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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
21

64KB (64K x 8)

FLASH

20K x 8

3.13V ~ 3.63V

A/D 9x12b; D/A 2x12b

Internal

-40°C ~ 85°C (TA)

Surface Mount

48-VFQFN Exposed Pad
PG-VQFN-48-53
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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 Vg,; 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 1/O pins.

42 Updated C,nsw: Camntor @nd R,y 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 Vppy parameter value and changed it to a system
requirement.

66 Added footnote on current consumption by enabling of foq,.

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.

Data Sheet V1.3, 2015-10
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General Device Information
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XMCA4[12]00 PG-VQFN-48 Pin Configuration (top view)
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Port I/O Function Table

Table 13 Port I/O Functions
Function Output Input
ALT1 ALT2 ALT3 ALT4 HWOO0 HwWIO Input Input Input Input Input Input Input Input
PO.O CAN. ccuso. LEDTSO uict. ERUO. UsB. HRPWMO.
NO_TXD ouT21 coL2 DX0D 08B0 VBUSDETECT C1INB
A
PO.L uict, ccuso. LEDTSO ERUO. HRPWMO.
DOUTO 0OuT11 coL3 0A0 C2INB
PO.2 u1cl. Cccuso. HRPWMO. vico. uico. ERUO.
SELO1 ouTol HROUTO1 DOUT3 HWIN3 383
PO.3 Cccuso. HRPWMO. uico. uico. ERUL.
ouT20 HROUT20 DpouT2 HWIN2 380
PO.4 CCcuso. HRPWMO. uico. u1co. uico. ERUO.
0OuT10 HROUT21 DOUTL HWIN1 DX0A 283
POS u1co, ccuso. HRPWMO. uico. uico. u1co ERUL
DOUTO OUT00 HROUTO00 DouTo HWINO DX0B 3A0
PO.6 u1co. Ccuso. HRPWMO. uico. ERUO. Ccuso.
SELOO ouT30 HROUT30 DX2A 382 IN28
PO.7 'WWDT. uoco. HRPWMO. DB. uoco. ERUO. Cccuso. Ccuso. Cccuso. Cccuso.
SERVICE_OUT SELOO HROUT11 DI DX28B 281 INOA IN1A IN2A IN3A
PO.8 SCu. uoco. HRPWMO. DB. uoco. ERUO. CCcuso.
EXTCLK SCLKOUT HROUT10 TRST DX1B 2A1 IN1B
P09 HRPWMO. uict, ccuso. LEDTSO uict. ERUO.
HROUT31 SELOO 0ouT12 coLo DX2A 180
PO.10 uiclL. Cccuso. LEDTSO. vici. ERUO.
sCLKOUT ouTo2 cott DX1A 140
PO.11 uico. Ccuso. u1ico. ERUO.
SCLKOUT 0uT31 DX1A 3A2
PLO uoco. CCu40. ERUL uoco. ERUO. CCU40. HRPWMO.
SELOO ouT3 PDOUT3 DX2A 380 IN3A COINA
PLL Uoco, ccudo. ERUL uoco. POSIFO. ERUO. ccudo. HRPWMO.
SCLKOUT out2 PDOUT2 DX1A IN2A 3A0 IN2A C1INA
P12 Ccu4o. ERUL. uoco. uoco. POSIFO. ERUL. Ccu4o. HRPWMO.
outt PDOUTL DOUT3 HWIN3 INIA 280 INIA C2INA
P13 uoco. CCcu4o. ERUL. uoco. uoco. POSIFO. ERUL. CCcu4o. HRPWMO.
MCLKOUT ouTo PDOUTO DpouT2 HWIN2 INOA 2A0 INOA COINB
PL4 WWDT. CAN. Cccuso. uoco. uoco. uoco. CAN. ERUO. Ccu4l. HRPWMO.
SERVICE_OUT NO_TXD 0ouT33 DOUTL HWIN1 DX0B N1_RXDD 280 INOC BLOA
PLS CAN. Uoco, ccuso. uoco. uoco. uoco. CAN. ERUO. ERUL ccuat.
N1_TXD DOUTO ouT23 DouTo HWINO DXO0A NO_RXDA 2A0 0A0 IN1IC
PL7 uoco. Ui1cCL. .
DOUTO SELO2 VBUSDETECT
B

Aliwes 000X

uoaulul

00Z7ONX / 00TONX

g
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2.3 Power Connection Scheme
Figure 7. shows a reference power connection scheme for the XMC4[12]00.

/ AN
XMC4000
4 R .
Hibernate domain
Hibernate
21.36V
32 kHz Retention
.

H-

@
=z
w)

M X Vppc
N
Core Domain
100 nF x M -
ig.
GP|OS ( Peripherals )( )

47 uFx1 RAMS

A

@

ND
3.3V

Dm

100 nF x N

10 uFx 1 PAD Domain

Exp. Die Pad
T M Vg -
GND Analog Domain
J
3.3V
Vopa ! Varer
N
100 nF Vssa  Vaenp
GND /
Figure 7 Power Connection Scheme

Every power supply pin needs to be connected. Different pins of the same supply need
also to be externally connected. As example, all Ve pins must be connected externally
to one Vppp Net. In this reference scheme one 100 nF capacitor is connected at each
supply pin against Vgs. An additional 10 pF capacitor is connected to the Vpppe nets and
an additional 4.7uF capacitor to the Vpp nets.

