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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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can be generated on a compare match of the STM with the STM_CMP0 or STM_CMP1
registers.
Figure 2-2 provides an overview on the STM module. It shows the options for reading
parts of STM content.

Figure 2-2 General Block Diagram of the STM Module Registers
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2.4.4 System Control Unit
The following SCU introduction gives an overview about the TC1736 System Control
Unit (SCU).

2.4.4.1 Clock Generation Unit
The Clock Generation Unit (CGU) allows a very flexible clock generation for the TC1736.
During user program execution the frequency can be programmed for an optimal ratio
between performance and power consumption.

2.4.4.2 Features of the Watchdog Timer
The main features of the WDT are summarized here.
• 16-bit Watchdog counter
• Selectable input frequency: fFPI/256 or fFPI/16384
• 16-bit user-definable reload value for normal Watchdog operation, fixed reload value

for Time-Out and Prewarning Modes
• Incorporation of the ENDINIT bit and monitoring of its modifications
• Sophisticated Password Access mechanism with fixed and user-definable password

fields
• Access Error Detection: Invalid password (during first access) or invalid guard bits

(during second access) trigger the Watchdog reset generation
• Overflow Error Detection: An overflow of the counter triggers the Watchdog reset

generation
• Watchdog function can be disabled; access protection and ENDINIT monitor function

remain enabled
• Double Reset Detection: If a Watchdog induced reset occurs twice, a severe system

malfunction is assumed and the TC1736 is held in reset until a system / class 0 reset
occurs.

2.4.4.3 Reset Operation
The following reset request triggers are available:
• 1 External power-on hardware reset request trigger; PORST, (cold reset)
• 2 External System Request reset triggers; ESR0 and ESR1 (warm reset)
• Watchdog Timer (WDT) reset request trigger, (warm reset)
• Software reset (SW), (warm reset)
• Debug (OCDS) reset request trigger, (warm reset)
• JTAG reset (special reset)
Data Sheet 21 V1.1, 2009-08
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For online data acquisition (OLDA) of application or calibration data a virtual 32 KB
memory range is provided which can be accessed without error reporting. Accesses to
this OLDA range can also be redirected to an overlay memory.

2.4.6.3 Emulation Memory Interface
In TC1736 Emulation Device, an Emulation Memory (EMEM) is provided, which can fully
be used for calibration via program memory or OLDA overlay. The Emulation Memory
interface shown in Figure 2-3 is a 64-bit wide memory interface that controls the CPU-
accesses to the Emulation Memory in the TC1736 Emulation Device. In the TC1736
production device, the EMEM interface is always disabled.

2.4.6.4 Tuning Protection
Tuning protection is required by the user to absolutely protect control data (e.g. for
engine control), serial number and user software, stored in the Flash, from being
manipulated, and to safely detect changed or disturbed data. For the internal Flash,
these protection requirements are excellently fulfilled in the TC1736 with 
• Flash read and write protection with user-specific protection levels, and with
• dedicated HW and firmware, supporting the internal Flash read protection, and with
• the Alternate Boot Mode. 
Special tuning protection support is provided for external Flash, which must also be
protected.

2.4.6.5 Program and Data Flash
The embedded Flash modules of PMU0 includes 1 Mbyte of Flash memory for code or
constant data (called Program Flash) and additionally 32 Kbyte of Flash memory used
for emulation of EEPROM data (called Data Flash). The Program Flash is realized as
one independent Flash bank, whereas the Data Flash is built of two Flash banks,
allowing the following combinations of concurrent Flash operations:
• Read code or data from Program Flash, while one bank of Data Flash is busy with a

program or erase operation.
• Read data from one bank of Data Flash, while the other bank of Data Flash is busy

with a program or erase operation.
• Program one bank of Data Flash while erasing the other bank of Data Flash, read

from Program Flash.
Both, the Program Flash and the Data Flash, provide error correction of single-bit errors
within a 64-bit read double-word, resulting in an extremely low failure rate. Read
accesses to Program Flash are executed in 256-bit width, to Data Flash in 64-bit width
(both plus ECC). Single-cycle burst transfers of up to 4 double-words and sequential
prefetching with control of prefetch hit are supported for Program Flash. 
Data Sheet 25 V1.1, 2009-08
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– Up to 16 interrupt output lines are available. Interrupt requests can be routed
individually to one of the 16 interrupt output lines.

