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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, I2S, LED, POR, Touch-Sense, WDT
119

1.5MB (1.5M x 8)

FLASH

276K x 8

3.13V ~ 3.63V

A/D 32x12b; D/A 2x12b

External

-40°C ~ 85°C (TA)

Surface Mount

144-LQFP Exposed Pad
PG-LQFP-144-24
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Summary of Features

On-Chip Memories

* 16 KB on-chip boot ROM

e 96 KB on-chip high-speed program memory

e 128 KB on-chip high speed data memory

e 128 KB on-chip high-speed communication memory

e 2,048 KB on-chip Flash Memory with 8 KB instruction cache

Communication Peripherals

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

« EtherCATSlave interface (ECAT) capable of 100 Mbit/s transfer rates with 2 Mil
ports, 8 Fieldbus Memory Management Units (FMMU), 8 Sync Manager, 64 bit
distributed clocks

e Universal Serial Bus, USB 2.0 host, Full-Speed OTG, with integrated PHY

e Controller Area Network interface (MultiCAN), Full-CAN/Basic-CAN with 6 nodes,
256 message objects (MO), data rate up to 1 MBaud

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

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

e SD and Multi-Media Card interface (SDMMC) for data storage memory cards

e 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-Analog Converter (DAC) with two channels of 12-bit resolution

Industrial Control Peripherals

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

e Two Position Interfaces (POSIF) for servo motor positioning

e Window Watchdog Timer (WDT) for safety sensitive applications

« Die Temperature Sensor (DTS)

* Real Time Clock module with alarm support

e System Control Unit (SCU) for system configuration and control

Input/Output Lines

* Programmable port driver control module (PORTS)
« Individual bit addressability
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Summary of Features

Table 1 Synopsis of XMC4[78]00 Device Types (cont'd)
Derivative? Package Flash SRAM
Kbytes Kbytes
XMC4700-F144x1536 PG-LQFP-144 1536 276
XMC4700-F100x1536 PG-LQFP-100 1536 276
XMC4800-E196x2048 PG-LFBGA-196 2048 352
XMC4800-F144x2048 PG-LQFP-144 2048 352
XMC4800-F100x2048 PG-LQFP-100 2048 352
XMC4800-E196x1536 PG-LFBGA-196 1536 276
XMC4800-F144x1536 PG-LQFP-144 1536 276
XMC4800-F100x1536 PG-LQFP-100 1536 276
XMC4800-E196x1024 PG-LFBGA-196 1024 200
XMC4800-F144x1024 PG-LQFP-144 1024 200
XMC4800-F100x1024 PG-LQFP-100 1024 200
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 XMC4[78]00 Device Types
Derivative? LED |SD |EBU |ETH |ECAT |USB |USIC |MultiCAN
TS |MMC|Intf.? |Intf. |Slave |Intf. |Chan. |Nodes,
Intf. | Intf. 3 |Intf. MO
XMC4700-E196x2048 |1 1 SDM |MR |- 1 3x2 |NJ[0.5]
MQJ0..255]
XMC4700-F144x2048 |1 1 SDM |MR |- 1 3x2 |NJ[0..5]
MO[0..255]
XMC4700-F100x2048 |1 1 M16 R - 1 3x2 |N[0..5]
MQOJ0..255]
XMC4700-E196x1536 |1 1 SDM |MR |- 1 3x2 |NJ[0.5]
MQJ0..255]
XMC4700-F144x1536 |1 1 SDM |MR |- 1 3x2 |N[0..5]
MQJ0..255]
XMC4700-F100x1536 |1 1 M16 |R - 1 3x2 |NJ[0..5]
MO[0..255]
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General Device Information

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
V 1) — —
BAT( ) (VSS)
RTC_XTAL1 —» — (D Vsso
RTC_XTAL2 <—j
¢ 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 K—> s%rltt 6

R

PORST TCK JTAG ETM/SWD

3 hit 5/1 bit
TMS | ] via Port Pins

Figure 2 XMC4[78]00 Logic Symbol PG-LQFP-144
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General Device Information

