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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

144MHz

CANbus, EBI/EMI, Ethernet, I12C, LINbus, MMC/SD, SPI, UART/USART, USB OTG, USIC
DMA, 125, LED, POR, Touch-Sense, WDT
155

1MB (1M x 8)

FLASH

200K x 8

3.13V ~ 3.63V

A/D 32x12b; D/A 2x12b

External

-40°C ~ 85°C (TA)

Surface Mount

196-LFBGA

PG-LFBGA-196-2
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Page Subjects

8 Corrected EtherCAT features to 8 Fieldbus Memory Management Units
(FMMU) and 8 Sync Manager.

46 Added footnote explaining minimum Vg, requirements to start the
hibernate domain and/or oscillation of a crystal on RTC_XTAL.

53 Added HIBIO characteristics.

58 Corrected DAC INL and gain error.

70 Changed frequency dependency of the current consumption.

73 Added peripheral idle current overview.

127ff Updated package parameters and drawings.

132 Higher HBM and CDM ESD limits.

Trademarks

C166™, TriCore™, XMC™ and DAVE™ are trademarks of Infineon Technologies AG.

ARM®, ARM Powered®, Cortex®, Thumb® and AMBA® are registered trademarks of
ARM, Limited.

CoreSight™, ETM™, Embedded Trace Macrocell™ and Embedded Trace Buffer™ are
trademarks of ARM, Limited.

Synopsys™ is a trademark of Synopsys, Inc.

We Listen to Your Comments

Is there any information in this document that you feel is wrong, unclear or missing?
Your feedback will help us to continuously improve the quality of this document.
Please send your proposal (including a reference to this document) to:

mcdocu.comments@infineon.com
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Summary of Features

Table 2 Features of XMC4[78]00 Device Types (cont'd)
Derivative® LED |SD EBU |ETH|ECAT |USB |USIC |MultiCAN
TS |MMC |Intf.2 |Intf. |Slave |Intf. |Chan. | Nodes,
Intf. | Intf. 3 |intf. MO

XMC4800-E196x2048 |1 1 SDM [MR |2x 1 3x2 [N[0..5]

Ml MOI0..255]
XMC4800-F144x2048 |1 1 SDM |[MR |2Xx 1 3x2 |N[0..5]

Ml MO[0..255]
XMC4800-F100x2048 |1 1 M16 |R 2x 1 3x2 |N[0..5]

MII MQJ0..255]
XMC4800-E196x1536 |1 1 SDM [MR |2x 1 3x2 |N[0..5]

MII MOJ0..255]
XMC4800-F144x1536 |1 1 SDM |[MR |2x 1 3x2 |N[0..5]

Ml MOI0..255]
XMC4800-F100x1536 |1 1 M16 R 2 X 1 3x2 |N[0..5]

MII MOI0..255]
XMC4800-E196x1024 |1 1 SDM |MR |[2Xx 1 3x2 |N[0..5]

MII MOI0..255]
XMC4800-F144x1024 |1 1 SDM |[MR |2x 1 3x2 |N[0..5]

Ml MOJ0..255]
XMC4800-F100x1024 |1 1 M16 R 2 X 1 3x2 |N[0..5]

MII MOI0..255]

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.

Table 3 Features of XMC4[78]00 Device Types
Derivative? ADC DSD DAC CCu4 CCcus POSIF
Chan. |Chan. |[Chan. |Slice Slice Intf.
XMC4700-E196x2048 |32 2 4x4 2x4 2
XMC4700-F144x2048 32 4 2 4x4 2x4 2
XMC4700-F100x2048 24 4 2 4x4 2x4 2
XMC4700-E196x1536 |32 4 2 4x4 2x4 2
XMC4700-F144x1536 |32 4 2 4x4 2x4 2
XMC4700-F100x1536 24 4 2 4x4 2x4 2
XMC4800-E196x2048 |32 4 2 4x4 2x4 2
Data Sheet 12 V1.0, 2016-01
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General Device Information

