSYS decreases by 10 MHz, at constant TJ

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

Table 38 Power Supply Parameters
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
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Figure 28 Test Clock Timing (TCK)

Figure 29 JTAG Timing
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3.3.8.2 Inter-IC (IIC) Interface Timing
The following parameters are applicable for a USIC channel operated in IIC mode.
Note: Operating Conditions apply.

Table 50 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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Figure 32 USIC IIC Stand and Fast Mode Timing

3.3.8.3 Inter-IC Sound (IIS) Interface Timing
The following parameters are applicable for a USIC channel operated in IIS mode.
Note: Operating Conditions apply.

Table 52 USIC IIS Master Transmitter Timing
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Clock period t1 CC 33.3 − − ns
Clock high time t2 CC 0.35 x 

t1min

− − ns

Clock low time t3 CC 0.35 x 
t1min

− − ns

Hold time t4 CC 0 − − ns
Clock rise time t5 CC − − 0.15 x 

t1min

ns

SCL

SDA

SCL

SDA

t1 t2

t1 t2

t10

t9t7t8

t7

t3

t4

t5

t6

P SSr

S
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clock
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Figure 33 USIC IIS Master Transmitter Timing

Figure 34 USIC IIS Slave Receiver Timing

Table 53 USIC IIS Slave Receiver Timing
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Clock period t6 SR 66.6 − − ns
Clock high time t7 SR 0.35 x 

t6min

− − ns

Clock low time t8 SR 0.35 x 
t6min

− − ns

Set-up time t9 SR 0.2 x 
t6min

− − ns

Hold time t10 SR 0 − − ns

SCK

WA/
DOUT

t1

t5 t3

t2

t4

SCK

WA/
DIN

t6

t10

t8

t7

t9
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