2.2 Pin Configuration and Definition

The following figures summarize all pins, showing their locations on the four sides of the
different packages.
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P3.13 P6.0
P3.12 P6.1
P3.11 P6.2
P3.10 P6.3
P3.9 P6.4
P3.8 P6.5
P3.7 P6.6
USB DM P1.15
uUsB_DP TCK
VBUS T™S
VDDP XMC4[78]00 PORST
vDDC vDDC
HIB_IO_1 VSSO
HIB_IO_0 (Top \AEW) XTAL2
RTC_XTAL2 XTALL
RTC_XTAL1 VDDP
VBAT VSSs
P15.7 P5.0
P15.6 P5.1
P15.5 P5.2
P15.4 P5.3
P15.3 P5.4
P15.2 P5.5
P14.15 P5.6
P14.14 P5.7
P14.13 P2.6
P14.12 P2.7
P14.7 P2.0
P14.6 P2.1
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Figure 5 XMCA4[78]00 PG-LQFP-144 Pin Configuration (top view)
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General Device Information

1 2 3 4 5 6 7 8 9 10 11 12 13 14
A VSS P86 P88 | P8.10 | P89S | P8.11| P81 P9.8 P9.7 P9.9 P9.5 P94 nc. VSS
B nc P83 P82 P8.7 P85 P84 P80 | P9.10 | P9.11 | nc. P9.6 nc. VSS nc.
C VSS | vDDC | P02 P03 P05 P0.6 P3.6 P0.8 P41 P18 | VDDP | VSS nc. nc.
p |VDDP| P31 P32 | PO.10 | PO4 P35 P0.7 P40 P16 P17 P19 | vDDC| P93 P9.2
E P30 | P3.13 | PO.1 P00 | P0.13 | PO.15 | P44 P46 P47 P14 P1.2 P13 nc. P9.1
F US'\B/I‘D P3.12 | P3.11| POS | P0.12 | P3.14 | P3.15 | P45 P10 P15 | P1.11 | P1.10 | P90 | P7.11
G USE‘D VBUS P38 P37 | PO.11 | PO.14 | P34 P4.2 P11 | P1.14 | P1.12 | P1.13 | P79 | P7.10
H R‘:EL_lx R‘ITEL_ZX Hol_Bll Hol_Bol P39 | P3.10| P33 P43 P6.1 P64 P6.5 P66 nc. P78
J VBAT | P15.3 | P15.5 | P15.4 | P15.6 | P15.7 | TMS | TCK P6.3 P60 |PORST|P1.15| nc. P7.7
K | P15.2 |P14.15]|P14.14|P14.13| P5.10 | P5.8 P5.2 P5.1 P50 P62 | XTAL1| XTAL2| n.c. P76
L |P14.12|P14.7 | P14.6 | P14.3 | P5.11 | P2.15 | P5.7 P5.5 P26 P53 P20 | VSSO | P70 P75
M | P14.4 | P14.5 | P14.2 | P1515|P15.12| P59 | P2.14 | P56 P2.7 P54 P2.2 P21 P71 P73
N | VDDA | P14.1 | P14.0 | P15.14| P14.9 | P15.9 | P2.12 | P2.10 | P28 P24 P23 | vDDP | P72 P74
p | VSSA |VAGND|VAREF | P15.13 | P14.8 | P15.8 | P2.13 | P2.11 | P29 P25 | VDDC| VsSS nc. VSS
1 2 3 4 5 6 7 8 9 10 11 12 13 14
XMC4[78]00 - (top view
Figure 6 XMCA4[78]00 PG-LFBGA-196 Pin Configuration (top view)
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General Device Information

Table 10 Package Pin Mapping (cont'd)

Function LFBGA-196 |LQFP-144 |LQFP-100 |Pad Type Notes

P0.11 G5 139 95 Al+

P0.12 F5 138 94 Al+

P0.13 E5 137 - Al+

P0.14 G6 136 - Al+

P0.15 E6 135 - Al+

P1.0 F9 112 79 Al+

P1.1 G9 111 78 Al+

P1.2 El11 110 77 A2

P1.3 E12 109 76 A2

P1.4 E10 108 75 Al+

P1.5 F10 107 74 Al+

P1.6 D9 116 83 A2

P1.7 D10 115 82 A2

P1.8 C10 114 81 A2

P1.9 D11 113 80 A2

P1.10 F12 106 73 Al+

P1.11 F11 105 72 Al+

P1.12 G11 104 71 A2

P1.13 G12 103 70 A2

P1.14 G10 102 69 A2

P1.15 J12 94 68 A2

P2.0 L11 74 52 A2

P2.1 M12 73 51 A2 After a system reset, via
HWSEL this pin selects
the DB.TDO function.

