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Why this talk? Some motivation

* Disclaimer: this talk is nevertheless largely “Al off topic”

 EE/ “Maker” focus

* Reengineering of a historical educational 4bit microcomputer

* Not entirely off topic: e.g., Al SBCs (Single Board Computers) like NVIDIA Jetson, ...

* We also had seminars about coffee and chocolate, so why not about Arduino tinkering?

* Also, Karen encouraged this presentation

 Why might you find it interesting, & what could you get out of this talk?

 Historical context / window to the past
* Retro Computing: how was home computing in the late 70s / early 80s
* To understand how we got where we are, to learn from the past
* We are at a place where Computing History matters!

* Personal road to computing
* Motivation and pointers for your own Arduino tinkering ambitions
* Pointers to different Arduinos & modules, EDA, KiCad, PCB services, ...
* Maybe I can infect you with the Arduino / tinkering virus - Arduino is fun!
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And this...

@ C 2005 | Timeline of Computer H' X +

& https://www.computerhistory.org/timeline/2005/ B e% <€

the bookmarks toolbar. Manage bookmarks...
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Timeline of Computer History

Blink | Arduino 1.8.5

Blink §
o @
// the setup function runs once when you press reset or power the board
O C @ C O ® O void setup() {
| = // initialize digital pin LED_BUILTIN as an output.
2000 2001 2002 2003 2004 2005 2006 pinModeCLED_BUILTIN, OUTPUT);
}

| // the loop function runs over and over again forever
void loop() {%
digitalWrite(LED_BUILTIN, HIGH); // turn the LED on (HIGH is the voltage level)

delay(1000); // wait for a second
. digitalWrite(LED_BUILTIN, LOW); // turn the LED off by making the woltage LOW
Arduino delay(1000); // wait for a second

}

o Computers

Harkening back to the hobbyist era o
project of the Interaction Design Inst
consisted of an inexpensive microco
for use in any application connecting

5 Arduino/Genuino Uno on COM1
Java-based integrated development €




| started with an Arduino in 2016 ;
ike this... (BMOW = Big Mess of Wires)
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in 2021 and won a prize. SRS 28.° =2 C Q? T

CUTTING EDGE PRODUCTS

| accepted the prize for the MADE BY MAKERS

team and shared it with them.
SEARCH

- .' 1 X - ——————
Good news, everyone! The results of are in, and the creators of these three :‘m

groovy projects have each won a $200 online shopping spree to Digi-Key. We asked you to gaze deeply
into your stuff piles and come up with a way to modemize a cool, old piece of hardware, and we left it up to

you to decide how cool and how old. NEVER MISS A HACK
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< [ oYy 7 = hit s orwnarnee  retrochallenge.org
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RetroChallenge Rules | Entranmnts List 2022/10 Past Events

Michael Wessel

My final “solo” Platform: Busch Microtronic

version — basically,
back to the roots

(LED 7segment display)
but no more modules.
SMD PCB.

Project : A fully retro-authentic yet modern reimplemenation of the
classic 1981 4bit educational single board computer. Hex in
machinecode with a 7segment bubble display like its 1981!

A self-contained

ATmega 328-based ] . _ .
Sinele Board Combuter Final Comments: 4 bit microprocessor, MIDI syth, drum machine, bubble LED displays,
g P " great videos, and what really sold me: using his emulated Microtronic as a drum module

for an original 1981 Busch 2696 Microtronic!! Awesome job!
MSW: Can't beat that Last video for wow factor, I need to include more drum modules in

my projects!

Final Status: Prize "Winner"!!



Outline

A “Show & Tell” Presentation
* MANY pictures ©

The Whys — Motivation
* Why this talk

* Why did | do this
(actually, 10, not 7 times)

The Whats

* Some historical context

* Microcontrollers

* Homebrew computers

* The Busch 2090 Microtronic

The Hows
* My “Arduino” journey
* The 10 iterations in detail

* From “Big Mess of Wires” (BMOW)
to SMD (Surface Mount Device)
PCBs (Printed Circuit Boards)

-> A self-contained, module-less
ATmega 328-based SBC
(Single Board Computer)

* Conclusion & Takeaways

REINVENTED RETRO CONTEST
ERS ANNOUNCED




The Whys



Personal anecdote — How | got hooked by electronics

* Like Intel, Tl got into the Microcontroller
/ CPU business over the calculator route

* As akid, to the frustration of my parents,
| used to take devices apart to learn
what makes them tick

” TEXAS INSTRUMENTS

e Usually, | was able to learn something
from that

* When | was 11, | opened the family TI-30
(1976) calculator

* | was shocked to find a single chip
inside! How could a single chip be doing
all that magic?

 What did | learn? Nothing!

| felt betrayed - like opening a birthday
Breslent just to find a locked box inside a
ox!

e But it was also a magical moment - like
finding an alien artifact that was beyond
my comprehension

* | knew that | needed to learn more
about this kind of magic



Groundhog Day <

Celebration

Why did | do this?
10 times...

* Nostalgia

Groundhog Day is a popular North American tradition
observed in the United States and Canada on
February 2. Wikipedia

Educational aspects & self-improvement
* Doing Arduinos with the kids
* Learning Physical Computing (Arduinos, MCUs, EE, EDA, FPGAs, ...)
* You need a non-trivial project as a driver

Ten versions
* The Arduino Platform & Environment offers a large design space
 Different design iterations / versions that explore different aspects in the design space
e Always one more idea to try, one more feature to add, one more thing to improve ...

