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Designing with Microcontrollers 

Dott. Domenico Balsamo 

Dott. Davide Brunelli  
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Embedded Systems 

 
 Embedded computing system: any device that includes a 

programmable computer but is not itself a general‐purpose 
computer. 

 

 One or more microcontrollers (MCU) hidden in a variety 
of devices and objects: 

 
 The MCU has to control and enhance the functionalities of the 

device  

 

 The MCU is a secondary characteristic and must have a small 
impact on resource consumption and costs. 
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Digital Electronic Integrated circuit  
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What is a microcontroller ? 

 

A Microcontroller is a small CPU with many support devices built 

into the chip 

 Self Contained (CPU, Memory, I/O) 

 Application or Task Specific (Not a general-purpose computer) 

 Appropriately scaled for the job 

 Small power consumption  

 Low costs ( $0.50 to $5.00.) 
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An Example 

Multiple processors 

 Up to 100 

 Networked together 

© Jakob Engblom 

Functions by embedded processing: 

 ABS: Anti-lock braking systems 

 ESP: Electronic stability control 

 Airbags 

 Efficient automatic gearboxes 

 Theft prevention with smart keys 

 Blind-angle alert systems 

 ... etc ... 

 P.Marwedel 
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How many CPUs in a car? 

 
 Today’s high-end automobile may have more than 100 microprocessors: 

 4-bit microcontroller checks seat belt; 

 8-bit  for door locks, lights, etc.  

 16-bit for  most functions (e.g. Microcontrollers run dashboard 

devices); 

 16/32-bit microprocessor controls engine, airbags... 

 DSP and 16/32-bit microprocessor for Automatic stability control 

 Intelligent Sensors and actuators distributed all over the vehicle 

 

 



4 

7 

Market & Families 

  Microcontroller unit sales are 15x higher than Microprocessors and are 
much cheaper. 

 Most manufacturers offer a wide range of devices for low end to higher 
end applications 
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Market overview 

 

Microchip Technology™ Delivers 10 Billionth PIC® 

Microcontroller to Samsung Electronics Co. 

2011, Sept 15th  

 approximately 10 months 

after delivering its  

9 billionth 

This accounts only the 

microprocessors of a single 

manufacturer 
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 How we compare and classify microcontrollers? 

 Performance Metrics NOT easy to define and mostly application 

depended. 

 

Performance Metrics 

Computation: 

 Clock Speed  

 MIPS (instructions per sec)  

 Latency   
 Lateness of the response 

 Lag between the begin and the end 
of the computation 

 Throughput 
 Tasks per second  

 Byte per second 

 

Goal: best tradeoff  

power consumptions Vs 

performances 

Eletrical: 

 Power Consumptions  

 Voltage Supply  

 Noise Immunity 

 Sensitivity 
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Example of MCU Architecture  

 I/O Port ADC - DAC 

USARTx TIMERs DMA 

Memory Clock 

BUS 

CPU 
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Digital Electronic Integrated circuit  

 

Microprocessor 

 

Microcontroller 

 

DSP (Digital Signal Processor) 

 

ASIC (Application specific IC) 
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Application specific 
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Microprocessor 

 

Characteristic 

 Instruction set 
- CISC Complex Instruction Set Computing (Intel x86 family; Motorola 680x0 Family) 

- RISC Reduced Instruction Set computer (AIM Power PC, ARM family, ATMEL AVR Family) 

 Architecture (respect integer operand maximum dimension) 

- 8 bit (Intel 8051, Motorola 6800, ATMEL AVR )  

- 16 bit (Intel 8088, Motorola 68000, TI MSP430) 

- 32 bit (x86 family, Motorola 680x0 Family, Power PC) 

- 64 bit (x86-64 family, Power PC)  
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Datapath & Control 

 

 Datapath: Storage, FU, interconnect sufficient to perform the desired functions 

 Inputs are Control Points 

 Outputs are signals (such as overflow, negative, etc) 

 Controller: State machine to orchestrate operation on the data path 

 Based on desired function and signals 
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Datapath Controller 

Control Points 

signals 
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The CPU consists of a data section containing registers and an ALU, and a 

control section, which interprets instructions and effects register transfers. The 

data section is also known as the datapath. 