P2.2 M11 72 50 A2

P2.3 N11 71 49 A2

P2.4 N10 70 48 A2

P2.5 P10 69 47 A2

P2.6 L9 76 54 Al+

P2.7 M9 75 53 Al+

P2.8 N9 68 46 A2

P2.9 P9 67 45 A2

Data Sheet 22 V1.0, 2016-01
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2.2.2
The following general scheme is used to describe each Port pin:

General Device Information

Port I/O Functions

Table 11 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

S
PAD Voop

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). The selected peripheral can take control of the pin(s). Hardware control
overrules settings in the respective port pin registers.

Data Sheet 29 V1.0, 2016-01
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Table 12

Port 1/0 Functions

Port 1/0O Function Table

Function Outputs Inputs
ALT1 ALT2 ALT3 ALT4 HWOO0 HwO1 HwIO HwiIl Input Input Input Input Input Input Input Input
P0.O ECATO. CAN. ccuso. LEDTSO. vict. ETHO. ERUO. ETHO.
PHY_RST NO_TXD out21 coL2 DX0D CLK_RMIIB 080 CLKRXB
PO.L UsB. ict. ccuso LEDTSO. ETHO. ERUD. ECATO. ETHO.
DRIVEVBUS  [DOUTO out11 coLs CRS_DVB 0A0 P1_RX_CLKA [RXDVB
PO.2 ECATO. vict. ccuso. u1co. EBU. u1ico. EBU. ETHO. ERUO.
P1_TXD2 SELOL ouTol DOUT3 ADO HWIN3 DO RXDOB 383
P03 ECATO. ccuso. u1co. EBU. uico. EBU. ETHO. ERU1.
P1_TXD3 out20 DouT2 AD1 HWIN2 D1 RXD1B 380
P04 ETHO. ccuso uico. EBU uico. EBU, uico. ERUD. ECATO.
TX_EN ouT10 DOUTL AD2 HWINL D2 DX0A 283 P1_RXD3A
P05 ETHO. u1co. Ccuso. uico. EBU. u1co. EBU. u1co. ERUL. ECATO.
TXDO DpouTo ouToo DOUTO AD3 HWINO D3 DX0B 3A0 P1_RXD2A
P06 ETHO. uico. ccuso EBU. uico. ERUD. ccuso. ECATO.
TXD1 SELOO ouT30 ADV DX2A 382 IN2B P1_RXD1A
PO.7 . uoco. ECATO. EBU. DB. EBU. uoco. DSD. ERUO. CCU80. CCUs0. ccuso. ccueo.
SERVICE_OUT |SELOO LED_ERR AD6 DI D6 DX2B DIN1A 281 INOA IN1A IN2A IN3A
PO scu. uoco. ECATO. EBU. DB. EBU. uoco. DSD. ERUO. CAN. CCUBO.
EXTCLK SCLKOUT LED_RUN AD7 TRST o7 DX18 DINOA 2A1 N3_RXDA IN1B
P09 u1ct. ccuso. LEDTS0. ETHO. EBU. ETHo. uict. USE. ERUO. ECATO.
SELOO out12 coLo MDO Cs1 MDIA DX2A D 1B0 P1_RX_DVA
PO.10 ETHO. uicL. ccuso. LEDTSO. vict. ERUO. ECATO.
mDC SCLKOUT ouTo2 coL DX1A 1A0 P1_TX_CLKA
PO ECATO. uico. ccuso SDMMIC. EBU. ETHO. uico. ERUD. ECATO.
PI_LINK_ACT  [SCLKOUT ouTaL RST BREQ RXERB DX1A 382 P1_RXDOA
PO.12 vict. ccu4o. ECATO. EBU. ECATO. EBU. uicl. ERUO.
SELOO ouT3 MDO HLDA MDIA HLDA DX2B 282
P0.13 uicL. Ccu4o. uicCL. ERUO.
SCLKOUT our2 DX18 282
PO.14 u1co. ccu4o. uict u1icL Ccuaz.
SELOL ouTL DOUT3 HWIN3 IN3C
P0.15 u1co. ccu4o. uicl. vicL CCuaz.
SELO2 ouTto DouT2 HWIN2 IN2C
PLO DSD. oco. ccudo ERUL oco. ERUD. ccuso. ECATO.
CGPWMN SELOO outs PDOUT3 DX2A 380 IN3A PO_TX_CLKA
P11 DSD. uoco. ccu4o. ERUL. SDMMC. uoco. POSIFO. ERUO. CCUA40. ECATO.
CGPWMP SCLKOUT out2 PDOUT2 sSbwc DX1A IN2A 3A0 IN2A PO_RX_CLKA
P12 ECATO. ccu4o. ERU1L. uoco. EBU. uoco. EBU. POSIFO. ERUL. 'CCU40.
PO_TXD3 outt PDOUTL DouTs AD14 HWINS D14 INLA 280 INLA
P13 ECATO. uoco. Cccu4o. ERU1. uoco. EBU. uoco. EBU. POSIFO. ERUL. CCU40.
PO_TX_ENA MCLKOUT ouTto PDOUTO DouT2 AD15 HWIN2 D15 INOA 2A0 INOA
PL4 WWDT. CAN. ccuso ceust. uoco. uoco. uoco. CAN. ERUD. ccual. ECATO.
SERVICE_OUT |NO_TXD 0ouT33 out20 DOUTL HWINL DX0B N1_RXDD 280 INOC PO_RXDOA

