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Welcome to E-XFL.COM

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"

Obsolete

ARM® Cortex®-M4

32-Bit Single-Core

120MHz

CANbus, EBI/EMI, Ethernet, I12C, LINbus, SPI, UART, USB
DMA, I2S, LED, POR, PWM, WDT
91

1MB (1M x 8)

FLASH

160K x 8

3.13V ~ 3.63V

A/D 32x12b; D/A 2x12b
Internal

-40°C ~ 125°C (TA)

Surface Mount

144-LQFP Exposed Pad
PG-LQFP-144-18
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General Device Information
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Figure 6 XMC4500 PG-LFBGA-144 Pin Configuration (top view)
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General Device Information

Table 9 Package Pin Mapping (cont'd)

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

P5.3 81 J10 - A2

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 LS 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

Data Sheet 23 V1.4, 2016-01

Subject to Agreement on the Use of Product Information



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

T0-9102 'V'TA

199yS ereq

[4>

. ’
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
P66 DSD. EBU. DSD. ETHO,
MCLK3 ETM_TRACEDA |BC3 MCLK3A CLK_TXB
P14.0 VADC.
GOCHO
P14.1 'VADC.
GOCHL
P14.2 VADC. VADC.
GOCH2 G1CH2
P14.3 'VADC. VADC. CAN.
GOCH3 G1CH3 NO_RXDB
Pl44 VADC VADC.
GOCH4 G2CHO
P14.5 VADC. VADC. POSIFO.
GOCHS G2CH1 IN2B
P146 vaDC. POSIFO. GOORCE
GOCHE INIB
P14.7 VADC. POSIFO. GOORC7
GOCH7 INOB
P14.8 DAC. VADC. VADC. ETHO.
ouT_0 G1CHO G3CH2 RXDOC
P14.9 DAC. VADC. VADC. ETHO.
ouT_1 G1CH1 G3CH3 RXD1C
P14.12 VADC.
G1CH4
P1413 VADC.
GlcHs
P14.14 VADC. G1ORC6
GICH6
P14.15 VADC. G1ORC7
GiCH?
P15.2 VADC.
G2CH2
P15.3 VADC.
G2CH3
P154 VADC.
G2CH4
P155 VADC.
G2CH5
P15.6 VADC.
GacHe
P15.7 VADC.
G2CH7
P15.8 VADC. ETHO. ETHO.
G3CHO CLK_RMIIC CLKRXC
P159 VADC ETHO. ETHO.
G3CH1 CRS_DVC RXDVC

Aliwes 000rONX

00S17ONX

uoaulul

g
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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

P15.12 VADC

GacH4
P15.13 VADC.

G3CHs
P15.14 VADC.

G3CH6
P15.15 VADC.

G3CH7
USB_DP
Usa_bM
HIB_I0_0 HIBOUT WWDT. \WAKEUPA

SERVICE_OUT
HIB_IO_1 HIBOUT WwoT. WAKEUPB
SERVICE_OUT
ToK DB.TCK/
SWCLK
™S DB.TMS/
SWDIO
PORST
XTALL uoco. uoct. u1co. uvict. u2co. u2c1.
DXOF DXOF DXOF DXOF DXOF DXOF
XTAL2
RTC_XTALL ERUO,
181

RTC_XTAL2
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Electrical Parameters

A

DAC output

Vour max  ——

+/- 4LSB
E 2 N 7
64LsBs | 64 LSBs
,,,,, : =
. o
fURATE_A (max) fURATE_F (max)
Vour Mn  —
>
A
DAC output
2
Vour_max / ” ﬂUn\lA T 20 LSBs
7 I
Y
tserrie
tsermie <
N
Vout_min \\ l\ Uﬂun\l I 20 LSBs
v
»

Figure 17 DAC Conversion Examples
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Electrical Parameters

