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What is "Embedded - Microcontrollers"?

"Embedded - Microcontrollers" refer to small, integrated
circuits designed to perform specific tasks within larger
systems. These microcontrollers are essentially compact
computers on a single chip, containing a processor core,
memory, and programmable input/output peripherals.
They are called "embedded" because they are embedded
within electronic devices to control various functions,
rather than serving as standalone computers.
Microcontrollers are crucial in modern electronics,
providing the intelligence and control needed for a wide
range of applications.

Applications of "Embedded -
Microcontrollers"

Active

ARM® Cortex®-M4

32-Bit Single-Core

120MHz

CANbus, I2C, LINbus, SPI, UART/USART, USB
DMA, I2S, LED, POR, PWM, WDT
31

256KB (256K x 8)

FLASH

80K x 8

3.13V ~ 3.63V

A/D 14x12b; D/A 2x12b
Internal

-40°C ~ 85°C (TA)

Surface Mount

100-LQFP Exposed Pad
PG-LQFP-100-25
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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 Voor Vss
“m @O O o @ 6 o
‘ ‘ ‘ ‘ ‘ ‘ ‘ Exp. Die Pad
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Figure 2 XMC4400 Logic Symbol PG-LQFP-100
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2.2 Pin Configuration and Definition

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

(\4mv_mo_:;‘r:‘gm_qmnor\oqggoaor\como_rgwm_
aooocOoOQoOQoOQCOQOOQCOQOOQOOQOQ>>0000000000
AO0OOO000000000000000 0000
§8%83358388%%5%3%%%382%",’:3
P01 [ 1 O 75 [ P14
P0.0 [] 2 74 [ P15
P0.10 [] 3 73 [ P1.10
P09 [ 4 72 [ PL11
P32 []5 71 [ Pr12
P31[]6 70 [ P1.13
P30 [ 7 69 [ P1.14
USB_DM [ 8 68 [] P1.15
USB_DP [] 9 67 [ TcK
VBUS [ 10 66 [] T™MS
vDDP [ 11 65 [] PORST
vbbe [ 12 64 [] vbbC
HIB_I0_1 [ 13 XMC4400 63 [] vsso
HIB_IO_0 [] 14 62 [ XTAL2
RTC_XTAL1 [] 15 (Top View) 61 [] XTALL
RTC_XTAL2 [] 16 60 [] vDDP
VBAT [ 17 59 [] vss
P15.3 [] 18 58 [] P5.0
P15.2 [] 19 57 [ P51
P14.15 [ 20 56 [] P5.2
P14.14 [ 21 55 [] P5.7
P14.13 [] 22 54 [7] P2.6
P14.12 [ 23 53 [] P2.7
P14.7 [] 24 52 [7] P2.0
P14.6 [] 25 51 [ P21
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Figure 4 XMC4400 PG-LQFP-100 Pin Configuration (top view)
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Table 10 Package Pin Mapping (cont'd)
Function LQFP-100 LQFP-64 Pad Type Notes
TQFP-64
VDDA/VAREF | - 22 AN_Power/AN | Shared analog supply and
_Ref reference voltage pin.
VSSA 34 - AN_Power
VSSA/NVAGND | - 21 AN_Power/AN | Shared analog supply and
_Ref reference ground pin.

vDDC 12 9 Power

vVDDC 42 25 Power

VDDC 64 42 Power

VDDC 86 55 Power

VDDP 11 8 Power

VDDP 43 26 Power

VDDP 60 38 Power

VDDP 87 56 Power

VSS 59 37 Power

VSSO 63 41 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 directly to the
common ground on the
board.
For thermal aspects, please
refer to the Data Sheet.
Board layout examples are
given in an application note.

Data Sheet V1.2, 2015-12
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The XMC4400 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. In devices with shared
Vopa/Varer @and Vgsa/Vagnpo PiNs the reference is tied to the supply. Some analog
channels can optionally serve as “Alternate Reference”; further details on this operating
mode are described in the Reference Manual.

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

Data Sheet 30 V1.2, 2015-12
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3 Electrical Parameters
3.1 General Parameters
311 Parameter Interpretation

The parameters listed in this section partly represent the characteristics of the XMC4400
and partly its requirements on the system. To aid interpreting the parameters easily
when evaluating them for a design, they are marked with an two-letter abbreviation in
column “Symbol”:

e CC
Such parameters indicate Controller Characteristics, which are a distinctive feature
of the XMC4400 and must be regarded for system design.