Aliwes 000X
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Table 12 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
P43 u2c1. uoco. Ccu4s. ECATO. CCu43.
SELO2 SELOS ouT3 MCLK IN3A
P44 uoco. ccuas. u2ct. u2cL. CCu43.
SELO4 out2 DOUT3 HWIN3 IN2A
P45 uoco. ccu4s. u2Cl. uz2CL. CCu43.
SELO3 outt DouT2 HWIN2 IN1A
P46 uoco. ccuas. u2cL. u2cL. CAN. u2ct. CCu43.
SELO2 ouTo DOUTL HWINL N2_RXDC DX0E INOA
P47 uv2ct. CAN. uv2ct. u2cl. uoco. CCu43.
DOuTo N2_TXD DOUTO HWINO DXoc INOC
P50 uzco. DSD ccust ERUL uzco uzco, uzco ETHO oco ECATO, ccust ccust ccust. ccusy
DoUTO CGPWIN ouTas PDOUTO DoUTO HWINO DX0B RXDOD DX0D PO_RXDOB INOA INIA IN2A IN3A
P5.1 uoco. DSD. ccusl. ERUL. u2co. u2co. u2co. ETHO. ECATO. (CCUsL.
DOUTO CGPWMP ouT32 PDOUT1 DOUTL HWINL DX0A RXD1D PO_RXD1B INOB
P52 u2co. ECATO. ccust. ERUL u2co. ETHO. ECATO. ccust. ETHO.
SCLKOUT PO_LINK_ACT  |OUT23 PDOUT2 DX1A CRS_DVD PO_RXD28 IN1B. RXDVD
P5.3 u2co. ccusl. ERU1. EBU. EBU. u2co. ETHO. ccusl.
SELOO out22 PDOUT3 CKE A20 DX2A RXERD IN2B
P54 u2co. ccust. EBU. E8U ETHO. ccust. ECATO.
SELO1 ouT13 RAS A21 CRSD IN3B PO_RX_CLKB
P55 u2co ccust EBU. €8U ETHO ECATO,
SELO2 out12 CAS A22 COoLD PO_TX_CLKB
P56 u2co. ccusl. EBU. EBU. ECATO.
SELO3 ouTo3 BFCLKO A23 BFCLKI PO_RX_DVB
P57 ECATO, ccust LEDTSO, uzco uzco, ECATO,
SYNCO outoz coLa DoUT2 HWINZ PO_RXD38
P5.8 ECATO. u1co. ccuso. CAN. EBU. EBU. ETHO. uico.
P1_TX_ENA SCLKOUT ouTol N4_TXD SDCLKO Cs2 RXD2A DX1B
P5.9 u1co. ccuso. ETHO. EBU. EBU. ETHO. uico. ECATO.
SELOO out20 TX_EN BFCLKO cs3 RXD3A DX2B P1_TX_CLKB
P5.10 u1co. ccuso. LEDTS0. LEDTSO0. LEDTSO. ETHO. CAN.
MCLKOUT ouT10 LINE7 EXTENDED7 TSIN7A CLK_TXA N5_RXDA
P5.11 uico. ccuso. CAN. ETHO.
SELO1 ouToo N5_TXD CRSA
P60 ETHO. uoct. ccust ECATO, U
TXD2 SELO1 0ouT31 PHY_CLK25 ETM_TRACECLK|A16
P6.1 ETHO. uoct. ccusl. ECATO. DB. EBU. uvoc1.
TXD3 SELOO ouT30 PO_TX_ENA ETM_TRACEDA |A17 Dx2Cc
TA3
P6.2 ETHO. uoct. ccu4s. ECATO. EBU. uoct.
TXER SCLKOUT outs PO_TXDO ETM_TRACEDA |A18 px1c
P6.3 ccuas. ECATO. uoct. ETHO.
outz PO_LINK_ACT DXoc RXD3B
P64 voct. ccuas ECATO E8U. E8U 2 ETHO.
DOUTO out PO_TXD1 SDCLKO A19 SDCLKI RXD2B
P65 CAN. uoct. ccuas. ECATO. EBU. DSD. ETHo. u2co. ETHO.
N3_TXD MCLKOUT ouTo PO_TXD2 ETM_TRACEDA |BC2 DIN3A CLK_RMIID DX0D CLKRXD

