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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"

Embedded microcontrollers are used in virtually every
sector of electronics, providing the necessary control and
processing power for a multitude of applications. In
consumer electronics, they manage the operations of
smartphones, home appliances, and wearable devices. In
automotive systems, microcontrollers control engine
functions, safety features, and infotainment systems.
Industrial applications rely on microcontrollers for
automation, robotics, and process control. Additionally,
microcontrollers are integral in medical devices, handling
functions such as monitoring, diagnostics, and control of
therapeutic equipment. Their versatility and
programmability make them essential components in
creating efficient, responsive, and intelligent electronic
systems.

Common Subcategories of "Embedded -
Microcontrollers"

Embedded microcontrollers can be categorized based on
their architecture, performance, and application focus.
Common subcategories include 8-bit, 16-bit, and 32-bit
microcontrollers, differentiated by their processing power
and memory capacity. 8-bit microcontrollers are typically
used in simple applications like basic control systems and
small devices. 16-bit microcontrollers offer a balance
between performance and complexity, suitable for
medium-scale applications like industrial automation. 32-
bit microcontrollers provide high performance and are
used in complex applications requiring advanced
processing, such as automotive systems and sophisticated
consumer electronics. Each subcategory serves a specific
range of applications, providing tailored solutions for
different performance and complexity needs.

Types of "Embedded - Microcontrollers"

There are various types of embedded microcontrollers,
each designed to meet specific application requirements.
General-purpose microcontrollers are versatile and used in
a wide range of applications, offering a balance of
performance, memory, and peripheral options. Special-
purpose microcontrollers are tailored for specific tasks,
such as automotive controllers, which include features like
built-in motor control peripherals and automotive-grade
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Summary of Features 
16-Bit Single-Chip 
Real Time Signal Controller
XE162xL (XE166 Family)

1 Summary of Features
For a quick overview and easy reference, the features of the XE162xL are summarized
here.
• High-performance CPU with five-stage pipeline and MPU

– 12.5 ns instruction cycle @ 80 MHz CPU clock (single-cycle execution)
– One-cycle 32-bit addition and subtraction with 40-bit result
– One-cycle multiplication (16 × 16 bit)
– Background division (32 / 16 bit) in 21 cycles
– One-cycle multiply-and-accumulate (MAC) instructions
– Enhanced Boolean bit manipulation facilities
– Zero-cycle jump execution
– Additional instructions to support HLL and operating systems
– Register-based design with multiple variable register banks
– Fast context switching support with two additional local register banks
– 16 Mbytes total linear address space for code and data
– 1,024 Bytes on-chip special function register area (C166 Family compatible)
– Integrated Memory Protection Unit (MPU)

• Interrupt system with 16 priority levels providing 64 interrupt nodes
– Selectable external inputs for interrupt generation and wake-up
– Fastest sample-rate 12.5 ns

• Eight-channel interrupt-driven single-cycle data transfer with
Peripheral Event Controller (PEC), 24-bit pointers cover total address space

• Clock generation from internal or external clock sources,
using on-chip PLL or prescaler

• Hardware CRC-Checker with Programmable Polynomial to Supervise On-Chip
Memory Areas

• On-chip memory modules
– 2 Kbytes on-chip dual-port RAM (DPRAM)
– 6 Kbytes on-chip data SRAM (DSRAM)
– 4 Kbytes on-chip program/data SRAM (PSRAM)
– Up to 160 Kbytes on-chip program memory (Flash memory)
– Memory content protection through Error Correction Code (ECC) for Flash

memory and through parity for RAMs
Data Sheet 3 V1.2, 2012-07
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Summary of Features 
1.2 Definition of Feature Variants
The XE162xL types are offered with several Flash memory sizes. Table 3 and Table 4
describe the location of the available Flash memory.

The XE162xL types are offered with different interface options. Table 5 lists the available
channels for each option.

Table 3 Continuous Flash Memory Ranges
Total Flash Size 1st Range1)

1) The uppermost 4-Kbyte sector of the first Flash segment is reserved for internal use (C0’F000H to C0’FFFFH).

