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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"

Active

ARM® Cortex®-M4

32-Bit Single-Core

80MHz

CANbus, I2C, LINbus, SPI, UART/USART, USB
DMA, I2S, LED, POR, PWM, WDT
35

256KB (256K x 8)

FLASH

40K x 8

3.13V ~ 3.63V

A/D 16x12b; D/A 2x12b
Internal

-40°C ~ 85°C (TA)

Surface Mount

64-LQFP Exposed Pad
PG-LQFP-64-19
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About this Document

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[12]00 series devices.

The document describes the characteristics of a superset of the XMC4[12]00 series
devices. For simplicity, the various device types are referred to by the collective term
XMC4[12]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.
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Summary of Features

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.

System System Scu
Masters Slaves
CPU RTC
ARM® Cortex™-M4 ERUO
USB WDT
SRR Device
System  DCode ICode FCE

B S R I T

Bus Matrix |
Data Code
PMU PSRAM DSRAM1
ROM & Flash
USICO CCuso HRPWM| |LEDTSO PORTS DAC
ERU1 VADC POSIFO || CCu40 CCuU41 usIC1 CAN

Figure 1 System Block Diagram

CPU Subsystem

e 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

e 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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General Device Information

2 General Device Information

This section summarizes the logic symbols and package pin configurations with a
detailed list of the functional I/O mapping.

2.1 Logic Symbols
Varer Vaeno
Vopa  Vssa Vooc Voop Vss
1 @ @ @ @
‘ ‘ ‘ ‘ ‘ Exp. Die Pad
V 1) — —

BAT( ) (VSS)
RTC_XTAL1 —» — (1 Vsso
RTC_XTAL2 <+—

¢ A Port 0

HIB_IO 0 <+—» 12 bit
¢ \ Port 1

10 bit

XTALL —

Port 2

XTAL2 <— <:>

12 bit

USB_DP <«—» Port 3

USB_DM < 1 bit
Port14 ——
9 bit

PORST TCK JTAG SWD
3 bit 1 bit

TMS L ] via Port Pins

Figure 2 XMC4[12]00 Logic Symbol PG-LQFP-64 and PG-TQFP-64
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General Device Information

Varer Vaehp
Vopa  Vssa Vooc Voop Vss
1 @ @ @& @
‘ ‘ ‘ ‘ ‘ Exp. Die Pad
VBAT (1) ] 7(\/:5)
RTC_XTAL1 —»
RTC_XTAL2 <+—
Port 0
HIB 10 0 <+—» — 9 hit
¢ \ Port 1
6 bit
XTALL —»
XTAL2 +— (— Port2
6 bit
USB_DP <+—»
USB_DM <+—»
Port14 ——
8 bit
PORST TCK JTAG SWD
3 bit 1 bit
TMS L ] via Port Pins
Figure 3 XMC4[12]00 Logic Symbol PG-VQFN-48
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Electrical Parameters

3.1.3 Pin Reliability in Overload

When receiving signals from higher voltage devices, low-voltage devices experience
overload currents and voltages that go beyond their own IO power supplies specification.

Table 15 defines overload conditions that will not cause any negative reliability impact if
all the following conditions are met:

« full operation life-time is not exceeded
e Operating Conditions are met for

— pad supply levels (Vppp 0OF Vppa)

— temperature
If a pin current is outside of the Operating Conditions but within the overload
parameters, then the parameters functionality of this pin as stated in the Operating
Conditions can no longer be guaranteed. Operation is still possible in most cases but
with relaxed parameters.

Note: An overload condition on one or more pins does not require a reset.

Note: A series resistor at the pin to limit the current to the maximum permitted overload
current is sufficient to handle failure situations like short to battery.

Table 15 Overload Parameters
Parameter Symbol Values Unit | Note /

Min. |Typ. |Max. Test Condition
Input current on any portpin |lo, SR |-5 - 5 mA
during overload condition
Absolute sum of all input love SR |- - 20 mA | Z|lgy,l, for all
circuit currents for one port lovx <0 MA
group_dugi)ng overload _ _ 20 mA | Z|loy, for all
condition love > 0 MA
Absolute sum of all input loys SR |- - 80 mA | Zloyg
circuit currents during
overload condition

1) The port groups are defined in Table 18.