Abstract View of a CPU 
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The datapath usually consists of a collection of registers known as the 

register file and the arithmetic and logic unit (ALU). 

An Example Datapath 
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Microcontroller Architectures 

CPU 

 

Program 

+ Data 

 

 

Address Bus 

Data Bus 

Memory 

Von Neumann 

Architecture 

CPU 

 

Program 

 

Address Bus 

Data Bus 

Harvard 

Architecture 

Memory 

 

Data 

 

Address Bus 

Fetch Bus 

0 

0 

0 

2n 
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von Neumann architecture 

 Memory holds data, instructions. 

 Central processing unit (CPU) fetches instructions 

from memory. 

 

 Separate CPU and memory distinguishes programmable 

computer. 

 

 CPU registers help out: program counter (PC), 

instruction register (IR), general-purpose registers, etc. 
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von Neumann architecture 
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Harvard architecture 

20 

Harvard architecture 

CPU 

PC 
data memory 

program memory 

address 

data 

address 

data 
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Harvard features 
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von Neumann vs. Harvard 

 Harvard canôt use self-modifying code. 

 Harvard allows two simultaneous memory fetches. 

 Most DSPs use Harvard architecture for streaming 

data: 

 greater memory bandwidth; 

 more predictable bandwidth. 
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von Neumann Architecture  

an example 

MSP430  

von-Neumann 

architecture 

 

All program, data 

memory and 

peripherals share 

a common bus 

structure.  

 

Consistent CPU 

instructions and 

addressing modes 

are used. 
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Harvard Architecture  

an example 

AVR  (atmel)  

Harvard architecture 

 

Separate memories and 

buses for program and 

data.  

 

Instructions in the 

program memory are 

executed with a single 

level pipelining. 
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Architecture Variations 
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Processor Size 

 Processor size is described in terms of óbitsô (e.g. an 8-bit or 

32-bit processor) 

- corresponds to the data size that can be manipulated at a 
time by the processor 

 

- typically reflected in the size of the processor (internal) 
data path and register bank 

 

 
 

An 8-bit processor can only manipulate one byte of data at a time, 

while a 32-bit processor can handle one 32-bit double word sized 

data at a time even though the data content may only be of single 

byte size 
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Microcontrollers and Embedded Controllers 

 Controls some process or aspect of the environment: 

Microcontrollers Vs. DSPs 

 DSPs optimized for math [multiplies] 

 ( a  a + b * c ) 

 Embedded controller may not be a microcontroller per se 

but is used for special purpose control application 

 Typical applications: temperature control, smart 

instrument,  GPS, digital lock, cell phone, etc. . 
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Embedded System 

 

Features: 

 

 Small size 

 Low power 

 Efficient use of  PCB space 

 High performance in small size 

 High  MIPS / power consumption ratio 

 High bus bandwidth 

 Low interface bottlenecks 

 

 

http://www.icspat.com/news.htm
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Examples 

 Personal information products: Cell phone, pager, watch, 
pocket recorder, calculator 

 

 Laptop components:  mouse, keyboard, modem, fax card, 
sound card, battery charger 

 

 Home appliances:  door lock, alarm clock, thermostat, air 
conditioner, tv remote, hair dryer, VCR, small 
refrigerator, exercise equipment, washer/dryer, 
microwave oven 

 

 Toys; video games, cars, dolls, etc.  
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Key Design Elements 

 Flexible sensor interface 

 Ultra-low power standby 

 Very Fast wakeup 

 Watchdog and Monitoring 

 Efficient wireless protocol primitives 

 Data SRAM is critical limiting resource 

 