2nd Range 3rd Range
160 Kbytes C0’0000H … 

C0’EFFFH

C1’0000H … 
C2’0FFFH

C4’0000H … 
C4’7FFFH

96 Kbytes C0’0000H … 
C0’EFFFH

C1’0000H … 
C1’0FFFH

C4’0000H … 
C4’7FFFH

Table 4 Flash Memory Module Allocation (in Kbytes)
Total Flash Size Flash 01)

1) The uppermost 4-Kbyte sector of the first Flash segment is reserved for internal use (C0’F000H to C0’FFFFH).

Flash 1
160 128 32
96 64 32

Table 5 Interface Channel Association
Total Number Available Channels / Message Objects
19 ADC0 channels CH[11:0], CH13, CH[20:15]
2 CAN nodes CAN0, CAN1

32 message objects
4 serial channels U0C0, U0C1, U1C0, U1C1
Data Sheet 6 V1.2, 2012-07
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General Device Information 
38 P2.10 O0 / I St/B Bit 10 of Port 2, General Purpose Input/Output
U0C1_DOUT O1 St/B USIC0 Channel 1 Shift Data Output
U0C0_SELO
3

O2 St/B USIC0 Channel 0 Select/Control 3 Output

CC2_CC23 O3 / I St/B CAPCOM2 CC23IO Capture Inp./ Compare Out.
U0C1_DX0E I St/B USIC0 Channel 1 Shift Data Input
CAPINA I St/B GPT12E Register CAPREL Capture Input

39 P2.11 O0 / I St/B Bit 11 of Port 2, General Purpose Input/Output
U0C0_SELO
2

O1 St/B USIC0 Channel 0 Select/Control 2 Output

U0C1_SELO
2

O2 St/B USIC0 Channel 1 Select/Control 2 Output

U1C1_DX2A I St/B USIC1 Channel 1 Shift Control Input
40 P2.12 O0 / I St/B Bit 12 of Port 2, General Purpose Input/Output

U0C0_SELO
4

O1 St/B USIC0 Channel 0 Select/Control 4 Output

U0C1_SELO
3

O2 St/B USIC0 Channel 1 Select/Control 3 Output

U1C1_SCLK
OUT

O3 St/B USIC1 Channel 1 Shift Clock Output

U1C1_DX1A I St/B USIC1 Channel 1 Shift Clock Input
41, P2.13 O0 / I St/B Bit 13 of Port 2, General Purpose Input/Output

U1C1_DOUT O1 St/B USIC1 Channel 1 Shift Data Output
CCU63_COU
T60

O2 St/B CCU63 Channel 0 Output

U1C1_DX0B I St/B USIC1 Channel 1 Shift Data Input
U1C0_DX0B I St/B USIC1 Channel 0 Shift Data Input

Table 6 Pin Definitions and Functions (cont’d)

Pin Symbol Ctrl. Type Function
Data Sheet 15 V1.2, 2012-07
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General Device Information 
58 P10.10 O0 / I St/B Bit 10 of Port 10, General Purpose Input/Output
U0C0_SELO
0

O1 St/B USIC0 Channel 0 Select/Control 0 Output

CCU60_COU
T63

O2 St/B CCU60 Channel 3 Output

U1C0_DOUT O3 St/B USIC1 Channel 0 Shift Data Output
U0C0_DX2C I St/B USIC0 Channel 0 Shift Control Input
TDI_B I St/B JTAG Test Data Input
U0C1_DX1A I St/B USIC0 Channel 1 Shift Clock Input

59 P10.11 O0 / I St/B Bit 11 of Port 10, General Purpose Input/Output
U1C0_SCLK
OUT

O1 St/B USIC1 Channel 0 Shift Clock Output

BRKOUT O2 St/B OCDS Break Signal Output
U1C0_DX1D I St/B USIC1 Channel 0 Shift Clock Input
TMS_B I St/B JTAG Test Mode Selection Input
RxDC1B I St/B CAN Node 1 Receive Data Input

60 P10.12 O0 / I St/B Bit 12 of Port 10, General Purpose Input/Output
U1C0_DOUT O1 St/B USIC1 Channel 0 Shift Data Output
U0C0_DOUT O2 St/B USIC0 Channel 0 Shift Data Output
CCU63_COU
T62