Table 10 Package Pin Mapping (cont'd)
Function LFBGA-196 | LQFP-144 |LQFP-100 | Pad Type
P5.3 L10 81 - A2
P5.4 M10 80 - A2
P5.5 L8 79 - A2
P5.6 M8 78 - A2
P5.7 L7 77 55 Al+
P5.8 K6 58 - A2
P5.9 M6 57 - A2
P5.10 K5 56 - Al+
P5.11 L5 55 - Al+
P6.0 J10 101 - A2
P6.1 H9 100 - A2
P6.2 K10 99 - A2
P6.3 J9 98 - Al+
P6.4 H10 97 - A2
P6.5 H11 96 - A2
P6.6 H12 95 - A2
P7.0 L13 - - A2
P7.1 M13 - - A2
P7.2 N13 - - A2
P7.3 M14 - - A2
P7.4 N14 - - Al+
P7.5 L14 - - Al+
P7.6 K14 - - Al+
P7.7 Ji4 - - Al+
P7.8 H14 - - A2
P7.9 G13 - - Al+
P7.10 G14 - - Al+
P7.11 F14 - - Al+
P8.0 B7 - - A2
P8.1 A7 - - A2
P8.2 B3 - - A2
P8.3 B2 - - A2
P8.4 B6 - - Al+
Data Sheet 24 V1.0, 2016-01
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Table 12 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
P148 DAC VADC. VADC ETHO.
out_o GicHo GacH2 RXDOC
P14.9 DAC. VADC. VADC. ETHO.
ouT_1 G1CH1 G3CH3 RXD1C
P14.12 VADC. ECATO.
G1CH4 P1_RXD1B
P14.13 VADC. ECATO.
G1CHS5 P1_RXD2B
P14.14 VADC. G1ORC6 ECATO.
G1CH6 P1_RXD3B
P1415 VADC. G1ORCT ECATO.
GlcH? P1_RX_DVB
P15.2 VADC. ECATO.
G2CH2 P1_RX_ERRB
P15.3 VADC. ECATO.
GacH3 P1_LINKB
P15.4 VADC.
G2CH4
P155 VADC.
G2CHS
P156 VADC.
G2CH6
P15.7 VADC.
G2CH7
P158 VADC ETHO.
GacHo CLK_RMIIC CLKRXC
P15.9 VADC. ETHO. ETHO.
G3CH1 CRS_DVC RXDVC
P15.12 VADC.
G3CH4
P15.13 VADC.
G3CHS
P15.14 VADC.
G3CH6
Pl5.15 VADC.
G3CH7
HIB_IO_O HIBOUT WWDT. 'WAKEUPA
SERVICE_OUT
HIB_IO_1 HIBOUT WWDT. 'WAKEUPB
SERVICE_OUT
USB_DP
USB_DM
TCK DB.TCK/
SWCLK
™S DB.TMS/
SWDIO
PORST

Aliwes 000X

uoaulul

00817JNX / 00L7ONX

g
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Electrical Parameters

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 13 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 17.

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.

Data Sheet 41 V1.0, 2016-01
Subject to Agreement on the Use of Product Information
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Electrical Parameters

Table 14 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 17.

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

o Pn.y __]'()va‘ 1 l;
— K\_<}7
GND ﬂ
\ \_ESD_J Pad

g

Figure 11 Input Overload Current via ESD structures

Table 15 and Table 16 listinput 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.

Data Sheet 43 V1.0, 2016-01
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Electrical Parameters

Table 15 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 16 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 17 Port Groups for Overload and Short-Circuit Current Sum
Parameters

Group Pins

1 PO0.[15:0], P3.[15:0], P8.[11:0]

2 P14.[15:0], P15.[15:0]

3 P2.[15:0], P5.[11:0], P7[11:0]

4 P1.[15:0], P4.[7:0], P6.[6:0], P9.[11:0]

Data Sheet 44 V1.0, 2016-01

Subject to Agreement on the Use of Product Information



:imneon XMC4700 / XMC4800

XMC4000 Family

Electrical Parameters
A

DAC output

VOUTﬁMAX --—

+/- ALSB
¥y

Wz P
I +
64 LSBs
- 1/ . W )"}
,,,,, = )
! lap \
fURATE_A (max)