 

proc 

Data 

SRAM pgm 

EPROM 

timers 
Sensor  

Interface digital sensors 

analog sensors ADC 

Wireless Net 

Interface 

Wired Net 

Interface 

RF 

transceiver 

antenna 

serial link 

USB,EN,é 
Low-power 

Standby & Wakeup 

Flash Storage 

pgm images 

data logs 

WD 
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Why Ultra-low Power Is so Important 

 Longer battery life 

 Smaller products  

 Simpler power supplies 

 Less EMI simplifies PCB 

 Permanent battery 

 Reduced liability 
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Power as a Design Constraint 

 
 Why worry about power? 

 Battery life in portable and mobile platforms 

 Power consumption in desktops, server farms  

- Cooling costs, packaging costs, reliability, timing 

- Power density: 30 W/cm2 in Alpha 21364  

(3x of typical hot plate) 

Where does power go in CMOS? 

 

leakshort
2 VIfAVIfACVP  

Dynamic power 

consumption 

Power due to short-

circuit current 

during transition 

Power due to 

leakage current 
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Dynamic Power Consumption 

 

fACV2

A - Activity of gates  

How often on average do 

wires switch? 

f – clock frequency 

Trend: increasing ... 

V – Supply voltage  

Trend: has been dropping 

with each successive fab 

C – Total capacitance  

seen by the gate’s outputs 

Function of wire lengths, 

transistor sizes, ... 

Reducing Dynamic Power 

1) Reducing V has quadratic effect; Limits? 

2) Lower C - shrink structures, shorten wires 

3) Reduce switching activity - Turn off unused parts or  

use design techniques to minimize number of transitions  

34 

Short-circuit Power Consumption 

Finite slope of the input signal 

causes a direct current path 

between VDD and GND for a 

short period of time during 

switching when both the NMOS 

and PMOS transistors are 

conducting 

Vin Vout 

CL 

Ishort 

fAVIshort

Reducing Short-circuit 

1) Lower the supply voltage V 

2) Slope engineering ï match the rise/fall time of the input and output signals  
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Leakage Power 

 

leakVI

Sub-threshold current grows exponentially with 

increases in temperature and decreases in Vt  

Sub-threshold 

current 
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How can we reduce  

power consumption? 

 Dynamic power consumption 
 Reduce the rate of charge/discharge of highly loaded nodes  

 Reduce spurious switching (glitches)  

 Reduce switching in idle states (clock gating) 

 Decrease frequency 

 Decrease voltage (and frequency) 

 Static power Consumption 
 Smaller area (!) 

 Reduce device leakage through power gating 

 Reduce device leakage through body biasing 

 Use higher-threshold transistors when possible 

Power performance tradeoffs!  
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Typical Ultra-Low Power MCU Architecture  

 System Clock 

Generator 

ACLK  

SMCLK  

MCLK  

CPU 

Key Feature 

• MCLK   Main clock provided to the CPU 

• SMCLK Sub-Main clock provided to the peripherals 

• ACLK Auxiliary clock at low frequency provided to 

the peripherals 

• Peripherals can work at High and Low frequency  

• Each Clock can be disabled (Clock Gating, reducing 

dynamic power) by setting the status register SR. 

• The CPU can be disabled (reducing Leakage power) by 

setting the SR.   
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Example of MCU Architecture  

 I/O Port ADC - DAC 

USARTx TIMERs DMA 

Memory Clock 

BUS 

CPU 
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Central Processing Unit (CPU) 

 RISC (Reduced Instructions Set Computing) architecture: 

 Instructions are reduced to the basic ones (short set): 

 This provides simpler and faster instruction decoding; 

 Interconnect by a using a common memory address bus (MAB) 

and memory data bus (MDB) - Von Neumann architecture: 

 Makes use of only one storage structure for data and instructions sets. 

