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Summary of Features

On-Chip Memories

* 16 KB on-chip boot ROM

e up to 16 KB on-chip high-speed program memory

e up to 24 KB on-chip high speed data memory

e up to 256 KB on-chip Flash Memory with 1 KB instruction cache

Communication Peripherals

« Universal Serial Bus, USB 2.0 device, with integrated PHY

e Controller Area Network interface (MultiCAN), Full-CAN/Basic-CAN with two nodes,
64 message objects (MO), data rate up to 1 MBit/s

* Four Universal Serial Interface Channels (USIC), providing four serial channels,
usable as UART, double-SPI, quad-SPI, IIC, IIS and LIN interfaces

e LED and Touch-Sense Controller (LEDTS) for Human-Machine interface

Analog Frontend Peripherals

* Two Analog-Digital Converters (VADC) of 12-bit resolution, 8 channels each, with
input out-of-range comparators
» Digital-Analog Converter (DAC) with two channels of 12-bit resolution

Industrial Control Peripherals

e Two Capture/Compare Units 4 (CCU4) for use as general purpose timers

e One Capture/Compare Units 8 (CCU8) for motor control and power conversion
* Four High Resoultion PWM (HRPWM) channels

¢ One Position Interface (POSIF) for servo motor positioning

* Window Watchdog Timer (WDT) for safety sensitive applications

* Die Temperature Sensor (DTS)

« Real Time Clock module with alarm support

e System Control Unit (SCU) for system configuration and control

Input/Output Lines

e Programmable port driver control module (PORTS)
< Individual bit addressability

e Tri-stated in input mode

e Push/pull or open drain output mode

* Boundary scan test support over JTAG interface

On-Chip Debug Support

e Full support for debug features: 8 breakpoints, CoreSight, trace
e Various interfaces: ARM-JTAG, SWD, single wire trace

Data Sheet 10 V1.3, 2015-10
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Summary of Features

1.3 Package Variants

Different markings of the XMC4[12]00 use different package variants. Details of those
packages are given in the Package Parameters section of the Data Sheet.

Table 2 XMC4[12]00 Package Variants

Package Variant Marking Package
XMC4[12]00-F64 EES-AA, ES-AA, ES-AB, AB PG-LQFP-64-19
XMCA4[12]00-Q48 PG-VQFN-48-53
XMC4[12]00-F64 BA PG-TQFP-64-19
XMCA4[12]00-Q48 PG-VQFN-48-71
1.4 Device Type Features

The following table lists the available features per device type.

Table 3 Features of XMC4[12]00 Device Types
Derivative? LEDTS Intf. USB Intf. |USIC Chan. |MultiCAN
Nodes, MO
XMC4200-F64x256 1 1 2X2 NO, N1
MOI0..63]
XMC4200-Q48x256 1 1 2x2 NO, N1
MOI0..63]
XMC4100-F64x128 1 1 2X2 NO, N1
MQJ0..63]
XMC4100-Q48x128 1 1 2x2 NO, N1
MOI0..63]
XMC4104-F64x64 1 - 2x2 -
XMC4104-Q48x64 1 - 2x2 -
XMC4104-F64x128 1 - 2x2 -
XMC4104-Q48x128 1 - 2x2 -
XMC4108-F64x64 - - 2Xx2 NO, MOJ0..31]
XMC4108-Q48x64 - - 2Xx2 NO, MOJ0..31]
1) xis a placeholder for the supported temperature range.
Data Sheet 12 V1.3, 2015-10
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General Device Information

Varer Vaehp
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RTC_XTAL1 —»
RTC_XTAL2 <+—
Port 0
HIB 10 0 <+—» — 9 hit
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Figure 3 XMC4[12]00 Logic Symbol PG-VQFN-48
Data Sheet 17 V1.3, 2015-10

Subject to Agreement on the Use of Product Information



XMC4100 / XMC4200
XMC4000 Family

(infineon

2.2.2
The following general scheme is used to describe each PORT pin:

General Device Information

Port I/O Functions

Table 12 Port 1/0 Function Description

Function

Outputs

Inputs

ALT1

ALTn

HWOO0

HWIO

Input

Input

P0.0

MODA.OUT

MODB.OUT

MODB.INA

MODC.INA

Pn.y

MODA.OUT

MODA.INA

MODC.INB

Control Logic ]

Input 0:‘
Input n

S
PAD Voop

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”
(HWOO/HWI0). The selected peripheral can take control of the pin(s). Hardware control
overrules settings in the respective port pin registers.

