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General Device Information

221 Package Pin Summary
The following general building block is used to describe each pin:

Table 5 Package Pin Mapping Description
Function Package A Package B Pad Type
Px.y N N Pad Class

The table is sorted by the “Function” column, starting with the regular Port pins (Px.y),
followed by the supply pins.

The following columns, titled with the supported package variants, lists the package pin
number to which the respective function is mapped in that package.

The “Pad Type” indicates the employed pad type:

e STD_INOUT(standard bi-directional pads)

e STD_INOUT/AN (standard bi-directional pads with analog input)
* High Current (high current bi-directional pads)

* STD_IN/AN (standard input pads with analog input)

* Power (power supply)

Details about the pad properties are defined in the Electrical Parameters.

Table 6 Package Pin Mapping
Function | VQFN |TSSOP | TSSOP |VQFN |TSSOP |Pad Notes
40 38 28 24 16 Type
P0.0 23 17 13 15 7 STD_IN
ouT
PO.1 24 18 - - - STD_IN
ouT
P0.2 25 19 - - - STD_IN
ouT
P0.3 26 20 - - - STD_IN
ouT
P0.4 27 21 14 - - STD_IN
ouT
P0.5 28 22 15 16 8 STD_IN
ouT
P0.6 29 23 16 17 9 STD_IN
ouT
Data Sheet 22 V1.9, 2017-03
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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 V1.9, 2017-03
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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

VSSP 31 25 - - - Power I/O port ground

VDDP 32 26 - - - Power 1/O port supply

VSSP Exp. - - Exp. - Power Exposed Die

Pad Pad Pad

The exposed die
pad is connected
internally to
VSSP. For proper
operation, it is
mandatory to
connect the
exposed pad to
the board ground.
For thermal
aspects, please
refer to the
Package and
Reliability
chapter.

2.2.2 Port I/O Function Description

The following general building block is used to describe the 1/0O functions of each PORT

pin:

Table 7 Port 1/0 Function Description

Function Outputs Inputs

ALT1 ALTn Input Input

P0.0 MODA.OUT MODC.INA

Pn.y MODA.OUT MODA.INA MODC.INB

Data Sheet 25 V1.9, 2017-03
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General Device Information

2.2.3 Hardware Controlled 1/0 Function Description

The following general building block is used to describe the hardware I/O and pull control
functions of each PORT pin:

Table 8 Hardware Controlled I/O Function Description
Function OQutputs Inputs Pull Control
HWOO HWIO HWO0_PD HWO0_PU
P0.0 MODB.OUT MODB.INA
Pn.y MODC.OUT MODC.OUT

By Pn_HWSEL, it is possible to select between different hardware “masters”
(HWOO/HWI0, HWO1/HWI1). The selected peripheral can take control of the pin(s).
Hardware control overrules settings in the respective port pin registers. Additional
hardware signals HWO0_PD/HW1_PD and HWO_PU/HW1_PU controlled by the
peripherals can be used to control the pull devices of the pin.

Please refer to the Hardware Controlled I/O Functions table for the complete hardware
I/0 and pull control function mapping.
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Electrical Parameters

3 Electrical Parameters

This section provides the electrical parameters which are implementation-specific for the
XMC1300.

3.1 General Parameters

311 Parameter Interpretation

The parameters listed in this section represent partly the characteristics of the XMC1300
and partly its requirements on the system. To aid interpreting the parameters easily
when evaluating them for a design, they are indicated by the abbreviations in the
“Symbol” column:

e CC
Such parameters indicate Controller Characteristics, which are distinctive feature of
the XMC1300 and must be regarded for a system design.

* SR
Such parameters indicate System Requirements, which must be provided by the
application system in which the XMC1300 is designed in.

Data Sheet 33 V1.9, 2017-03
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3.1.2

Absolute Maximum Ratings

Electrical Parameters

Stresses above the values listed under “Absolute Maximum Ratings” may cause
permanent damage to the device. This is a stress rating only and functional operation of
the device at these or any other conditions above those indicated in the operational
sections of this specification is not implied. Exposure to absolute maximum rating
conditions may affect device reliability.

Table 11 Absolute Maximum Rating Parameters

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

ition

Junction temperature T, SR |-40 |- 115 °C |-

Storage temperature Tst SR|-40 |- 125 °C |-

Voltage on power supply pin {Vppp SR |-0.3 |- 6 \% -

with respect to Vggp

Voltage on digital pins with |V, SR |-0.5 |- Vppp + 0.5 |V whichever

respect to Vggp? or max. 6 is lower

Voltage on P2 pins with Vw2 SR [-0.3 |- Vppp + 0.3 |V -

respect to Vggp?

