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About this Document

About this Document

This Data Sheet is addressed to embedded hardware and software developers. It
provides the reader with detailed descriptions about the ordering designations, available
features, electrical and physical characteristics of the XMC4500 series devices.

The document describes the characteristics of a superset of the XMC4500 series
devices. For simplicity, the various device types are referred to by the collective term
XMC4500 throughout this manual.

XMC4000 Family User Documentation
The set of user documentation includes:

* Reference Manual
— decribes the functionality of the superset of devices.
» Data Sheets
— list the complete ordering designations, available features and electrical
characteristics of derivative devices.
* Errata Sheets
— list deviations from the specifications given in the related Reference Manual or
Data Sheets. Errata Sheets are provided for the superset of devices.

Attention: Please consult all parts of the documentation set to attain consolidated
knowledge about your device.
Application related guidance is provided by Users Guides and Application Notes.

Please refer to http://www.infineon.com/xmc4000 to get access to the latest versions
of those documents.

Data Sheet 7 V1.2, 2013-10
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Summary of Features

1 Summary of Features

The XMC4500 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
D Masters D Slaves e
CPU RTC
ARM® Cortex™-M4 ERUO
USB WDT
GPDMAO GPDMA1 Ethernet oTG
System  DCode ICode FCE
[ Bus Matrix ]
Data  Code
PMU PSRAM DSRAM1 DSRAM2 EBU
ROM & Flash
usIco DSD POSIF1|| CCU80 || CCus1 LEDTSO[| CCU43 || PORTS DAC

=

— A LA 7 -

ERU1 VADC ||POSIFO || CCU40 || CCUA4l | | CCu42 | |ISDMMC| | UsIC2 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
e Floating Point Unit
e Memory Protection Unit
* Nested Vectored Interrupt Controller
* Two General Purpose DMA with up-to 12 channels
* Event Request Unit (ERU) for programmable processing of external and internal
service requests

Data Sheet 8 V1.2, 2013-10
Subject to Agreement on the Use of Product Information



o .. XMC4500
< mfmeon XMC4000 Family

Summary of Features

Flexible CRC Engine (FCE) for multiple bit error detection

On-Chip Memories

16 KB on-chip boot ROM

64 KB on-chip high-speed program memory

64 KB on-chip high speed data memory

32 KB on-chip high-speed communication

1024 KB on-chip Flash Memory with 4 KB instruction cache

Communication Peripherals

Ethernet MAC module capable of 10/100 Mbit/s transfer rates

Universal Serial Bus, USB 2.0 host, Full-Speed OTG, with integrated PHY
Controller Area Network interface (MultiCAN), Full-CAN/Basic-CAN with 3 nodes, 64
message objects, data rate up to 1MBit/s

Six Universal Serial Interface Channels (USIC),providing 6 serial channels, usable as
UART, double-SPI, quad-SPI, IIC, IS and LIN interfaces

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

SD and Multi-Media Card interface (SDMMC) for data storage memory cards
External Bus Interface Unit (EBU) enabling communication with external memories
and off-chip peripherals

Analog Frontend Peripherals

Four Analog-Digital Converters (VADC) of 12-bit resolution, 8 channels each, with
input out-of-range comparators

Delta Sigma Demodulator with four channels, digital input stage for A/D signal
conversion

Digital-Analogue Converter (DAC) with two channels of 12-bit resolution

Industrial Control Peripherals

Two Capture/Compare Units 8 (CCU8) for motor control and power conversion
Four Capture/Compare Units 4 (CCU4) for use as general purpose timers

Two Position Interfaces (POSIF) for servo motor positioning

Window Watchdog Timer (WDT) for safety sensitive applications

Die Temperature Sensor (DTS)

Real Time Clock module with alarm support

System Control Unit (SCU) for system configuration and control

Data Sheet 9 V1.2, 2013-10
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Summary of Features

Input/Output Lines

* 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

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

11 Ordering Information

The ordering code for an Infineon microcontroller provides an exact reference to a
specific product. The code “XMC4<DDD>-<Z><PPP><T><FFFF>" identifies:

« <DDD> the derivatives function set
* <Z>the package variant

— E: LFBGA

- F:LQFP

- Q: VQFN
e <PPP> package pin count
» <T>the temperature range:

— F:-40°C to 85°C

— X:-40°C to 105°C

— K:-40°Cto 125°C
e <FFFF> the Flash memory size.
For ordering codes for the XMC4500 please contact your sales representative or local
distributor.

This document describes several derivatives of the XMC4500 series, some descriptions
may not apply to a specific product.

For simplicity the term XMC4500 is used for all derivatives throughout this document.

Data Sheet 10 V1.2, 2013-10
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These device types are available and can be ordered through Infineon’s direct and/or
distribution channels.

Summary of Features

Device Types

Table 1 Synopsis of XMC4500 Device Types

Derivative? Package Flash SRAM
Kbytes Kbytes
XMC4500-E144x1024 PG-LFBGA-144 1024 160
XMC4500-F144x1024 PG-LQFP-144 1024 160
XMC4500-F100x1024 PG-LQFP-100 1024 160
XMC4500-F144x768 PG-LQFP-144 768 160
XMC4500-F100x768 PG-LQFP-100 768 160
XMC4502-F100x768 PG-LQFP-100 768 160
XMC4504-F144x512 PG-LQFP-144 512 128
XMC4504-F100x512 PG-LQFP-100 512 128
1) xis a placeholder for the supported temperature range.
1.3 Device Type Features
The following table lists the available features per device type.
Table 2 Features of XMC4500 Device Types
Derivative? LEDTS |SDMMC [EBU |ETH |USB |USIC |MultiCAN
Intf. Intf. Intf.? I3;1tf. Intf. |Chan. |Nod./Msg.
XMC4500-E144x1024 |1 1 SDM |MR |1 3x2 |3/64
XMC4500-F144x1024 |1 1 SDM |MR |1 3x2 |3/64
XMC4500-F100x1024 |1 1 M16 |R 1 3x2 |3/64
XMC4500-F144x768 1 1 SDM |MR |1 3x2 |3/64
XMC4500-F100x768 1 1 M16 |R 1 3x2 |3/64
XMC4502-F100x768 1 1 M16 |- 1 3x2 |3/64
XMC4504-F144x512 1 1 SDM |- - 3x2 |-
XMC4504-F100x512 1 1 M16 |- - 3x2 |-

1) xis a placeholder for the supported temperature range.
2) Memory types supported S=SDRAM, D=DEMUX, M=MUX 16-bit and 32-bit, M16=MUX 16-bit
3) Supported interfaces, M=MIl, R=RMII.

Data Sheet 11 V1.2, 2013-10
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Table 3 Features of XMC4500 Device Types
Derivative? ADC DSD DAC CCu4 |[CCu8 |POSIF
Chan. |Chan. |Chan. |Slice Slice Intf.