* Fun
* Designing, tinkering, prototyping, building are very creative activities
* Exploring different design options and modules is highly addictive - like a kid in a candy store

Exploring the “what ifs” - what if the machine had...
e ..areal time clock, SDCard program storage, more memory, was faster
e ...speech or sound output, alphanumeric or graphical output
e ...could be used as a MIDI instrument
-> How to realize these features in the “historical” architecture?



Why would your parents have bought this in the early 80s?

 Affordable

* DM 398 in November 1981, DM 299 in late 1983
e Average family income in Germany at that time: 32,198 DM
e 398 =~1/80
* TRS 80 Model 1 Level 2 16 KB: 1995 DM =~ 1/16th
* VIC20:~ 798 DM
e Atari 400: ~ 1298 DM
* Average family income in the US at that time: $ 23,430
* TRS 80 Model 1 Level 2 16 KB: $ 988 =~ 1/27th .
* Prices dropped significantly in 1983 : i armmgl R
* Home computer price war / total market crash in December 1983 JTTITTT R i

I ICTOT OG- 20 9O

* Educational & age appropriate
 Computers were the future!
* Excellent age-appropriate manuals
* Focus on physical computing; natural step-up from electronics (Science Fair) kits
* No TV required, no video games (no “bad influences”)
* Build for physical computing & experimentation; less danger in doing damage to the ports etc.
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Fun fact:

[

RCA / SRI Princeton supplied the silver monitor (RCA B&W TV) and
thereby determined the whole design for the 1977 TRS-80 Model 1!
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The Whats
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Microtronic user experience & example program

* Monitor program allows to
* Enter / inspect / edit programs (NEXT, C/CE)
RUN and HALT programs - Single Stepping (STEP)
* Inspect and modify registers (REG) . some ROM programs
* Set Breakpoints (BKP) (PGM — Load & Save, Nim Game, Clock, ...)

\ NEXT REG

BKP  STEP
- - - - =
Addressiiinstr. Word - - - - --

C/CE PGM

® Carry Flag Display

® ZeroFlag  Anzeige - - - - | I -
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Display
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s it a toy?

* Yes and no...
* Clever, not toy-like instruction set
* More details later
* Look at the programs that are possible

* Almost everything that was achievable with
a more powerful trainer
(e.g., the Z80-based Microprofessor)
is possible with the Microtronic as well

* Largely due to a clever instruction set
» “Standard programs” for SBCs of that time
* NIM game
e Biorhythms
* Prime numbers (!)
* Trigonometric calculations
* Lunar Lander
* Tic Tac Toe
* Timers & clocks
* Electronics experiments (e.g., sound generator, ...)




Programm-Eingabe , Mondlandung”

Wit HALT — NEXT - 00 zum Frogramm-Anfang gehen und Be-
fehlscodes It Tabelle singeben. Mach jeder Befehlseingabe
Taste MEXT nichl vergessen,

Haushalts-Glihlampe pro Stunde. Wir kénnen den Computer
in den Leerlauf-Zelten, z. B, als Digital-Lauchtubhr weiterlaulen
lassen, in dem wir uns mit den Tasten HALT — FGM - 4 die
Uhrzeit anzeigen lassen. Wir erinnern una, daf fir die Unrzeit
der Eingang 47 mit  TakClock” aul der Computer-Flatine
varbunden sein mufl. Eine Verbindungsleitung zum Piezo-

Zwel wichtige Informationen sollten wir uns nach merken:

Gemilk Tabelle dezimales/hexadezimales Zahlen-System”
kénnen wir bis zu 255 Programm-Schritte (Adressen) spei-
chem, d. h. bis zur hexadezimalen Adresse FF, Wirdan wir ain
sehr langes Programm eingeben, wodurch die zur Verfligung