Figure 9 shows the path of the input currents during overload via the ESD protection
structures. The diodes against Ve and ground are a simplified representation of these
ESD protection structures.
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Vppp | YooP

7
b d

GND
\_ESD_/

\

il
ﬂ%

Pad

Figure 9

Input Overload Current via ESD structures

Table 16 and Table 17 list input voltages that can be reached under overload conditions.
Note that the absolute maximum input voltages as defined in the Absolute Maximum

Ratings must not be exceeded during overload.

Table 16 PN-Junction Characterisitics for positive Overload

Pad Type loy =5mA, T, =-40°C loy =5mA, T, =150 °C

Al/Al+ Vin = Vppp +1.0V Vin = Vppp +0.75V

AN/DIG_IN Vin = Vppp +1.0V Vin = Vppp +0.75V

Table 17 PN-Junction Characterisitics for negative Overload

Pad Type loy =5mA, T, =-40°C loy =5mA, T, =150°C

Al/Al+ Vin=Vgs-1.0V Vin=Vgs-0.75V

AN/DIG_IN Vin=Vppp-1.0V Vin = Vppp -0.75V

Table 18 Port Groups for Overload and Short-Circuit Current Sum
Parameters

Group Pins

1 P0.[12:0], P3.0

2 P14.[8:0]

3 P2.[15:0]

4 P1.[15:0]
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Electrical Parameters

3.15 Operating Conditions

The following operating conditions must not be exceeded in order to ensure correct
operation and reliability of the XMC4[12]00. All parameters specified in the following
tables refer to these operating conditions, unless noted otherwise.

Table 20 Operating Conditions Parameters

Parameter Symbol Values Unit |Note/
Test Condition

Min. Typ. Max.

Ambient Temperature Ton SR |[-40 - 85 °C Temp. Range F
-40 - 125 °C Temp. Range K
Digital supply voltage Vppp SR|3.13Y [3.3 3.63? |V
Core Supply Voltage Vboe - 1.3 - \% Generated
CcC internally
Digital ground voltage Vss SR|0 - - Vv
ADC analog supply Vppa SR 3.0 33 362 |V
voltage
Analog ground voltage for | Vgga SR |-0.1 0 0.1 \
VDDA
Battery Supply Voltage | Vgar SR |1.959 |- 363 |V When Vppop is
for Hibernate Domain® supplied Vgar
has to be
supplied as well.
System Frequency fsys SR |- - 80 MHz
Short circuit current of Isc SR|-5 - 5 mA
digital outputs
Absolute sum of short Zlsc pe |- - 20 mA
circuit currents per pin SR
group®
Absolute sum of short Ilsep |- - 100 mA
circuit currents of the SR
device

1) See also the Supply Monitoring thresholds, Section 3.3.2.

2) Voltage overshoot to 4.0 V is permissible at Power-Up and PORST low, provided the pulse duration is less
than 100 ps and the cumulated sum of the pulses does not exceed 1 h over lifetime.

3) Different limits apply for LPAC operation, Section 3.2.6

4) To start the hibernate domain it is required that Vg, > 2.1 V, for a reliable start of the oscillation of RTC_XTAL
in crystal mode it is required that Vg, > 3.0 V.

5) The port groups are defined in Table 18.
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Table 25 ADC Parameters (Operating Conditions apply)

Parameter Symbol Values Unit |Note/

Min. Typ. | Max. Test Condition

Total capacitance of the | Carerror | — 20 |40 pF
alternate reference
inputs®
Total Unadjusted Error TUECC |-6 - 6 LSB | 12-bit resolution;
Differential Non-Linearity |EApy. |45 |- |45 LSB | Vooa =33 V;7)
Error® cc Varer = Vooa
Gain Error® EAcan |6 - |6 LSB

CcC
Integral Non-Linearity®  |EA,,CC|-45 |- |45 LSB
Offset Error® EAose |6 - 6 LSB

cC
Worst case ADC Vppa lopaa - 15 |2 mA | during conversion
power supply current per |CC Vopp = 3.6V,
active converter T,=150°C
Charge consumptionon | Qcony |- 30 |- pC |0V <Vger
alternate reference per CcC < Vppa?

conversion®

ON resistance of the Ran CC |- 600 |1200 |Ohm
analog input path

ON resistance forthe ADC | Ry -1 180 550 |900 Ohm
test (pull down for AIN7) |CC

1
2)

3)

4)

5)
6)

7

8)

A running conversion may become imprecise in case the normal conditions are violated (voltage overshoot).