Table 32 Power Supply Parameters
Parameter Symbol Values Unit | Note/
Min. |Typ. |Max. Test Condition
Sleep supply current lppps CC |- 110 |- mA 120/120/120
Peripherals disabled _ 100 _ 120/60/ 60
Frequency: 77 60/60/120
fepu/ fperipn/ focu in MHZ —
- 59 - 24124124
- 48 - 1/1/1
fepu! Toeripn/ focy in kHz - 46 |- 100/ 100/ 100
Deep Sleep supply lppep CC |- 20 - mA 2412424
current” - |12 |- 41414
Flash in Sleep mode
Frequency: - 10 - 1/1/1
fepu/ fperipn/ fecu in MHZ
fepu! foeripn ! focu in kHz - 6 - 100/100/ 100
6)
Hibernate supply current lpppy CC | = 10 - pA Vgar =3.3V
7 | ‘BaT— 92 "
RTC on” - |75 |- Vour = 2.4V
- 62 |- Vgar =2.0V
Hibernate supply current | lIyppy CC |- 9.2 |- pA Vgar =3.3V
g | ‘BATZ 92 %
RTC off® _ 6.7 |— Vgar = 2.4V
- 56 |- Vgar =20V
Worst case active supply | lpppa CC |- - 180 |mA Vppp = 3.6V,
current® 10) T,=150°C
Vppa POWer supply current | lpp, CC |- - - mA
Ippp current at PORST Low | Ippp porsT |~ - 16 mA Vppp = 3.6 V,
cC T,=150°C
Power Dissipation Poss CC|- - 1 w Vppp = 3.6 V,
T,=150°C
Wake-up time from Sleepto [tgsa CC |- 6 - cycles
Active mode
Data Sheet 66 V1.4, 2016-01
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Electrical Parameters

Table 32 Power Supply Parameters
Parameter Symbol Values Unit | Note/
Min. |Typ. |Max. Test Condition
Wake-up time from Deep - - - ms Defined by the
Sleep to Active mode wake-up of the
Flash module,
see
Section 3.2.9
Wake-up time from - - - ms Wake-up via
Hibernate mode power-on reset
event, see
Section 3.3.2

1) CPU executing code from Flash, all peripherals idle.

2) CPU executing code from Flash.

3) CPU in sleep, all peripherals idle, Flash in Active mode.

4) CPU in sleep, Flash in Active mode.

5) CPU in sleep, peripherals disabled, after wake-up code execution from RAM.
6) To wake-up the Flash from its Sleep mode, fopy, > 1 MHz is required.
7) OSC_ULP operating with external crystal on RTC_XTAL

8) OSC_ULP off, Hibernate domain operating with OSC_SI clock

9) Test Power Loop: fgyg = 120 MHz, CPU executing benchmark code from Flash, all CCUs in 100kHz timer
mode, all ADC groups in continuous conversion mode, USICs as SPI in internal loop-back mode, CAN in
500kHz internal loop-back mode, interrupt triggered DMA block transfers to parity protected RAMs and FCE,
DTS measurements and FPU calculations.
The power consumption of each customer application will most probably be lower than this value, but must be

evaluated separately.

10) Ippp decreases typically by approximately 6 mA when fg, 5 decreases by 10 MHz, at constant T,
11) Sum of currents of all active converters (ADC and DAC)

Data Sheet
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3.34 Phase Locked Loop (PLL) Characteristics

Electrical Parameters

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

characterization.

Main and USB PLL

Table 36 PLL Parameters
Parameter Symbol Values Unit |Note/
Min. Typ. Max. Test Condition
Accumulated Jitter D.CC |- - +5 ns accumulated
over 300 cycles
fsys = 120 MHz
Duty Cycle? Dpc CC |46 50 54 % | Low pulse to
total period,
assuming an
ideal input clock
source
PLL base frequency foLpase |30 - 140 MHz
ccC
VCO input frequency free CC |4 - 16 MHz
VCO frequency range fyco CC | 260 - 520 MHz
PLL lock-in time t, CC - - 400 us

1) 50% for even K2 divider values, 50+(10/K2) for odd K2 divider values.

Data Sheet
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3.3.7

Serial Wire Debug Port (SW-DP) Timing

Electrical Parameters

The following parameters are applicable for communication through the SW-DP

interface.

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

characterization.

Note: Operating conditions apply.