Data Sheet 24 V1.3, 2015-10
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Table 13 Port I/0 Functions (cont’d)
Function Output Input
ALT1 ALT2 ALT3 ALT4 HWOO0 HWIO Input Input Input Input Input Input Input Input
P18 uoco. uici.
SELO1 SCLKOUT
P19 0CO. uicL.
SCLKOUT DOUTO
PLIS sCu. u1co. ERUL
EXTCLK DOUTO 1A0
P2.0 CAN. LEDTSO. ERUO. Ccu4o.
NO_TXD cott 083 INIC
P21 LEDTSO. DB.TDO/ ERUL. CCcu4o0.
coLo TRACESWO 08B0 INOC
P22 VADC. ccual. LEDTSO. LEDTSO. LEDTSO. uoct. ERUO. ccual.
EMUX00 ouT3 LINEO EXTENDEDO TSINOA DX0A 182 IN3A
P23 VADC. voct, ccuat. LEDTSO LEDTSO. LEDTSO uoct ERUO. ccuat.
EMUX01 SELOO out2 LINEL EXTENDED1 TSIN1A DX2A 1A2 IN2A
P24 VADC. uoct. Cccual. LEDTSO. LEDTSO. LEDTSO. uoc1. ERUO. Cccual. HRPWMO.
EMUX02 scLKouT outt LINE2 EXTENDED2 TSIN2A DXIA 082 INIA BLIA
P25 uoc1. Cccual. LEDTSO. LEDTSO. LEDTSO. uoc1. ERUO. Cccual. HRPWMO.
DOUTO ouTo LINE3 EXTENDED3 TSIN3A DX0B 0A2 INOA BL2A
P26 CCcuso. LEDTSO. CAN. ERUO. CCu40.
0ouT13 coL3 N1_RXDA 183 IN3C
P27 CAN. ccuso. LEDTSO ERUL ccudo.
N1_TXD 0ouT03 coL2 1B0 IN2C
P28 ccuso. LEDTSO. LEDTSO. LEDTSO. DAC. Ccu4o. Ccu4o. ‘Ccu4o. Ccu4o.
ouT32 LINE4 EXTENDED4 TSINGA TRIGGERS IN0B IN1B IN2B IN3B
P29 Ccuso. LEDTSO. LEDTSO. LEDTSO. DAC. Cccual. Cccu4al. CCcu4l. Cccual.
out22 LINES EXTENDEDS TSINSA TRIGGER4 INOB IN1B IN2B IN3B
pP2.14 VADC. u1co. CCcuso. uico.
EMUX11 DOUTO ouT21 DX0D
P2.15 VADC. ccuso. LEDTSO LEDTSO. LEDTSO u1co
EMUX12 0OuT11 LINE6 EXTENDED6 TSIN6A DXxoc
P3.0 uoct. uoc1. Ccuso.
sCLKOUT DX18 IN2C
P14.0 VADC.
GOCHO
P14.3 VADC. VADC. CAN.
GOCH3 G1CH3 NO_RXDB
P44 VADC.
GOCH4
P14.5 VADC. POSIFO.
GOCHS IN28
P14.6 VADC. POSIFO. ‘GOORC6
GOCH6 IN1B
P14.7 VADC POSIFO.
GOCH7 INOB
P148 DAC. VADC.
ouT_0 G1CHO

Aliwes 000X

uoaulul

00Z7ONX / 00TONX

g
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The XMC4[12]00 has a common ground concept, all Vgg, Vgsa and Vggo pins share the
same ground potential. In packages with an exposed die pad it must be connected to the
common ground as well.

There are no dedicated connections for the analog reference Vger and Vg p- Instead,
they share the same pins as the analog supply pins Vpp, and Vgga.Some analog
channels can optionally serve as “Alternate Reference”; further details on this operating
mode are described in the Reference Manual.

When Vpppe is supplied, Vgar must be supplied as well. If no other supply source (e.g.
battery) is connected to Vg,r, the Vg1 pin can also be connected directly to Vpppe.

Data Sheet 29 V1.3, 2015-10
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Electrical Parameters

Figure 8 explains the input voltage ranges of V|, and V,, and its dependency to the
supply level of Vpp.The input voltage must not exceed 4.3 V, and it must not be more
than 1.0 V above Vpp. For the range up to Vppp + 1.0 V also see the definition of the
overload conditions in Section 3.1.3.

A A
v v
43+ —— g ——- Vopp + 1.0+ = =g ===
Voop - == ——-

® ®

Vss - === —- Vss - == fm ===

10+ ==L ——- I ep— A p——

@ Abs. max. input voltage Vin with Vppp > 3.3 V

Abs. max. input voltage Vy with Vppp <3.3 V

Figure 8 Absolute Maximum Input Voltage Ranges

Data Sheet 32 V1.3, 2015-10
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Electrical Parameters

\%
Voop _—
Valid High
h ) 0.6 X Voop —_—

Invalid digital input
0.36 X Vpop

e Valid Low

VSS

Pull-down active

%

@ valid High

Vppp

0.6 X Vppp
. loun <10 A Invalid digital input

IN
}—o 036X Vopp i
| lpun> 100 A .
XMC4000 PUH @ Valid Low

—_— Vss

Pull-up active

Figure 11 Pull Device Input Characteristics

Figure 11 visualizes the input characteristics with an active internal pull device:

* inthe cases “A” the internal pull device is overridden by a strong external driver;
« inthe cases “B” the internal pull device defines the input logical state against a weak

external load.

