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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"

Discontinued at Digi-Key

ARM® Cortex®-M4

32-Bit Single-Core

80MHz

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

128KB (128K x 8)

FLASH

20K x 8

3.13V ~ 3.63V

A/D 10x12b; D/A 2x12b
Internal

-40°C ~ 125°C (TA)

Surface Mount

64-LQFP Exposed Pad
PG-LQFP-64-19
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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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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

Table 11 Package Pin Mapping (cont'd)
Function LQFP-64 VQFN-48 Pad Type Notes
TQFP-64

P14.9 23 19 AN/DAC/DIG_IN

P14.14 14 - AN/DIG_IN

USB_DP 4 special

USB_DM 3 special

HIB_IO_0 10 7 Al 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 Al Weak pull-down active.

T™MS 44 33 Al+ 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.

XTALL 39 29 clock_IN

XTAL2 40 30 clock_O

RTC_XTAL1 11 clock_IN

RTC_XTAL2 12 clock_O

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

VDDA/VAREF |22 18 AN_Power/AN_ | Shared analog supply and

Ref reference voltage pin.
VSSA/VAGND |21 17 AN_Power/AN_ | Shared analog supply and
Ref 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
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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.
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Figure 15 DAC Conversion Examples
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Electrical Parameters

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.

Data Sheet 50 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
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Electrical Parameters

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

Parameter Symbol Values Unit |Note/
Min. Typ. Max. Test Condition
CSG Output Jitter Dcse - - 1 clk
cC
Bias startup time tar CC |- - 98 us
Bias supply current lobbias | — - 400 pA
cC
CSGQGy startup time teses - - 2 us
cC
Input operation current | Ippey | -10 - 33 uA | See Figure 19
cC
High Speed Mode
DAC output voltage range | Vpour | Vss - Voor |V
cC
DAC propagation delay - | teg,s - - 80 ns See Figure 20
Full scale CcC
Input Selector propagation |ty CC |— - 100 ns See Figure 20
delay - Full scale
Comparator bandwidth tons CC |20 - - ns
DAC CLK frequency fax SR |- - 30 MHz
Supply current lobhs - - 940 pA
cC
Low Speed Mode
DAC output voltage range | Vpour |0.1x |- Vopp |V
cC VDDPZ)
DAC propagation delay - |trg, CC |— - 160 ns See Figure 20
Full Scale
Input Selector propagation |ty CC |— - 200 ns See Figure 20
delay - Full Scale
Comparator bandwidth ths CC |20 - - ns
DAC CLK frequency fa« SR |- - 30 MHz
Supply current lopis - - 300 pA
ccC

1) Typical input resistance R,y = 100kOhm.
2) The INL error increases for DAC output voltages below this limit.
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Electrical Parameters
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Figure 20 DAC and Input Selector Propagation Delay

3.25.3 Clocks

HRPWM DAC Conversion Clock

The DAC conversion clock can be generated internally or it can be controlled via a
HRPWM module pin.

Table 31 External DAC conversion trigger operating conditions
Parameter Symbol Values Unit | Note/
Min. Typ. | Max. Test Con
dition
Frequency fag SR |- - 302 MHz
ON time tonerg SR | 2T, |- |- ns
OFF time toerg SR [2Tee,”? |- |- ns

1) 50% duty cycle is not obligatory
2) Only valid if the signal was not previously synchronized/generated with the fccu clock (or a synchronous clock)

CSG External Clock

It is possible to select an external source, that can be used as a clock for the slope
generation, HRPWMx.ECLKYy. This clock is synchronized internally with the module
clock and therefore the external clock needs to meet the criterion described on Table 32.

Data Sheet 55 V1.3, 2015-10
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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:
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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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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Electrical Parameters

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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Table 40 Flash Memory Parameters
Parameter Symbol Values Unit Note /
Min. Typ. Max. Test Condition
Data Retention Time, trgru CC |20 - - years |Max. 4
User Configuration Block erase/program
(ucB)¥ cycles per UCB
Endurance on 64 Kbyte | Ngpg4 10000 |- - cycles | BA-marking
Physical Sector PS4 CC devices only!
Cycling
distributed over
life time®

1) In case the Program Verify feature detects weak bits, these bits will be programmed once more. The
reprogramming takes an additional time of 5.5 ms.

2) The following formula applies to the wait state configuration: FCON.WSPFLASH x (1 / fepy) 2 t,.
3) Storage and inactive time included.
4) Values given are valid for an average weighted junction temperature of T, = 110°C.
5) Only valid with robust EEPROM emulation algorithm, equally cycling the logical sectors. For more details see

the Reference Manual.

Data Sheet
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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/ freripn/ focu in MHZ — -
56 2412424
47 1/1/1
fepu! foeripn ! focu in kHz 46 100/100/ 100
Sleep supply current® lppps CC 59 mA 80/80/80
Peripherals disabled 58 80/40/ 40
reeney: 57 w0740/80
fepu/ fperipn/ focu In MHZ —
51 24124124
46 1/1/1
fepu! foeripn ! focu in kHz 46 100/100/ 100
Deep Sleep supply loppp CC 6.9 mA 2412424
current” 43 41414
Flash in Sleep mode
Frequency: 38 171171
fepu/ fperipn/ focu in MHZ
fepu! Toeripn ! fecu in kHz 4.5 100/100/ 100
6)
Hibernate supply current | Igppy CC 10.8 A Vga= 3.3V
7 | BAT ~ %% 7
RTC on” 8.0 Vgar = 2.4V
6.8 Vgar =2.0V
Hibernate supply current | lypp, CC 10.3 A Vga= 3.3V
8 | BAT =
RTC off? 7.5 Voar = 2.4V
6.3 Vgar =2.0V
Worst case active supply | lpppa CC 140 |mA Vppp = 3.6V,
current® 19 T,=150°C
Vppa Power supply current |lpp,  CC L ImA
Ippp current at PORST Low | Ippp porst 24 mA Vppp = 3.6V,
cC T,=150°C
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Figure 29 JTAG Timing
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