O3 St/B CCU63 Channel 2 Output

TDO_A OH St/B DAP1/JTAG Test Data Output
SPD_0 I/OH St/B SPD Input/Output
C0 I St/B Configuration Pin 0
U0C0_DX0D I St/B USIC0 Channel 0 Shift Data Input
U1C0_DX0C I St/B USIC1 Channel 0 Shift Data Input
U1C0_DX1E I St/B USIC1 Channel 0 Shift Clock Input

61 XTAL2 O Sp/M Crystal Oscillator Amplifier Output

Table 6 Pin Definitions and Functions (cont’d)

Pin Symbol Ctrl. Type Function
Data Sheet 20 V1.2, 2012-07
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General Device Information 
2.2 Identification Registers
The identification registers describe the current version of the XE162xL and of its
modules.

Table 7 XE162xL Identification Registers
Short Name Value Address Notes
SCU_IDMANUF 1820H 00’F07EH

SCU_IDCHIP 2801H 00’F07CH

SCU_IDMEM 3028H 00’F07AH

SCU_IDPROG 1313H 00’F078H

JTAG_ID 001D’6083H ---
Data Sheet 23 V1.2, 2012-07
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Functional Description 
This common memory space consists of 16 Mbytes organized as 256 segments of
64 Kbytes; each segment contains four data pages of 16 Kbytes. The entire memory
space can be accessed bytewise or wordwise. Portions of the on-chip DPRAM and the
register spaces (ESFR/SFR) additionally are directly bit addressable.
The internal data memory areas and the Special Function Register areas (SFR and
ESFR) are mapped into segment 0, the system segment.
The Program Management Unit (PMU) handles all code fetches and, therefore, controls
access to the program memories such as Flash memory and PSRAM.
The Data Management Unit (DMU) handles all data transfers and, therefore, controls
access to the DSRAM and the on-chip peripherals.
Both units (PMU and DMU) are connected to the high-speed system bus so that they can
exchange data. This is required if operands are read from program memory, code or
data is written to the PSRAM, code is fetched from external memory, or data is read from
or written to external resources. These include peripherals on the LXBus such as USIC
or MultiCAN. The system bus allows concurrent two-way communication for maximum
transfer performance.
4 Kbytes of on-chip Program SRAM (PSRAM) are provided to store user code or data.
The PSRAM is accessed via the PMU and is optimized for code fetches. A section of the
PSRAM with programmable size can be write-protected.

ESFR area 00’F000H 00’F1FFH 0.5 Kbytes
XSFR area 00’E000H 00’EFFFH 4 Kbytes
Data SRAM (DSRAM) 00’C800H 00’DFFFH 6 Kbytes
Reserved for DSRAM 00’8000H 00’C7FFH 18 Kbytes
External memory area 00’0000H 00’7FFFH 32 Kbytes
1) Accesses to the shaded areas are reserved. In devices with external bus interface these accesses generate

external bus accesses.
2) The areas marked with “<” are slightly smaller than indicated, see column “Notes”.
3) The uppermost 4-Kbyte sector of the first Flash segment is reserved for internal use (C0’F000H to C0’FFFFH).
4) Several pipeline optimizations are not active within the external IO area.

Table 8 XE162xL Memory Map (cont’d)1) (cont’d)

Address Area Start Loc. End Loc. Area Size2) Notes
Data Sheet 26 V1.2, 2012-07
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Functional Description 
to a dedicated vector table location). The occurrence of a hardware trap is also indicated
by a single bit in the trap flag register (TFR). Unless another higher-priority trap service
is in progress, a hardware trap will interrupt any ongoing program execution. In turn,
hardware trap services can normally not be interrupted by standard or PEC interrupts.
Depending on the package option up to 3 External Service Request (ESR) pins are
provided. The ESR unit processes their input values and allows to implement user
controlled trap functions (System Requests SR0 and SR1). In this way reset, wakeup
and power control can be efficiently realized.
Software interrupts are supported by the ‘TRAP’ instruction in combination with an
individual trap (interrupt) number. Alternatively to emulate an interrupt by software a
program can trigger interrupt requests by writing the Interrupt Request (IR) bit of an
interrupt control register.