Data Sheet 28 V1.3, 2015-10
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Electrical Parameters

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.

Table 19 Pad Driver and Pad Classes Overview
Class | Power |Type Sub-Class Speed Load |Termination
Supply Grade
A 33V LVTTL |Al 6 MHz 100 pF | No
1/0, (e.g. GPIO)
LVITL a1+ 25 MHz |50 pF |Series termination
outputs | (g g. serial 1/0s) recommended
A
\%
Voop A
% ;g ff:;ouwu\ H\ghVo\\age
VOH h

A
e
Joned!
ouput ="
VSS 3

@ Strong — slow drive strength
@ Medium drive strength
@ Strong - soft drive strength @ Weak drive strength

@@@@ Class Al+ Pads
@@ Class Al Pads

Figure 10 Output Slopes with different Pad Driver Modes

A\

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.

Data Sheet 35 V1.3, 2015-10
Subject to Agreement on the Use of Product Information
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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
Subject to Agreement on the Use of Product Information
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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
Data Sheet 44 V1.3, 2015-10
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Electrical Parameters

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

Parameter Symbol Values Unit | Note/

Min. |Typ. | Max. Test Condition

Offset error EDoe CC 120 mV

Gain error EDg wCC |5 0 5 %

Startup time tstarTup CC | — 15 30 us time from output
enabling till code
valid +16 LSB

3dB Bandwidth of fel CC |25 5 - MHz | verified by design

Output Buffer

Output sourcing lout source |~ 30 |- mA

current cC

Output sinking lout sink - 06 |- mA

current CcC

Output resistance Rour CC |- 50 |- Ohm

Load resistance R, SR |5 - - kOhm

Load capacitance C, SR |- - 50 pF

Signal-to-Noise SNR CC |- 70 - dB examination

Ratio bandwidth < 25 kHz

Total Harmonic THD CC |- 70 - dB examination

Distortion bandwidth < 25 kHz

Power Supply PSRR CC |- 56 |- dB to Vippa

Rejection Ratio verified by design

1) According to best straight line method.

Conversion Calculation

Unsigned:

DACXDATA = 4095 x (Vo - VOUT_MIN) / (VOUT_MAX - VOUT_MIN)

Signed:

DACXDATA = 4095 x (Voyr - VOUT_MIN) / (VOUT_MAX - VOUT_MIN) - 2048

Data Sheet

48

V1.3, 2015-10
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Electrical Parameters

Vobc

VAREF

GxORCy V

VSS

GxORCOUTyY .
L
— toop [+ — torD [+
Figure 16 GxORCOUTy Trigger Generation
A
Van (V)
T <topon tOPDNf_Tf toppp 1 > toroo
>
Vager+ 400 mV [ | | \
toron<T<torpp T >tormp / \ / \ / \
T < [OPDN > >
«—>
Varer+200 mV I_\
J== O I T Y Y O Oy A e ¢
. —
Vager+ 100 mV i
vm/ml\/\l\/\/ \\_//
Never Overvoltage Never Overvoltage Always detected Never Overvoltage Always detected
detected may be detected may be Overvoltage Pulse detected may be Overvoltage Pulse
Overvoltage detected Overvoltage detected Overvoltage detected
Pulse (level uncertain) Pulse Pulse
(Too low) (Too short) (Too short)
t
Figure 17 ORC Detection Ranges
Data Sheet 51 V1.3, 2015-10
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Electrical Parameters

Ideal DAC 4|_|_’—1

S FONL= 15
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Fs DAC Fs DAC
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Figure 18 CSG DAC INL and DNL example
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Figure 19 Input operation current

Data Sheet 54 V1.3, 2015-10
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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.

Data Sheet
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Electrical Parameters