38 V1.3, 2015-10
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Electrical Parameters

Table 23 Standard Pads Class_A1l+

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

Output high voltage, | Vouar+ Vopp -0.4 | |-
PODY = weak cC >4

loy = -400 pA
lop > -500 pA
loy = -1.4 MA
lop=-2 mA

lon = -1.4 MA
loy = -2 mA
Output low voltage VoLars - 04 lo. <500 pA;
cc PODY = weak
- 0.4 Vo | lo <2 mA;
PODY = medium
- 0.4 \Y% lol £2 mA;
PODY = strong
Fall time teas CC |- 150 ns |C_=20pF;
PODY = weak
- 50 ns |C_=50pF;
PODY = medium
- 28 ns |C, =50pF;
PODY = strong:
edge = slow

- 16 ns |C, =50pF;
PODY = strong:
edge = soft;
Rise time tra1+ CC |- 150 ns |C, =20pF;
PODY = weak
- 50 ns |C, =50pF;
PODY = medium
- 28 ns |C,=50pF;
PODY = strong;
edge = slow

- 16 ns |C_=50pF;
PODY = strong:
edge = soft

Output high voltage, Vopp-0.4 | |-
PODY = medium 24

Output high voltage, Vpopp -0.4 | |-
PODY = strong 24

|
< I K| K<< K|1<K<|<

1) POD = Pin Out Driver

Data Sheet 40 V1.3, 2015-10
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Electrical Parameters

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
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Electrical Parameters

3.25 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.

Al the timing information is related to the module clock, f,um:

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.

Table 29 HRC characteristics (Operating Conditions apply)

Parameter Symbol Values Unit | Note/
Test Condition

Min. Typ. Max.

High resolution step turs CC |- 150 - ps
sizeP?
Startup time (after reset |t CC |— - 2 us

release)
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)

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

Parameter Symbol Values Unit | Note/
Test Condition

Min. Typ. Max.

DAC Resolution RES 10 bits

CC
DAC differential DNL -1 - 15 LSB | Monotonic
nonlinearity CcC behavior,

See Figure 18
LSB |See Figure 18

DAC integral nonlinearity |INL CC

'
w
|
w

Data Sheet 52 V1.3, 2015-10
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Electrical Parameters

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).

XTAL1

XTAL2

GND 4{

Damping resistor
may be needed for
some crystals

toscs Vepx_min < Vepx< Vepx_max

Figure 21 Oscillator in Crystal Mode

Data Sheet 59 V1.3, 2015-10
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Electrical Parameters

Table 38 Power Supply Parameters
Parameter Symbol Values Unit | Note/
Min. |Typ. |Max. Test Condition
Power Dissipation Poss CC|-— - 1 w Vppp = 3.6 V,
T,=150°C
Wake-up time from Sleepto |tgga CC |- 6 - cycles
Active mode
Wake-up time from Deep - - - ms Defined by the
Sleep to Active mode wake-up of the
Flash module,
see
Section 3.2.11
Wake-up time from - - - ms Wake-up via
Hibernate mode 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, fcpy = 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: fgys =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) Ippp decreases typically by 3.5 mA when fg, g decreases by 10 MHz, at constant T,

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

Data Sheet
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Electrical Parameters

2) Maximum threshold for reset deassertion.
3) The Vppp monitoring has a typical hysteresis of Vpogys = 180 mV.

3.3V \
Vror 15
VDDP
VDDPPA
13V 1
Voboe Vy/ {§
tvcr ;
PORST
ter tssw "’
L ) L
Pads ;s—( as programmed
| I\ (o
T THigh-impedance or pull -device active
Undefined

Figure 27 Power-Up Behavior

3.3.3 Power Sequencing

While starting up and shutting down as well as when switching power modes of the
system it is important to limit the current load steps. A typical cause for such load steps
is changing the CPU frequency f.p. Load steps exceeding the below defined values
may cause a power on reset triggered by the supply monitor.

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

Data Sheet 71 V1.3, 2015-10
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Electrical Parameters

3.3.7 Serial Wire Debug Port (SW-DP) Timing

The following parameters are applicable for communication through the SW-DP
interface.

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

Note: Operating conditions apply.