XMC4500-E144x1024 32 2 4x4 2x4 2
XMC4500-F144x1024 32 4 2 4x4 2x4 2
XMC4500-F100x1024 24 4 2 4x4 2x4 2
XMC4500-F144x768 32 4 2 4x4 2x4 2
XMC4500-F100x768 24 4 2 4x4 2x4 2
XMC4502-F100x768 24 4 2 4x4 2x4 2
XMC4504-F144x512 32 4 2 4x4 2x4 2
XMC4504-F100x512 24 4 2 4x4 2x4 2

1) xis a placeholder for the supported temperature range.

1.4

Definition of Feature Variants

The XMC4500 types are offered with several memory sizes and number of available
VADC channels. Table 4 describes the location of the available Flash memory, Table 5
describes the location of the available SRAMs, Table 6 the available VADC channels.

Table 4 Flash Memory Ranges
Total Flash Size Cached Range Uncached Range
512 Kbytes 0800 0000, — 0CO00 0000, -
0807 FFFF, 0CO7 FFFF,
768 Kbytes 0800 0000, — 0CO00 0000, —-
080B FFFF,, 0COB FFFF,
1,024 Kbytes 0800 0000, — 0CO00 0000, —
080F FFFF, OCOF FFFFy
Table 5 SRAM Memory Ranges
Total SRAM Size |Program SRAM System Data SRAM | Communication
Data SRAM
128 Kbytes 1000 0000, — 2000 0000, — -
1000 FFFF, 2000 FFFF,
160 Kbytes 1000 0000, — 2000 0000, — 3000 0000, -
1000 FFFF, 2000 FFFF, 3000 7FFFy,
Data Sheet 12 V1.2, 2013-10
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Table 6 AD Converter Channels?

Package VADC GO VADC G1 VADC G2 VADC G3
PG-LQFP-144 CHO..CH7 CHO..CH7 CHO..CH7 CHO..CH7
PG-LFBGA-144

PG-LQFP-100 CHO..CH7 CHO..CH7 CHO..CH3 CHO..CH3

1) Some pins in a package may be connected to more than one channel. For the detailed mapping see the Port

1/0 Function table.

15 Identification Registers

The identification registers allow software to identify the marking.

Table 7 XMC4500 Identification Registers

Register Name Value Marking

SCU_IDCHIP 0004 5002, EES-AA, ES-AA
SCU_IDCHIP 0004 5003, ES-AB, AB

SCU_IDCHIP 0004 5004, AC

JTAG IDCODE 101D B083, EES-AA, ES-AA

JTAG IDCODE 101D B083,, ES-AB, AB

JTAG IDCODE 401D B083,, AC

Data Sheet 13 V1.2, 2013-10
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2 General Device Information

This section summarizes the logic symbols and package pin configurations with a
detailed list of the functional I/O mapping.

2.1 Logic Symbols

Varer Vaenp Vopa Vssa  Vooc Voop Vss

“@ o o0 ¢ 6 Qo

Exp. Die Pad
Vear (1) —— — e
RTC_XTAL1 —» — (D Vsso
RTC_XTAL2 <+—]
Port 0
HIB_IO_0 <+—» — 16 bit
HIB_IO 1 <+—» Port 1
16 bit
XTALL —»
Port 2
XTAL2 <— K—>
16 bit
USB_DP <«—»
— Port 3
USB_DM <+—» — 16 bit
VBUS — ]
¢ , Port 4
8 bit
Port 14 ——
. Port 5
14 bit K—> 12 bit
Port 15 ——
: Port 6
12 K—>
ST
PORST TCK JTAG ETM/SWD
3 bit 5/ 1 bit
TMS | ] via Port Pins
Figure 2 XMC4500 Logic Symbol PG-LQFP-144
Data Sheet 14 V1.2, 2013-10
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Varer Vaenp Vopa Vssa  Vooc Voor Vss

“@ o o0 6 6 ©

Vear (1) 1
RTC_XTAL1 —» — (1) Vsso
RTC_XTAL2 <+—
¢ A Port 0
HIB_IO 0 <—¥ 16 bit
HIB_IO_1 <—¥ Port 1
: : 16 bit
XTALL —»
Port 2
XTAL2 <— —
16 bit
<>
USB_DP — Port 3
USB DM <+ 16 bit
VBUS —
¢ \ Port 4
8 bit
Port 14 ——
. Port 5
14 bit K——) 12 bit

Port15 ——

12 bit (—— Port6

1 T ﬁ ﬁ 7 bit
PORST TCK JTAG ETM/SWD
3 hit 5/1 bit
TMS L ] via Port Pins
Figure 3 XMC4500 Logic Symbol PG-LFBGA-144
Data Sheet 15 V1.2, 2013-10
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Varer Vaenp Vopa Vssa  Vooc Voop Vss
“m @O O o @ 6 o
‘ ‘ ‘ ‘ ‘ ‘ ‘ Exp. Die Pad
Vear (1) 7(Vsps)
RTC_XTAL1 — (1) Vsso
RTC_XTAL2
¢ A Port 0
HIB_ 10 0 13 bit
HIB_10_1
- = ¢ , Port 1
16 bit
XTAL1
Port 2
XTAL2 K—>
13 bit
USB_DP Port 3
USB_DM — 7 bit
VBUS
¢ \ Port 4
2 bit
Port 14 Port 5
14 bit K—> 4 bit
Port 15
4 bit
PORST TCK  JTAG SWD
3 hit 1 bit
TMS L ] via Port Pins
Figure 4 XMC4500 Logic Symbol PG-LQFP-100
Data Sheet 16 V1.2, 2013-10
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Pin Configuration and Definition

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

FFFFFFFFFFFFFFFFFFFFFFFF S-S
P01 [ 1 O 108 [ P14
P0.0 [] 2 107 [] P15
P0.10 [] 3 106 [ ] P1.10
P09 []4 105 [—] P1.11
P32 []5 104 [] P1.12
P31 []6 103 [] P1.13
P30 []7 102 [] P1.14
P3.13 [] 8 101 [] P6.0
P3.12 ]9 100 [ P6.1
P3.11 [] 10 99 [] P6.2
P3.10 [] 11 98 [ ] P63
P3.9 [] 12 97 [] P64
P38 [] 13 96 | ] P6.5
P37 [] 14 95 [ ] P6.6
USB_DM [] 15 94 [] P1.15
USB_DP [] 16 93 [] TCK
VBUS [] 17 92 [] ™S
vDDP [ 18 XMC4500 91 [] PORST
vDbDC [] 19 90 [] vbDC
HIB_IO_1 [] 20 (Top View) 89 [] vsSsO
HIB_I0_0 [ 21 88 [ ] XTAL2
RTC_XTAL1 [] 22 87 [ ] XTAL1
RTC_XTAL2 [] 23 86 [ ] VDDP
VBAT [] 24 85 [ vss
P15.7 []| 25 84 []P5.0
P156 [] 26 83 [] P5.1
P15.5 [| 27 82 ] P52
P15.4 [] 28 81| ] P53
P15.3 [] 29 80 [ P5.4
P15.2 [] 30 79 [] P55
P14.15 [] 31 78 [ ] P5.6
P14.14 [| 32 77 [ ] P57
P14.13 ] 33 76 | ] P26
P14.12 [] 34 75 [ P27
P14.7 [] 35 74 [] P20
P146 [] 36 73 [ P21
T
5889y RIS I3RS NRI BR8N BTB8EBERRN
I
VIMNCOVLIQLLILINNRVRRV-OROVIOLONTORRVTON
N 1 1 - - D E B Py = peprpepep
&D.&D.&AEE§<>K>>EE&&D.&D.& aoas>oo0a0
Figure 5 XMC4500 PG-LQFP-144 Pin Configuration (top view)
Data Sheet 17 V1.2, 2013-10
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A | vSS |vDDC| P0.2 | PO.3 | PO.5 | PO.6 | P36 | PO.8 | P41 | P1.8 |VDDP| VSS | A

