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Summary of Features

1 Summary of Features

The XMC1300 devices are members of the XMC1000 Family of microcontrollers based
on the ARM Cortex-MO0 processor core. The XMC1300 series addresses the real-time
control needs of motor control, digital power conversion. It also features peripherals for
LED Lighting applications.

Analog system Cortex-MO Debug SWo
1(
Py
ANACTRL SFRs @é
g AHB to APB
_:.<#> Bridge
PRNG (D2 = |V
—
AHB-Lite Bus
Flash SFRs
200k + 0.5kY | Al PN ACMP &
A D KD MATH ccuwo (=D K= ORC
16k LAl N
SRAM &= {=)| PORTs usico (=D |[<=)I Bccwo
z VEEN
8k ROM (> {=)| woT VADC (=i [<=)i ccuso
Memories
scu VEEN
(= 2 ERUO (=) @ POSIFO
1) 0.5kbytes of sector O (readable only).

Figure 1 System Block Diagram

CPU Subsystem

« CPU Core

High-performance 32-bit ARM Cortex-M0 CPU

— Most 16-bit Thumb and subset of 32-bit Thumb2 instruction set
Single cycle 32-bit hardware multiplier

System timer (SysTick) for Operating System support
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Summary of Features

— Ultra low power consumption
* Nested Vectored Interrupt Controller (NVIC)
» Event Request Unit (ERU) for processing of external and internal service requests
* MATH Co-processor (MATH)

— CORDIC unit for trigonometric calculation

— division unit

On-Chip Memories

* 8 kbytes on-chip ROM
* 16 kbytes on-chip high-speed SRAM
e up to 200 kbytes on-chip Flash program and data memory

Communication Peripherals

« Two Universal Serial Interface Channels (USIC), usable as UART, double-SPI,
quad-SPI, IIC, IIS and LIN interfaces

Analog Frontend Peripherals

e A/D Converters
— up to 12 analog input pins
— 2 sample and hold stages with 8 analog input channels each
— fast 12-hit analog to digital converter with adjustable gain

« Up to 8 channels of out of range comparators (ORC)

e Up to 3 fast analog comparators (ACMP)

e Temperature Sensor (TSE)

Industrial Control Peripherals

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

e Capture/Compare Units 8 (CCU8) for motor control and power conversion

« Position Interfaces (POSIF) for hall and quadrature encoders and motor positioning
» Brightness and Colour Control Unit (BCCU), for LED color and dimming application

System Control

*  Window Watchdog Timer (WDT) for safety sensitive applications

¢ Real Time Clock module with alarm support (RTC)

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

e Pseudo random number generator (PRNG) for fast random data generation

Input/Output Lines

e Tri-stated in input mode
e Push/pull or open drain output mode

Data Sheet 9 V2.0, 2017-10
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General Device Information

2.2 Pin Configuration and Definition

The following figures summarize all pins, showing their locations on the different
packages.

P2.4 E 10) 38 j P2.3
Top View
P25 |2 37 | |P22
P26 E 3 36 j P2.1
P27 E 4 35 j P2.0
P28 E 5 34 j P0.15
P2.9 E 6 33 j P0.14
p210| |7 32| |Poas
P211| |8 31| |Po12
VesoVes | | 9 30| |poa1
Voo Voo E 10 29 j P0.10
P15 E 1 28 j P0.9
PLa| |12 27| |pos
P13 |13 26 | | Voor
P1.2 E 14 25 j Vsep
P1.1 E 15 24 j P0.7
P1.0 E 16 23 j P0.6
P0.0 E 17 22 j P0.5
P0.1 E 18 21 j P0.4
Po2| |19 20 | |Po3

Figure 4 XMC1300 PG-TSSOP-38 Pin Configuration (top view)
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Table 6 Package Pin Mapping (cont'd)
Function | VQFN | TSSOP | TSSOP |VQFN |TSSOP | Pad Notes
40 38 28 24 16 Type
P0.7 30 24 17 18 10 STD_IN
ouT
P0.8 33 27 18 19 11 STD_IN
ouT
P0.9 34 28 19 20 12 STD_IN
ouT
P0.10 35 29 20 - - STD_IN
ouT
PO.11 36 30 - - - STD_IN
ouT
P0.12 37 31 21 21 - STD_IN
ouT
P0.13 38 32 22 22 - STD_IN
ouT
P0.14 39 33 23 23 13 STD_IN
ouT
P0.15 40 34 24 24 14 STD_IN
ouT
P1.0 22 16 12 14 - High
Current
P1.1 21 15 11 13 - High
Current
P1.2 20 14 10 12 - High
Current
P1.3 19 13 9 11 - High
Current
P1.4 18 12 - - - High
Current
P1.5 17 11 - - - High
Current
P1.6 16 - - - - STD_IN
ouT
P2.0 1 35 25 1 15 STD_IN
OUT/AN
Data Sheet 23 V2.0, 2017-10
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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 10 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)

— temperature

If a pin current is outside of the Operating Conditions but within the overload
conditions, then the parameters 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 10 Overload Parameters

Parameter Symbol Values Unit | Note /
Test Condition

Min. |Typ. |Max.