– Message post-processing notifications can be combined flexibly into a dedicated
register field of 256 notification bits.
Data Sheet 40 V1.1, 2009-08
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2.5.5 Micro Link Interface

This TC1736 contains one Micro Link Interface, MLI0.

The Micro Link Interface (MLI) is a fast synchronous serial interface to exchange data
between microcontrollers or other devices, such as stand-alone peripheral components.
Figure 2-9  shows how two microcontrollers are typically connected together via their
MLI interfaces.

Figure 2-9 Typical Micro Li nk Interface Connection

Features

• Synchronous serial communication between an MLI transmitter and an MLI receiver
• Different system clock speeds supported in MLI transmitter and MLI receiver due to

full handshake protocol (4 lines between a transmitter and a receiver)
• Fully transparent read/write access supported (= remote programming)
• Complete address range of target device available
• Specific frame protocol to transfer commands, addresses and data
• Error detection by parity bit
• 32-bit, 16-bit, or 8-bit data transfers supported
• Programmable baud rates

– MLI transmitter baud rate: max. fMLI/2 (= 40 Mbit/s @ 80 MHz module clock)
– MLI receiver baud rate: max. fMLI

• Address range protection scheme to block unauthorized accesses
• Multiple receiving devices supported
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Legend for Table 3-1
Column “Ctrl.”:
I = Input (for GPIO port lines with IOCR bit field selection PCx = 0XXXB)

85 VDDOSC3 – – Main Oscillator Power Supply (3.3V)
83 VSSOSC – – Main Oscillator and PLL Ground
117 VDDFL3 – – Power Supply for Flash (3.3V)
81 XTAL1 I – Main Oscillator Input
82 XTAL2 O – Main Oscillator Output
87 TDI/BRKIN/

BRKOUT
I/O A2/

PU
JTAG Serial Data Input / 
OCDS Break Input / 
OCDS Break Output (controlled by OCDS 
module)

88 TMS/DAP1 I/O A2/
PD

JTAG State Machine Control Input / 
Device Access Port Line 1

89 TDO/DAP2/
BRKIN/
BRKOUT

I/O A2/
PU

JTAG Serial Data Output / 
Device Access Port Line 2 / 
OCDS Break Input / 
OCDS Break Output (controlled by OCDS 
module)

90 TRST I A1/
PD

JTAG Reset Input

91 TCK/DAP0 I A1/
PD

JTAG Clock Input / 
Device Access Port Line 0

94 TESTMODE I PU Test Mode Select Input
96 ESR1 I/O A2/

PD
External  System  Request Reset Input 1

97 PORST I PD Power On Reset Input
(input pad with input spike-filter)

98 ESR0 I/O A2/
PD

External  System  Request Reset Input 0

1) TC1736ED : PG-LQFP-144-10
2) This pin is also connected to the analog power supply for comparator of the ADC module.
3) For the emulation device (ED), this pin is bonded to VDDSB (ED Stand By RAM supply). In the non ED device,

this pin is bonded to a VDD pad.

Table 3-1 Pin Definitions and Functions (PG-LQFP-144-10 Package)1) (cont’d)

Pin Symbol Ctrl. Type Function
Data Sheet 72 V1.1, 2009-08
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Identification Registers 
SSC0_ID 0000 4511H F010 0108H –
SSC1_ID 0000 4511H F010 0208H –
STM_ID 0000 C006H F000 0208H –

Table 4-1 TC1736 Identification Registers (cont’d)

Short Name Value Address Stepping
Data Sheet 75 V1.1, 2009-08
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5.2.4 Oscillator Pins
 

Note: It is strongly recommended to measure the oscillation allowance (negative
resistance) in the final target system (layout) to determine the optimal parameters
for the oscillator operation. Refer to the limits specified by the crystal supplier.

5.2.5 Temperature Sensor
 

Table 10 Oscillator Pins Characteristics (Operating Conditions apply)

Parameter Symbol Values Unit Note / 
Test ConditionMin. Typ. Max.

Frequency range fOSC CC 8 – 25 MHz External Crystal 
Mode selected

Input low voltage at 
XTAL11)

1) If the XTAL1 pin is driven by a crystal, reaching a minimum amplitude (peak-to-peak) of 0.3 × VDDOSC3 is
sufficient.

VILX SR -0.2 – 0.3 ×  
VDDOSC3

V –

Input high voltage at 
XTAL11)

VIHX SR 0.7 × 
VDDOSC3

– VDDOSC3
+ 0.2

V –

Input current at 
XTAL1

IIX1 CC – – ±25 µA 0 V < VIN < VDDOSC3

Table 11 Temperature Sensor Characteristics (Operating Conditions apply)

Parameter Symbol Values Unit Note / 
Test ConditionMin. Typ. Max.

