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MCU: digital design IRL

It all started with ALUs and calculators.

Texas Instruments TMS1000 Intel 4004

CALCULATOR ON A CHIP

Intel C4004
- Central processing unit /
e

A new standard one-chip MOS/LSI up CPU
calculator logic circuit has been an-
nounced by Texas Instruments. This Familg Intel 4004
single chip may make full electronic CPU part number C4004
calculators available to everyone at “”’g‘fjf” A
prices that can put a calculator into VRCRRRNCIITPONNTY | AT ST Introduction 11/15/1971
every kitchen or businessman’s pocket. Monufocturlng Date ?
The chip incorporates all of the logic =
and memory circuits to perform com- Package 16-pin CerDIP
plete 8-digit 3-register calculator func- Dimensions n/a
tions, including full precision add, sub-
tract, multiply, and divide operations. Manufacturing 10000 nm

Architecture of the calculator chip process
is such that the basic chip can host
most calculator computing functions Transistors 2300
requiring up to 8-digit characteristics. Designated the TMS1802NC, the Calculator On A Chip Frequency 0.74 MHz
The device is totally programmable, calculator on a chip is available for h =
the “program” read only memory, immediate delivery and is priced at less Data widt 4 Bit
timing sections, control section and than $20 in large quantities. The unit Flootlng Point Unit
input/output decoders can be pro- announced today provides an account- FPU None
grammed to achieve different com- ing type of keyboard entry. Later this ( )
puting characteristics. This approach year, a formula keyboard entry model Power consumption 0.5 Watt
offers maximum design flexibility at will be introduced. :
very low cost. Circle 71 on Reader Service Card Vcore 15 Volt

https://www.oldcalculatormuseum.com/n-ti-tms1802.html

https://cpumuseum.jimdofree.com/museum/intel/4004-4040/




-
Microcontrollers (MCU) is a

- Systems on a Chip (SoC)

Microchie PIC10F200/202/204/206

Clock Maximum Frequency of Operation (MHz) 4
6-Pin, 8-Bit Flash Microcontrollers VE Flash Program Memory 256

Data Memory (bytes) 16

=TI Timer Module(s) TMRO
Wake-up from Sleep on Pin Change Yes
Comparators 0

Features I/0 Pins 3
Input-Only Pins
Internal Pull-ups Yes
In-Circuit Serial Programming ™ Yes
Number of Instructions 33
Packages 6-pin SOT-23

8-pin PDIP, DFN
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https://www.microchip.com/en-us/product/pic10f200
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What is Systems on a Chip?

Block diagram of PIC10F200
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SoC in a nutshell (1/2):

Memory’ ‘ Timer J
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And hook up everything to some wiring called:

@

us
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SoC in a nutshell (2/2):
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An MCU can be built with only logic gates:

Build an 8-bit computer from scratch

Overview
Table of contents
| built a programmable 8-bit computer from scratch on breadboards using
LEILE only simple logic gates. | documented the whole project in a series of

Complete parts list YouTube videos and on this web site. Watch this video for an introduction:

Breadboard computer kits
Schematics

v Computer modules

8-bit computer update

https://www.youtube.com/watch?v=HyznrdDSSGM
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https://eater.net/8bit
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One more nice thing to have:

EEPROM programmer

https://github.com/beneater/eeprom-programmer?tab=readme-ov-file

“Program-counter”
~ Memory
J

“Flash”

EEPROM

“Instructions” Memory | ALU
programmer

You can program with pins and
buttons, but we would like to use
something more civilized, like
another MCU or a PC.
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How programming works:

High level code

S hs Add S t
Digital Design and \ peerereere
. Compiler ] peraiing
Computer Architecture [ - oxcaoooooo || VI ET0 o
¢ OXBEFFFAES Stack «—SP E
® iti Assembly code
ARM® Edition - Dynamic Data n
¢ o
HT "G—J‘ .
Assembler eap C o
-]
v o o .E
Obiject file 85::?:, fflilleesS Global Data o L
v «—SB 2 o
[ Linker © %
Text @ 7p]
¢ _|G_J‘ D
Executable 0x00008000 c C
¢ .6 e
Exception —
[ Loader J 0x00000000 LA «— PC O
¢ Figure 6.30 Example ARM memory map
Memory

Figure 6.29 Steps for translating g COE CO L L E G E

Sarah L. Harris & David Money Harris and starting a program




How programming works:

£ —
High level code
v Code Example 6.4 REGISTER OPERANDS
[ Compiler J - High-Level Code ARM Assembly Code
a=b+c; sRO=a, Ri=b)R2Z=¢C
¢ ADD RO, R1, R2 sa=b+c
Assembly code
v -
[ Assembler J —
, Object files
Object file 2 .
¢ lerary files Assembly Code Field Values Machine Code
) 31:28 27:26 25 24:21 20 19:16 15:12 117 65 4 3:0 31:28 272625 24:21 20 19:16 15:12 11:7 65 4 3:0
[ Linker - A (;géoé:égbo;)'s 1110, | 00,|0| 0100, [0| 6 5 o |ofof 7 1110 |00 [0| 0100 [o| 0110 | 0101 | 00000 |00 [0| 0111
SUB RS, R9, R10 1110, | 00,[0| 0010, 0| 9 8 0 o [o| 10 1110 |00 |o| o010 |o| 1001 | 1000 | 00000 |00 [o| 1010
¢ (0xEQ498004) cond op | ecmd S Rn Rd shamt5 sh Rm cond opl cmd S Rn Rd shamt5 sh Rm
Execitable Figure 6.18 Data-processing instructions with three register operands
[ Loader J - Address Segment
¢ O0XFFFFFFFC Operating
Memory 0xc0000000 | Yoem &1/
0xXBEFFFAES Stzl:ck «— SP

Figure 6.29 Steps for translating @ CO E CO L L E G E”

and starting a program




How programming works in order (inside CPU):

It's just a cycle of... MAIN MEMORY

IMP [11101]
Fetch Execute LOAD RO 10
INC RO

STR RO [1111]
STR RO [1110]

Address

12

LOAD RO [1111]

LOAD R1 4
ADD RO R1
STR RO [1101]
INC RO
IMP [11101]

Different architecture have different cycle design (3-5 operations cycling).
So, when a 4 MHz MCU is running a 4-cycle operation, its clock speed is 1 MHz.
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How programming works in order (inside CPU):

With the help of...

When 01, Decode

‘ When 00, Fetch

BINARY DECODER

| B B B B B &8 5B 3B B B B B &8 & &8 B B B B B B B B Z
JK Flip-Flop IK Flip-Flop Clock

f 1
IQ K Q i . L J
B Lo XDXDEED
\---------- -------------'
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How the Clock Tells the CPU to "Move Forward® https://www.youtube.com/watch?v=PVNAPWUxZ0g&list=PLI9vT TBa7QaQOoMfpP3ztvgyQkPWDPfJez&index=6




EMBEDDED SYSTEMS ENGINEERING ROADMAP

Required Recommended Possibilities

These colors indicate the average importance of each topic. It should be noted that
the importance of a topic can vary among different industries and job roles.

START
. [ °
- Programming Fundamentals ‘ - il TN - .
PN
» | Algorithms & Data Structures | Sso < :
q e ]
Programming Languages [ Design Patterns ] Interfaces & Protocols ‘\~ \ 4
| Python | | State Machines | . . S
Basic High-Speed (N Electronics
[[Assembly ][ Rust | [ Memory | UART Ethernet N _
l, , 120 USE Basic Math & Calculus
{ ,'  spi | PCle Principles of Electric Circuits
Electronics Fundamentals
Wireless Industrial , = =
AT Bluetooth Modbus ’ DIeTcllDss e
yStom) | ADC / DAC Wi-Fi Profinet H Computer Architecture
Embedded Linux Real-Time 0S Timers / Counters LoRa EtherCAT '\‘
e e Zetee =
q PWM Using Test Equipment
Device Drivers Basics Thread CoAP id v
Watchdog Multimeter
U-Boot FreeRTOS Matter Network
Interrupts OWB Logic / Protocol Analyzer
Buildroot / Yocto Zephyr TCP/IP
DMA UbP Oscilloscope
Threading / Parallelism QNX Automotive
£
IPC uC/0S L ~AN | Cellular Prototyping Skill
Qt Framework RT-Thread - =
Bootloader / DFU MOST LTE-M/5G Breadboarding
, FlexRay NB-loT Hardware Design Basics
l‘ . PCB Design / EMC
SDLC Models Build System Debugging v’ Soldering / Rework
[ Agile/scrum | Compilers / GCC JTAG / SWD
I V-Model | Make / CMake GDB | Memory Technologies & File Systems |
Bash Scripting Open0CD | N i I [ FPGA Development
ion Control Docker
'
- - mR ]
. Sensors & Actuators SOFT SKILLS
Testing < Embedded Security

TDD & Unit Testing | | Digital Signal Processing | Communication Skills

CI/CD Pipelines Problem-Solving Skills & Critical Thinking

Control Theory

[Cemessesco_|

SIL/ HIL Testing

Standards & Certifications | AUTOSAR | Organizational & Time Management Skills

Being Self-Driven and Independent

[
[
| Teamwork & Collaborative Abilities
[
[
[

Adaptability & Patience

For a curated list of learning resources tailored to the topics in this roadmap, please visit:

() github.com/m3y54m "

o
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Supplemental video: how real coders

could still use C for great things:

https://www.youtube.com/watch?v=xNX9H ZkfNE
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