 The separation of the storage processing unit is implicit; 

 Instructions are treated as data (programmable) 

 Arithmetic Logic Unit (ALU): 

 Addition, subtraction, comparison and logical (AND, OR, XOR) operations; 

 Operations can affect the overflow, zero, negative, and carry flags of the SR 

(Status Register). 
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Dedicated Registers: 

 Program Counter (PC): 

 Points to the next instruction to be read from memory and executed by the 

CPU. 

 Stack Pointer (SP): 

 stack can be used by user to store data for later use (instructions: store by 

PUSH, retrieve by POP); 

 can be used by user or by compiler for subroutine parameters (PUSH, POP in 

calling routine; addressed via offset calculation on stack pointer (SP) in called 

subroutine); 

 used by subroutine calls to store the program counter value for return at 

subroutine's end (RET). 

 Status Register (SR): 

 Stores status, control bits and system flags, updated automatically by the CPU. 

Central Processing Unit (CPU) 
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 GeneralïPurpose Registers: 
 The general-purpose registers are adequate to 

store data registers, address pointers, or index 
values and can be accessed with byte or word 
instructions. 

 Used to execute arithmetical operations or to 
read/write memory. 

Central Processing Unit (CPU) 
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Program Counter (PC) 
Points to the next instruction to be executed  

Stack Pointer (SP) 
Store the return addresses of subroutine calls and interrupts 

Status Register (SR) 
Source or destination register 

Internal Registers 
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The MSP430 

 You may not know how it works, but now you know the parts its made from! 

Memory 

Program Counter Status Register 

Lots of Gates Instruction Register 

Multiplexer 

Memory Address Register 

16 16-bit 

Registers 

Memory 

Mapped I/O 

Bus Driver 

Arithmetic Logic Unit Condition Codes 

Port 1 Output 

Source Operand 

Destination Operand 
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Fetching an Instruction 

 

 PC 
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Operating Modes 

46 

Clock System Generator 

Clock system Module 

provides the clocks  for the 

MCU devices 
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Memory - Address Space 

 On-Chip FLASH/ROM and RAM memory 

 Everything is mapped into a single, contiguous address space: 

 All memory, including RAM, Flash/ROM, information memory, 

special function registers (SFRs), and peripheral registers. 

 Memory Address  Description  Access  

End:  0FFFFh 

Start:  0FFE0h  

Interrupt Vector Table  
Word/Byte  

End:  0FFDFh 

  

 

Flash/ROM  

0F800h   
Start  * :  

01100h   

Word/Byte  

    

010FFh   
End *:  

0107Fh  Information Memory  

Start:  01 000h  (Flash devices only)  

Word/Byte  

End:  0FFFh 

Start:  0C00h  

Boot Memory  

(Flash devices only)  
Word/Byte  

    

09FFh   
End * :  

027Fh  RAM  

Start:  0200h   

Word/Byte  

End:  01FFh  

Start:  0100h  
16 - bit Peripheral modules  Word  

End:  00FFh 

Start:  0010h  
8 - bit Peripheral modules  Byt e 

End:  000 Fh 

Start:  0000 h 
Special Function Registers  Byte  

 

Flash / ROM 

RAM 

Peripherals 
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Memory 

 RAM (usually SRAM) 
 Volatile memory for runtime execution 

 Fastest access, low amount (<100Kb) 

 Allocates variables 

 Flash ROM 
 On-chip non-volatile memory used for code or data storage 

 8-512Kb, about 10k write cycles 

 Bootloader: protected section to upload code in flash 

 External memory 

 Connected via serial (I2C, SPI) or dedicated (FSMC) interface 
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Interrupts 

 

 A way to respond to an external event (i.e., 
flag being set) without polling 

 

How it works: 

 H/W senses flag being set 

 Automatically transfers control to s/w that 
ñservicesò the interrupt 

 When done, H/W returns control to 
wherever it left off 

 

Advantages:  

