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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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2 General Device Information
Chapter 2 contains the block diagram, pin configurations, definitions and functions of the
XC822/824.

2.1 Block Diagram
The block diagram of the XC822/824 is shown in Figure 2.

Figure 2 XC822/824 Block Diagram
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2.2 Logic Symbol
The logic symbol of the XC822/824 is shown in Figure 3.

Figure 3 XC822/824 Logic Symbol
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The pin configuration of the XC824 in Figure 5.

Figure 5 XC824 Pin Configuration, PG-DSO-20 Package (top view)
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P0.4 19/16 PD T2EX_1 Timer 2 External Trigger Input
SCK_0 SSC Clock Input/Output
SCL_0 IIC Clock Line
CTRAP_1 CCU6 Trap Input
EXINT1_0 External Interrupt Input 1
TSIN4 Touch-sense Input 4
LINE4 LED Line 4
EXF2_0 Timer 2 Overflow Flag
COL0_1 LED Column 0
COL3_1 LED Column 3
COLA_2 LED Column A

P0.5 20/1 Hi-Z RXD_0 UART Receive Input
RTCCLK RTC External Clock Input
MTSR_0 SSC Master Transmit Output/

Slave Receive Input
MRST_1 SSC Master Receive Input
EXINT0_0 External Interrupt Input 0
TSIN5 Touch-sense Input 5
LINE5 LED Line 5
COUT62_1 Output of Capture/Compare 

Channel 2
TXD_3 UART Transmit Output/

2-wire UART BSL Transmit Output
COL1_1 LED Column 1
EXF2_2 Timer 2 Overflow Flag

Table 3 Pin Definitions and Functions for XC822/824
Symbol Pin 

Number
DSO20/
TSSOP16

Type Reset 
State

Function
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P1.1 9/- Hi-Z CC60_0 Input/Output of Capture/Compare 
channel 0

COL1_0 LED Column 1
TXD_2 UART Transmit Output

P1.2 10/8 Hi-Z EXINT4 External Interrupt Input 4
COL2_0 LED Column 2
COUT61_0 Output of Capture/Compare 

channel 1
COUT63_0 Output of Capture/Compare 

channel 3
P1.3 11/- Hi-Z CC61_0 Input/Output of Capture/Compare 

channel 1
COL3_0 LED Column 3
EXF2_1 Timer 2 Overflow Flag

P1.4 2/- Hi-Z EXINT5 External Interrupt Input 5
COL4 LED Column 4
COUT62_0 Output of Capture/Compare 

channel 2
COUT63_1 Output of Capture/Compare 

channel 3
P1.5 3/- Hi-Z CC62_0 Input/Output of Capture/Compare 

channel 2
COL5 LED Column 5
COLA_0 LED Column A

P2 I Port 2
Port 2 is a general purpose input-only port. It can 
be used as inputs for A/D Converter and out of 
range comparator, CCU6, Timer 2, SSC and 
UART.

Table 3 Pin Definitions and Functions for XC822/824
Symbol Pin 

Number
DSO20/
TSSOP16

Type Reset 
State

Function
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3.1.3 Operating Condition
The following operating conditions must not be exceeded in order to ensure correct
operation of the XC822/824. All parameters mentioned in the following tables refer to
these operating conditions, unless otherwise noted.

Table 7 Operating Condition Parameters
Parameter Symbol Limit Values Unit Notes/

ConditionsMin. Max.
Digital power supply voltage VDDP 3.0 5.5 V

2.5 3.0 V 1)

1) In this voltage range, limited operations are available in active mode. Operations in power save modes are fully
supported.

CPU Clock Frequency fCCLK 22.5 25.6 MHz typ. 24 MHz
7.5 8.5 MHz typ. 8 MHz

Ambient temperature TA -40 85 °C SAF-XC822/824...
-40 105 °C SAX-XC824...
-40 125 °C SAK-XC824...
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3.2 DC Parameters
The electrical characteristics of the DC Parameters are detailed in this section.