B |VvDDP| P3.1 | P32 | PO.10| P04 | P35 | PO.7 | P40 | P16 | P17 | P19 |VDDC| B

C | P3.0 | P3.13| PO.1 | PO.O | PO.13 | PO.15| P44 | P46 | P47 | P14 | P12 | P13 | C

USB_D

D M P3.12 | P3.11 | P0.9 | P0O.12 | P3.14 | P3.15| P45 | P1.0 | P15 | P111|P1.10| D
uUsB_D

E P VBUS | P3.8 | P3.7 | P0O.11 | P0O.14| P34 | P42 | P11 | P114 | P112|P113 | E
RTC_X|RTC_X| HIB_I | HIB_I

F 5 - P39 | P3.10| P33 | P43 | P6.1 | P64 | P65 | P66 | F

=1
o
[=3]

TAL2 | TAL1 | O

G | VBAT | P15.3 | P15.5 | P15.4 | P156 | P15.7| TMS | TCK | P6.3 | P6.0 JPORST| P1.15| G

H | P15.2 |P14.15|P14.14]P14.13| P5.10 | P5.8 | P52 | P5.1 | P5.0 | P6.2 | XTAL1|XTAL2| H

J |P14.12] P14.7 | P146 | P143 | P5.11 | P2.15| P5.7 | P55 | P26 | P53 | P2.0 |VSSO| J

K | P14.4 | P145 | P14.2 |P15.15|P15.12| P5.9 | P2.14| P56 | P27 | P54 | P22 | P21 K

L | VDDA | P14.1 | P14.0 |P15.14] P14.9 | P15.9 | P2.12 | P2.10 | P2.8 | P24 | P23 |VDDP| L

M | VSSA [VAGND|VAREF|P15.13| P14.8 | P15.8 | P2.13 | P2.11 | P2.9 | P25 |VDDC| VSS | M

1 2 3 4 5 6 7 8 9 10 11 12
XMC4500 - (top view)

Figure 6 XMC4500 PG-LFBGA-144 Pin Configuration (top view)

Data Sheet 18 V1.2, 2013-10
Subject to Agreement on the Use of Product Information



infineon

XMC4500
XMC4000 Family

General Device Information

PO.1 []
P0.0 [
P0.10 [
P0.9 [
P3.2 ]

P3.1 [
P3.0 [
UsB_DM [
USB_DP []
VBUS []
VDDP [
vDDC [
HIB_IO_1 [
HIB_I0_0 [
RTC_XTAL1 [
RTC_XTAL2 []
VBAT [
P15.3 [
P15.2 [
P14.15 []
P14.14 [
P14.13 [
P14.12 [
P14.7 [
P14.6 [

N oA WN

XMC4500 o B veso

(Top View) 61 [] XTAL1

75 [ P14
74 ] P15
73 [ P1.10
72 [ P11
71 [ P12
70 [ P13
69 [ P1.14
68 [ P1.15
67 [ TCK
66 [ TMS
65 [ ] PORST

62 [ XTAL2

60 [ vDDP
59 [ vss
58 [ P5.0
57 [ P5.1
56 [ P5.2
55 [ P5.7
54 [ P26
53 [ P27
52 [ P2.0
51 [ P2.1

VAGND [ 32
VAREF [] 33
VSSA ]34
VDDA [] 35
P14.9 |36
P14.8 [ 37
P15.9 ]38
P15.8 [ 39
P2.15 ] 40

Figure 7 XMC4500 PG-LQFP-100 Pin Configuration (top view)
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2.2.1
The following general scheme is used to describe each pin:

General Device Information

Package Pin Summary

Table 8 Package Pin Mapping Description

Function Package A | Package B Pad Notes
Type

Name N AXx A2

The table is sorted by the “Function” column, starting with the regular Port pins (Px.y),
followed by the dedicated pins (i.e. PORST) and 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 (Al, Al+, A2, special=special pad,
In=input pad, AN/DIG_IN=analog and digital input, Power=power supply). Details about
the pad properties are defined in the Electrical Parameters.

In the “Notes”, special information to the respective pin/function is given, i.e. deviations
from the default configuration after reset.

Table 9 Package Pin Mapping

Function LQFP-144 | LFBGA-144 | LQFP-100 | Pad Type Notes

P0.0 2 c4 2 Al+

P0.1 1 C3 1 Al+

P0.2 144 A3 100 A2

P0.3 143 A4 99 A2

P0.4 142 B5 98 A2

P0.5 141 A5 97 A2

P0.6 140 A6 96 A2

P0.7 128 B7 89 A2 After a system reset, via
HWSEL this pin selects
the DB.TDI function.

P0.8 127 A8 88 A2 After a system reset, via
HWSEL this pin selects
the DB.TRST function,
with a weak pull-down
active.

P0.9 4 D4 A2

P0.10 3 B4 Al+

P0.11 139 E5 95 Al+
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Table 9 Package Pin Mapping (cont'd)

Function LQFP-144 | LFBGA-144 |LQFP-100 | Pad Type Notes

PO0.12 138 D5 94 Al+

P0.13 137 C5 - Al+

P0.14 136 E6 - Al+

P0.15 135 C6 - Al+

P1.0 112 D9 79 Al+

P1.1 111 E9 78 Al+

P1.2 110 Cl1 77 A2

P1.3 109 C12 76 A2

P1.4 108 C10 75 Al+

P1.5 107 D10 74 Al+

P1.6 116 B9 83 A2

P1.7 115 B10 82 A2

P1.8 114 A10 81 A2

P1.9 113 B11 80 A2

P1.10 106 D12 73 Al+

P1.11 105 D11 72 Al+

P1.12 104 Ell 71 A2

P1.13 103 E12 70 A2

P1.14 102 E10 69 A2

P1.15 94 G12 68 A2

P2.0 74 J11 52 A2

pP2.1 73 K12 51 A2 After a system reset, via
HWSEL this pin selects
the DB.TDO function.