 Transparent to user 

 cleaner code 

 ɛC doesnôt waste time polling 

 

Main Prog 

ISR 

: 

: 

: 

: 

RETI 
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Interrupts: details 

 3 types 

 System reset 

  (Non)-maskable NMI 

 Maskable 

 

 Interrupt priorities 

could be fixed and 

defined by the 

arrangement of 

modules or set in the 

interrupt priority 

register 
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(Non)-Maskable Interrupts 

 Sources 
 An edge on the RESET pin when configured in NMI mode 

  An oscillator fault occurs 

  An access violation to the flash memory 

 

 Are not masked by GIE (General Interrupt 

Enable), but are enabled by individual interrupt 

enable bits 

52 

NMI Interrupt Handler example 
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Maskable Interrupts 

 Caused by peripherals with interrupt capability 

 

 Each interrupt can be disabled individually by  

an interrupt enable bit  

 

 All interrupts can be disabled by GIE bit in the status 

register 

54 

Interrupt acceptance 

1) Any currently executing instruction is completed. 

2) The ProgramCounter PC, which points to the next instruction, is pushed onto the 

stack. 

3) The StatusRegister  SR is pushed onto the stack. 

4) The interrupt with the highest priority is selected if multiple interrupts occurred 

during the last instruction and are pending for service. 

5) The interrupt request flag resets automatically on single-source flags. Multiple source 

flags remain set for servicing by software. 

6) The SR is cleared. This terminates any low-power mode. Because the GIE bit is 

cleared, further interrupts are disabled. 

7) The content of the interrupt vector is loaded into the PC: the program continues with 

the interrupt service routine at that address.   
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Return from Interrupt 

RETI -  Return from Interrupt Service Routine 

 

 1) The SR with all previous settings pops from the stack. All 

previous settings of GIE, CPUOFF, etc. are now in effect, 

regardless of the settings used during the interrupt service 

routine. 

 

 2) The PC pops from the stack and begins execution at the 

point where it was interrupted. 
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Timers 

 Correct system timing is a fundamental requirement for the proper 
operation of a real-time application; 

 If the timing is incorrect, the input data may be processed after the output 
was updated 

 The timers may be driven from an internal or external clock; 

 Usually timers include multiple independent capture and compare 
blocks, with interrupt capabilities; 

 Main applications: 
 Generate events of fixed-time period; 

 Allow periodic wake-up from sleep; 

 Count external signals/events; 

 Signal generation (Pulse Width Modulation ï PWM); 

 Replacing delay loops with timer calls allows the CPU to sleep between operations, 
thus consuming less power. 
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Watchdog Timer (WDT) 

 WDT module performs a controlled 
system restart after a software 
problem occurs 

 Can serve as an interval timer 
(generates interrupts) 

 WDT Control register is 
password protected  
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Watchdog timer (WDT )  

 The 16-bit WDT module can be used in: 
 

 Supervision mode: 

- Ensure the correct working of the software application; 

- Perform a PUC; 

- Generate an interrupt request after the counter overflows. 

 

 Interval timer:  

- Independent interval timer to perform a ñstandardò interrupt upon 
counter overflow periodically; 

- Upper counter (WDTCNT) is not directly accessible by software; 

- Control and the interval time selecting WDTCTL register; 
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Digital I/O 

Independently programmable 

individual I/Os  

 Several ports 

 Each has 8 I/O pins 

 Each pin can be configured 

as input or output 

 Some pins can be configured 

to assert an interrupt request 
0 1 2 3 4 5 6 7 

P1. 

P6.  

P2. 

Input Register PxIN 

Output Register PxOUT 

Direction Register PxDIR 

Interrupt Flag Register PxIFG 

Interrupt Enable Register PxIE 

Interrupt Edge Select Register PxIES 

Function Select Register PxSEL 

P3. 

P5. 