3.6 On-Chip Debug Support (OCDS)
The On-Chip Debug Support system built into the XE162xL provides a broad range of
debug and emulation features. User software running on the XE162xL can be debugged
within the target system environment.
The OCDS is controlled by an external debugging device via the debug interface. This
consists of the 2-pin Device Access Port (DAP) or of the 1-pin Single Pin DAP (SPD) or
of the JTAG port conforming to IEEE-1149. The debug interface can be completed with
an optional break interface.
The debugger controls the OCDS with a set of dedicated registers accessible via the
debug interface (SPD, DAP or JTAG). In addition the OCDS system can be controlled
by the CPU, e.g. by a monitor program. An injection interface allows the execution of
OCDS-generated instructions by the CPU.
Multiple breakpoints can be triggered by on-chip hardware, by software, or by an
external trigger input. Single stepping is supported, as is the injection of arbitrary
instructions and read/write access to the complete internal address space. A breakpoint
trigger can be answered with a CPU halt, a monitor call, a data transfer, or/and the
activation of an external signal.
Tracing of data can be obtained via the debug interface, or via the external bus interface
for increased performance. 
Tracing of program execution is supported by the XE166 Family emulation device.
The SPD interface uses one interface signal, DAP interface uses two interface signals,
the JTAG interface uses four interface signals, to communicate with external circuitry.
The debug interface can be amended with two optional break lines.
Data Sheet 32 V1.2, 2012-07
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Functional Description 
Figure 5 CAPCOM Unit Block Diagram
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Functional Description 
3.9 General Purpose Timer (GPT12E) Unit
The GPT12E unit is a very flexible multifunctional timer/counter structure which can be
used for many different timing tasks such as event timing and counting, pulse width and
duty cycle measurements, pulse generation, or pulse multiplication.
The GPT12E unit incorporates five 16-bit timers organized in two separate modules,
GPT1 and GPT2. Each timer in each module may either operate independently in a
number of different modes or be concatenated with another timer of the same module.
Each of the three timers T2, T3, T4 of module GPT1 can be configured individually for
one of four basic modes of operation: Timer, Gated Timer, Counter, and Incremental
Interface Mode. In Timer Mode, the input clock for a timer is derived from the system
clock and divided by a programmable prescaler. Counter Mode allows timer clocking in
reference to external events.
Pulse width or duty cycle measurement is supported in Gated Timer Mode, where the
operation of a timer is controlled by the ‘gate’ level on an external input pin. For these
purposes each timer has one associated port pin (TxIN) which serves as a gate or clock
input. The maximum resolution of the timers in module GPT1 is 4 system clock cycles.
The counting direction (up/down) for each timer can be programmed by software or
altered dynamically by an external signal on a port pin (TxEUD), e.g. to facilitate position
tracking.
In Incremental Interface Mode the GPT1 timers can be directly connected to the
incremental position sensor signals A and B through their respective inputs TxIN and
TxEUD. Direction and counting signals are internally derived from these two input
signals, so that the contents of the respective timer Tx corresponds to the sensor
position. The third position sensor signal TOP0 can be connected to an interrupt input.
Timer T3 has an output toggle latch (T3OTL) which changes its state on each timer
overflow/underflow. The state of this latch may be output on pin T3OUT e.g. for time out
monitoring of external hardware components. It may also be used internally to clock
timers T2 and T4 for measuring long time periods with high resolution.
In addition to the basic operating modes, T2 and T4 may be configured as reload or
capture register for timer T3. A timer used as capture or reload register is stopped. The
contents of timer T3 is captured into T2 or T4 in response to a signal at the associated
input pin (TxIN). Timer T3 is reloaded with the contents of T2 or T4, triggered either by
an external signal or a selectable state transition of its toggle latch T3OTL. When both
T2 and T4 are configured to alternately reload T3 on opposite state transitions of T3OTL
with the low and high times of a PWM signal, this signal can be continuously generated
without software intervention.
Note: Signals T2IN, T2EUD, T4EUD, T6IN and T6EUD are not connected to pins.
Data Sheet 38 V1.2, 2012-07
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Functional Description 
3.13 MultiCAN Module
The MultiCAN module contains two independently operating CAN nodes with Full-CAN
functionality which are able to exchange Data and Remote Frames using a gateway
function. Transmission and reception of CAN frames is handled in accordance with CAN
specification V2.0 B (active). Each CAN node can receive and transmit standard frames
with 11-bit identifiers as well as extended frames with 29-bit identifiers.
The two CAN nodes share a common set of message objects. Each message object can
be individually allocated to either of the CAN nodes. Besides serving as a storage
container for incoming and outgoing frames, message objects can be combined to build
gateways between the CAN nodes or to set up a FIFO buffer.
The message objects are organized in double-chained linked lists, where each CAN
node has its own list of message objects. A CAN node stores frames only into message
objects that are allocated to its own message object list and it transmits only messages
belonging to this message object list. A powerful, command-driven list controller
performs all message object list operations.