pP2.2 72 K11 50 A2

P2.3 71 L11 49 A2

P2.4 70 L10 48 A2

P2.5 69 M10 47 A2

P2.6 76 J9 54 Al+

P2.7 75 K9 53 Al+

P2.8 68 L9 46 A2

P2.9 67 M9 45 A2

P2.10 66 L8 44 A2
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Table 9 Package Pin Mapping (cont'd)
Function LQFP-144 | LFBGA-144 |LQFP-100 | Pad Type Notes
P2.11 65 M8 - A2
P2.12 64 L7 - A2
P2.13 63 M7 - A2
P2.14 60 K7 41 A2
P2.15 59 J6 40 A2
P3.0 C1 A2
P3.1 B2 A2
P3.2 B3 A2
P3.3 132 F7 93 Al+
P3.4 131 E7 92 Al+
P3.5 130 B6 91 A2
P3.6 129 A7 90 A2
P3.7 14 E4 - Al+
P3.8 13 E3 - Al+
P3.9 12 F5 - Al+
P3.10 11 F6 - Al+
P3.11 10 D3 - Al+
P3.12 9 D2 - A2
P3.13 8 C2 - A2
P3.14 134 D6 - Al+
P3.15 133 D7 - Al+
P4.0 124 B8 85 A2
P4.1 123 A9 84 A2
P4.2 122 E8 - Al+
P4.3 121 F8 - Al+
P4.4 120 C7 - Al+
P4.5 119 D8 - Al+
P4.6 118 Cc8 - Al+
P4.7 117 C9 - Al+
P5.0 84 H9 58 Al+
P5.1 83 H8 57 Al+
P5.2 82 H7 56 Al+
P5.3 81 J10 - A2
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Table 9 Package Pin Mapping (cont'd)

Function LQFP-144 | LFBGA-144 |LQFP-100 | Pad Type Notes

P5.4 80 K10 - A2

P5.5 79 J8 - A2

P5.6 78 K8 - A2

P5.7 77 J7 55 Al+

P5.8 58 H6 - A2

P5.9 57 K6 - A2

P5.10 56 H5 - Al+

P5.11 55 J5 - Al+

P6.0 101 G10 - A2

P6.1 100 F9 - A2

P6.2 99 H10 - A2

P6.3 98 G9 - Al+

P6.4 97 F10 - A2

P6.5 96 F11 - A2

P6.6 95 F12 - A2

P14.0 42 L3 31 AN/DIG_IN

P14.1 41 L2 30 AN/DIG_IN

P14.2 40 K3 29 AN/DIG_IN

P14.3 39 J4 28 AN/DIG_IN

P14.4 38 K1 27 AN/DIG_IN

P14.5 37 K2 26 AN/DIG_IN

P14.6 36 J3 25 AN/DIG_IN

P14.7 35 J2 24 AN/DIG_IN

P14.8 52 M5 37 AN/DAC/DI
G_IN

P14.9 51 L5 36 AN/DAC/DI
G_IN

P14.12 34 J1 23 AN/DIG_IN

P14.13 33 H4 22 AN/DIG_IN

P14.14 32 H3 21 AN/DIG_IN

P14.15 31 H2 20 AN/DIG_IN

P15.2 30 H1 19 AN/DIG_IN

P15.3 29 G2 18 AN/DIG_IN
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Table 9 Package Pin Mapping (cont'd)

Function LQFP-144 | LFBGA-144 |LQFP-100 | Pad Type Notes

P15.4 28 G4 - AN/DIG_IN

P15.5 27 G3 - AN/DIG_IN

P15.6 26 G5 - AN/DIG_IN

P15.7 25 G6 - AN/DIG_IN

P15.8 54 M6 39 AN/DIG_IN

P15.9 53 L6 38 AN/DIG_IN

P15.12 50 K5 - AN/DIG_IN

P15.13 49 M4 - AN/DIG_IN

P15.14 44 L4 - AN/DIG_IN

P15.15 43 K4 - AN/DIG_IN

USB_DP 16 El special

USB_DM 15 D1 special

HIB_IO_0 21 F4 14 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.

HIB_IO_1 20 F3 13 Al special | At the first power-up and
with every reset of the
hibernate domain this pin
is configured as input with
no pull device active.
As output the medium
driver mode is active.

TCK 93 G8 67 Al Weak pull-down active.

TMS 92 G7 66 Al+ Weak pull-up active.
As output the strong-soft
driver mode is active.

PORST 91 Gl1 65 special Weak pull-up permanently
active, strong pull-down
controlled by EVR.

XTAL1 87 H11 61 clock_IN

XTAL2 88 H12 62 clock_O

RTC_XTAL1 |22 F2 15 clock_IN
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Table 9 Package Pin Mapping (cont'd)

Function LQFP-144 | LFBGA-144 |LQFP-100 | Pad Type Notes

RTC_XTAL2 |23 F1 16 clock_O

VBAT 24 Gl 17 Power When Vppp is supplied
Vgar has to be supplied as
well.

VBUS 17 E2 10 special

VAREF 46 M3 33 AN_Ref

VAGND 45 M2 32 AN_Ref

VDDA 48 L1 35 AN_Power

VSSA 47 M1 34 AN_Power

VDDC 19 - 12 Power

VDDC 61 - 42 Power

VDDC 90 - 64 Power

VDDC 125 - 86 Power

VDDC - A2 - Power

VDDC - B12 - Power

vDDC - M11 - Power

VDDP 18 - 11 Power

VDDP 62 - 43 Power

VDDP 86 - 60 Power

VDDP 126 - 87 Power

VDDP - All - Power

VDDP - Bl - Power

VDDP - L12 - Power

VSS 85 - 59 Power

VSS - Al - Power

VSS - Al2 - Power

VSS - M12 - Power
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General Device Information

Table 9 Package Pin Mapping (cont'd)
Function LQFP-144 | LFBGA-144 |LQFP-100 | Pad Type Notes
VSSO 89 J12 63 Power

VSS Exp. Pad |- Exp. Pad | Power Exposed Die Pad

The exposed die pad is
connected internally to
VSS. For proper
operation, it is mandatory
to connect the exposed
pad to the board ground.
For thermal aspects,
please refer to the Data
Sheet. Board layout
examples are given in an
application note.
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The following general scheme is used to describe each Port pin:

General Device Information

Port I/O Functions

Table 10 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

N N
PAD Voop

GND

Figure 8 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, HWO1/HWI1). The selected peripheral can take control of the pin(s).
Hardware control overrules settings in the respective port pin registers.
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Table 11