Port1 

Port2 

Port3 

Port6 

yes yes 

yes no 

yes no 

yes no 

yes yes 

yes yes 

yes yes 

P4. 

é 
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GPIO 

 Avoid floating inputs!!!  

Use a pull-up/down resistor, GND,  

or internal programmable logic 

 

Button produces 

either Vcc 

or Floating input. 

Adding a pull-down 

resistor fixes it. 

Port Pin 

To Input Logic 

5.6K 

VCC Button 

Some ports have internal 

programmable resistors 

5.6K 

VCC Button 

5.6K 
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GPIO 

Inside Inputs/Outputs 

Input section 

Output section 

 Each pin is independent 

 Ports (out) and Pins (in) are 
different !!! 
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Interfaces 

 
 Several protocols for inter-chip communication 

UART, I2C, SPI, USB,é 

 

 Serial communication protocols 

 Meant for short distances ñinside the boxò 

 Low complexity 

 Low cost 

 Low speed ( a few Mbps at the fastest ) 

 Serial communication is employed where it is not practical, 
either in physical or cost terms, to move data in parallel 
between systems.  
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Analog to Digital Converters 

 Most engineering applications require some form of data processing: 
measurement, control, calculation, communication or data recording; 

 

 These operations, either grouped or isolated, are built into the measuring 
instruments; 

 

 The measuring equipment must maintain: 

- Compatibility and communication between measuring devices; 

- Acceptable error margin; 

- Noise and interference immunity; 

- Predictable measurement uncertainty; 

- Suitable type of control (analogue/digital); 

- Mathematical processing capacity; 

- é 
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Direct Memory Access 

 Direct Memory Access (DMA) allows memory-to-memory or 

peripheral-to-memory communication without the intervention of the 

main CPU. 

 The CPU initiates the data transfer and then can do other tasks or go in 

stand-by 

  The DMA controller handles the actual data stream and sends an interrupt 

when done   
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Direct Memory Access  

 Concept of DMA: move functionality to peripherals 

 Peripherals use less current than the CPU; 

 Delegating control to peripherals allows the CPU to shut down (saves 

power) or perform other tasks (increase processing capabilities); 

 ñIntelligentò peripherals are more capable, providing a better opportunity for 

CPU shutoff; 

 DMA can be enabled for repetitive data handling, increasing the throughput 

of peripheral modules; 

 Minimal software requirements and CPU cycles. 
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MSP430  

 16-BIT RISC with 27 core 
instructions,27 emulated instuction, 7 
addressing mode. 

 Modest clock speeds (8-16 MHz) 

 16-bit bus(MAB E MDB), 16 GP 16-bit 
registers fully addressable 

 Intended as ñsingle chipò solutions 

 In-circuit programmable Flash (~1000 
cycles) 

 Small amount of FLASH and SRAM 

 Single-cycle execution of most 
instructions 

 Several on-chip peripherals (UART, SPI, 
I2C, IRDA, ADC, 12 BITS DAC, PWM, 
16 AND 8 BITS TIMERS, DMA 
CONTROLLER, WDT, LDO) 
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F/C41x 

Fx42x0 

Fx42x 

F44x 

P
e
rf

o
rm

a
n
c
e
 

Integration 

Future 

Development 

Sampling 

Production 

Device 
5xx-Next Gen 
Å25 MIPS 
Å32-256 KB  
ÅUSB-RF 

F21x1 

2xx-Catalog 
Å16 MIPS 
Å1-120KB 
Å500nA Stand By 

F13x-F14x 

1xx-Catalog 
Å8 MIPS 
Å1-60KB 
 

 

Fx43x 

F20xx 

F12xx 

F/C11xx 

MSP430 Roadmap 

 

F543x 

F = Flash 
C = Custom ROM 

4xx-LCD  
Å8/16 MIPS 
Å4-120KB 
ÅLCD Driver 

F15x-F16x 

F5xx RF 

F21x2 

F471x7 

F23x-F24x 

F5xx 

F22xx 

F261x 
F241x 

CG461x 

FG461x 

F23x0 

F563x 
USB 

F47x4 

68 

Microcontroller ST STM32 

 