Input current on any portpin |lo, SR |-5 - 5 mA
during overload condition
Absolute sum of all input lovs SR |- - 25 mA

circuit currents during
overload condition

Figure 10 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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Electrical Parameters

Vppp | YooP

. Py l_flov 4 @"%
Eiay

GND ﬂ
\(\ESD_/ Pad

7
b d

Figure 10 Input Overload Current via ESD structures

Table 11 and Table 12 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 11 PN-Junction Characterisitics for positive Overload
Pad Type loy =5 mA
Standard, High-current, |V,y=Vppe + 0.5V
AN/DIG_IN Vaw = Vopp + 0.5V
Varer = Vopp + 0.5V
P2.[1,2,6:9,11] Vine2 = Vopp + 0.3 V
Table 12 PN-Junction Characterisitics for negative Overload
Pad Type loy =5 mA
Standard, High-current, |V|y=Vgs-0.5V
AN/DIG_IN Van = Vss -0.5V
Varer = Vss -0.5V
P2.[1,2,6:9,11] Vinpz = Vgs - 0.3V
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Electrical Parameters

Table 14 Input/Output Characteristics (Operating Conditions apply) (cont'd)
Parameter Symbol Limit Values |Unit |Test Conditions
Min. Max.
Input high voltage on Vigps SR |0.7x  |— \Y CMOS Mode
port pins Vopp (5V,3.3V&22V)
(Standard Hysteresis)
Input low voltage onport |V, 5, SR |- 0.08 x |V CMOS Mode
pins Vopp (5V,3.3V&22V)®
(Large Hysteresis)
Input high voltage on Vg SR |0.85x |— \Y, CMOS Mode
port pins Vopop (5V,33V&22V)H®
(Large Hysteresis)
Rise time on High tueer CC |- 9 ns |50pF@5V?
Current Pad? _ 12 ns 50 pF @ 3.3V
- 25 ns 50 pF @ 1.8 V¥
Fall time on High tuecpr CC |- 9 ns |50pF@5V?
Current Padl) _ 12 ns 50 pF @ 3.3 V3
- 25 ns 50 pF @ 1.8 V¥
Rise time on Standard |t CC |- 12 ns 50pF @ 5 Vo)
1
Pad? - 15 |ns |S50pF@3.3V9
- 31 ns 50 pF @ 1.8 V7
Fall time on Standard |t CcC |- 12 ns 50 pF @ 5 V°
1
Pad? - 15 |ns |S50pF@3.3V9
- 31 ns 50 pF @ 1.8 V"
Data Sheet 39 V2.0, 2017-10
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Electrical Parameters

3.2.2 Analog to Digital Converters (ADC)
Table 15 shows the Analog to Digital Converter (ADC) characteristics.

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

Table 15 ADC Characteristics (Operating Conditions apply)”

Parameter Symbol Values Unit | Note / Test Condition
Min. | Typ.|Max.
Supply voltage range | Vpp i SR|2.0 - 30 |V SHSCFG.AREF =114
(internal reference) CALCTR.CALGNSTC
=0Cy
3.0 - 55 |V SHSCFG.AREF = 104
Supply voltage range | Vpp ext 3.0 - 55 |V SHSCFG.AREF = 004
(external reference) SR
Analog input voltage  |V,n SR | Vggp |- Vope |V
range -0.05 +
0.05
Auxiliary analog Veereno | Vssp |- 1.0 |V GOCHO
reference ground SR -0.05
Veep |— 02 |V G1CHO
- 0.05
Internal reference VREEINT 5 \Y
voltage (full scale CcC
value)
Switched capacitance |C,ns CC |- 12 |2 pF | GNCTRxz.GAINy =00y
of an analog input (unity gain)
- 12 |2 pF |GNCTRxz.GAINy =01,
(gain g1)
- 45 |6 pF | GNCTRxz.GAINy =104
(gain g2)
- 45 |6 pF | GNCTRxz.GAINy=11,
(gain g3)
Total capacitance of |C,r CC |— - 10 pF
an analog input
Total capacitance of | Carerr - - 10 pF
the reference input CcC
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Electrical Parameters