Port 1/0 Functions

Port I/O Function Table

Function Outputs Inputs
ALT1 ALT2 ALT3 ALT4 HWOO0 HwO1 HwIO HwiIl Input Input Input Input Input Input Input Input
P00 can ccugo LeDTSO. et ETHO ERUO. ETHO,
N_TXD our2t coL2 DX0D CLK_RMIB 080 CLKRXB
PoL use. uiet ccugo LeDTSO. ETHO ERUO. ETHO,
DRIVEVBUS pouTo out coLs CRs_DVB 00 RXDVB
P2 uict ccugo. uico, EBU. uico, E8U. ETHO. ERUO.
SELO1 ouTor pouTs ADO HWING Do RXDOB 383
PoO3 ccugo. utco, EBU. uico, E8U. ETHO. ERUL
out20 pout2 ADL HWIN2 1 RXD18 380
P4 ETHO, ccugo. uico, EBU. uico, E8U. uico ERUO.
TX_EN outo pouTL D2 HWINL 02 DX0A 283
PoS5 ETHO, uico ccugo u1co, EBU. uico, E8U. uico. ERUL
Tx00 pouTo outoo pouTo AD3 HWINO 3 DX0B 310
Po6 ETHO, uico ccugo €BU. uico ERUD ccuso.
Tx01 SELOO outa ADV Dx2A 382 IN28
Po7 WwoT. uoco €BU. oB. E8U. Uoco DSD. ERUO. ccuso ccugo ccuso ccuso.
SERVICE_OUT | SELOD D6 oI ox28 DINIA 281 INOA IN1A N2A IN3A
Po8 scu. uoco EBU. oB. E8U. Uoco. DSD. ERUO. ccuso
EXTCLK scLkouT AD7 TRST o7 ox18 DINOA 21 Nt
P09 utel ccugo. LEDTSO. ETHD, EBU. ETHO. utel use. ERUO.
SELOD out12 coLo MDO cs1 MDIA DX2A D 180
P0.10 ETHD, utet ccugo. LEDTSO. el ERUO.
wMpC scLkouT outoz cot1 DX1A 10
Po1L uico ccugo SomMC €BU. ETHO. uico ERUO.
scLkouT ouTat RST BREQ RXERB DX1A n2
P12 uiet ccuso EBU. = utet ERUO.
SELOD outs HLDA HLDA DX2B 282
Po13 utet ccuso utet ERUO.
scLkouT out2 DX1B 2n2
P14 uico ccuso et vics, ccusz
SELO1 outt pouTs HWING NaC
Po1S uico ccuso et vics, ccusz
seLo2 outo pout2 HWIN2 INze
PLO DSD. uoco ccuao ERUL uoco. ERUO ccuao
cePwMN SELOO outs PDOUTS DX2A 380 INzA
PLL DSD. uoco ccuao ERUL SDMMC. Uoco POSIFO. ERUO. ccuao
caPwmp scLKouT out2 PDOUT2 sowe DX1A iN2A 300 IN2A
P12 ccuao ERUL uoco, €BU. uoco. E8U. POSIFO. ERUL ccuao
outt PDOUTL pouTs AD14 HWING D14 IN1A 280 INIA
PL3 uoco ccuso. ERUL uoco, EBU. uoco. E8U. POSIFO. ERUL ccuso
MCLKOUT outo PDOUTO pout2 D15 HWINZ D15 INoA 20 INOA
PL4 wwoT. can ccugo. ccust uoco, uoco. Uoco. can ERUO. cous
SERVICE OUT | No_TXD outs out20 pouTL HWINL DX0B N1_RXDD 280 iNoc
PLS cAN. uoco ccugo. ccust uoco, uoco. uoco can ERUO. ERUL coust DSD.
NLTXD pouTo out23 out1o pouTo HWINO DX0A NO_RXDA 20 080 Nic DiINzB

Ju

Aliwes 000rONX

00S17ONX

uooaul



UONRWLIOU 19NPOId JO 8SM 8L Uo Juswsaiby 01 19algns

0T-£T02 ‘¢ TA

199yS ereq

6¢

Table 11 Port I/O Functions (cont’d)
Function Outputs Inputs
ALT1 ALT2 ALT3 ALT4 HWOO0 HwWO1 HWIO HwWI1 Input Input Input Input Input Input Input Input
:
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Table 11

Port I/0 Functions (cont’d)

Function Outputs Inputs
ALT1 ALT2 ALT3 ALT4 HWOO0 HWO1 HWIO HWI1 Input Input Input Input Input Input Input Input
P213 ETHO. ETHO, oB. €BU. E8U. ccuss
Tx03 ™01 ETM_TRACEDATA| AD31 3 INzC
o
P214 vapC. uico ccugo. oB. EBU. uico ccuss ccuss ccuss ccuss.
EMUXLL pouTo out2t ETM_TRACECLK |BCO DX0D INoB: INte In28 INas
P215 vapC. ccugo. LEDTSO. LEDTSO. EBU. LEDTSO, ETHO. uico ccusz ccusz ccusz ccusz
EMUX12 outit LINES EXTENDEDS  |BCL TSINGA coLa bxoc INoB Nt In2s INas
P30 uzct uoct ccuaz €BU. uoct ccuso ccust
SELOD scLkouT outo RD ox18 INze INoC
Pa1 uoct €BU. uoct ERUO ccuso
SELOO RD_WR ox28 081 INiC
P32 uss. can LEDTSO. €BU. ERUO. ccuso
DRIVEVBUS NO_TXD cota cso a1 INoC
P33 utel ccusz. SDMMC E8U. DSD. ccusz ccugo
sELo1 outs LED wair DINGB IN3A INgB
P34 uzct utel ccusz. DSD. SDMMC E8U. uzct DSD. ccusz ccugo
MCLKOUT SELO? our2 MCLK3 BUS_POWER HoLD D08 MCLK3B IN2A INOB.
P35 uzct utel ccusz. uoct, SDMMC EBU. spmMC, E8U. uzct ERUO. ccusz
pouTo SELO3 outt DouTo cMD_out AD4 cMD_IN D4 DX0A 381 INIA
P36 uzct utet ceusz uoct, SDMMC 2. spmMc, E8U. uzct ERUO. ccusz
scLkouT SELO4 outo scLkouT CLK_ouT D5 CLKIN s ox18 a1 INOA
Pz can ccuat LEDTSO. uzco
N2_TXD outs LINEO pxoc
P38 uzco, uoct ceuat LEDTSO. cAN. POSIFL
pouTo SELO3 out2 LINEL N2_RXDB [
P39 uzco. can ccuar LEDTSO. POSIFL
scLkouT NLTXD outt LINE2 INiB
P310 uzco, can ccuat LEDTSO. uoct uoct, POSIFL
SELOD NO_TXD outo LINES pouTs HWING INoB
P31 uzct uoct ccusz LEDTSO. uoct uoct, CAN. ccust
pouTo seLo2 outs LINEs pout2 HWIN2 N1L_RXDB INsc
P12 uoct ccuaz LEDTSO. uoct uoct CAN. uzc1 ccust
seLo1 our2 LINES pouUTL HWINL No_RXDC DX0D iN2c
P13 uzct uoct ccuaz LEDTSO. uoct uoct uoct ccuso ccust
scLkouT pouTo outt LINES pouTo HWINO ox0D INaC iNic
Pa1a uico utct it uict ccusz
SELO3 pouTL HWINL DX0B. INiC
P35 utcl utet uvict. utel ccusz
pouTo pouTo HWINO DX0A iNoc
P40 DSD SDMMC EBU. spmMC. E8U. el DSD. uoct. uzct
MCLK1 DATAOOUT  |ADB DATAO_IN 3 oxic MCLK1B DXOE pxoc
P41 uzct uiet DSD. uoct, SDMMC 2. spmMC. E8U. uzct DSD. uzct
SELOD MCLKOUT MCLKO. SELOD DATA3 OUT  |ADS DATAZ_IN Do ox28 MCLK0B DX2A
P42 uzct uiet uzct, et uzct ceuss
SELOL pouTo scLkouT pxoc DXIA NiC
P43 uzct uoco ceuss ccuss
SEL02 SELOS outs INzA
P4 uoco. ccuss uzct uzct, ccuss
SELOs out2 pouTs HWING N2A
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Table 11