Adr.| Eingabe- | Belehlskirze) Adr, | Eingaba- | Batehlskirzs| & | Bingabe- | Befetiskiirze adr.| Eingabe- | Befehiskirzel summer klsmmen wir ab, weil sonst im Sekundentakt eln Ple.  Sienenden 255 dezimalen Programm-Schritte nicht ausrei-
Mr. |Bafehl | iMnemaonics) Wr. | Befenl | Mnemonica) nr. |Batehl | (Mnemonics) Mr. | Befehl | iMnamenics) ton entstehl, C|10I'I‘..r3Df|l‘tl;J; Uﬂsﬁfd{;lm;pu;gr bed UICF ﬂZU_}_ﬂrJemi’l__i’l_SGh;%H NSITHE';
) sen-Yergal naci r hexadezimalen Lier automatiad
00 |F |0 |2 [DISOUT | 137 |4 .E 3 JADD ES 6E |1 [F |E |MOVIFE |7A !T 3 |GOTO 73 Ubrigens, wenn wir das Gerat bereits einige Stunden im Be-  zum Programm-Anfang 00 zurlick. Ein dort bereils eingegebe-
01 |F |0 8 |CLEAR 35 |F B |4 JADC 4 BF |F |E |F |DOTF TB |1 A0 MOV AD triely haben, ohne dad die Unrzell eingestell worde [jedock  nes Progamm wird getdsehl
02 |F |E [0 |DOTO 33 |6 |5 |2 |5SuB 52 70 |7 |1 |E|SUBIE TG AT [mov A unter der Voraussetzung, daf die Verbindungsleitung zwi- ) . . .
—. == A . L. . e Wir k&nnen die Speicherkapazitédt des Computers bis zur
03 [1]a 2 [MOVi42 3a |F |3 [suBc 3 71 |p|7 [a [BRC 73 70 [1]A]2 [MOVIAZ T e Tk Clock voManaLn wir 80l  Adresse FF ausnuzen. Wenn wir uns merken, bel weicher
04 11 |F |3 |[MOVFI 3B |F (€ |4 |SUBC 4 72 || 7|0 |GOTO 7O TE |1 /A3 [MOVIAZ tan Metzunterbrechung in 'Eletrieb %E‘MESEI'I jat Wir haben Adresse die verschiedenen Pregramme beginnen, kénnen wir
05 [1 1[4 [MoOw 1,4 ac |p|7 |B|eRc 7B 73 |F |4 |0 |DISFaD 7F |c|6 |p |GoTOeD einen automatischen Belriebsstundenzanler! E;'i;.’}g‘jmﬂmmil'“r;;f':gﬁ" 03.3”;.'?” Ff d‘?‘g'a‘f‘g&;‘gﬁfﬁ:ﬁ”&;ﬁg
08 1112 |5 | MOV 25 3D [6 |63 |SUB 63 T4 |F |E |F [DOTF 80 |1 |F |0 [MOVIFG Wi exinnern uns auch, dal wir mil HALT - PGM - 3 dieUnrzeil  Rufen wir jedoch mit PGM — 7 das Nimm-Spiel auf, sc wird der
OF |13 |6 |MOW 36 |3E |F |C |4 |SUBC 4 75 11 |0 [D | MOV 0D 81 11 A [T MOV A1 neu einstellen kdnnen (und diese mit HALT - PGM - 4 anzel-  Programm-Ablauf fir dieses Splel automatisch in unserem
08 |1 |8 |7 MOV BT 3F |D |7 |B |BRC 7B 76 [F|e|p|DOTD g2 [1|F|2 [mowF2 gen). Mit HALT = NEXT - 00 - RUN konnen wir jederzeil (wenn  Programm-Speicher beginnend mit Adresse 00 eingespielt.
08 |17 B' .MO‘UI 78 a0 6 D5 [sUB DS .?? 7 1 Elsumiie _B-ii 1183 Tvov & dia Metzleitung inzwischen nicht unterbrochen wurde) wiader  Mit HALT = NEXT - 00 = RUN, kinnen wir jetzi wieder das
aa 11 AT Tt n'1 W Elcle SUB"E'E w5 161518 erc 53 i [cl8 [olaoto é:lii unsere Mondlandung aufnsfen Nimm-Spéal durchithren. Da wir jedoch fir das Nimm-Spiel
1 |4 FlLb AL 3 B R din Snairharkanazitit hiz 70r havadazimalan Adresse 44 bele-
0B |0 |2 D |MOV2D 42 |D |8 |0 |BRC BO 79 |F |0 |2 |DISOUT wlandung” ge-
MICTY ] n verblishenen
ED 0_3 -E-- MO G._E__ 143 {6 . E |6 SUBE— Damit das Spielende auch akustisch wahrgenommen werden len, wird unsar
|00 |0 |4 |[F MOV AF | 44 |D 8 0 |BRC B0 kann, mull noch der Plezo-Summer (siehe auch Seite 7) ange- soh weiterrech-
DE [F |0 |3 |HXDZ 45 |9 0 |4 |CMPIO4 schiossen werden. Wenn wir nach der letzten Beiehissingabe reh den fehlen-
oF |F |5 |p|DiIsPsD 46 [D |0 [A |BRCODA | ncj::tc'z:hl_a_lrs dEég?eédﬂEﬂ bgtatigt habe:.?:hen wd'nr Tleﬂnhlacl_'r: 1
wlFlFlelkne | |47 a0 (3 [CMAO | mi Daﬂa-,smy;uﬁfﬁg d{:ﬁ;ﬁ,ﬂﬁg gn.;;ﬂ;?ﬂg;o;gg}l_ AbschiieBend soll noch enwdhnt werden, dak zur Ubersichi-
11 |Flo|2|oisour | [48 |o|o [a|BRCoA te der Gamputer diese Maldung nichl bringen {oder auf dem Probieren und experimentieren?! lichkei hcllf"c_”rdpf?fﬂgp'?“bct"‘grunﬂﬁﬂcn dI&Stalrt-A_?re_sse
12 [1 [B |1 [MOVIE a0 |a |5 |2 |cMRI52 Display z. B. (iberhaupt nichts anzeigen} hat sich bei der Pro- ggugf'g:l dr;‘s'ae-n Jjumfr']er cu:EBmgm zjg‘i’;;[::‘ -Sg‘aaﬁ':?i:
13 (1|0 [F [MOWOF 44 |D |0 | A |BRC 0A gramm-Eingabe ein Fehler eingeschiichen. Wir erinnern uns, Wir habien inzwischen so viel gelemt, dali wir chne Angst  digses neue Programm mit HALT - MEXT — 80 — RUN aufrufen
— daefl wir die Programm-Eingabe Oberprifen kénnen, und wir &t kaputt zu mach il 1 ey Wir st
1405 D[MOVED | [48]9 [0 6 [CMPIOE | Genan mochmat mit HALT - NEXT - DO cum Programm- fetwas kaputt zu machen) expermentieren konnen. Wit solten — konnen.
15 [0 |6 E [MOWEE 4C |D [0 |A [BRCOA | Anfang und wir sshen unter Adresse 00 den ersten eingege- E'LII'B[IEI'I\IEigEuI'\EI'I B%mmﬁhmseﬂz \IEMEll:II':IiCI'TEH e...ﬁr ;:ﬁnéﬁ
16 |F |0 |3 |HXDZ AD |8 |5 |5 [CMPI S5 benen Befehl FO2. Immer wenn wir die NEXT-Taste betatigen, auch elnes der im zweilaﬁTﬂi!dﬂshnleitungsbucﬁea enthalte-
17 |F |5 |D |DisP 5lD IE Do A |[BRC o wind uns der nachste Befehl angezeigl. Entdecken wir sinen nen gréfieren Programme Ausprobiersn
TB FlETEIRNE . +F 11 1E 0 [MCVIED Fehler, betatigen wir zweimal die Taste C/CE, wodurch der fal-
| S i A sehe Belehl geloscht und des richtige Befen| eingegeben wer- Wenn wir ein neues Kapitel durchgearbeitet haben, soltenwir  \fargleichen - ein wichtiger Befehl!