* SR
Such parameters indicate System Requirements, which must be provided by the
application system in which the XMC4400 is designed in.

Data Sheet 31 V1.2, 2015-12
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Figure 8 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.

A A
v v
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 8 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 14 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
parameters, then the parameters functionality 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.

Data Sheet 33 V1.2, 2015-12
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4) The sampling capacity of the conversion C-network is pre-charged to V,zc(/2 before the sampling moment.
Because of the parasitic elements, the voltage measured at AINx can deviate from Vgee/2.

5) Applies to AINX, when used as alternate reference input.

6) 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.

7) 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.

8) The sum of DNL/INL/GAIN/OFF errors does not exceed the related total unadjusted error TUE.

9) The resulting current for a conversion can be calculated with lxger = Qeony / te-
The fastest 12-bit post-calibrated conversion of t,= 550ns results in a typical average current of
Iprer = 54.5 PA.

A
\Y
V +0.05—
boA Vopa - i / Precise conversion range (12 bit) \
e.g. VAREF = 4/5 of Vopa —T I \ f
[ .
Valid Varer /
> Conversion error
increases by 5/4
Vacno + 1 3
Minimum VAREF - VAGND is 1V
Vaenp +
Vssa >
t
Figure 12 VADC Reference Voltage Range
Data Sheet 47 V1.2, 2015-12
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The power-up calibration of the ADC requires a maximum number of 4 352 f,¢, cycles.

EXT ANX RAIN, on
] 1

Analog Input Circuitry
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Reference Voltage Input Circuitry
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AREF, On

C C
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Analog_InpRefDiag

Figure 13 ADCXx Input Circuits
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Figure 14  ADCx Analog Input Leakage Current
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A
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Figure 15 DAC Conversion Examples
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Table 38 RTC_XTAL Parameters

Electrical Parameters

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

Input frequency fosc SR |- 32.768 | - kHz

Oscillator start-up toscs - 5 s

time?? cc

Input voltage at Vix SR |-0.3 - Vgar + |V

RTC_XTAL1 0.3

Input amplitude (peak- |Vppx SR|0.4 - - \Y,

to-peak) at

RTC_XTAL1?%

Input high voltage at ViuexSR |0.6 x |- Vgar + |V

RTC_XTAL1Y Viar 0.3

Input low voltage at Viex SR|-0.3 - 0.36 x |V

RTC_XTAL1% Viar

Input Hysteresis for Viysx | 0.1 % - \Y 3.0V<

RTC_XTAL1%® cC Vgar Vgar <3.6 V
0.03 x - V| Vgar<3.0V
VBAT

Input leakage current at |1, 4, CC |-100 |- 100 nA | Oscillator power

RTC_XTAL1

down
0V <V <Vt

1) togcsis defined from the moment the oscillator is enabled by the user with SCU_OSCULCTRL.MODE until the
oscillations reach an amplitude at RTC_XTAL1 of 400 mV.

2) The external oscillator circuitry must be optimized by the customer and checked for negative resistance and
amplitude as recommended and specified by crystal suppliers.

3) For a reliable start of the oscillation in crystal mode it is required that Vg,r > 3.0 V. A running oscillation is
maintained across the full Vg, voltage range.

4) If the shaper unit is enabled and not bypassed.
5) If the shaper unit is bypassed, dedicated DC-thresholds have to be met.

6) Hysteresis is implemented to avoid metastable states and switching due to internal ground bounce. It can not
be guaranteed that it suppresses switching due to external system noise.