 

 

 ARM Coretex-M3 32 bit CPU 

 32K to 512KB ISP Flash 

 36 to 144-pin options 

 Intelligent peripherals boost 

performance 

 

 

 

 Clock up to 72 MHz 

 4 µA standby mode 

 230 µA / MHz 

Low power  

+ 

 High-Performance 
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STM32 

 High performance ARM Coretex-M3 32 

bit CPU, with Advanced Real-time 

Accelerator (ART) 

 Up to 96Kb SRAM, and 1Mb Flash 

memory 

 Nested Vector Interrupt Controller (NVIC) 

 ARM Thumb-2 instruction set, designed 

for C/C++ 

 NO floating point unit 

 Sophisticated software design and support 

for real-time operating system (freeRTOS, 

µC Linux) 

 Extensive software libraries  

70 

STM32 

 Up to 1MByte Embedded Flash with 96KBytes SRAM  

 2-channel 12-bit Digital to Analog Converter (DAC)  

 Up to 6 16-bit timers  

 Up to 5 UARTs on one device, USB and Ethernet controller 

 Parallel interface for LCD controllers  

 New Secure Digital I/O (SDIO) card interface,  

 New I²S (Inter-IC Sound) interfaces to digital audio devices  

 New Flexible Static Memory Controller (FSMC) interfaces to extermal NOR or 

NAND Flash, SRAM, and CompactFlash  

 New enhanced debug with ETM  

 144-pin LQFP & BGA packages 
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Microcontroller JENNIC JN5148 

 

 

 

 Single chip integrates transceiver 

and microcontroller for wireless 

sensor networks 

 Large memory footprint to run 

ZigBee PRO or JenNet together  

with an application 

 Very low current solution for 

long battery life 

Ultra-Low power  

+ 

 High-Performance 

 

 

 

 

 

 

 

 Highly featured 32-bit RISC 

CPU for high performance 

and low power 

 System BOM is low in 

component count and cost 

 Extensive user peripherals 

72 

JN5148-Block Diagram 
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JN5148 
Microcontroller  

 Low power 32-bit RISC CPU, 4 to 32MHz 

clock   speed 

 Variable instruction width for high coding    

efficiency 

 Multi-stage instruction pipeline 

 128kB ROM and 128kB RAM for bootloaded 

program code & data 

  JTAG debug interface 

 4-input 12-bit ADC, 2 12-bit DACs, 2 

comparators 

 3 application timer/counters, 

 2 UARTs 

 SPI port with 5 selects 

 2-wire serial interface 

 Watchdog timer 

 Low power pulse counters 

 Up to 21 DIO 

Transceiver 

 2.4GHz IEEE802.15.4 compliant 

 Time of Flight ranging engine 

 128-bit AES security processor 

 MAC accelerator with packet formatting,    

CRCs, address check, auto-acks, timers 

 500 & 667kbps data rate modes 

 Integrated sleep oscillator for low power 

 On chip power regulation for 2.0V to 3.6V 

battery operation 

 Deep sleep current 100nA 

 Sleep current with active sleep timer 1.25ɛA 

 <$0.50 external component cost 

 Rx current 17.5mA 

 Tx current 15.0mA 

 Receiver sensitivity -95dBm 

 Transmit power 2.5dBm 
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How to Read Datasheets 

 
 Manufacturers of electronic components provide datasheets 

containing the specifications detailing the part/device 

characteristics; 

 

 Datasheets give the electrical characteristics of the device and the 

pin-out functions, but without detailing the internal operation; 

 

 More complex devices are provided with documents that aid the 

development of applications, such as: 

 Application notes; 

 User's guides; 

 Designer's guides; 

 Package drawings, etcé 
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