Port I/0 Functions (cont’d)

Function Outputs Inputs
ALT1 ALT2 ALT3 ALT4 HWOO0 HWO1 HWIO HWI1 Input Input Input Input Input Input Input Input
Pas uoco ccuas uzct uzct ccuss
SELO3 outt pout2 HWINZ INIA
Pas uoco ccuas uzct uzct CAN. ccuas
sELO2 outo pouTL HWINL N2_RXDC INOA
P47 can uzct uzct. uoco ccuss
N2_TXD DouTo HWINO oxoc iNoC
P50 uzco. DSD. ccust. uzco, uzco. u2co ETHO. uoco. coust ccust ccust. ccusL
pouTo coPWMN outs pouTo HWINO D08 RXDOD DXoD INOA INIA IN2A INaA
P51 uoco, DSD. ccust. uzco, uzco. uzco ETHO. ccust
pouTo coPwMP outs2 pouTL HWINL DX0A RXDID INoB
P52 uzco. ceust uzco ETHO ceust ETHO,
scLkouT out23 DX1A CRS_DVD IN1B RXDVD
P53 uzco. ccust EBU. EBU. uzco ETHO. ceust
SELOD out22 CcKE 20 DX2A RXERD N2
P54 uzco, ceust EBU. EBU. ETHO. ceust
SELO1 out1a RAS 21 CcRsSD Nz
PS5 uzco. ccust EBU. EBU. ETHO
SELO2 out12 cas 22 coLp
P56 uzco, ccust €BU. EBU. EBU.
SELO3 outos BFCLKO 23 BFCLKI
P57 ccust LEDTSO. uzco, uzco,
outo2 coLa pout2 HWIN2
P58 uico. ccugo EBU. €BU. ETHO uico
scLKouT outor spcLko cs2 RXD2A DX1B
P59 uico. ccugo ETHO, EBU. EBU. ETHO uico
SELOO out20 TXEN BFCLKO cs3 RXD3A ox2B
P5.10 uico ccugo LEDTSO. LEDTSO. LEDTSO, ETHO
MCLKoUT outio LINET EXTENDED? TSINA CLK_TXA
P511 u1co ccugo. ETHO
sELo1 ouToo CRSA
P60 ETHO, uoct ccust. X BU.
Tx02 SELO1 ouTat ETM_TRACECLK |A16
3 ETHO, uoct ccust. 0B, EBU. uoct
Tx03 SELOD outao ETM_TRACEDATA| AL7 oxzc
3
P62 ETHO, uoct ccuas oB. €BU. oct.
TXER scLkouT outs ETM_TRACEDATA | A18 oxic
2
P63 ccuas uoct ETHO
our2 Dxoc RXD38
Pe.d uoct. ccuas EBU. €BU. EBU. ETHO
pouTo outt spcLko At spcLki RXD28
P65 uoct. ccuas, €BU. DSD. ETHO.
MCLKoUT outo ETM_TRACEDATA| BC2 DIN3A CLK_RMID CLKRXD
1
P66 DSD. BU. SD. ETHO
MCLKs ETM_TRACEDATA|BC3 MCLK3A CLK_TXB
o
P10 vac.
GocHo
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Table 11 Port I/0 Functions (cont’d)
Function Outputs Inputs
ALT1 ALT2 ALT3 ALT4 HWOO0 HWO1 HWIO HWI1 Input Input Input Input Input Input Input Input
P41 vapC.
GocH1
P42 vapC. vaDC.
Gochz GicH2
P13 vapC. VADC. cAN.
GocHs GicHs NO_RXDB
Plaa vapC. vapc.
GocHa G2cHo
P45 vapC. vapc POSIFO.
GocHs GacHL IN2B
P16 vac. POSIFO GoORCS
GocHs IN1B
P47 vac. POSIFO GooRC?
GocH? INoB
P18 DAC. vADC. vapc. ETHO.
out.0 G1cHD GacH2 RXDOC
P19 DAC. vaDC. vapc. ETHO.
ouT_1 G1cHL GacHs RXDIC
P1a12 vADC.
GicHa
P14.13 vADC.
GicHs
P1a14 vADC. G10RCH
GicHs
P1a15 vADC. G10RCT
GicHT
Pi52 vapc
GacH2
P153 vapc.
GacHs
Pi54 vapc.
GacHa
PI5S5 vapc.
GacHs.
PIS6 vADC
G2cHs
P157 vADC
GacHT
Pi58 vapc. ETHO. ETHO,
GacHo CLK_RMIC CLKRXC
P159 vapc. ETHO. ETHO,
GacHL crs_DvC RXDVC
P15.12 vapc.
GacHs
P1513 vapC.
GacHs
P15.14 vapC.
GacHs
P15.15 vapC.
GacH?
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Table 11 Port I/0 Functions (cont’d)
Function Outputs Inputs
ALT1 ALT2 ALT3 ALT4 HWOO0 HWO1 HWIO HWI1 Input Input Input Input Input Input Input Input
UsB_DP
UsB_DM
HIB_I0_0 HiBOUT wwor. WAKEUPA
SERVICE_OUT
HIB_I0_1 HiBOUT WwoT. WAKEUPB
SERVICE_OUT
ok DBTCKI
SweLk
™S DBTMS/
Swoio
PORST
XTALL uoco. uoct utco, utet uzco uzct,
DXOF DXOF DXOF DXOF DXOF DXOF
xTaL2
RTC_XTALL ERUO.
181
RTC_XTAL2
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2.3 Power Connection Scheme

Figure 9. shows a reference power connection scheme for the XMC4500.

é l XMC4000\

VBAT ("

Hibernate domain

e
N 4

2.0..3.6V

Hibernate
control

@
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o =
we)
:

M X Vpbpc ~

Core Domain
( Dig. )
Peripherals cPU
( RAMs )

100 nF x M

10 uF x 1

al

GND
3.3v
? N X Vpop EVR [—] FLASH
100 nF x N
Vss
10 uF x 1 _ -

Exp. Die Pad | PADDomain
Vss

Analog Domain

Reference ADC DAC
i VARer

o|_<
z
o

<

wore = L Voo
al ’
AGND 33v Vopa
100 nF Vssa
GND /
Figure 9 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 Vsg. An additional 10 pF capacitor is connected to the Vpppe and Vppe
nets.
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The XMC4500 has a common ground concept, all Vgg, Vgga 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.