Voltage on analog input pins |V -05 |- Vopp + 0.5 |V whichever

with respect to Vggp Varer SR or max. 6 is lower

Input current on any pin In SR [-10 |- 10 mA |-

during overload condition

Absolute maximum sumofall | 21,, SR |-50 |- +50 mA |-

input currents during overload

condition

1) Excluding port pins P2.[1,2,6,7,8,9,11].

2) Applicable to port pins P2.[1,2,6,7,8,9,11].
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Table 16 Input/Output Characteristics (Operating Conditions apply) (cont'd)

Parameter Symbol Limit Values |Unit |Test Conditions
Min. Max.

Input Hysteresis® HYS CC |0.08 x |- Y, CMOS Mode (5 V),
Vopp Standard Hysteresis
0.03x |- \ CMOS Mode (3.3V),
Vopp Standard Hysteresis
0.02x |- v CMOS Mode (2.2 V),
Voo Standard Hysteresis
05x |0.75x% |V CMOS Mode(5 V),
Vooe | Vooe Large Hysteresis
04x |0.75%x |V CMOS Mode(3.3 V),
Voor | Vooe Large Hysteresis
02x |0.65x |V CMOS Mode(2.2 V),
Voor | Vooe Large Hysteresis

Pin capacitance (digital |C,q CC |- 10 pF

inputs/outputs)

Pull-up resistor on port |Rpyp CC |20 50 kohm |V =Vgsp
pins
Pull-down resistor on Repp CC |20 50 kohm |V = Vppp
port pins

Input leakage current” |l  CC |-1 1 A |0 < Vi< Vopps
T, <105 °C

Voltage on any pin Voo SR |- 0.3 \Y 10)
during Vppp power off

Maximum current per lup SR |-10 11 mA |-
pin (excluding P1, Vpp
and Vgg)

Maximum current per lupia SR |-10 50 mA |-
high currrent pins

Maximum currentinto | lypp; SR |- 130 |mA |®
Vppp (TSSOP16,
VQFN24)

Maximum currentinto | lypp, SR |- 260 |[mA |®
Vppp (TSSOP38,
VQFN40)
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Table 17 ADC Characteristics (Operating Conditions apply)Y (cont'd)
Parameter Symbol Values Unit | Note / Test Condition
Min. ‘Typ. ‘ Max.
Gain settings Gy CC 1 - GNCTRxz.GAINy =004
(unity gain)
3 — | GNCTRxz.GAINy =014
(gain g1)
6 - | GNCTRxz.GAINy =10,
(gain g2)
12 —  |GNCTRxz.GAINy=11,
(gain g3)
Sample Time tsample CC |3 - - 1/ |Vpp=5.0V
fanc
3 - |- 1/ |Vpp=33V
fanc
30 - - 1/ |Vpp=2.0V
fanc
Sigma delta loop hold |tsp pog 20 - - ps | Residual charge stored
time CcC in an active sigma delta
loop remains available
Conversion time t.cCC |9 1/ |?
in fast compare mode fapc
Conversion time t.;, CC |20 1/ |?
in 12-bit mode fapc
Maximum sample rate |f,;, CC |- - fanc/ |— 1 sample
in 12-bit mode * 42.5 pending
- - fanc/ |— 2 samples
62.5 pending
Conversion time te;oCC |18 1/ |?
in 10-bit mode fapc
Maximum sample rate |f;;o CC |- - fanc/ | — 1 sample
in 10-bit mode 40.5 pending
- - fanc/ | — 2 samples
58.5 pending
Conversion time tgCC |16 1/ |?
in 8-bit mode fanc
Data Sheet 43 V1.9, 2017-03
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Electrical Parameters

3.2.3 Out of Range Comparator (ORC) Characteristics

The Out-of-Range Comparator (ORC) triggers on analog input voltages (V,,y) above the
Vpopp On selected input pins (ORCx.AIN) and generates a service request trigger
(ORCx.OUT).