Table 47 SWD Interface Timing Parameters (Operating Conditions apply)

Parameter Symbol Values Unit | Note /
Min. Typ. |Max. Test Condition
SWDCLK clock period tse SR |25 - - ns |C_=30pF
40 - - ns |C, =50pF
SWDCLK high time t;, SR |10 - 500000 | ns
SWDCLK low time t, SR |10 - 500000 | ns
SWDIO input setup t; SR |6 - - ns
to SWDCLK rising edge
SWDIO input hold t, SR |6 - - ns
after SWDCLK rising edge
SWDIO output valid time  |t; CC |- - 17 ns |C_=50pF
after SWDCLK rising edge _ _ 13 ns |C_=30pF
SWDIO output hold time |t; CC |3 - - ns
from SWDCLK rising edge
tSC

t tz

SWDCLK _ZZ 5\ 7Z \ ’ ZZ \

ts

SWDIO >_‘
(Output)

ts

to, t

SWDIO
(Input)

Figure 30 SWD Timing
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Table 49 USIC SSC Slave Mode Timing

Electrical Parameters

Parameter

Symbol

Values

Unit

Min.

Typ.

Max.

Note /
Test Condition

DX1 slave clock period

tcik SR

66.6

ns

Select input DX2 setup to
first clock input DX1 transmit
edge?

th

SR

3

ns

Select input DX2 hold after
last clock input DX1 receive
edge?

t11

SR

ns

Receive data input
DX0/DX[5:3] setup time to
shift clock receive edge?

t12

SR

ns

Data input DX0/DX[5:3] hold
time from clock input DX1
receive edge?

—

13

SR

ns

Data output DOUT[3:0] valid
time

—

14

CcC

24

ns

1) These input timing are valid for asynchronous input signal handling of slave select input, shift clock input, and
receive data input (bits DXnCR.DSEN = 0).

Data Sheet
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Package and Reliability

4 Package and Reliability
The XMC4[12]00 is a member of the XMC4000 Family of microcontrollers. It is also
compatible to a certain extent with members of similar families or subfamilies.

Each package is optimized for the device it houses. Therefore, there may be slight
differences between packages of the same pin-count but for different device types. In
particular, the size of the Exposed Die Pad may vary.

If different device types are considered or planned for an application, it must be ensured
that the board layout fits all packages under consideration.

4.1 Package Parameters

Table 55 provides the thermal characteristics of the packages used in XMC4[12]00. The
availability of different packages for different markings is listed in Table 2.

Table 55 Thermal Characteristics of the Packages

Parameter Symbol | Limit Values |Unit |Package Types
Min. | Max.
Exposed Die Pad Ex x Ey |- 5.8x5.8 |mm PG-LQFP-64-19

Dimensions cc - 57x57 |mm |PG-TQFP-64-19
- 52x52 |mm |PG-VQFN-48-53
- 52x52 |mm | PG-VQFN-48-71

Thermal resistance Roin - 30 KIW | PG-LQFP-64-19Y
Junction-Ambient CcC . 23.4 KIW | PG-TQFP-64-19
- 34.8 K/W | PG-VQFN-48-53Y

PG-VQFN-48-71Y
1) Device mounted on a 4-layer JEDEC board (JESD 51-7) with thermal vias; exposed pad soldered.

Note: For electrical reasons, it is required to connect the exposed pad to the board
ground Vg, independent of EMC and thermal requirements.

4.1.1 Thermal Considerations

When operating the XMC4[12]00 in a system, the total heat generated in the chip must
be dissipated to the ambient environment to prevent overheating and the resulting
thermal damage.

The maximum heat that can be dissipated depends on the package and its integration
into the target board. The “Thermal resistance Rg;,” quantifies these parameters. The
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power dissipation must be limited so that the average junction temperature does not
exceed 150 °C.

The difference between junction temperature and ambient temperature is determined by
AT = (Pt + Piostat * Piopyn) * Resa

The internal power consumption is defined as

Pt = Vooe x lppp (switching current and leakage current).

The static external power consumption caused by the output drivers is defined as
Piostat = Z((Vopp-Vor) * low) + Z(Vor x loy)

The dynamic external power consumption caused by the output drivers (P,gpyy) depends
on the capacitive load connected to the respective pins and their switching frequencies.
If the total power dissipation for a given system configuration exceeds the defined limit,
countermeasures must be taken to ensure proper system operation:

* Reduce Vppp, if possible in the system

* Reduce the system frequency

* Reduce the number of output pins

* Reduce the load on active output drivers
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Figure 38 PG-VQFN-48-53 (Plastic Green Very Thin Profile Flat Non Leaded

Package)
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Figure 39 PG-VQFN-48-71 (Plastic Green Very Thin Profile Flat Non Leaded
Package)
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
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