Vour MmN — i

fURATE F (max)

v

A

DAC output
2
Vout_max / ” ﬂ[\\‘/\ T 20 LSBs
LAY I
Y
tserrie
tsermie <
N
Vour.ww \ l N T 20 LSBs
7 N |
Figure 17 DAC Conversion Examples
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Electrical Parameters

3.25 Die Temperature Sensor

The Die Temperature Sensor (DTS) measures the junction temperature T,.
Note: These parameters are not subject to production test, but verified by design and/or

characterization.
Table 29 Die Temperature Sensor Parameters
Parameter Symbol Values Unit | Note /
Min. |Typ.|Max. Test Condition
Temperature sensor range Ter SR |-40 - 150 |°C
Linearity Error AT g CC |- 1 |- °C |perdTl,<30°C
(to the below defined formula)
Offset Error ATqge CC |- % |- °C |AToe=T,-Tprs
Vppp < 3.3 VY
Measurement time ty CC |- - 100 |ps
Start-up time after reset trsst SR |- - 10 us
inactive

1) AtVppp max = 3.63 V the typical offset error increases by an additional AToe = 1 °C.

The following formula calculates the temperature measured by the DTS in [°C] from the
RESULT bit field of the DTSSTAT register.

Temperature Tprs = (RESULT - 605) / 2.05 [°C]

This formula and the values defined in Table 29 apply with the following calibration
values:

» DTSCON.BGTRIM =8,
» DTSCON.REFTRIM = 4

Data Sheet 63 V1.0, 2016-01
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Electrical Parameters

3.2.6 USB OTG Interface DC Characteristics

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 30 USB OTG VBUS and ID Parameters (Operating Conditions apply)

Parameter Symbol Values Unit | Note/
Min. Typ. | Max. Test Condition
VBUS input voltage |V,y, CC |0.0 - 5.25 \Y
range
A-device VBUS valid |Vg, CC |44 - - \Y,
threshold
A-device sessionvalid | Vg, CC |0.8 - 2.0 \Y
threshold
B-device sessionvalid |Vg; CC |0.8 - 4.0 \Y
threshold
B-device sessionend |Vg, CC|0.2 - 0.8 Y
threshold
VBUS input Rvsus v |40 - 100 kOhm
resistance to ground |CC
B-device VBUS pull- | Rygys py |281 - - Ohm | Pull-up voltage =
up resistor CC 3.0V
B-device VBUS pull- | Rygys pp |656 - - Ohm
down resistor cC
USB.ID pull-up Ruppy |14 - 25 kOhm
resistor CcC
VBUS input current lveus in |~ - 150 pA OV<V,y<525V:
CcC Tavg=1ms
Data Sheet 64 V1.0, 2016-01
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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 25 PORST Circuit
Table 37 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 t.x SR |- - pus |¥
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 77 V1.0, 2016-01
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Electrical Parameters

Table 49 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,
2)
Data hold time t; 0 - - Us
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 - - ps
CC/SR
Hold time for (repeated) |t 0.6 - - us
START condition CC/SR
Set-up time for repeated | tg 0.6 - - us
START condition CC/SR
Set-up time for STOP tq 0.6 - - us
condition CC/SR
Bus free time between a |t 13 - - 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.

2) C, refers to the total capacitance of one bus line in pF.

Data Sheet 92 V1.0, 2016-01
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Electrical Parameters

Full-Speed Read Meeting Hold (Minimum Delay)

The following equations show how to calculate the allowed combined propagation delay
range of the SD_CLK and SD_DAT/CMD signals on the PCB.

(6)

tCLKiDELAY +ton+ tDATAiDELAY + tTAPiDELAY > tIHiF
tCLKiDELAY + tDATAiDELAY > tleF - tOH - tTAPiDELAY
tCLK_DELAY + tDATA_DELAY >2- tTAP_DELAY
The data + clock delay must be greater than 2 ns if trpp pg ay iS NOt used.
If the trap peLay iS Programmed to at least 2 ns, the data + clock delay must be greater

than 0 ns (or less). This is always fulfilled.