Temperature sensor range TSR SR -40 150 °C Junction 
temperature

Temperature sensor 
measurement time

tTSMT SR – – 100 µs –

Start-up time after reset tTSST SR – – 10 µs –
Sensor accuracy TTSA CC – – ±6 °C Calibrated
Data Sheet 93 V1.1, 2009-08
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5.3 AC Parameters
All AC parameters are defined with the temperature compensation disabled. That
means, keeping the pads constantly at maximum strength.

5.3.1 Testing Waveforms
 

Figure 5 Rise/Fall Time Parameters

Figure 6 Testing Waveform, Output Delay

Figure 7 Testing Waveform, Output High Impedance
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5.3.3 Power Sequencing
 

Figure 8 5 V / 3.3 V / 1.5 V  Power-Up/Down Sequence

The following list of rules applies to the power-up/down sequence:
• All ground pins VSS must be externally connected to one single star point in the

system. Regarding the DC current component, all ground pins are internally directly
connected.

1. At any moment,
each power supply must be higher than any lower_power_supply - 0.5 V, or: 
VDD5 > VDD3.3 - 0.5 V; VDD5 > VDD1.5 - 0.5 V;VDD3.3 > VDD1.5 - 0.5 V, see Figure 18-8.

2. During power-up and power-down, the voltage difference between the power supply
pins of the same voltage (3.3 V, 1.5 V, and 5 V) with different names (for example
VDDP, VDDFL3 ...), that are internaly connected via diodes must be lower than 100 mV.
On the other hand, all power supply pins with the same name (for example all VDDP
), are internaly directly connected. It is recommended that the power pins of the same
voltage are driven by a single power supply.
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Figure 11 Test Clock Timing (TCK)

Figure 12 JTAG Timing
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5.3.7 DAP Interface Timing
The following parameters are applicable for communication through the DAP debug
interface.
Note: These parameters are not subject to production test but verified by design and/or

characterization.

Figure 13 Test Clock Timing (DAP0)

Table 17 DAP Interface Timing Parameters
(Operating Conditions apply)

Parameter Symbol Values Unit Note / 
Test ConditionMin. Typ. Max.

DAP0 clock period t11 SR 12.5 – – ns –
DAP0 high time t12 SR 4 – – ns –
DAP0 low time t13 SR 4 – – ns –
DAP0 clock rise time t14 SR – – 2 ns –
DAP0 clock fall time t15 SR – – 2 ns –
DAP1 setup
to DAP0 rising edge

t16 SR 6 – – ns –

DAP1 hold
after DAP0 rising edge

t17 SR 6 – – ns –

DAP1 valid
per DAP0 clock period1)

1) The Host has to find a suitable sampling point by analyzing the sync telegram response.

t19 SR 8 – – ns 80 MHz,
CL = 20 pF

t19 SR 10 – – ns 40 MHz,
CL = 50 pF

MC_DAP0

0.9 VDDP
0.5 VDDP

t11

t12 t13

0.1 VDDPt15 t14
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Figure 18 SSC Master Mode Timing

Figure 19 SSC Slave Mode Timing
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5.4.4 Quality Declarations
 

Table 23 Quality Parameters
Parameter Symbol Values Unit Note / Test Condition

Min. Typ. Max.
Operation 
Lifetime1)

1) This lifetime refers only to the time when the device is powered on.

tOP – – 24000 hours –2) 3)

2) For worst-case temperature profile equivalent to: 
2000 hours at Tj = 150oC
16000 hours at Tj = 125oC
6000 hours at Tj = 110oC

3) This 30000 hours worst-case temperature profile is also covered: 
300 hours at Tj = 150oC
1000 hours at Tj = 140oC
1700 hours at Tj = 130oC
24000 hours at Tj = 120oC
3000 hours at Tj = 110oC

ESD susceptibility 
according to 
Human Body 
Model (HBM)

VHBM – – 2000 V Conforming to 
JESD22-A114-B

ESD susceptibility 
according to 
Charged Device 
Model (CDM)

VCDM – – 500 V Conforming to 
JESD22-C101-C

Moisture 
Sensitivity Level

MSL – – 3 – Conforming to Jedec 
J-STD-020C for 240°C
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