3.2.1 Input/Output Characteristics
Table 8 provides the characteristics of the input/output pins of the XC822/XC824.

Table 8 Input/Output Characteristics of XC822/XC824 (Operating Conditions 
apply)

Parameter Symbol Limit Values Unit Test Conditions
Min. Max.

Output low voltage on 
port pins 

VOLP CC – 1.0 V IOL = 25 mA (5 V)
IOL = 13 mA (3.3 V)

– 0.4 V IOL = 10 mA (5 V)
IOL = 5 mA (3.3 V)

Output high voltage 
on port pins

VOHP CC VDDP - 
1.0

– V IOH = -15 mA (5 V)
IOH = -8 mA (3.3 V )

VDDP - 
0.4

– V IOH = -5 mA (5 V)
IOH = -2.5 mA (3.3 V)

Input low voltage on 
port pins

VILP SR – 0.3 × 
VDDP

V CMOS Mode 

Input high voltage on 
port pins

VIHP SR 0.7 × 
VDDP

– V CMOS Mode

Input Hysteresis1) HYS CC 0.08 × 
VDDP

– V CMOS Mode (5 V)

0.03 × 
VDDP

– V CMOS Mode (3.3 V)

0.01 × 
VDDP

– V CMOS Mode (2.5 V)

Pull-up current on 
port pins

IPUP CC – -20 μA VIH,min (5 V)
-150 – μA VIL,max (5 V)
– -5 μA VIH,min (3.3 V)
-100 – μA VIL,max (3.3 V)
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3.2.3 ADC Characteristics
The values in Table 10 are given for an analog power supply of 5.0 V. The ADC can be
used with an analog power supply down to 3 V. But in this case, analog parameters may
show a reduced performances. In the reduced voltage mode (2.5 V < VDDP < 3 V), the
ADC is not recommended to be used. 

Table 10 ADC Characteristics (Operating Conditions apply; VDDP = 5 V)
Parameter Symbol Limit Values Unit Test Conditions / 

RemarksMin. Typ. Max.
Analog reference 
voltage

VAREF – VDDP – V Connect internally 
to VDDP

Analog reference 
ground

VAGND – VSSP – V Connect internally 
to VSSP

Alternate analog 
reference ground

VAGNDALT SR VSSP -
0.1

– 2.51) V Connect to AN0 in 
differential mode, 
See Figure 10.

Internal voltage 
reference

VINTREF SR 1.19 1.23 1.28 V 3)

Analog input 
voltage range

VAIN SR VAGND – VAREF V –

ADC clock fADCI 8 – 16 MHz internal analog 
clock

Sample time tS CC (2 + INPCR0.STC) ×
tADCI

μs –

Conversion time tC CC See Section 3.2.3.1 μs –
Total unadjusted 
error

TUE2) CC – – ±1 LSB8 8-bit conversion 
with internal 
reference3)

– – +4/-1 LSB10 10-bit conversion 
with internal 
reference3)4)

– – +14/-2 LSB12 12-bit conversion 
using the Low 
Pass Filter 3)

Differential 
Nonlinearity

EADNL CC – – +1.5/ -1 LSB 10-bit conversion3)
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Figure 10 Differential like measurement with internal 1.2V voltage reference, 
and CH0 gnd.

Figure 11 ADC Input Circuits
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Table 14 Emulated Flash Data Retention and Endurance based on EEPROM 
Emulation ROM Library (Operating Conditions apply)1)

1) EEPROM Emulation ROM Library can only be used in the 4 Kbyte Flash variant.

Retention Endurance2)

2) These values show the maximum endurance. Maximum endurance is the maximum possible unique data write
if each data update is only 31 bytes. Minimum endurance cycle is the maximum possible unique data write if
each data update is the same as the emulation size. The minimum endurance cycle can be calculated using
the formulae [(max. endurance)*(31)/(emulation size)].