19 |F |0 |2 |DISOUT 50011 |E |1 [MOVIEA den kann. Mit I-|é‘\L'II'—INEXT—0Ddl1.Ind F;#Ihal wrrld das F'rrﬁglmmm ur\#guin-;at "«'«':lr\ig_til:!nle'nlﬂI dfarl mrgfglabﬂnen Frogramm-\ar- ra 9
1A 11 Mo 1 | meu oestartet. Solite Immer noch nicht die rehtige Meldung schisge ausprobieren, Auf dlese Weise warden wir schnell Mt gei den bisherigen Demonstralions-Progrs n hat
B ¢ ; g Gl |51 {1 [E 2 IMOVIE2 kommen, muB das ganze Programm wie beschrieben kontral- unsgrem Computer vartraut. Wir wissen, dai wir mit HALT - verlmmliu:l': fm,.,'.,gr wiedar gestdrll, dan Aﬁ Eno-lm;ul;.m?f’dinni
181017 |DIMOVZD | |52 |1 |E |3 [MOVES liert und richtiggestellt werden. MNEXT — 00 jewsils zu der zuerst eingegebenen Programm-  ynoewahnien hexadezimalen Zahlen-System arbsitet
1C |0 |8 |E [MOVSE 33 |1 E 4 [MOME4 Adresse karmmen, und dad wir das Programm mit RUN starten.
10 [F |0 |3 |HEDZ 54 11 E|5 |MOVIES It HALT kann das Programm jederzeit abgebrochen werden Mit dem folgenden guwn'!aiischen Z:ihlsr. mechten wir errai-
E|F |5 D |DiSFsD 55 11 TF [6 Twow Fls Wenn wir 2, B, unser zuver eingegebenes Frogramm Mand-  chen, dafi dieser mit Dezimalzahlen arbeitet, d. h, dafi nach
? F ._F._ 8 line r REEn A L landung” im Computer-Speicher weiter halten machten (keine  der Ziffer 9 nicht wie bisher 0blich mit A, 8, G, D, . ., sondern mit
120 [1 [0 D [mMOvioD 57 |F |6 |0 |DisFED ° ° ° ° azimal arbai-
21 |1 |0 E MOV OE 58 |F |F [0 |KINO f t azu bringen,
22 (F 12 10 [ISP20 59 {C 10 10 |GOTO 00 Kld- rlendl IIIustra Ion MIEHALT =
23 |F |F|BKINB 54 |6 |D|F |[SUBDF
|24 |9 |9 [B |CMPFI 9B 5B |6 (F |2 |SUBF2 LT ——— AUTEEEE | SgELE | A
25 |pjz (s |eRcee | |5 |F|c(3|SUBCa Beim Programm  Mondiandung” haben wir den letzten Befahl Bofehi
R o LA T e e - W
s | [ X - - a1 F21 QISP 2.1
127 |0 |B |D |MOVEBD SE DT |B |BRC 7B System” aul Seite 17 betrachten, erkennen wir, daf mit dem 02 510 —[ADDI 1
28 |C |2 |2 |GOTO 22 |5F [6 |6 |2 |5UB 5.2 Programm  Mondlandung”, welches mit der hexadezimalen | =
29 |F |0 |2 |DISOUT 60 |F |C |3 |SUBGC 3 glﬂer 34 I?ndcl'lr? dczimal{;hilr. 132) Grf;i atwa dirr:':-j Haltte der |03 FB1 ADC1
24 11 |0 |F | MOV OF 61 |F |C |4 |SUBC 4 L . peicherkapazitdt unseres Computers belegt wurde. In unse- 04 ] 951 CMP1 91
— - = rem Speicher ist also noch gendgend Flatz, um weitera Pra-
28 |F 0 |4 |DZHX 62 |07 |B |BRC 78 Wichtige Information beziiglich Metzstromanschlul! gramme einzugeben. Es st zweckmafia, einige Adressen- | oo por {BREO7
2¢ |6 (o7 |susD7 63 |6 &3 |SUBE3 Wir h s mit ol Zeitaufwand ein | Mummern freizulassen und das folgende Programm mit ger |96 |C02  |GOTO02 S
o0 |Fcle |SUBC R 64 |Flcla [suUBC 2 r haben erstmals mit elnem gewissen Zelltaufwand ein |an- Adressen-Mummaer 90 zu baginnen. In diesem Fall sagen wir ar 561 ADDI 8,1
1 geres Programm in unserem Computer gaspeichart. Wenn wir derm Computar nicht wie bisher HALT - NEXT — 00, sondern — .
ZE |D & |8 |BRC 69 65 |D |7 |B |BAC 78 unzere Mondiandung” einem Bekannten vorfiihren méchten, HALT - NEXT - 80. Das nichsta Programm beginnt also bei og 512 ADDI 1.2 _ B
¢ J6 [E (8 [SUBES 66 |4 |F |5 |ADDFS darf die Zuleilung zur Netzsteckdose nicht unterbrochen Adresse 90 und wann wir disses Programm aufrufen mochten, |00 992 CMP92 =~
30 |D |6 9 |BRC 6 67 |F|B|6 |ADC werden. Der Camputar speichert das. singagahane Programm lautet logischenweise der Befehl HALT — MEXT - 90, Die Inbe- |04 |DOC BRC 0
- |- SAEATEEE b nur selange, bis die Stromzufehe umerbrochen wird. Ohne triabnahme wie Gblich mit AUN. 0B co2 GOTO 02
31 |7 5 D |SUBISD 68 |C |4 |5 |GOTO 45 Strom kann der Speicher des Computers dia Infarmationen : ue
32 |F |C|E |SUBCE 169 |1 |E [0 [MOVIED nicht behalten, Fiir das im ndchsten Kapitel beschriebens Experiment benati- | 06 /582  [ADDIG2 -
33 [D|5 A |BRC5A BA |1 A1 MOV AT Wwir knnen unseren Gompuler jedoch unbesargl im Dauer- ﬁf;,?::g;:;f;g"b"sﬁ?;g?'fﬂ:;':ifmm'Eggelr‘:iﬁgg:; L] coz GoTo 02
34 |4 |D|2 |ADDD2 68 |1 |E |2 |[MOVIEZ2 betrieb an der Netzsteckdose angeschlossen hallen, ohne mit 80 sein. Wenn wir wieder unser -Mondiandespiel” aufrolen  Programm-Start: HALT - NEXT - 00 {oder 80) — RUN
3 } einer Beschadigung oder Abnutzung rechnen zu missen, Der N : I P rogramm- : o : .
" ! - - m en, ermeichen wir dieses mit - - - X ir sehen, unser Computer niun treu u raw wan 3
35 |F 813 ADC'G- — 6C (1 . A 3 Mgﬂﬁ_B__ Stromverbrauvch ist minimal {ca. 4 Walt) d. h., daBl der Compu- poht 3 h l d HALT NE:%T a0 - ALIN W h G zdhit t nd b 0-99
36 |F (B |4 |ADC4 g0 |1 [F |F [MOVIFF ! : oy wahrand wir das neu singegebens Programm mit HALT - NEXT — um dann wieder von vorme zu beginnen. Die hexadezimalen
ter in 24 Stunden weniger Strom verbraucht, als elne 100 Watt - 90 aufrulen, Werte A-B-C-D-E-F sind nicht mehr verhander.
24
25
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BUSCH-Schwachstrom-Schaltrelais Nr. 5864