If the analog reference voltage is below Vi, 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.

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).

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

Applies to AINX, when used as alternate reference input.

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.

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.

The sum of DNL/INL/GAIN/OFF errors does not exceed the related total unadjusted error TUE.

Data Sheet 43 V1.3, 2015-10

Subject to Agreement on the Use of Product Information



o . XMC4100 / XMC4200
< |nf|ne0n XMC4000 Family

Electrical Parameters

9) The resulting current for a conversion can be calculated with | ,ger = Qcony / te-
The fastest 12-bit post-calibrated conversion of t,= 566 ns results in a typical average current of
larer = 53 PA.

A
\%

VDDA +0.05—

3 / 7 7
Precise conversion range (12 bit;
Voon L / ge (12bi)_\

| [
4 |valid Vager /

> Conversion error
increases by 5/4

e.g. VAREF: 4/5 of VDDA -

Vaeno + 1 !
Minimum VAREF - VAGND is 1V
VAGND -
VSSA »
t
Figure 12 VADC Reference Voltage Range
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3.24 Out-of-Range Comparator (ORC)

The Out-of-Range Comparator (ORC) triggers on analog input voltages (V,,y) above the

analog reference (Vrer) ON selected input pins (GXORCy) and generates a service

request trigger (GXORCOUTY).

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

The parameters in Table28 apply for the maximum reference voltage
Varer = Vopa + 50 mV.

Table 28 ORC Parameters (Operating Conditions apply)

Parameter Symbol Values Unit | Note/
Min. |Typ. |Max. Test Condition
DC Switching Level |Vgpc CC|100 125 |200 |mV |Ax-marking devices
Vain 2 Varer *+ Vooc
Hysteresis Vouys CC |50 - Vope | MV
Detection Delay ofa |topp CC |55 - 450 |ns | Ax-marking devices
persistent Van = Varee + 200 mV
Overvoltage 45 |- 105 |ns | Va2 Vager + 400 mV
Always detected topop CC | 440 - - ns | Ax-marking devices
Overvoltage Pulse Va2 Varer + 200 mV
90 - - ns | Van 2= Vager +400 mV
Never detected toron CC |- - 49 ns | Ax-marking devices
Overvoltage Pulse Vain 2 Varer + 200 mV
- - 30 ns  |[Van = Vagee + 400 mV
Release Delay toro CC |65 - 105 |ns  |Van<Varer
Enable Delay toep CC |- 100 |200 |ns

1) Always the standard VADC reference, alternate references do not apply to the ORC.
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3.2.7 Die Temperature Sensor

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

characterization.
Table 34 Die Temperature Sensor Parameters
Parameter Symbol Values Unit | Note /
Min. |Typ.|Max. Test Condition
Temperature sensor range Ter SR |-40 - 150 |°C
Linearity Error AT g CC |- 1 |- °C |perdTl,<30°C
(to the below defined formula)
Offset Error ATqge CC |- % |- °C |AToe=T,-Tprs
Vppp < 3.3 VY
Measurement time ty CC |- - 100 |ps
Start-up time after reset trsst SR |- - 10 us
inactive

1) AtVppp max = 3.63 V the typical offset error increases by an additional AToe = 1 °C.

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

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

This formula and the values defined in Table 34 apply with the following calibration
values:

» DTSCON.BGTRIM =8,
» DTSCON.REFTRIM = 4

Data Sheet 57 V1.3, 2015-10
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3.2.8 USB Device Interface DC Characteristics

The Universal Serial Bus (USB) Interface is compliant to the USB Rev. 2.0 Specification.
High-Speed Mode is not supported.