CH7
Vain SAR
. Converter
CHO L, Vrer
A
VREFGND o VREFINT
e g EF
> | > > v
VSS o 8 AREF
Internal
Vopin/ VDD Reference
VDDext
CHNR REFSEL AREF
MC_VADC_AREFPATHS

Figure 11  ADC Voltage Supply
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Electrical Parameters

A
Van(V)

<T< T > torop
toron< T < torpp

T < topon
pad

Vppp 350 MV L e e e e e e e e e

<T< T>
T <topon topoy topop torpo
-

Vopp+ 150 MV |- o oo

Voop+ 60 MV e e e e e = -

Voop 4= —————]

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 (long enough Pulse Pulse
(Toolow)  |evel uncertain ') (Too short) (Too short)

Vssa 4+

Figure 13 ORC Detection Ranges
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3.2.6 Power Supply Current

Electrical Parameters

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.

Table 19 Power Supply Parameters; Vppp = 5V

Parameter Symbol Values Unit | Note/
Min | Typ. [ Max. Test Condition
Active mode current loppae CC | — 9.2 12 mA 32/64
Peripherals enabled _ 8.1 _ mA 24 | 48
fucik / fock in MHZ? '
MeLKCT TPCLK - |66 |- mA |16/32
- 55 - mA 8/16
- 4 - mA 1/1
Active mode current loppan CC | — 4.8 - mA 32/64
Peripherals disabled _ 4.1 _ mA 241 48
fucii / focik in MHZ?
- 3.3 - mA 16 /32
- 2.7 - mA 8/16
- 15 - mA 1/1
Active mode current loppar CC |- 7.3 - mA 32/64
Code execution from RAM _ 6.3 j mA 24/ 48
Flash is powered down
fMCLK / fPCLK in MHz - 5.2 - mA 16/32
- 4.2 - mA 8/16
- 3.3 - mA 1/1
Sleep mode current loppse CC |- 6.6 - mA 32/64
Peripherals clock enabled 58 i mA 24/ 48
fucii / focik in MHz?
51 - mA 16/32
4.4 - mA 8/16
3.7 - mA 1/1
Data Sheet 50 V2.0, 2017-10
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Electrical Parameters

Table 20 provides the active current consumption of some modules operating at 5V
power supply at 25° C. The typical values shown are used as a reference guide on the
current consumption when these modules are enabled.

Table 20 Typical Active Current Consumption
Active Current Symbol Limit | Unit Test Condition
Consumption Values
Typ.

Baseload current | lpppc 5.04 mA Modules including Core, SCU,

PORT, memories, ANATOPY
VADC and SHS | lapeppe | 3-4 mA Set CGATCLRO.VADC to 12
USsICO lusicoone | 0-87 mA Set CGATCLRO0.USICO to 1%
Ccu4o lccuaoppe | 0.94 mA Set CGATCLR0.CCU40 to 19
CCu80 lccusoppe | 0-42 mA Set CGATCLR0.CCUS8O to 1%
POSIFO loroone | 0-26 mA Set CGATCLRO.POSIFO to 15
BCCUO lsccuoppe | 0-24 mA Set CGATCLR0.BCCUO to 17
MATH lwathooe | 0.35 mA Set CGATCLRO.MATH to 1%
WDT lwotooe | 0.03 mA Set CGATCLRO.WDT to 19
RTC lrreppe | 0.01 mA Set CGATCLRO.RTC to 119

1) Baseload current is measured with device running in user mode, MCLK=PCLK=32 MHz, with an endless loop
in the flash memory. The clock to the modules stated in CGATSTATO are gated.