Emulation Size Remarks
2 years 1,600,000 cycles 31 bytes
2 years 1,400,000 cycles 62 bytes
2 years 1,200,000 cycles 93 bytes
2 years 1,000,000 cycles 124 bytes
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3.2.5 Power Supply Current
Table 15 provides the characteristics of the power supply current in the XC822/824.

Table 15 Power Consumption Parameters1) 2)(Operating Conditions apply)

1) The typical values are measured at TA = + 25 °C and VDDP = 5 V and 3.3 V.
2) The maximum values are measured under worst case conditions (TA = + 125 °C and VDDC = 5 V) unless

stated otherwise.

Parameter Symbol Limit Values Unit Test Condition
Typ. Max.

Active Mode IDDPA 21 25 mA 5 V / 3.3 V 3)

3) IDDPA (active mode) is measured with: CPU clock and input clock to all peripherals running at 24 MHz
(CLKMODE=0).

14 18 mA 5 V / 3.3 V 4)

4) IDDPA (active mode) is measured with: CPU clock and input clock to all peripherals running at 8 MHz
(CLKMODE=1).

– 5 mA 2.5 V5)

5) This value is based on the maximum load capacity of EVR during VDDP = 2.5 V. Not subject to production test,
verified by design/characterisation.

Idle Mode IDDPI 16 20 mA 5 V / 3.3 V 6)

6) IDDPI (idle mode) is measured with: CPU clock disabled, watchdog timer disabled, input clock to all peripherals
enabled and running at 24 MHz (CLKMODE=0).

– 5 mA 2.5 V 5)

Power Down Mode 1 IPDP1 3 5 μA TA = 25° C7)

7) IPDP1 and IPDP2 is measured at 5 V and 3.3 V with: wake-up port is programmed to be input with either internal
pull devices enabled or driven externally to ensure no floating inputs.

– 28 μA TA = 85° C7)8)9)

8) Not subject to production test, verified by design/characterisation.
9) IPDP1 and IPDP2 has a maximum values of 100 uA at TA = + 125 °C.

Power Down Mode 2 IPDP2 5 7 μA TA = 25° C7)

– 30 μA TA = 85° C7)8)
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9) LEDTSCU active curent is measured with: module enabled, counter running in 8 MHz.
10) IIC active current is measured with: module enabled, performing a master transmit with the master clock

running at 400 KHz.
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3.3.3 Oscillator Timing and Wake-up Timing
Table 19 provides the characteristics of the power-on reset, PLL and Wake-up timings
in the XC822/824.

3.3.4 On-Chip Oscillator Characteristics
Table 20 provides the characteristics of the 48 MHz oscillator in the XC822/824.

Table 19 Power-On Reset Wake-up Timing1) (Operating Conditions apply)

1) Not subject to production test, verified by design/characterisation.

Parameter Symbol Limit Values Unit Test Conditions
Min. Typ. Max.

48 MHz Oscillator 
start-up time

t48MOSCST CC – – 13 μs

75 KHz Oscillator start-
up time

t75KOSCST CC – – 800 μs

Flash initialization time tFINT CC – 160 – μs

Table 20 48 MHz Oscillator Characteristics (Operating Conditions apply)
Parameter Symbol Limit Values Unit Test Conditions

Min. Typ. Max.
Nominal frequency fNOM CC -0.5 % 48 +0.5% MHz under nominal 

conditions1) after 
trimming

1) Nominal condition: VDDC = 2.5 V, TA = + 25°C.

Long term 
frequency deviation

ΔfLT CC -2.0 – 3.0 % with respect to fNOM, over 
lifetime and temperature 
(0 °C to 85 °C)

-4.5 – 4.5 % with respect to fNOM, over 
lifetime and temperature 
(-40 °C to 125 °C)

Short term 
frequency deviation 
(over core supply 
voltage2))

2) Core voltage supply, VDDC = 2.5 V ± 7.5%.