i
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Electrical Parameters

3 Electrical Parameters

Attention: All parameters in this chapter are preliminary target values and may
change based on characterization results.

3.1 General Parameters

311 Parameter Interpretation

The parameters listed in this section partly represent the characteristics of the
XMC4[78]00 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 XMC4[78]00 and must be regarded for system design.

* SR
Such parameters indicate System Requirements, which must be provided by the
application system in which the XMC4[78]00 is designed in.

Data Sheet 40 V1.0, 2016-01
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Table 25 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 |- 600 |1200 |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 also by the factor 1/k.

3) The leakage current definition is a continuous function, as shown in figure ADCx Analog Inputs Leakage. The
numerical values defined determine the characteristic points of the given continuous linear approximation -
they do not define step function (see Figure 16).

4) The sampling capacity of the conversion C-network is pre-charged to V,re(/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 | \ger = Qcony / te-

The fastest 12-bit post-calibrated conversion of t.= 459 ns results in a typical average current of
larer = 65.4 PA.
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IOZl

A
Single ADC Input
500 nA + 9 P
200 nA 1
100 nA
- Viy [% VDDA]
-100 nA +
3% 97% 100%

-500 nA ¢

ADC-Leakage.vsd

Figure 16 VADC Analog Input Leakage Current
Conversion Time

Table 26 Conversion Time (Operating Conditions apply)

Parameter Symbol | Values Unit | Note
Conversion |tz CC |2 x Typc + ps [N =8, 10, 12 for
time (2+ N+ STC + PC +DM) x Tppg N-bit conversion

Taoc = 1/ foripn
Taoci = 1/ fapc

« STC defines additional clock cycles to extend the sample time
« PC adds two cycles if post-calibration is enabled
* DM adds one cycle for an extended conversion time of the MSB

Conversion Time Examples

System assumptions:
fapc = 144 MHz i.e. type = 6.9 ns, DIVA = 3, fupc; = 36 MHz i.e. typ = 27.8 ns

According to the given formulas the following minimum conversion times can be
achieved (STC =0, DM = 0):

12-bit post-calibrated conversion (PC = 2):

tontoe = 2+ 12+ 2) x type + 2 X type = 16 x 27.8 ns + 2 x 6.9 ns = 459 ns

12-bit uncalibrated conversion:

tonie = (2 +12) x type + 2 x tape = 14 x 27.8 ns + 2 x 6.9 ns = 403 ns

10-bit uncalibrated conversion:

tenio = (2 +10) x tape + 2 x typc =12 x 27.8 NS+ 2 x 6.9 ns = 348 ns

8-bit uncalibrated:
tong = (24 8) x tape + 2 x tape =10 x 27.8 ns + 2 x 6.9 ns = 292 ns
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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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3.24 Out-of-Range Comparator (ORC)

The Out-of-Range Comparator (ORC) triggers on analog input voltages (V,,y) above the

analog reference (Vrer) ON selected input pins (GXORCy) and generates a service

request trigger (GXORCOUTY).