Veno iS the low potential to the analog reference V ze. Depending on the application it
can share the common ground or have a different potential.

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

3 Electrical Parameters
3.1 General Parameters
311 Parameter Interpretation

The parameters listed in this section partly represent the characteristics of the XMC4500
and partly its requirements on the system. To aid interpreting the parameters easily
when evaluating them for a design, they are marked with a two-letter abbreviation in
column “Symbol”:

e CC
Such parameters indicate Controller Characteristics, which are a distinctive feature
of the XMC4500 and must be regarded for system design.

* SR
Such parameters indicate System Requirements, which must be provided by the
application system in which the XMC4500 is designed in.
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3.1.2 Absolute Maximum Ratings

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 12 Absolute Maximum Rating Parameters

Parameter Symbol Values Unit |Note /

Min. | Typ. | Max. Test Con
dition

Storage temperature Tst SR |-65 |- 150 °C |-

Junction temperature T, SR |-40 |- 150 °C |-

Voltage at 3.3 V power supply |Vppp SR |- - 4.3 \% -

pins with respect to Vg

Voltage on any ClassAand |V,y, SR |-1.0 |- Vpopp +1.0 |V whichever

dedicated input pin with or max. 4.3 is lower

respect to Vgg

Voltage on any analog input |V, -1.0 |- Vopp +1.0 |V whichever

pin with respect to Vgnp Varer SR or max. 4.3 is lower

Input current on any pin In SR |-10 |- +10 mA
during overload condition

Absolute maximum sumofall |2l SR |[-25 |- +25 mA
input circuit currents for one
port group during overload
condition?

Absolute maximum sumofall | =l SR |-100 |- +100 mA
input circuit currents during
overload condition

1) The port groups are defined in Table 16.

Figure 10 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.
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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 10 Absolute Maximum Input Voltage Ranges

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 13 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 0O Vppa)

— 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.
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Table 13 Overload Parameters
Parameter Symbol Values Unit | Note /

Min. |Typ. |Mmax. Test Condition
Input current on any portpin |lo, SR |-5 - 5 mA
during overload condition
Absolute sum of all input love SR |- - 20 mA | Z|lgy,l, for all
circuit currents for one port lovx <O MA
group_dugi)ng overload _ _ 20 mA | 2|loy, for all
condition love > 0 MA
Absolute sum of all input lovs SR |- - 80 mA | Zlgyg
circuit currents during
overload condition

1) The port groups are defined in Table 16.

Figure 11 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.

VDDP VDDP

o Pn.y -_]W 1 l;
— K\_<}7
GND ﬂ
\ \_ESD_J Pad

g

Figure 11 Input Overload Current via ESD structures

Table 14 and Table 15 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.
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Table 14 PN-Junction Characterisitics for positive Overload
Pad Type loy =5mA, T;=-40°C loy =5mA, T, =150°C
Al/Al+ Vin = Vppp +1.0V Vin = Vppp +0.75V
A2 Vin = Vppp + 0.7V Vin = Vppp + 0.6 V
AN/DIG_IN Vin = Vppp +1.0V Vin = Vppp +0.75V
Table 15 PN-Junction Characterisitics for negative Overload
Pad Type loy =5mA, T;=-40°C loy =5mA, T, =150°C
Al/Al+ Vin=Vgs-1.0V Vin=Vgs-0.75V
A2 Vin=Vgs-0.7V Vin=Vgs-0.6V
AN/DIG_IN Vin=Vopp-1.0V Vin = Vppp -0.75 V
Table 16 Port Groups for Overload and Short-Circuit Current Sum
Parameters

Group Pins

P0.[15:0], P3.[15:0]
2 P14.[15:0], P15.[15:0]
3 P2.[15:0], P5.[11:0]
4 P1.[15:0], P4.[7:0], P6.[6:0]
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3.1.4 Pad Driver and Pad Classes Summary

This section gives an overview on the different pad driver classes and their basic
characteristics.

Table 17 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
I/0 (e.g. GPIO)
Al+ 25 MHz |50 pF |Series termination
(e.g. serial I/Os) recommended
A2 80 MHz |15 pF | Series termination
(e.g. ext. Bus) recommended
A
\%

Vou 'y
Joes®
ouput ="
Vss v

@ Strong — sharp drive strength @ Strong — slow drive strength
Strong — medium drive strength @ Medium drive strength
@ Strong — soft drive strength @ Weak drive strength

@ @ @ ® Class A2 Pads
© @ @ ® Class A1+ Pads
® ® Class Al Pads

Figure 12 Output Slopes with different Pad Driver Modes

v

Figure 12 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.
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3.15 Operating Conditions

The following operating conditions must not be exceeded in order to ensure correct
operation and reliability of the XMC4500. All parameters specified in the following
sections refer to these operating conditions, unless noted otherwise.

Table 18 Operating Conditions Parameters
Parameter Symbol Values Unit |Note/
Min. Typ. Max. Test Condition
Ambient Temperature Tr» SR |-40 - 85 °C Temp. Range F
-40 - 105 °C Temp. Range X
-40 - 125 °C Temp. Range K
Digital supply voltage Vppp SR|3.13Y (3.3 3.632 |V
Core Supply Voltage Vobe - 1.3 - \% Generated
CC internally
Digital ground voltage Vss SR |0 - - Y,
ADC analog supply Vppa SR 3.0 3.3 362 |V
voltage
Analog ground voltage for | Vg, SR |-0.1 0 0.1 \Y
VDDA
Battery Supply Voltage for |Vgar SR [1.95 |- 3.63 |V When Vppp is
Hibernate Domain supplied Vgar
has to be
supplied as
well.
System Frequency fsys SR |- - 120 MHz
Short circuit current of lsc SR|-5 - 5 mA
digital outputs
Absolute sum of short Zlsc pe |~ - 20 mA
circuit currents per pin SR
group®
Absolute sum of short lsep |- - 100 mA
circuit currents of the SR
device

1) See also the Supply Monitoring thresholds, Section 3.3.2.

2) Voltage overshoot to 4.0 V is permissible at Power-Up and PORST low, provided the pulse duration is less
than 100 ps and the cumulated sum of the pulses does not exceed 1 h over lifetime.

3) The port groups are defined in Table 16.
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3.2 DC Parameters

3.2.1 Input/Output Pins

The digital input stage of the shared analog/digital input pins is identical to the input
stage of the standard digital input/output pins.

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

Table 19 Standard Pad Parameters

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

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

inputs/outputs)

Pull-down current podl 150 - pA DV > 0.6 x Vppp
cc - 10 BA |V, <0.36 x Vppp

Pull-Up current Hpunl |- 10 BA |2V >0.6 x Vppp
cc 100 - BA DV, <0.36 x Vppp

Input Hysteresis for HYSA |0.1x - \Y,

pads of all A classes® |CC Viop

PORST spike filter tse CC |- 10 ns

always blocked pulse

duration

PORST spike filter tge, CC | 100 - ns

pass-through pulse

duration

PORST pull-down [1pppl 13 - mA |Vy=10V

current CcC

1) Current required to override the pull device with the opposite logic level (“force current”).
With active pull device, at load currents between force and keep current the input state is undefined.