Data Sheet
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3.3.2

Power-Up and Supply Monitoring

Electrical Parameters

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

characterization.
Vopp \
Vbop L XMC4000
RporsT
(optional)
PORST _
p j_.._> PORESET
External [« <
reset — : MSU[t)pW
i | onitorin
trigger EE lpep g
GND \ G\D /
Figure 26 PORST Circuit
Table 42 Supply Monitoring Parameters
Parameter Symbol Values Unit | Note/
Min. |Typ. | Max. Test Condition
Digital supply voltage reset |Vpog CC | 2.79Y |- 3.052 |V 3
threshold
Core supply voltage reset |V, CC |- - 1.17 |V
threshold
Vppp VOltage to ensure Vooeea - 1.0 |- Y,
defined pad states CcC
PORST rise time ter SR |- - ps
Startup time from power-on |ty CC |- 25 |35 ms | Time to the first
reset with code execution user code
from Flash instruction
Vppe ramp up time tyecr CC |- 550 |- us Ramp up after
power-on or
after a reset
triggered by a
violation of
Veor OF Vpy
1) Minimum threshold for reset assertion.
Data Sheet 74 V1.2, 2015-12
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0.5 \T] \ ] —0.1 VDDp
t, t t, ts

JTAG_TCK .vsd
Figure 28  Test Clock Timing (TCK)
\ \ / \
T X / \ / \
fo | 17
T™S
0 3 I T
TDI
o lo o 8 - l10
TDO —— -
At18
JTAG_IO.vsd
Figure 29 JTAG Timing
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Table 52 USIC SSC Slave Mode Timing

Electrical Parameters

Parameter

Symbol

Values

Min.

Typ.

Max.

Unit

Note /
Test Condition

DX1 slave clock period

tcik SR

66.6

ns

Select input DX2 setup to
first clock input DX1 transmit
edge?

t, SR

3

ns

Select input DX2 hold after
last clock input DX1 receive
edge?

t, SR

ns

Receive data input
DX0/DX[5:3] setup time to
shift clock receive edge?

ns

Data input DX0/DX[5:3] hold
time from clock input DX1
receive edge?

t,; SR

ns

Data output DOUT[3:0] valid
time

t, CC

24

ns

1) These input timing are valid for asynchronous input signal handling of slave select input, shift clock input, and
receive data input (bits DXnCR.DSEN = 0).

Data Sheet
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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 o = o Daia ——
DXODX[5:3] o m e VA A VAN 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 N 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 34 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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SDA

SCL

SDA

SCL

Figure 35 USIC IIC Stand and Fast Mode Timing

3.3.9.4 Inter-IC Sound (lIS) Interface Timing

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

Table 55 USIC IIS Master Transmitter Timing

Parameter Symbol Values Unit |Note/

Min. | Typ. Max. Test Condition
Clock period t, CC 333 |- - ns
Clock HIGH t, CC 0.35x |- - ns

l:lmin
Clock Low t; CC 0.35x |— - ns

t1min
Hold time t, CC 0 - - ns
Clock rise time t; CC - - 0.15x |ns

tlmin

Data Sheet 90 V1.2, 2015-12
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SCK

WA/ ><
DOUT
Figure 36 USIC IIS Master Transmitter Timing
Table 56 USIC IIS Slave Receiver Timing
Parameter Symbol Values Unit |Note/
Min. |Typ. |Max. Test Condition
Clock period ts SR 66.6 |- - ns
Clock HIGH t; SR 0.35x |— - ns
t6min
Clock Low ts SR 0.35x |- - ns
t6min
Set-up time ty SR 02x |- - ns
t6min
Hold time 1o SR |0 - - ns
tg
™ »| t7
t 7
SCK / k
to tio
WA/ X 72<
DIN
Figure 37 USIC IIS Slave Receiver Timing
Data Sheet 91 V1.2, 2015-12
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USB Interface Characteristics

Electrical Parameters

The Universal Serial Bus (USB) Interface is compliant to the USB Rev. 2.0 Specification

and the OTG Specification Rev. 1.3. High-Speed Mode is not supported.

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

characterization.
Table 57 USB Timing Parameters (operating conditions apply)
Parameter Symbol Values Unit | Note/
Min. |Typ. | Max. Test Condition
Rise time tr CC 4 - 20 ns |C_=50pF
Fall time tr CC 4 - 20 ns |C,_=50pF
Rise/Fall time matching |tg/t- CC |90 - 111.11 | % C_ =50pF
Crossover voltage Vegs CC 1.3 - 2.0 \% C, =50 pF
b+ 90% 90%
VCRS
D- 10% 10%
V.
= 44 tr Lﬁ 4>‘ tr |-

USB_Rise-Fall-Times.vsd

Figure 38

Data Sheet
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3.3.11.3 ETH RMII Parameters
In the following, the parameters of the RMIl (Reduced Media Independent Interface) are