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

Table 35 USB Device Data Line (USB_DP, USB_DM) Parameters (Operating

Conditions apply)
Parameter Symbol Values Unit | Note/
Min. Typ. | Max. Test Condition
Input low voltage Vi, SR|- - 0.8 \
Input high voltage Vi SR|2.0 - - Y,
(driven)
Input high voltage Viuz SR |27 - 3.6 \Y,
(floating) ¥
Differential input Vps CC|0.2 - - \
sensitivity
Differential common Veu CC 0.8 - 25 \Y
mode range
Output low voltage Vo, CC|0.0 - 0.3 \% 1.5 kOhm pull-
upto 3.6V
Output high voltage Voy CC |28 - 3.6 \% 15 kOhm pull-
downto OV
DP pull-up resistor (idle | Ry, CC | 900 - 1575 |Ohm
bus)
DP pull-up resistor Rpua CC 1425 |- 3090 |Ohm
(upstream port
receiving)
Input impedance DP, |Z,, CC |300 - - kOhm |0V <V £ Vppp
DM
Driver output resistance |Zpg, CC |28 - 44 Ohm
DP, DM

1) Measured at A-connector with 1.5 kOhm + 5% to 3.3 V + 0.3 V connected to USB_DP or USB_DM and at B-
connector with 15 kOhm + 5% to ground connected to USB_DP and USB_DM.
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Table 37 RTC_XTAL Parameters

Electrical Parameters

Parameter Symbol Values Unit | Note/
Min. |[Typ. |Max. Test Condition

Input frequency fosc SR |- 32.768 | - kHz

Oscillator start-up toscs - 5 s

time?? cc

Input voltage at Vix SR |-0.3 - Vgar + |V

RTC_XTAL1 0.3

Input amplitude (peak- |Vppx SR|0.4 - - \Y,

to-peak) at

RTC_XTAL1?%

Input high voltage at ViuexSR |0.6 x |- Vgar + |V

RTC_XTAL1Y Viar 0.3

Input low voltage at Viex SR|-0.3 - 0.36 x |V

RTC_XTAL1% Viar

Input Hysteresis for Viysx | 0.1 % - \Y 3.0V<

RTC_XTAL1%® cC Vgar Vgar <3.6 V
0.03 x - V| Vgar<3.0V
VBAT

Input leakage current at |1, 4, CC |-100 |- 100 nA | Oscillator power

RTC_XTAL1

down
0V <V <Vt

1) togcsis 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 Vg,r > 3.0 V. A running oscillation is
maintained across the full Vg, voltage range.

4) If the shaper unit is enabled and not bypassed.
5) If the shaper unit is bypassed, dedicated DC-thresholds have to be met.

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.
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Peripheral Idle Currents
Test conditions:

+ fs,s and derived clocks at 80 MHz

© Vppp=3.3V,T,=25°C

Electrical Parameters

« 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 39 Peripheral Idle Currents

Parameter Symbol Values Unit | Note/
Min. Typ. Max. Test Condition

PORTS lper CC |- <03 |- mA

uUsB

FCE

WDT

POSIFxY

MultiCAN - <10 |-

ERU

LEDTSCUO

CCuU4xY

ccusxY

DAC (digital)? - 1.3 -

USICx - 3.0 -

VADC (digital)® - 4.5 -

DMAX - 6.0 -

1) Enabling the fco, clock for the POSIFX/CCU4x/CCU8x modules adds approximately lpeg =1.8 mA,
disregarding which and how many of those peripherals are enabled.

2) The current consumption of the analog components are given in the dedicated Data Sheet sections of the

respective peripheral.
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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 40 Flash Memory Parameters
Parameter Symbol Values Unit | Note/
Min. |Typ. |Max. Test Condition

Erase Time per 256 terp CC |- 5 55 ]

Kbyte Sector

Erase Time per 64 Kbyte |tgzp CC |- 1.2 14 s

Sector

Erase Time per 16 Kbyte |tgzp CC |- 0.3 0.4 S

Logical Sector

Program time per page? |toqe CC |- 5.5 11 ms

Erase suspend delay el Ersusp |~ - 15 ms

C

Wait time after margin |tz yargin | 10 - - us

change pet CC

Wake-up time tw CC |- - 270 us

Read access time t,CC 20 - - ns For operation
with 1/ fepy <ty
wait states must
be configured?