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

The parameters in Table28 apply for the maximum reference voltage
Varer = Vopa + 50 mV.

Table 28 ORC Parameters (Operating Conditions apply)

Parameter Symbol Values Unit | Note/Test Condition

Min. |Typ. |Max.
DC Switching Level |Vgpe CC|100 |125 (210 |mV |Van2 Varer + Vooe

Hysteresis Vouys CC |50 - Vope | MV

Detection Delay ofa |topp CC |50 - 450 |ns  |Van2=Vages 210 mV
persistent 45 |- 105 |ns | Van 2 Vagee + 400 mV
Overvoltage

Always detected torop CC [440 |- - ns  |Van 2= Vagee + 210 mV
Overvoltage Pulse 90 — _ ns Van = Vager + 400 mV
Never detected toron CC |- - 45 ns | Van=Vagee + 210 mV
Overvoltage Pulse _ _ 30 ns Van = Vager + 400 mV
Release Delay toro CC |65 - 105 |ns  |Van<Varer

Enable Delay toep CC |- 100 [200 |ns

1) Always the standard VADC reference, alternate references do not apply to the ORC.
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Table 47 USIC SSC Slave Mode Timing

Electrical Parameters

Parameter

Symbol

Values

Unit

Min.

Typ.

Max.

Note /
Test Condition

DX1 slave clock period

tcik SR

66.6

ns

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

th

SR

3

ns

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

t11

SR

ns

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

t12

SR

ns

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

—

13

SR

ns

Data output DOUT[3:0] valid
time

—

14

CcC

24

ns

1) This input timing is valid for asynchronous input signal handling of slave select input, shift clock input, and
receive data input (bits DXnCR.DSEN = 0).
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3.3.9.3 Inter-IC (lIC) Interface Timing

The following parameters are applicable for a USIC channel operated in [IC mode.

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

Table 48 USIC IIC Standard Mode Timing®

Parameter Symbol Values Unit |Note/
Test Condition

Min. Typ. Max.

Fall time of both SDA and |t; - - 300 ns

SCL CC/SR

Rise time of both SDAand |t, - - 1000 |ns

SCL CC/SR

Data hold time t; 0 - - us
CC/SR

Data set-up time t, 250 - - ns
CC/SR

LOW period of SCL clock | tg 4.7 - - us
CC/SR

HIGH period of SCL clock | tg 4.0 - - us
CC/SR

Hold time for (repeated) |t; 4.0 - - us

START condition CC/SR

Set-up time for repeated | tg 4.7 - - us

START condition CC/SR

Set-up time for STOP tq 4.0 - - us

condition CC/SR

Bus free time between a |t 4.7 - - V&

STOP and START CC/SR

condition

Capacitive load for each | C, SR
bus line

400 |pF

1) Due to the wired-AND configuration of an 1IC 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.
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With clock delay:
(2

tODLY_F + tDATA_DELAY + tTAP_DELAY +Hisu <t + tCLK_DELAY

®)

tDATA_DELAY + tTAP_DELAY +TwL<tpp+ tCLK_DELAY -Tisu- tODLY_F
tDATAiDELAY + tTAPiDELAY +20<40+ tCLKiDELAY -5-10
toata peLay <5+ teLk_peLay - trap peLay
The data can be delayed versus clock up to 5 ns in ideal case of t,, = 20 ns.

Full-Speed Write Meeting Hold (Minimum Delay)

The following equations show how to calculate the allowed skew range between the
SD_CLK and SD_DAT/CMD signals on the PCB.

(4)

tCLK_DELAY <ty + tOH_F + tDATA_DELAY + tTAP_DELAY -t
tCLK_DELAY <20+ tDATA_DELAY + tTAP_DELAY -5
tDATA_DELAY <15+ tCLK_DELAY + tTAP_DELAY

The clock can be delayed versus data up to 18.2 ns (external delay line) in ideal case of
tw = 20 ns, with maximum trsp pe Ay = 3.2 NS programmed.
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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 \\
4>t24<7 — - t24 et —
— {3 — |-t =

D[31:0 N '

(3[2_Bit)] , %—é pata (Adr+0)J pata (Accr+4))—r—

D[15:0] /77 " '

(16-Bi) 4t AN Data (A’ddr+0) Data (Addr+2)

=
3

t25 *
— —0 —0 it '
1 >
—L

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
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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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