Table 40 SWD Interface Timing Parameters (Operating Conditions apply)
Parameter Symbol Values Unit | Note /
Min. Typ. |Max. Test Condition
SWDCLK clock period tse SR |25 - - ns |C_=30pF
40 - - ns |C, =50pF
SWDCLK high time t;, SR |10 - 500000 | ns
SWDCLK low time t, SR |10 - 500000 | ns
SWDIO input setup t; SR |6 - - ns
to SWDCLK rising edge
SWDIO input hold t, SR |6 - - ns
after SWDCLK rising edge
SWDIO output valid time  |t; CC |- - 17 ns |C_=50pF
after SWDCLK rising edge _ _ 13 ns |C,=30pF
SWDIO output hold time |t; CC |3 - - ns
from SWDCLK rising edge
tSC
t t
SWDCLK 71 \ 71 \ 71 \
ts
SWDIO
(Output) >':)
b ta, t.
SWDIO )
(Input) .
Figure 29 SWD Timing
Data Sheet 78 V1.4, 2016-01
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Electrical Parameters

t

t;

ta

\

ts

DIN

Figure 32 DSD Data Timing

3.3.9.2 Synchronous Serial Interface (USIC SSC) Timing

The following parameters are applicable for a USIC channel operated in SSC mode.
Note: These parameters are not subject to production test, but verified by design and/or

characterization.

Table 43 USIC SSC Master Mode Timing

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

SCLKOUT master clock | t; «x CC |33.3 - - ns

period

Slave select output SELO |t; CC |tpg - - - ns

active to first SCLKOUT 6.5

transmit edge

Slave select output SELO |t, CC |tpg- - - ns

inactive after last 8.5Y

SCLKOUT receive edge

Data output DOUTJ[3:0] t; CC |-6 - 8 ns

valid time

Receive data input t, SR |23 - - ns

DX0/DX[5:3] setup time to

SCLKOUT receive edge

Data input DX0/DX[5:3] t; SR |1 - - ns

hold time from SCLKOUT
receive edge

1) tg=1/fpg

Data Sheet
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Table 46 USIC IIC Fast Mode Timing?

Electrical Parameters

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
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Electrical Parameters

Multiplexed Write Timing

EBU Address Address Hold | Command Data Hold Recovery New Addr.
STATE Phase Phase (opt.) Phase Phase Phase (opt.) Phase
Duration Limits in
EBU, OLK Cycles 1.15 0..15 1..31 0..15 0..15 1.15
Almax:16]" X Valid Address Next
v+t pv +15;
_ pv+ t,
Cs@o] T\ vt NR
CSCOMB N\ /
pv + t, —— pv +t5
S N \
pV + g
RD [
/
pv + ta —
RD/WR \E 7[
= 1.
pv+t, 34
pv + ta
BC[30 ) /
[3:0] 3 7
135 tas
WAIT x\ 7[_
pv + 1y, pv + ta7
f=pV + ty3 — F—pv + tag
AD[31:0? — (| Address Out Data Out >
Y For 16-bit MUX and Twin 16-bit MUX only
2% 16-bit MUX: - Address A[15:0], Data D[15:0] on pins AD[15:0] only
* Twin 16-Bit MUX: - Address A[15:0] on pins AD[15:0] and AD[31:16] in parallel
- Data D[31:0] on pins AD[31:0]
* 32-bit MUX: - Address A[24:0] on pins AD[24:0]
- Data D[31:0] on pins AD[31:0]
pv = programmed value,
Tesu_cik * sum (corresponding bitfield values) EBU_MuxWR_Async.vsd

Figure 43 Multiplexed Write Access

V1.4, 2016-01
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Electrical Parameters

Demultiplexed Write Timing

EBU Address Address Hold | Command Data Hold Recovery New Addr.

STATE Phase Phase (opt.) Phase Phase Phase (opt.) Phase
Duration Limits in
EBU CLK Cycles 1..15 0..15 1..31 0..15 0..15 1..15
Almax:0]” Valid Address Next

v+t pv + ty —=

1 pv+ t,

Cs[30] T\ =PVt NR
CSCOMB \ /

pv + t, —— pV + 133
Y \
pv + 5
RD
/
pv + ta T
RD/WR \( 71
i 1.
pv + ta 34
pv +t,
BC30] { g 71
tss tas
WAIT S\ 7[_
= pv + ty T—pv + tg
D[15:0]? Data Out >

Y Address A[max:16] on pins A[max:16], Address A[15:0] on pins AD[31:16]
2 Data D[15:0] on pins AD[15:0]

pv = programmed value,
Tesu_cLk * sum (corresponding bitfield values) EBU_DeMuxWR_Async.vsd

Figure 44 Demultiplexed Write Access
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Electrical Parameters

3) If the clock feedback is not enabled, the input signals are latched using the internal clock in the same way as
for asynchronous access. Thus, t;, tg, t; and tg from the asynchronous timing apply.