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:
Vpopp=3.3V,T,=25°C

Table 38 Power Supply Parameters
Parameter Symbol Values Unit | Note/
Min. | Typ. |Max. Test Condition
Active supply current? loppa CC |- 80 |- mA |80/80/80
Peripherals enabled _ 75 _ 80/ 40/ 40
Freduency: 73 40/40/80
fepu/ freripn/ focu in MHZ — — —_—
- 59 - 24124124
- 50 - 1/1/1
Active supply current lpppa CC |- 24 - mA 80/80/80
Code execution from RAM _ 19 _ 80/ 40/ 40
Flash in Sleep mode
Frequency:
fepu/ freripn/ focu in MHZ
Active supply current? lpppa CC |- 63 - mA 80/80/80
Peripherals disabled _ 62 _ 80/ 40/ 40
Freduency: 60 40/40/80
fepu/ fperipn in MHZ _ _ — - -
_ 54 - 2412424
- 50 - 1/1/1
Data Sheet 63 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
Sleep supply current® lppps CC |- 76 - mA 80/80/80
Peripherals enabled _ 73 _ 80/ 40/ 40
Frequency: 70 40/40/80
fepu/ fperipn/ focu in MHZ ~ - — -
- 56 - 24 /2424
- 47 - 1/1/1
fepu! foeripn ! fecu iN kHz - 46 - 100/100/ 100
Sleep supply current® lppps CC |- 59 - mA 80/80/80
Peripherals disabled _ 58 _ 80/40/ 40
Frequency: 57 40/40/80
fepu/ fperipn/ focu in MHZ —
- 51 - 24124124
- 46 - 1/1/1
fepu! foeripn ! focu in kHz - 46 - 100/100/ 100
Deep Sleep supply lpppp CC |- 69 |- mA 24124124
current” — a3 |- 41474
Flash in Sleep mode
Frequency: h 38 |- 171171
fepu/ freripn/ focu in MHZ
fepu! Toeripn ! fecu IN kHZ - 45 |- 100/100/ 100
6)
Hibernate supply current | lyppy CC |- 108 |- pA Vgar =3.3V
7 | “BAT— %% 7
RTC on” _ 80 |- Vgar = 2.4V
- 6.8 |- Vgar =2.0V
Hibernate supply current | lyppy CC |- 103 |- pA Vgar =33V
8 | BAT = =2 7
RTC off? - |15 |- Voar = 2.4V
- 6.3 |- Vgar =2.0V
Worst case active supply | lpppa CC |- - 140 |mA Vopp = 3.6V,
current® 19 T,=150°C
Vppa POWer supply current | Ippa  CC |- - - I mA
Ioop current at PORST Low | lppp porst | — - 24 mA Vpopp = 3.6V,
cC T,=150°C
Data Sheet 64 V1.3, 2015-10

Subject to Agreement on the Use of Product Information



(infineon

XMC4100 / XMC4200

XMC4000 Family

3.3.2

Power-Up and Supply Monitoring

Electrical Parameters

PORST is always asserted when V, and/or Vi violate the respective thresholds.
Note: These parameters are not subject to production test, but verified by design and/or

characterization.
Vopp \
Vbop L XMC4000
RporsT
(optional)
PORST _
p j_.._> PORESET
External [« <
reset — : MSU[t)pW
i | onitorin
trigger EE lpep g
GND \ G\D /
Figure 26 PORST Circuit
Table 41 Supply Monitoring Parameters
Parameter Symbol Values Unit | Note/
Min. |Typ. | Max. Test Condition
Digital supply voltage reset |Vpog CC | 2.79Y |- 3.052 |V 3
threshold
Core supply voltage reset |V, CC |- - 1.17 |V
threshold
Vppp VOltage to ensure Vooeea - 1.0 |- Y,
defined pad states CcC
PORST rise time ter SR |- - ps
Startup time from power-on |ty CC |- 25 |35 ms | Time to the first
reset with code execution user code
from Flash instruction
Vppe ramp up time tyecr CC |- 550 |- us Ramp up after
power-on or
after a reset
triggered by a
violation of
Veor OF Vpy
1) Minimum threshold for reset assertion.
Data Sheet 70 V1.3, 2015-10
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Electrical Parameters

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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Electrical Parameters

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

Data Sheet 79 V1.3, 2015-10
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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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Electrical Parameters

Table 51 USIC IIC Fast Mode Timing?

Parameter Symbol Values Unit | Note/
Min. Typ. Max. Test Condition
Fall time of both SDA and |t; 20+ |- 300 ns
SCL CC/SR |0.1*C,
2)
Rise time of both SDA and |t, 20+ |- 300 ns
SCL CC/SR |0.1*C,
2)
Data hold time t; 0 - - Us
CC/SR
Data set-up time t, 100 - - ns
CC/SR
LOW period of SCL clock |t 13 - - us
CC/SR
HIGH period of SCL clock |tg 0.6 - - ps
CC/SR
Hold time for (repeated) |t 0.6 - - us
START condition CC/SR
Set-up time for repeated | tg 0.6 - - us
START condition CC/SR
Set-up time for STOP tq 0.6 - - us
condition CC/SR
Bus free time between a |t 13 - - us
STOP and START CC/SR
condition
Capacitive load foreach |C, SR |- - 400 pF
bus line

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.

2) C, refers to the total capacitance of one bus line in pF.
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Figure 33 USIC IIS Master Transmitter Timing

Table 53 USIC IIS Slave Receiver Timing

Parameter Symbol Values Unit |Note /
Min. |Typ. |Max. Test Condition
Clock period ts SR 66.6 |- - ns
Clock high time t; SR 0.35x |— - ns
t6min
Clock low time ts SR 0.35x |- - ns
t6min
Set-up time ty SR 02x |- - ns
t6min
Hold time 1o SR |0 - - ns

¢
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Figure 34 USIC IIS Slave Receiver Timing
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