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

Table 18 Out of Range Comparator (ORC) Characteristics (Operating
Conditions apply; Vppp =3.0V -5.5V; C = 0.25 pF)

Parameter Symbol Values Unit | Note / Test Condition
Min. | Typ. | Max.
DC Switching Level |Vope CC |54 |- 183 |mV |VAIN 2 Vppe + Vope
Hysteresis Vouys CC |15 |- 54 mV
Always detected topop CC | 103 |- - ns | Van= Vppp + 150 mV
Overvoltage Pulse 88 |— . ns | Va2 Voo + 350 mV
Never detected toron CC |- - 21 ns | Van= Vppp + 150 mV
Overvoltage Pulse _ _ 11 ns | Van 2 Vopp + 350 mV
Detection Delay ofa |topp CC (39 |- 132 |ns |Van=Vppp + 150 mV
persistent 31 |- |121 |ns |V = Vppe + 350 mV
Overvoltage
Release Delay toro CC |44 |- 240 |ns  |Van<Voor Vopp =5V
57 |- 340 |ns | Van< Vopp: Voo =33V
Enable Delay toep CC |- - 300 |[ns |ORCCTRL.ENORCx =1
> + (( \___ = +
) AN
Voop 1 ﬁ
Vee ORCX.AINV . \
ORCx.OUT .
— lopp = H —1 torp =

Figure 12 ORCx.OUT Trigger Generation
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Table 21 Power Supply Parameters; Vppp = 5V

Electrical Parameters

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

Sleep mode current loppsp CC |- 1.8 - mA 32/64

Periphere_tls clock disabled 1.7 j mA 24 /48

Flash active

fMCLK / fPCLK in MHZS) 1.6 - mA 16/32
15 - mA 8/16
1.4 - mA 1/1

Sleep mode current lpppsr CC |- 1.2 - mA 32/64

Peripherals clock disabled 11 j mA 24148

Flash powered down

fMCLK / fPCLK in MHz® 1.0 - mA 16/32
0.8 - mA 8/16
0.7 - mA 1/1

Deep Sleep mode current” | Ipppps CC | - 0.24 |- mA

Wake-up time from Sleepto |tgs4 CC |- 6 - cycles

Active mode®

Wake-up time from Deep |tpsa CC |- 280 |- psec

Sleep to Active mode®

1) The typical values are measured at T, = + 25 °C and VDDP =5 V.
2) CPU and all peripherals clock enabled, Flash is in active mode.

3) CPU enabled, all peripherals clock disabled, Flash is in active mode.

4) CPU in sleep, all peripherals clock enabled and Flash is in active mode.
5) CPU in sleep, Flash is in active mode.
6) CPU in sleep, Flash is powered down and code executed from RAM after wake-up.
7) CPUiin sleep, peripherals clock disabled, Flash is powered down and code executed from RAM after wake-up.
8) CPU in sleep, Flash is in active mode during sleep mode.
9) CPU in sleep, Flash is in powered down mode during deep sleep mode.

Data Sheet
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Table 22 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 22 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%
CCU40 lccuaoppe | 0.94 mA Set CGATCLR0.CCU40 to 19
CCu80 lccusoppe | 0-42 mA Set CGATCLR0.CCUS80 to 1%
POSIFO loroooe | 0.26 mA Set CGATCLRO.POSIFO to 15
BCCUO lsccuoppe | 0-24 mA Set CGATCLR0.BCCUO to 17
MATH lyathooe | 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 current is 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 V1.9, 2017-03
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3.3 AC Parameters

3.3.1 Testing Waveforms

Vbop d

90% 90%

10% 10%

Figure 16 Rise/Fall Time Parameters

VDDP

Vopp/ 2 —«——— Test Points ——= Voop/2

VSS

Figure 17  Testing Waveform, Output Delay

Timing
Reference
Points

Figure 18 Testing Waveform, Output High Impedance

Vioap +0.1V

Vioapo - 0.1V VoL + 0.1V
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Table 24 Power-Up and Supply Monitoring Parameters (Operating Conditions
apply) (cont'd)
Parameter Symbol Values Unit |Note/
Min. Typ. | Max. Test Condition

Vppp brownout reset | Vpppgo CC | 1.55 162 |1.75 |V calibrated, before

voltage user code starts
running

Vppp Voltage to Vopppa CC |- 10 |- \Y,

ensure defined pad

states

Start-up time from tssw SR - 320 |- us Time to the first

power-on reset user code
instruction®

BMI program time tswi SR - 8.25 |- ms | Time taken from a
user-triggered
system reset after
BMI installation is
is requested

1) A capacitor of at least 100 nF has to be added between VDDP and VSSP to fulfill the requirement as stated

for this parameter.