Electrical Parameters

described.
Table 59 ETH RMII Signal Timing Parameters
Parameter Symbol Values Unit | Note/
Min. | Typ. | Max. Test Condit
ion
ETH_RMII_REF_CL clock period t,; SR|20 |- - ns C, =25 pF;
50 ppm
ETH_RMII_REF_CL clock hightime |t,, SR |7 - 13 ns C_=25pF
ETH_RMII_REF_CL clock low time |t;5 SR - 13 ns
ETH_RMII_RXD[1:0], s SR - - ns
ETH_RMII_CRS setup time
ETH_RMII_RXD[1:0], t; SR|2 - - ns
ETH_RMII_CRS hold time
ETH_RMII_TXD[1:0], tg CC|4 - 15 |ns
ETH_RMII_TXEN data valid
o { , ———y
- by b,
ETH_RMII_REF_CL \ / \
ETH_RMIIl_REF_CL \ / \
o T ot |
ETH_RMIl _RXD[1:0] :
ETH_RMII_CRS 4«( Valid Data »)7
(sourced by PHY)
ETH_RMII_REF_CL 71 \ /
— tlﬂ o o
ETH_RMII _TXD[1:0] " "
ETH_RMII_TXEN Valid Data -«« Valid Data »»—
(SourCEd by STA) ETH_Timing-RMIl.vsd
Figure 41 ETH RMII Signal Timing
Data Sheet 95 V1.2, 2015-12
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Package and Reliability

The maximum heat that can be dissipated depends on the package and its integration
into the target board. The “Thermal resistance Rgy;,” quantifies these parameters. The
power dissipation must be limited so that the average junction temperature does not
exceed 150 °C.

The difference between junction temperature and ambient temperature is determined by
AT = (Pt + Piostat * Piopyn) x Resa

The internal power consumption is defined as

Pnt = Vooe x lppp (switching current and leakage current).

The static external power consumption caused by the output drivers is defined as
Piostar = Z((Vopp~Vor) x low) + Z(Vor x lol)

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

4.2 Package Outlines

The availability of different packages for different devices types is listed in Table 1,
specific packages for different device markings are listed in Table 2.

The exposed die pad dimensions are listed in Table 60.

Table 61 Differences PG-LQFP-100-11 to PG-LQFP-100-24

Change PG-LQFP-100-11 PG-LQFP-100-25
Thermal Resistance 20.5 K/IW 20.0 K/IW

Junction Ambient (Rg;,)

Lead Width 0.228095 mm 0.2*997 , ., mm
Lead Thickness 0.15"0%5 - mm 0.12770973 | 1o, mm
Exposed Die Pad outer 7.0 mm x 7.0 mm 7.0 mm x 7.0 mm
dimensions

Exposed Die Pad U- n.a. 6.2 mm x 6.2 mm
Groove inner dimensions

Data Sheet 97 V1.2, 2015-12
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Table 62 Differences PG-LQFP-64-19 to PG-TQFP-64-19
Change PG-LQFP-64-19 PG-TQFP-64-19
Thermal Resistance 30.0 K/IW 22.5 KIW
Junction Ambient (Rg;,)
Package thickness 1.4*005 mm 1.0%°% mm

1.6 mm MAX 1.2 mm MAX
Lead Width 0.2280%5 mm 0.2*997 ) ., mm

Lead Thickness

+0.05
0.1577%° 5 9 MM

0.127%097  ,, mm

Exposed Die Pad outer
dimensions

5.8 mm x 5.8 mm

5.7 mm x 5.7 mm

Exposed Die Pad U- n.a. 4.9 mm x 4.9 mm
Groove inner dimensions
LL
LL
0Q o X
15x[05|=[75  S/2 |2
- SIS <o
owm —y

P!

I I
=[0.08[C] 64x

SEATING COPLANARITY
PLANE

0204
— = {4)]0.08 W[A-B[D]C] 64x
10V (©]0.2]A-B[D] 64x
= "=1{2[0.2]A-B[D[H]4x
0.5 x45° | D
A \ Bl=
et

64

1
Index Marking

1) Does not include plastic or metal protrusion of 0.25 max. per side

— -

Bottom View

Ex

Ox

Exposed Diepad

Index Marking

PG-LQFP-64-6, -8, -12, -19, -22-PO V16

Figure 44
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