2) Load current at which the pull device still maintains the valid logic level (“keep current”).
With active pull device, at load currents between force and keep current the input state is undefined.

3) 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.
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\
Vipp - == e = = = =
Valid High
- B _

Invalid digital input
0.36 X Vpop

e Valid Low

Pull-down active

%

er @ Valid High
0.6 X Vppp .
]”\‘4’ lpun < 10 pA 0,36 Vour lﬂvid drg;ta\lw;it-'

. lron= 10044 @ Valid Low
—d Vss Y VA —

Pull-up active

Figure 13 Pull Device Input Characteristics

Figure 13 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.
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Table 20 Standard Pads Class_Al
Parameter Symbol Values Unit | Note/
Min. Max. Test Condition
Input leakage current | 15,5, CC |-500 500 nA |0V <V <V
Input high voltage Viyar SR [0.6 x Vppp | |Vppp + 0.3 |V max. 3.6 V
Input low voltage Va1 SR |-0.3 0.36 x Vppp | V
Output high voltage, Voua1 Vopp-0.4 | |- \Y loy = -400 pA
PODY = weak cc 24 _ v lops > -500 LA
Output high voltage, Vopp -0.4 | |- \ loy =-1.4 mA
PODY = medium 24 _ v lop > -2 MA
Output low voltage Voar |- 0.4 v lol <500 pA;
cc PODY = weak
- 0.4 \ loL £2 mA;
PODY = medium
Fall time teas CC |- 150 ns |C, =20pF;
PODY = weak
- 50 ns C, =50 pF;
PODY = medium
Rise time tra1 CC |- 150 ns |C,=20pF;
PODY = weak
- 50 ns |C_=50pF;
PODY = medium
1) POD = Pin Out Driver
Table 21 Standard Pads Class_Al+
Parameter Symbol Values Unit | Note /
Min. Max. Test Condition
Input leakage current |lgza,. CC |-1 1 pA |0V SV <V
Input high voltage Vipars SR10.6 x Vppp | |Vppp + 0.3 |V max. 3.6 V
Input low voltage Va1 SR |-0.3 0.36 x Vpp | V
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Table 21 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
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Parameter Symbol Values Unit |Note/
Min. Max. Test Condition
Input Leakage current | loza, -6 6 pPA [0V <V <
cCc 0.5*Vppp -1V,
0.5*Vppp +1V
<Vin < Vooe
-3 3 pA  |0.5*Vpp -1V <
Vin < 0.5*Vppp
+1V
Input high voltage Viuaz 0.6 x Vppp | | Vppp +0.3 |V max. 3.6 V
SR
Input low voltage Va2 SR|-0.3 0.36 x \
VDDP
Output high voltage, |Voua, |Vppp-0.4 | |- \ lon = -400 pA
POD = weak cc 2.4 - V| lgy = -500 pA
Output high voltage, Vppp - 0.4 - \Y loy=-1.4 mA
POD = medium 2.4 - \Y lon 2 -2 mA
Output high voltage, Vopp-0.4 | |- \Y loy = -1.4 mA
POD = strong 2.4 - Vo |lgy=-2mA
Output low voltage, Vo |- 0.4 \ lo. <500 pA
POD = weak CcC
Output low voltage, - 0.4 Vv loo £2mA
POD = medium
Output low voltage, - 0.4 \ loo<2mA
POD = strong
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Table 22 Standard Pads Class_A2

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

Fall time teap CC |- 150 ns |C_=20pF;
POD = weak

- 50 ns |C_=50pF;
POD = medium
- 3.7 ns |C_=50pF;
POD = strong;
edge = sharp

- 7 ns |C_=50pF;
POD = strong;
edge = medium
- 16 ns |C_=50pF;
POD = strong;
edge = soft
Rise time traz CC |- 150 ns |C_=20pF;
POD = weak

- 50 ns C, =50 pF;
POD = medium
- 3.7 ns |C_=50pF;
POD = strong;
edge = sharp

- 7.0 ns |C_=50pF;
POD = strong;
edge = medium
- 16 ns |C_=50pF;
POD = strong;
edge = soft
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3.2.2 Analog to Digital Converters (VADC)

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

Table 23 VADC Parameters (Operating Conditions apply)

Parameter Symbol Values Unit |Note/
Min. | Typ. | Max. Test Condition
Analog reference voltage® |V rer Vaeno | — Vopa+ |V
SR +1 0.05%
Analog reference ground® | Vagao | Vssw = |- Vagrer - |V
SR 0.05
Analog reference voltage |Vagee- |1 - Vopa+ |V
range?® Vaenp 0.1
SR
Analog input voltage Van SR | Vaeno |- Vopa |V
Input leakage at analog lo;; CC |-100 |- 200 nA ] 0.03 x Vppa <
inputs® Vo < 0.97 x Vppa
-500 |- 100 nA |0V<V,,<0.03
* Vppa
-100 |- 500 nA  0.97 x Vppa
< VAIN < VDDA
Input leakage currentat |1y, CC |-1 - 1 pA |0V < Vpgee
VAREF <Vppa
Input leakage currentat |l5,3 CC |-1 - 1 pA |0V <Vaenp
VAGND <Vppa
Internal ADC clock fapci CC |2 - 30 MHz [Vpp, =3.3V
Switched capacitance at | Cpansw | — 7 20 pF
the analog voltage inputs® | CC
Total capacitance of an Cantor |- 25 |30 pF
analog input CcC
Switched capacitance at | Cagersw | — 15 |30 pF
the positive reference CC
voltage input®®
Total capacitance of the | Carerror | — 20 |40 pF
voltage reference inputs® |CC
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Table 23 VADC Parameters (Operating Conditions apply)

Parameter Symbol Values Unit |Note/

Min Typ. | Max Test Condition

Total Unadjusted Error TUECC |-4 - 4 LSB | 12-bit resolution;

Differential Non-Linearity |EApy.  |-3 - I3 LsB | Vooa =33 V;7)

Error® cC Varer = Vooa

Gain Error® EAcan |4 - |4 LSB

CcC
Integral Non-Linearity® | EA,, CC |-3 - I3 LSB
Offset Error® EAoer |4 - |4 LSB
CcC

Worst case ADC Vppa lobaa - 15 |2 mA | during conversion

power supply current per |CC Vopp = 3.6V,

active converter T,=150°C

Charge consumptionon | Qcony |- 30 |- pC |0V <Vpger

V arer Per conversion® cc <Vppa?

ON resistance of the Ran CC |- 700 [1700 |Ohm

analog input path

ON resistance forthe ADC | Ryn71 180 550 [900 Ohm

test (pull down for AIN7) |CC

Resistance of the Rarer - 700 |1700 |Ohm

reference voltage input CcC

path

1) A running conversion may become imprecise in case the normal conditions are violated (voltage overshoot).

2) Ifthe analog reference voltage is below V,, 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 