Figure 11 Block Diagram of MultiCAN Module
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Electrical Parameters 
4.2 Voltage Range definitions
The XE162xL timing depends on the supply voltage. If such a dependency exists the
timing values are given for 2 voltage areas commonly used. The voltage areas are
defined in the following tables.

4.2.1 Parameter Interpretation
The parameters listed in the following include both the characteristics of the XE162xL
and its demands on the system. To aid in correctly interpreting the parameters when
evaluating them for a design, they are marked accordingly in the column “Symbol”:
CC (Controller Characteristics):
The logic of the XE162xL provides signals with the specified characteristics.
SR (System Requirement):
The external system must provide signals with the specified characteristics to the
XE162xL.

8) Value is controlled by on-chip regulator.

Table 14 Upper Voltage Range Definition
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Digital supply voltage for 
IO pads and voltage 
regulators

VDDP SR 4.5 5.0 5.5 V

Table 15 Lower Voltage Range Definition
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Digital supply voltage for 
IO pads and voltage 
regulators

VDDP SR 3.0 3.3 4.5 V
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XE162FL, XE162HL
XE166 Family / Econo Line

Electrical Parameters 
Pullup/Pulldown Device Behavior
Most pins of the XE162xL feature pullup or pulldown devices. For some special pins
these are fixed; for the port pins they can be selected by the application.
The specified current values indicate how to load the respective pin depending on the
intended signal level. Figure 12 shows the current paths.
The shaded resistors shown in the figure may be required to compensate system pull
currents that do not match the given limit values.

Figure 12 Pullup/Pulldown Current Definition
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XE162FL, XE162HL
XE166 Family / Econo Line

Electrical Parameters 
Input high voltage (all 
except XTAL1)

VIH SR 0.7 x 
VDDP

− VDDP + 
0.3

V

Input low voltage
(all except XTAL1)

VIL SR -0.3 − 0.3 x 
VDDP

V

Output High voltage6) VOH CC VDDP -
1.0

− − V IOH≥ IOHmax

VDDP -
0.4

− − V IOH≥ IOHnom
7)

Output Low Voltage6) VOL CC − − 0.4 V IOL≤ IOLnom
8)

− − 1.0 V IOL≤ IOLmax

1) Not subject to production test - verified by design/characterization. Hysteresis is implemented to avoid
metastable states and switching due to internal ground bounce. It cannot suppress switching due to external
system noise under all conditions.

2) If the input voltage exceeds the respective supply voltage due to ground bouncing (VIN < VSS) or supply ripple
(VIN > VDDP), a certain amount of current may flow through the protection diodes. This current adds to the
leakage current. An additional error current (IINJ) will flow if an overload current flows through an adjacent pin.
Please refer to the definition of the overload coupling factor KOV.

3) The given values are worst-case values. In production test, this leakage current is only tested at 125 °C; other
values are ensured by correlation. For derating, please refer to the following descriptions: Leakage derating
depending on temperature (TJ = junction temperature [°C]): IOZ = 0.05 x e(1.5 + 0.028 x TJ>) [μA]. For example, at
a temperature of 95 °C the resulting leakage current is 3.2 μA. Leakage derating depending on voltage level
(DV = VDDP - VPIN [V]): IOZ = IOZtempmax - (1.6 x DV) (μA]. This voltage derating formula is an approximation
which applies for maximum temperature.