Dieses Relais wird u. a. auch im BUSCH-Modellbahn-Zubehr-
Programm angeboten. Es ist for vielseitige Schalt- und Stewver-
funktionen verwvendbar,

Anschluf des Relais 5964 an einen Computer-Ausgang

LHESET LUSIANT HeIDT S4ange ernarerl, S am Ausgeny oS
Computers keine Spannung” mahr vorhanden ist. Das Belals
springt zurdck: Schaltkreis 1 wird singeschaltet - Schaitkrels 2
ausgeschaltet. An den Kontaktstellen des Ralais kinnen die
anteprachenden Stromkreise (Schaltkreise) angeschlossen
werden. Dem Relals liegt eine genaus Beschraibung beai.

Bei Experimenten z. B. in Verbindung mit einer Modellibahn, ist
unbadingt darauf zu achben, daB in keinem Fall stromfihrende
Teile mit ginem Computer-Anschiuf in Verbindung kommen.
Die Modellpahn-Trafospannung 16 Y Wechselstrom flhrt
unweigerlich zur Zerstérung einzelnar Komponenten,

Da jeder Computer-Ausgang durch entsprechende Program-
mierung einzeln angesteuert werden kann, Ist der Anschiufl
von 4 Relais méglich. Zu jedem Relals st jeweidls ein Widerstand
1 KT und ein Transistor edorderlich.

BUSCH-Netzstrom-Schaltgerat 2087

Arifang 1902 liedecbar

MNeben vielen anderen Einsatzmiglichkeiten kann der Compu-
ter in Verbindung mil BUSCH-Elektranik-Studios und Schalt-
gerat 2087 r. B. wahrend eines Ferien-Aufenthaltes die Anwe-
senheit der Bawohner ginea Hauses vortanschen. Ein Fotowi-
e Baleuch-
altet. Eine ge-
ibergehende

Microtronic got you covered! -
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Ma Computer
1sschalt-Vorgdnge
slellbar sind. Eine

(It even had a built-in clock)~

Diar falgenden Programm-Beispiele sollen lediglich Anregun-
gen geben, Es wiirde den Rahmen dieses Anleitungsbucheas
Ubersteigen, wenn alle Anwendungsmoglichkeiten aufgezihit
und erldutert werden scliten. Den Besitzem zusatzlicher
BUSCH-Electronic-Studios erdfinen sich unzahlige Moglich-
keitan,

Auch dieses Schaltgerdt kann mil Schwachstrom (6-9 Volt)
angesteuert werdean. Es lost Ober ein Relais Schaltvorgange im
Lichtstromnetz (220 'V, max. 1000 Watt) aus. Mit zwei Widerstén-
denund einem Transistor (siehe Abbildung) wird das Schaltge-
rat an einem Computer-Ausgang angaschlossen

Das Schaltgertt 2087 entspricht den VDE Vorschriften. Es ist
abaolut gefahros einzusetzen, weil der 220 V Netzstromiteil von
der Schwachstromseite villig getrennt ist,