Address Command Burst Burst Recovery Next Addr.
Phase(s) Phase(s) Phase(s) Phase(s) Phase(s) Phase(s)
BFCLK] / )
BFCLKO" __ /1 W/ v/ . J /
- th - t1o
Almax 0] Burst Start Address 2{%},
t22

— o { o — oty | —-
TN T

it y T

*tzl‘* A‘tzl‘* *tgl‘*
CS[30]
CSCOMB

T it §f b f T T

— {12 —= 11
R7D ks r—
RD/WR

= toa = —=— tr0n
4 i —_—
BAA \\
— 1, f— — 1, e
— {3 — |-t =
D[31:0] ) "é ‘é " !
(32-Bi) Data (A”ddr+0) Data (Addr+4) —
D[15:0] /77 " '
(16-Bi) 4t AN Data (A’ddr+0) Data (Addr+2)
| b
t25 et —
S —C i —0O i f
WAIT

1) Output delays are always referenced to BCLKO . The reference clock for input
characteristics depends on bit EBU _BFCON.FDBKEN.
EBU_BFCON.FDBKEN= 0: BFCLKO is the input reference clock .
EBU_BFCON.FDBKEN= 1: BFCLKI is the input reference clock (EBU clock
feedback enabled ). EBU_BUrstRDWR.vsd

Figure 45 EBU Burst Mode Read / Write Access Timing

Data Sheet 104 V1.4, 2016-01
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Electrical Parameters

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 57 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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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 60 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 50

Data Sheet

USB Signal Timing
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Electrical Parameters

3.3.12 Ethernet Interface (ETH) Characteristics

For proper operation of the Ethernet Interface it is required that fgyg > 100 MHz.

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

3.3.12.1 ETH Measurement Reference Points

ETH Clock 14 V% \1.4V
20V 20V
0.8V % SkO.B \%

tr t

ETH_Testpoints.vsd

Figure 51 ETH Measurement Reference Points

Data Sheet 111 V1.4, 2016-01
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Electrical Parameters

3.3.12.2 ETH Management Signal Parameters (ETH_MDC, ETH_MDIO)

Table 61 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 )»7

ETH_MDIO sourced by PHY:

ETH_MDC

ETH_MDIO
(input)

T

b —
4«6 Valid Data

f

ETH_Timing-Mgmt.vsd

Figure 52

Data Sheet

ETH Management Signal Timing
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Package and Reliability

4.2 Package Outlines

Table 65 Differences PG-LQFP-14-18 to PG-LQFP-144-24

Change PG-LQFP-144-18 PG-LQFP-144-24
Thermal Resistance 22.4 K/IW 21.0 K/IW
Junction Ambient (Rg;,)

Lead Width 0.22*9%5 mm 0.27007 ) 1s mm

Lead Thickness

+0.05
0.15™° 4 06 MM

0.127*9973 | 1o mm

Exposed Die Pad outer
dimensions

6.5 mm x 6.5 mm

6.5 mm x 6.5 mm

Exposed Die Pad U-
Groove inner dimensions

5.7 mm x 5.7 mm

14 2105

GAUGE PLANE

b

.
3 .
A ERER /ﬁ =H lemargue
) RAEIN @ b COPLANARITY
2 i o 7 02ZMN 06 a1 SEATING PLANE 2
LOCATION "B" 5 | =l0z[ABlDlH 111 LOCATION “B”
©,
X
A B
5 = a £oDE fan =Y
SE NE
15 -
2x
) Ll
i 15
LOCATION "A" 022 =118 1hhx N)OTESN " A META " WA
+ 1) DOES NOT INCLUDE PLASTIC OR METAL PROTRUSION OF 0.25 MAX. PER SIDE
08 x45° ! 2) PKG CORNER CHAMFER OF 08 x 45° WILL BE AT LOCATIDN “A” OR “B", DEFINING BY MOLD PROCESS
35%05F 175
=J02[A-B] DJwsx Lot
Figure 55 PG-LQFP-144-18 (Plastic Green Low Profile Quad Flat Package)
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3) Refer table for exposed pad dimension
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