2) Valid for a 100 nF buffer capacitor connected to supply pin where current from capacitor is forwarded only to
the chip. A larger capacitor value has to be chosen if the power source sink a current.

3) This values does not include the ramp-up time. During startup firmware execution, MCLK is running at 32 MHz
and the clocks to peripheral as specified in register CGATSTATO are gated.

50V — —

VDDP
Figure 19 Supply Threshold Parameters
Data Sheet 58 V1.9, 2017-03
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Electrical Parameters

3.3.3 On-Chip Oscillator Characteristics

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

Table 25 provides the characteristics of the 64 MHz clock output from the digital
controlled oscillator, DCO1 in XMC1300.

Table 25 64 MHz DCO1 Characteristics (Operating Conditions apply)

Parameter Symbol Limit Values Unit | Test Conditions
Min. | Typ. | Max.

Nominal frequency |fyom CC |- 64 |- MHz | under nominal
conditions? after
trimming

Accuracy? Af; CC |-1.7 |- |34 |% |withrespectto fyoy(typ),

over temperature
(T,=0°C to 85 °C)
-39 |- 4.0 |% |withrespectto fyou(typ),
over temperature

(T, = -40 °C to 105 °C)
1) The deviation is relative to the factory trimmed frequency at nominal Vppc and T, = + 25 °C.

2) The accuracy can be further improved through alternative methods, refer to XMC1000 Oscillator Handling
Application Note.
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3.35 SPD Timing Requirements

The optimum SPD decision time between Oz and 1z is 0.75 ps. With this value the
system has maximum robustness against frequency deviations of the sampling clock on
tool and on device side. However it is not always possible to exactly match this value
with the given constraints for the sample clock. For instance for a oversampling rate of
4, the sample clock will be 8 MHz and in this case the closest possible effective decision
time is 5.5 clock cycles (0.69 pus).

Table 28 Optimum Number of Sample Clocks for SPD
Sample | Sampling | Sample |Sample Effective | Remark

Freq. Factor Clocks 0g | Clocks 1 | Decision
TimeY
8MHz |4 1to5 6to 12 0.69 us | The other closest option

(0.81 ps) for the effective
decision time is less robust.

1) Nominal sample frequency period multiplied with 0.5 + (max. number of Oz sample clocks)

For a balanced distribution of the timing robustness of SPD between tool and device, the
timing requirements for the tool are:

« Frequency deviation of the sample clock is +/- 5%
« Effective decision time is between 0.69 us and 0.75 ps (calculated with nominal
sample frequency)

Data Sheet 62 V1.9, 2017-03
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4 Package and Reliability
The XMC1300 is a member of the XMC1000 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 35 provides the thermal characteristics of the packages used in XMC1300.

Table 35 Thermal Characteristics of the Packages

Parameter Symbol Limit Values |Unit |Package Types
Min. |Max.

Exposed Die Pad ExxEy |- 27 %27 |mm PG-VQFN-24-19

Dimensions cc - 3.7x37 |mm |PG-VQFN-40-13

Thermal resistance Resa CC |- 104.6 KIW | PG-TSSOP-16-8Y

Junction-Ambient I 83.2 KW | PG-TSSOP-28-16Y
- 70.3 KW | PG-TSSOP-38-9Y
- 46.0 KW | PG-VQFN-24-19Y
- 38.4 KW | PG-VQFN-40-13Y

1) Device mounted on a 4-layer JEDEC board (JESD 51-5); exposed pad soldered.

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

41.1 Thermal Considerations

When operating the XMC1300 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
power dissipation must be limited so that the average junction temperature does not
exceed 115 °C.
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The difference between junction temperature and ambient temperature is determined by
AT = (Pt + Piostar + 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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Package and Reliability

4.2 Package Outlines
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5 Quality Declaration
Table 36 shows the characteristics of the quality parameters in the XMC1300.

Quality Declaration

Table 36 Quality Parameters
Parameter Symbol | Limit Values Unit | Notes
Min. Max.

ESD susceptibility Viem - 2000 \% Conforming to
according to Human Body | SR EIA/JESD22-
Model (HBM) Al14-B
ESD susceptibility Veou |- 500 v Conforming to
according to Charged SR JESD22-C101-C
Device Model (CDM) pins
Moisture sensitivity level | MSL - 3 - JEDEC

cC J-STD-020D
Soldering temperature Tepr - 260 °C Profile according

SR to JEDEC

J-STD-020D
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