AC Timing Specifications (High-Speed Mode)

Table 54 SDMMC Timing for High-Speed Mode

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

Clock frequency in high speed fpp CC|0 48 MHz

transfer mode (1/t,,)

Clock cycle in high speed top CC |20 - ns

transfer mode

Clock low time twe CC |7 - ns

Clock high time twu CC|7 - ns

Clock rise time thy CC |- 3 ns

Clock fall time trw.  CC |- 3 ns

Inputs setup to clock rising tsun SR|2 - ns

edge

Inputs hold after clock rising thn SR|2 - ns

edge

Outputs valid time in high topLy 1 CC |- 14 ns

speed mode

Outputs hold time in high tonn CC|2 - ns

speed mode

Data Sheet 99 V1.0, 2016-01
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3.3.10.3 EBU Arbitration Signal Timing

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

characterization.

Note: Operating Conditions apply.

Table 60 EBU Arbitration Signal Timing Parameters

Parameter Symbol Values Unit | Note/

Min. |Typ. |Max. Test Cond
ition

Output delay from BFCLKO , CC |- - 16 ns |C_=50pF

rising edge

Data setup to BFCLKO t, SR |11 - - ns |-

falling edge

Data hold from BFCLKO t; SR |2 - - ns |-

falling edge

— | t1
HLDA Output SL

d

BREQ Output

-t {ﬁ
1
,
i

BFCLKO \

35

[\

b
L
2

T

HOLD Input ; ;
HLDA Input

=

EBU_Arb.vsd

Figure 46 EBU Arbitration Signal Timing
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3.3.12.2 ETH Management Signal Parameters (ETH_MDC, ETH_MDIO)

Table 64 ETH Management Signal Timing Parameters
Parameter Symbol Values Unit | Note/
Min. |Typ. |Max. Test Conditi
on

ETH_MDC period t;, CC 400 - - ns C_=25pF
ETH_MDC high time t, CC|160 |- - ns
ETH_MDC low time t; CC|160 |- - ns
ETH_MDIO setup time (output) [t, CC |10 - - ns
ETH_MDIO hold time (output) |[t; CC |10 - - ns
ETH_MDIO data valid (input) [t; SR |0 - 300 ns

-~ f, ———»

-ty ——t— [, —

ETH_MDC _\ /_\

ETH_MDIO sourced by STA:

ETH_MDC \

ETH_MDIO
(output)

Valid Data

ETH_MDIO sourced by PHY:

ETH_MDC * \

T

I
ETH_MDIO
(input) 4«( Valid

Data

f

ETH_Timing-Mgmt.vsd

Figure 52
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XMC4700 / XMC4800
XMC4000 Family

3.3.12.4 ETH RMIIl Parameters
In the following, the parameters of the RMIl (Reduced Media Independent Interface) are

Electrical Parameters

described.
Table 66 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 54 ETH RMII Signal Timing
Data Sheet 121 V1.0, 2016-01

Subject to Agreement on the Use of Product Information



(infineon

3.3.13.5 Sync/Latch Timings

XMC4700 / XMC4800
XMC4000 Family

Electrical Parameters

Table 70 Sync/Latch Timings
Parameter Symbol Values Unit |Note/
Min. |Typ. |Max. Test Condition
SYNCO0/1 toc_svne. - |11+ |ns
Jitter SR ml)
LATCHO/1 toc aten |12+ |- |- ns
SR |[n?

1) additional delay form logic and pad, number is added after characterization

2) additional shaping delay, number is added after characterization

Note: SYNCO/1 pulse length are initially loaded by EEPROM content ADR 0x0002. The
actual used value can be read back from Register DC_PULSE_LEN.

foc_LatcH

tDCﬁLATC H,

LATCHO/1 /

[\

\

/

—

toc_svne._iter
[—— ——

SYNCO0/1 ?

/

/

\

[

Figure 59
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Package and Reliability
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Figure 62 PG-LFBGA-196-2 (Plastic Green Low Profile Fine Pitch Ball Grid Array)

All dimensions in mm.

You can find complete information about Infineon packages, packing and marking in our
Infineon Internet Page “Packages”: http://www.infineon.com/packages
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