2) Active current is measured with: module enabled, MCLK=32 MHz, running in auto-scan conversion mode
3) Active currentis measured with: module enabled, alternating messages sent to PC at 57.6kbaud every 200ms

4) Active current is measured with: module enabled, MCLK=PCLK=32 MHz, 1 CCU4 slice for PWM switching
from 1500Hz and 1000Hz at regular intervals, 1 CCU4 slice in capture mode for reading period and duty cycle

5) Active current is measured with: module enabled, MCLK=PCLK=32 MHz, 1 CCUS8 slice with PWM frequency
at 1500Hz and a period match interrupt used to toggle duty cycle between 10% and 90%

6) Active current is measured with: module enabled, MCLK=32 MHz, PCLK=64MHz, hall sensor mode

7) Active current is measured with: module enabled, MCLK=32 MHz, PCLK=64MHz, FCLK=0.8MHz, Normal
mode (BCCU Clk = FCLK/4), 3 BCCU Channels and 1 Dimming Engine, change color or dim every 1s

8) Active current is measured with: module enabled, MCLK=32 MHz, PCLK=64MHz, tangent calculation in while
loop; CORDIC circular rotation, no keep, autostart; 32-by-32 bit signed DIV, autostart, DVS right shift by 11

9) Active current is measured with: module enabled, MCLK=32 MHz, time-out mode; WLB = 0, WUB =
0x00008000; WDT serviced every 1s

10) Active current is measured with: module enabled, MCLK=32 MHz, Periodic interrupt enabled

Data Sheet 54 V2.0, 2017-10
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Electrical Parameters

Figure 20 shows the typical curves for the accuracy of DCO1, with and without
calibration based on temperature sensor, respectively.
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Figure 20 Typical DCO1 accuracy over temperature

Table 24 provides the characteristics of the 32 kHz clock output from digital controlled
oscillators, DCO2 in XMC1300.

Table 24 32 kHz DCO2 Characteristics (Operating Conditions apply)

Parameter Symbol Limit Values Unit | Test Conditions
Min. |Typ. |Max.
Nominal frequency |fyom CC |- 32.75 |- kHz | under nominal
conditions® after trimming
Accuracy Af; CC|-1.7 |- 3.4 |% |with respect to fyom(typ),

over temperature
(0°Cto85°C)

-39 |- 40 |% | with respect to fyou(typ),
over temperature

(-40 °C to 105 °C)

1) The deviation is relative to the factory trimmed frequency at nominal Vppc and T, = + 25 °C.
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Master Mode Timing
tl |——— — tz
ggﬁgxompm Inactive) Active Inactive
Clock Output ZFirstTransmit x Receive Transmit x Last Receive
SCLKOUT Edge Edge Edge Edge
— ts t3
Data Output ’
DOUT[3:0] .
Data Input - - Data o - Daia ——
DXODX[5:3] e e VA A e VA A
Slave Mode Timing
tio = — 1,
g;lze(:t InpUt Inactive, Active ) Inactive
Clock Input First Transmit / Transmit \ Last Receive
DX1 Edge Edge Edge
— - —— t12 [
— g -
- - - - - - - - - - .- - -
Data Input " Data a ™ Data 2
DXODX[5:3] o e VAT e \VAD A
— - [14 — t“
Data Output
DOUT[3:0]
Transmit Edge: with this clock edge transmit data is shifted to transmit data output
Receive Edge: with this clock edge receive data at receive data input is latched
Drawn for BRGH.SCLKCFG = 00g. Also valid for for SCLKCFG = 01g with inverted SCLKOUT signal
USIC_SSC_TMGX.VSD
Figure 22 USIC - SSC Master/Slave Mode Timing

Note: This timing diagram shows a standard configuration, for which the slave select
signal is low-active, and the serial clock signal is not shifted and not inverted.
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3.3.6.2 Inter-IC (lIC) Interface Timing

Electrical Parameters

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

Table 29 USIC IIC Standard Mode Timing®

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

Fall time of both SDA and |t; - - 300 ns

SCL CC/SR

Rise time of both SDA and | t, - - 1000 |ns

SCL CC/SR

Data hold time t; 0 - - us
CC/SR

Data set-up time t, 250 - - ns
CC/SR

LOW period of SCL clock |tg 4.7 - - ps
CC/SR

HIGH period of SCL clock | tg 4.0 - - ps
CC/SR

Hold time for (repeated) |t, 4.0 - - Hs

START condition CC/SR

Set-up time for repeated |t 4.7 - - us

START condition CC/SR

Set-up time for STOP tg 4.0 - - ps

condition CC/SR

Bus free time betweena |t 4.7 - - 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.

Data Sheet
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Electrical Parameters

Table 30 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,

Data hold time t; 0 - - ps
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 - - us
CC/SR

Hold time for (repeated) |t 0.6 - - us

START condition CC/SR

Set-up time for repeated |tg 0.6 - - ps

START condition CC/SR

Set-up time for STOP tg 0.6 - - us

condition CC/SR

Bus free time between a |t 13 - - ps

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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Package and Reliability

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) + (VoL x loy)

The dynamic external power consumption caused by the output drivers (P,qpyy) 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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