Data Retention Time, trer CC |20 - - years |Max. 1000

Physical Sector®¥ erase/program
cycles

Data Retention Time, trer. CC | 20 - - years |Max. 100

Logical Sector®¥ erase/program
cycles
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3.34 Phase Locked Loop (PLL) Characteristics

Main and USB PLL

Electrical Parameters

Table 43 PLL Parameters
Parameter Symbol Values Unit | Note /
Min. |Typ. |Max. Test Condition
Accumulated Jitter D.CC |- - +5 ns accumulated
over 300 cycles
fsys = 80 MHz
Duty Cycle? Dpc CC |46 50 54 % | Low pulse to
total period,
assuming an
ideal input clock
source
PLL base frequency foLpase |30 - 140 MHz
ccC
VCO input frequency free CC |4 - 16 MHz
VCO frequency range fyco CC | 260 - 520 MHz
PLL lock-in time t, CC - - 400 us

1) 50% for even K2 divider values, 50+(10/K2) for odd K2 divider values.
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0.5 \T] \ ] —0.1 VDDp
t, t t, ts

JTAG_TCK .vsd
Figure 28  Test Clock Timing (TCK)
\ \ / \
T X / \ / \
fo | 17
T™S
0 3 I T
TDI
o lo o 8 - l10
TDO —— -
At18
JTAG_IO.vsd
Figure 29 JTAG Timing
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3.3.8 Peripheral Timing
Note: These parameters are not subject to production test, but verified by design and/or
characterization.

Note: Operating conditions apply.

3.3.8.1 Synchronous Serial Interface (USIC SSC) Timing

The following parameters are applicable for a USIC channel operated in SSC mode.
Note: Operating Conditions apply.

Table 48 USIC SSC Master Mode Timing

Parameter Symbol Values Unit |Note/
Test Condition

Min. Typ. | Max.

SCLKOUT master clock | t; «x CC |40 - - ns
period

Slave select output SELO CC |tgys - - - ns
active to first SCLKOUT 6.5Y
transmit edge

—
iy

—

Slave select output SELO |t, CC |tgys- - - ns
inactive after last 8.5Y
SCLKOUT receive edge

Data output DOUTJ[3:0]
valid time

—

; CC |-6 - 8 ns

Receive data input t, SR |23 - - ns
DX0/DX[5:3] setup time to
SCLKOUT receive edge

Data input DX0/DX[5:3]
hold time from SCLKOUT
receive edge

1) toys=1/feg

—

s SR |1 - - ns
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USB Interface Characteristics

Electrical Parameters

The Universal Serial Bus (USB) Interface is compliant to the USB Rev. 2.0 Specification.
High-Speed Mode is not supported.

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

characterization.
Table 54 USB Timing Parameters (operating conditions apply)
Parameter Symbol Values Unit | Note/
Min. |Typ. | Max. Test Condition
Rise time tr CC 4 - 20 ns |C_=50pF
Fall time tr CC 4 - 20 ns |C,_=50pF
Rise/Fall time matching |tg/t- CC |90 - 111.11 | % C_ =50pF
Crossover voltage Vegs CC 1.3 - 2.0 \% C, =50 pF
b+ 90% 90%
VCRS
D- 10% 10%
V.
= 44 tr Lﬁ 4>‘ tr |-

USB_Rise-Fall-Times.vsd

Figure 35
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Package and Reliability

7°

STAND OFF

1+0.05

15x[0.5] = [7.5]
:
i ‘ oy

0.6 +0.15 b/
olo.og[cleax T

SEATING PLANE COPLANARITY

1.2 MAX.

0.1+0.05
0.0
0.1273057

02398
— " »l=14$]0.08 M[A-B]DC] 64x
©]0.2]A-B[D] 64x
5.7
= Ti—ol0.2[A-B[D[H]4x 49
‘ Exposed Diepad
52 1+
| 1
r 64

1
Index Marking

1) Does not include plastic or metal protrusion of 0.25 max. per side
2) Does not include dambar protrusion of 0.08 max. per side

PG-TQFP-64-19-PO V02

Figure 37 PG-TQFP-64-19 (Plastic Green Thin Profile Quad Flat Package)

Table 57 Differences PG-VQFN-48-53 to PG-VQFN-48-71

Change PG-VQFN-48-53 PG-VQFN-48-71

Package corner chamfered right-angled

Lead width 0.23:0% mm 0.25(+0:05.-00) mm

Lead height 0.4 mm 0.4*%%5 mm
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