4) Drive the indicated minimum current through this pin to change the default pin level driven by the enabled pull
device.

5) Limit the current through this pin to the indicated value so that the enabled pull device can keep the default
pin level.

6) The maximum deliverable output current of a port driver depends on the selected output driver mode. This
specification is not valid for outputs which are switched to open drain mode. In this case the respective output
will float and the voltage is determined by the external circuit.

7) As a rule, with decreasing output current the output levels approach the respective supply level (VOL->VSS,
VOH->VDDP). However, only the levels for nominal output currents are verified.

8) As a rule, with decreasing output current the output levels approach the respective supply level (VOL->VSS,
VOH->VDDP). However, only the levels for nominal output currents are verified.

Table 17 DC Characteristics for Lower Voltage Range (cont’d)

Parameter Symbol Values Unit Note / 
Test ConditionMin. Typ. Max.
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XE162FL, XE162HL
XE166 Family / Econo Line

Electrical Parameters 
Leakage Power Consumption Calculation
The leakage power consumption can be calculated according to the following formulas:
ILK1 = 470,000 + e-α with α = 5000 / (273 + B×TJ)
Parameter B must be replaced by
• 1.0 for typical values
• 1.3 for maximum values

Figure 14 Leakage Supply Current as a Function of Temperature
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XE162FL, XE162HL
XE166 Family / Econo Line

Electrical Parameters 
1) These parameter values cover the complete operating range. Under relaxed operating conditions
(temperature, supply voltage) typical values can be used for calculation.

2) The sum of DNL/INL/GAIN/OFF errors does not exceed the related TUE total unadjusted error.
3) If a reduced analog reference voltage between 1V and VDDPB / 2 is used, then there are additional decrease

in the ADC speed and accuracy.
4) If the analog reference voltage range is below VDDPB but still in the defined range of VDDPB / 2 and VDDPB is

used, 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.

5) If the analog reference voltage is > VDDPB, then the ADC converter errors increase.
6) TUE is based on 12-bit conversion.
7) TUE is tested at VAREF = VDDPB = 5.0 V, VAGND = 0 V. It is verified by design for all other voltages within the

defined voltage range. The specified TUE is valid only if the absolute sum of input overload currents on analog
port pins (see IOV specification) does not exceed 10 mA, and if VAREF and VAGND remain stable during the
measurement time.

Table 22 ADC Parameters for Lower Voltage Range
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Input resistance of the 
selected analog channel

RAIN CC − 1.4 2.5 kOh
m

not subject to 
production test 

1)

Input resistance of the 
reference input

RAREF 
CC

− 1.0 2.0 kOh
m

not subject to 
production test 

1)

Differential Non-Linearity 
Error2)3)4)5)

|EADNL| 
CC

− 2.5 5.5 LSB

Gain Error2)3)4)5) |EAGAIN| 
CC

− 3.0 8.0 LSB

Integral Non-
Linearity2)3)4)5)

|EAINL| 
CC

− 2.5 7.5 LSB

Offset Error2)3)4)5) |EAOFF| 
CC

− 2.0 5.5 LSB

Analog clock frequency fADCI SR 2 − 16.7 MHz Std. reference 
input (VAREF)

2 − 12.1 MHz Alt. reference 
input (CH0)

Total Unadjusted Error3)4) |TUE| 
CC

− 2.5 7.5 LSB   6)7)
Data Sheet 71 V1.2, 2012-07
 



XE162FL, XE162HL
XE166 Family / Econo Line

Electrical Parameters 
Converter Timing Example A:

Converter Timing Example B:

Table 23 A/D Converter Computation Table
GLOBCTR.5-0
(DIVA)

A/D Converter
Analog Clock fADCI

INPCRx.7-0
(STC)

Sample Time1)

tS

1) The selected sample time is doubled if broken wire detection is active (due to the presampling phase).