Das Schaltgerat 2087 ist eln Ein-/Ausschalter”. Sobald eine
geringe Steuerspannung vorhanden ist, schiieM das Relais
einen 220 V Schaltkreis. Dieser Stromkreis wird wisder abge-
schaltet, wenn die Steuerspannung unterbrochen wird. Das
Relais ist fr 20 Milllonen Schaltvorgénge ausgelegt und kann
im Dauereinsatz batrieben weardan. Es dient zum Ein- und Aus-
schalten von Radios, Tonbandgeraten, Warnaniagen, Helzlif-
temund allen elakirischen Geratan mit einem Anschiubwert bis
2u 1000 Watt. Werden Gerate mit héheram Anschlufwert ge-
schaltet, mul mit einer erheblichen Verringerung der Schaltlai-
stung gerechnet werden, esistdeshalbz, B, beim Anschluf von
Heizl(ftern usw, unbedingt darauf zu achten, dan die 1000 Watt
Granze nicht Gberschritten wird

Bis zu 4 Netzstrom-Schaligerdte 2087 kénnen an den Compu-
ter-Ausgingen angeschlossen warden, Fir jedes Schaltgerit
sind zwel Widerstande und ein Transister edorderlich,

Anschlull des Netzstrom-Schaltgerdts 2087 an einen Com puter-Ausgang

Uberspeibuchsen/ DI Sockiris
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Busch offered a very nice experimentation
platform. Even a synthesizer module was offered.
his is a recreation of the synth module by Frank de Jaeger.




2016 - Exploring Arduinos

* Arduino is the Microtronic of today

* Mostly programmed in C / C++ instead of Machine Language
e Other languages available as well

 Started with the kids as a STEM activity, got hooked

* Created my first Microtronic hardware extensions:

* Speech Synthesizer using the Emic 2:

A speech synthesizer was announced for the Microtronic in 1981.
But it was never released ®

With Arduinos | could built my own!

* SDcard-based “mass storage” for programs instead of a tape recorder:

Possible to use a text editor on your PC to write and transfer programs.
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HOW TO “READ"” FM TUNER SPECIFICATIONS

Early homebrew computers Popular Electronics

WORLDS LARGEST SELLING ELECTRONICS MAGAZINE JANUARY 1975/ 75¢

PROJECT BREAKTHROUGH!

World’s First Minicomputer Kit
to Rival Commercial Models...
"ALTAIR 8800" SAVE OVER $1000

 Common hobby in the late 70s/early 80s

« And still is a popular hobby nowadays (Hackaday)

* It was never very difficult to build
your own computer

e BUT it was STILL expensive and

\l&.“_\j\u!.“x‘\:-

not everybody had the tools @ ALAELE A
and skills
* Some CPUs were only 10 S (6502) BUTER'S GO 19 ARTERNA ROTRTORS
* RAM was very expensive e  BEEECEEE Pﬁpllldl' Electmmcs . e —
* There were some more affordable kits - el SRR EASYT0-BUILD 142 O -z FREQUENCY GOUNTER %‘éb‘-% 8%%'{19'.‘“5’#
DX Clubs on e —
International AROTr o ‘ g
* SLAC Homebrew Computer Club 2:‘;::};;_ E .
° Apple 1’ Apple ][ ?:;?gm'cf:r"“ TP%%?;;%E‘;H; ‘ Apghcatilg?i Notes
* TRS-80 Model 1 L, |
o Calculators, Part I r ""—‘
* Home Computer Revolution meonsve T
“Trinity” of 1977 Makos Horse ot
 fpple

B&0 Beogram 1900

¢ TRS'SO MOdE' 1 KiM-1, 960 ouse F i - Manual Turntable
Commodore PET .. ol

by Steve Ciarcia




| built my own computer —
but what does that mean?

 Nowadays, hobbyists have many more options, and things got MUCH more affordable

* Question: on what level did you do that?
* “I built my own PC from off-the-shelf parts vs. | built my own computer with a custom CPU”
* Hmm...

* Retro Computers
* Classic Standard CPU

e 780, 6502, ... like back in the day — but use modern components as well (e.g., for video, RAM, storage, ...)
* Building your own retro SBC running CP/M, BASIC, ... is a very popular hobby!
* Contemporary versions of these CPUs are still made
* Custom CPU
* Maybe even from discrete TTL chips or transistors (!)
» Software / Hardware Emulators
* Pure software that runs on a PC / Mac (easy, but to achieve high fidelity might be tricky)
* Embedded software — runs on a custom piece of hardware using a Microcontroller or FPGA

* High-fidelity hardware emulation on the chip level (FPGAs, CPLDs, ...) is trickier
(i.e., SRI’'s Microcircuit Emulation Center)



The Hows



How to implement an educational computer
in 19817

* Design objectives
* Cost
e Keep it simple - “kid friendly” yet powerful machine language

Bstelliges Siebensegment-Display

256 x 12 Bit

* Answer: Microcontrollers — back in the day and today
* MUCH reduced circuit complexity and cost
L NO eXtra RAM’ ROM’ |O CIrCUItry reqL”red Bild 2. Funktionsmodell des ,Microtronic”. Die Datenbreite betriigt 4 Bit, die Befehlsbreite

12 Bit
* The Busch 2090 Microtronic
« TMS1600 @ 500 kHz (bigger version in the TMS1000 family)
* Firmware: Emulated Virtual CPU & Monitor Program
e Harvard architecture
* 256 x 12bit words in program RAM
* two sets of 16 4bit registers are the only program writable memory
* only immediate and register direct addressing
* Concise and powerful custom Machine Language (ML)
e MULT, DIV, CLOCK, RND, INPUT & OUTPUT -> concise programs
* Single invocation subroutines (no Stack!)
* ML knowledge not transferable (unlike Z80, ...)
* But very good exposure to the basics of ML

o4 3 2
Programmspeicher




How to implement an educational computer
in 19767 -

* Arelated design from the U.S.
e TMS-1100 @ 400 kHz &
¢ Tandy Radio Shack "‘

* 1976 (!) — 2 years after the
TMS1000 became available

* Asingle chip design

* Emulated Virtual CPU & Monitor
* Completely different from the Microtronic
* 80 addresses for program
* 16 addresses for data (!) nery LEDs
* 4 to 12bit words ~  CPUChip == —— = =144