ΔfST CC -1 – 1 % with respect to fNOM, 
within one LIN message 
(< 10 ms … 100 ms)
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Table 21 provides the characteristics of the 75 kHz oscillator in the XC822/824.

Table 21 75 kHz Oscillator Characteristics (Operating Conditions apply)
Parameter Symbol Limit Values Unit Test Conditions

Min. Typ. Max.
Nominal frequency fNOM CC -1% 75 +1% KHz under nominal conditions1) 

after trimming

1) Nominal condition: VDDC = 2.5 V, TA = + 25°C.

Long term frequency 
deviation

ΔfLT CC -4.5 – 4.5 % with respect to fNOM, over 
lifetime and temperature 
(-40 °C to 125 °C)

Short term 
frequency deviation

ΔfST CC -1.5 – 1.5 % with respect to fNOM, over 
core supply voltage of 
2.5 V ± 7.5%
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3.3.5.2 SSC Slave Mode Timing
Table 23 provides the SSC slave mode timing in the XC822/824.

Figure 17 SSC Slave Mode Timing

Table 23 SSC Slave Mode Timing1) (Operating Conditions apply; CL = 50 pF)

1) Not subject to production test, verified by design/characterisation.

Parameter Symbol Limit Values Unit
Min. Max.

SCLK clock period t0 SR 4 * TSSC
2)

2) TSSCmin = TCPU = 1/fCPU. When fCPU = 24 MHz, t0 = 166.7 ns. TCPU is the CPU clock period.

– ns
MRST delay from SCLK t1 CC 0 20 ns

MTSR setup to SCLK t2 SR 46 – ns

MTSR hold from SCLK t3 SR 0 – ns

t2 t3

t1

SCLK1)

MTSR1)

MRST1)

t0

Data Valid

1) This timing is based on the following setup : CON.PH = CON.PO = 0.
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3.3.6 SPD Timing

The SPD interface will work with standard SPD tools having a sample/output clock fre-
quency deviation of +/- 5% or less. For further details please refer to application note 
AP24004 in section SPD Timing Requirements.
Note: These parameters are no subject to product test but verified by design and/or

characterization.

Note: Operating Conditions apply.
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4 Package and Quality Declaration
Chapter 4 provides the information of the XC822/824 package and reliability section.

4.1 Package Parameters
Table 24 provides the thermal characteristics of the packages used in XC822 and
XC824 respectively.

Table 24 Thermal Characteristics of the Packages
Parameter Symbol Limit Values Unit Package Types

 Min. Max.
Thermal resistance junction 
case1)

1) The thermal resistances between the case and the ambient (RTCA) , the lead and the ambient (RTLA) are to be
combined with the thermal resistances between the junction and the case (RTJC), the junction and the lead
(RTJL) given above, in order to calculate the total thermal resistance between the junction and the ambient
(RTJA). The thermal resistances between the case and the ambient (RTCA), the lead and the ambient (RTLA)
depend on the external system (PCB, case) characteristics, and are under user responsibility.
The junction temperature can be calculated using the following equation: TJ=TA+RTJA × PD, where the RTJA is
the total thermal resistance between the junction and the ambient. This total junction ambient resistance RTJA
can be obtained from the upper four partial thermal resistances, by 
a) simply adding only the two  thermal resistances (junction lead and lead ambient), or 
b) by taking all four resistances into account, depending on the precision needed.

RTJC CC - 36.2 K/W PG-TSSOP-16-1
- 34.3 K/W PG-DSO-20-45

Thermal resistance junction 
lead1)

RTJL CC - 356.6 K/W PG-TSSOP-16-1
- 36.2 K/W PG-DSO-20-45
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4.2 Package Outline
Figure 18 and Figure 19 shows the package outlines of the XC822 (TSSOP-16) and
XC824 (DSO-20) devices respectively.

Figure 18 PG-TSSOP-16-1 Package Outline