000000B fSYS 00H tADCI × 2
000001B fSYS / 2 01H tADCI × 3
000010B fSYS / 3 02H tADCI × 4
: fSYS / (DIVA+1) : tADCI × (STC+2)
111110B fSYS / 63 FEH tADCI × 256
111111B fSYS / 64 FFH tADCI × 257

Assumptions: fSYS = 80 MHz (i.e. tSYS = 12.5 ns), DIVA = 03H, STC = 00H

Analog clock fADCI = fSYS / 4 = 20 MHz, i.e. tADCI = 50 ns
Sample time tS = tADCI × 2 = 100 ns
Conversion 12-bit:

tC12 = 16 × tADCI + 2 × tSYS = 16 × 50 ns + 2 × 12.5 ns = 0.825 μs
Conversion 10-bit:

tC10 = 12 × tADCI + 2 × tSYS = 12 × 50 ns + 2 × 12.5 ns = 0.625 μs
Conversion 8-bit:

tC8 = 10 × tADCI + 2 × tSYS = 10 × 50 ns + 2 × 12.5 ns = 0.525 μs

Assumptions: fSYS = 66 MHz (i.e. tSYS = 15.2 ns), DIVA = 03H, STC = 00H

Analog clock fADCI = fSYS / 4 = 16.5 MHz, i.e. tADCI = 60.6 ns
Sample time tS = tADCI × 2 = 121.2 ns
Conversion 12-bit:

tC12 = 16 × tADCI + 2 × tSYS = 16 × 60.6 ns + 2 × 15.2 ns = 1.0 μs
Conversion 10-bit:

tC10 = 12 × tADCI + 2 × tSYS = 12 × 60.6 ns + 2 × 15.2 ns = 0.758 μs
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Electrical Parameters 
4.7.2 Definition of Internal Timing
The internal operation of the XE162xL is controlled by the internal system clock fSYS.
Because the system clock signal fSYS can be generated from a number of internal and
external sources using different mechanisms, the duration of the system clock periods
(TCSs) and their variation (as well as the derived external timing) depend on the
mechanism used to generate fSYS. This must be considered when calculating the timing
for the XE162xL.

Figure 18 Generation Mechanisms for the System Clock

Note: The example of PLL operation shown in Figure 18 uses a PLL factor of 1:4; the
example of prescaler operation uses a divider factor of 2:1.

The specification of the external timing (AC Characteristics) depends on the period of the
system clock (TCS).
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XE162FL, XE162HL
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Electrical Parameters 
4.7.3 External Clock Input Parameters
These parameters specify the external clock generation for the XE162xL. The clock can
be generated in two ways:
• By connecting a crystal or ceramic resonator to pins XTAL1/XTAL2.
• By supplying an external clock signal. This clock signal can be supplied either to

pin XTAL1 (core voltage domain) or to pin CLKIN1 (IO voltage domain).
If connected to CLKIN1, the input signal must reach the defined input levels VIL and VIH.
If connected to XTAL1, a minimum amplitude VAX1 (peak-to-peak voltage) is sufficient for
the operation of the on-chip oscillator.
Note: The given clock timing parameters (t1 … t4) are only valid for an external clock

input signal.

Note: Operating Conditions apply.

Table 29 External Clock Input Characteristics
Parameter Symbol Values Unit Note / 

Test ConditionMin. Typ. Max.
Oscillator frequency fOSC SR 4 − 40 MHz Input= Clock 

Signal
4 − 16 MHz Input= Crystal 

or Resonator
XTAL1 input current 
absolute value

|IIL| CC − − 20 μA

Input clock high time t1 SR 6 − − ns
Input clock low time t2 SR 6 − − ns
Input clock rise time t3 SR − 8 8 ns
Input clock fall time t4 SR − 8 8 ns
Input voltage amplitude on 
XTAL11)

1) The amplitude voltage VAX1 refers to the offset voltage VOFF. This offset voltage must be stable during the
operation and the resulting voltage peaks must remain within the limits defined by VIX1.

VAX1 SR 0.3 x 
VDDIM

− − V fOSC≥ 4 MHz; 
fOSC≤ 16 MHz

0.4 x 
VDDIM

− − V fOSC≥ 16 MHz; 
fOSC≤ 25 MHz

0.5 x 
VDDIM

− − V fOSC≥ 25 MHz; 
fOSC≤ 40 MHz

Input voltage range limits 
for signal on XTAL1

VIX1 SR -1.7 + 
VDDIM

− 1.7 V   2)
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