00-4F Port R for
o 4b|t regISterS {program memory) lighting LEDs =
A, A XY, X Y’ 50-6F 1r ;HEX LED

r
|
|
| (data memory) .
Arithmetic un
+ No sub-routines ||| Aoiser Ao ([ prmericent Dr ! D
|
|
!
|
|
I
L

no. 28-260

Science Fair

MlcnocoMpurEn
TRAINER

memory

* Both the Microtronic and B registr | B-egister %Lﬁwﬂwjl

the Science Fair have NOTHING regter [ rogie] = 2L = ]
in common with the native TMS el | evboas
instruction set

registers

(6D) (66) |




The Legendary TMS1000 Microcontroller

* Tl invented the Microcontroller — patent filed 12/74
1977 - Gary W. Boone, Michael J. Cochran

https://patents.google.com/patent/US4074351
 Largely forgotten nowadays... hugely enabling back then
* https://spectrum.ieee.org/texas-instruments-calculator

* https://hackaday.com/2020/02/18/the-tms1000-the-first-
commercially-available-microcontroller/



https://spectrum.ieee.org/texas-instruments-calculator
https://hackaday.com/2020/02/18/the-tms1000-the-first-commercially-available-microcontroller/
https://hackaday.com/2020/02/18/the-tms1000-the-first-commercially-available-microcontroller/

Original firmware? Hmm...

* The TMS1000 uses “mask-programmed” ROMs

 These cannot be read out, and the masks are
lost to history (I asked TI....)
e https://seanriddle.com/simon.html
* Decap the chip and decode the Mask ROM matrix -> destructive
e Firmware of many devices on his site (Merlin, Speak & Spell, Little Professor)

1000110101
1101000011 TMS1000
1001001111 Emulator

1110010100



https://seanriddle.com/simon.html

[ S RARAAAARAS

lteration 1 - 2016

* Build a Microtronic emulator from modules § R
 CPU emulator )
* Monitor program
e Hardware drivers for modules

e Original firmware? No...
* The TMS1600 ROM cannot be read out! y
* Firmware is not available at all ©55909050
* Reengineer from scratch (Arduino C program) b

* Good enough to run original Microtronic programs
e Writing a software-based CPU emulator is not difficult
* Doesn’t have to be timing accurate
* Don’t need to emulate the chip and its signals

* Off-the-shelf modules and DuPont wires
e Arduino R3
 “LED&Key” TM1638 module
* Matrix-encoded keypad
* Breadboard for some extra buttons and speed potentiometer




Function Keys




CPU emulation is simple

223
224
225
226

258
251
252
253
254
255
256
257
258
259
268

272
273

279
238

boolean clock = false;

boolean carry = false;
boolean zero = false;

boolean error = false;

Iy
[/ RAM program memory

7
LA

byte op[256];
byte argl[256];
byte arg2[256];

CPU Flags (Carry, Zero)

Firmware LOC:

RAM: simple byte arrays

20% CPU:

1585 byte opl = op[pc];
1586 byte hi = argl[pc];
1587 byte lo = arg2[pc];
1588

1589 byte s = hi;

15168 byte d = lo;

1511 byte n = hi;

1522 switch (opl)
1523 {
case OP_MOV:
1526 reg[d] = reg[s];

80% Monitor —

1525 break;
boolean jump = false; Program Counter (PC) 1530
byte pc = @ ZOOO LO“C case OP_MOVI:
byte breakft = 8; // != @ -» breakpoint set 1532

byte stack[STACK_DEPTH];
byte sp = ©;

byte reg[l6];
byte regEx[16];

Stack
Stack Pointer (SP)

Registers
Extra Registers

1533 reg[d] =

1534 zerp = reg[d] == 8;
1535

1536 break;

1537

1538 case OP_AND:

Fetch from RAM
using program counter

“Decode” Instruction

Implement Instruction
MOV s -> d
O<source><dest>
012 = MOV R1 -> R2

MOVI n -> d
l1<const><dest>
112 = MOVI 1 -> R2



Some clever
instructions

leading to
concise
programes.

CALL/RET

Digital
Input &
Output

Dec -> Hex
Hex -> Dec
Random
Clock

Multiplication

Division

Der Microtronic-Befehlssatz (siehe auch Anleitungsbuch Seite 74 bis 76)

Befehls- | Befehls- |Erklarungen Ausfahrlich mit Beispiel
Kiirzel Code erklart auf Seite
MOV 0 s d |[snachd Inhalt von Reg. s in Reg. d bringen 22
MOVI 1 n d |nnachd Konstanten Wert n in Reg. d bringen 33
AND 2 s d [sundd=d Logische ,Und"-Operation 59-60 |
ANDI 3 n d [nundd=d Logische ,Und"-Operation mit einer Konstanten 59-60
ADD 4 s d |sthd=d Addition Reg. Inhalte s@d = Ergebnis in d 18-21
ADDI 5 n d In(bd=d Addition konst. Wert n(DReg. d = Ergebnis in d 19-21
SUB 6 s d [dOs=d Subtraktion Reg. Inhalte d©s = Ergebnis in d 35
| SUBI 7 n d |[d©n=d Subtraktion Reg. d© Konst. Wert n = Ergebnis in d 35
CMP 8 s d |Vergleiches, d Registerinhalt s mit Reg. Inhalt d vergleichen 74
CMPI 9 n d |Vergleichen,d Konst. Wert n mit Registerinhalt d vergleichen 26
OR |A s d |soderd=d _Logische ,Oder"-Operation 59-60
CALL B a a |Sprungaa Sprung zu Unterprogramm beginnend bei Adresse a a 63-64
GOTO C a a |Sprungaa Sprung zu einer beliebigen Adresse a a - 14-15
BRC D a a |Carry-Sprungaa Sprung zur Adresse a a, wenn Carry-Flag gesetzt 26
BRZ E a a |Zero-Sprungaa Sprung zur Adresse a a, wenn Zero-Flag gesetzt 33
MAS F 7 d |A-Reg. > S.-Reg. Arbeitsregister d in Speicherregister d bringen - B1
INV F 8 d |lInvertiered Inhalt von Reg. d soll invertiert werden 50
SHR F 9 d |Schiebe d rechts Registerinhalt d dual nach rechts schieben 49
SHL F A d |Schiebe d links Registerinhalt d dual nach links schieben 48
ADC F B d |dPC=d Gesetztes Carry-Flag addiert 1" in Register d 19-21
SUBC F C d |[dOC=d Gesetztes Carry-Flag subtrahiert ,1" in Reg. d 35
DIN  |F D d |DatenEin Daten von Eingénge in Register d speichern 37
DOT F E s |Daten Aus Daten von Register s an Ausgéange bringen 36
KIN F_F d |Tasten-Wert Warten auf Eingabe. Eingabewert in Reg. d speichern 14-15
DISP 'F _n s |Display Ein Anzeigen: n = wieviele (Reg.)Stellen. s = ab Reg. Nr. 14-15
HALT F_0 0 |Programm-Stop Gestopptes Programm mit Taste STEP dann RUN fortsetzen 63
NOP F_0 1 |Keine Operation Es kann nachtraglich ein Befehlscode eingegeben werden 63
DISOUT F 0 2 |Display Aus Anzeige abschalten (fir schnellere Operationen) 14-15
HXDZ F_0 3 |HEXinDEZ Umwandlung hexadezimal in dezimal in Reg. D-E-F 43
DZHX F 0 4 |DEZinHEX Umwandlung dezimal in hexadezimal in Reg. D-E-F o 43
RND F 0 5 |Zufalisgenerator Zufallszahlen in Reg. D-E-F ermitteln . 41
TIME F_0 6 |Uhrzeit Uhrzeit in Register A-B-C-D-E-F (bernehmen 44-45
RET F_0 7 |Rick-Sprung Aus einem Unterprogramm ins Hauptprogramm zuriickspringen 63-64
CLEAR F 0 8 |Redgister l6schen Alle Registerwerte auf ,0” setzen 21
STC F 0 9 |Carrysetzen Carry-Flag soll ausgel6st (gesetzt) werden (Wert: 1) 52
RSC F_0 A |Carry ricksetzen Ein gesetztes Carry-Flag soll zuriickgesetzt werden (0) 52
MULT F 0 B |Multiplikation In den Registern 0 bis 5 wird Multiplikation ausgefihrt ~ 61-62
DIV F 0 C |Division In Reg. 0 bis 3 wird Division ausgefiihrt. (Reg. 4 und 5 Wert ,0") 62-63
EXRL F_0 D |Tausche A/S 0-7 Inhalte Arbeitsregister 0 bis 7 mit Speicherregister 0 bis 7 tauschen 61
EXRM F 0 E |Tausche A/S 8-F Inhalte Arbeitsregister 8 bis F mit Speicherregister 8 bis F tauschen 61
EXRA F_0 F |Tausche 0-7/8-F Inhalte Arbeitsregister 0 bis 7 mit Arbeitsregister 8 bis F tauschen 33

280 ML

would have
been MUCH
less concise —
Limited RAM...
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LCD Display & SDCard for storage would be nice  [ERF==g¢ 3 de)
LCD + Keys Shield module - plugs onto the Mega  [LEEE = mc"o (5

..................
- T

 Mnemonics display -~ p ;e
* All register at once displa — '
8 play “Arduino Mega 2560 R3 Front” from arduino.cc
... but keep the “LED display & hex user experience” Repmoauest Imaer G-B-of 2:0 Lisenee
SDCard & Ethernet Shield module . S »
e Save & Load [ e e )

* Exchange / edit programs on your PC
* | used OCR on the listings -> ~40 programs

Arduino Uno R3 no longer sufficient
e FAT library
* Many strings for the LCD-based “user interface” __
« Software from ~ 2000 LOC to ~ 4000 LOC \\\\%\
* Hint: Use the “f” macro!! '
-> switched to Arduino Mega 2560

Hello SainSmart




LCD+Keys Shield
stacked on top of
SDCard & Ethernet Shield
stacked on top of
Arduino Mega 2560




lteration 3 — 2016

* Something more presentable and durable
* Custom laser-cut front plate

e Retired the LED&KEY & LCD+Keys shields; 12C LED displays & LCD module instead

* One more telephone keypad for function keys

* Some fixes
 QOUTPUT ports had worked before
» But digital INPUT ports (for electronics experiments) were problematic

Unconnected Microtronic input pin (and GND) -> LOW, 5V -> HIGH
Unconnected Arduino input pin -> FLOATING (bad)

Arduino’s internal pull-up resistors invert logic levels, hence
unconnected -> 5V = HIGH and GND -> LOW

C-code negation such that unconnected -> LOW doesn’t help:

then 5V = HIGH from external electronics -> LOW (experiments won’t work)

Hence, external pull-down resistors were needed

* Added the Emic 2 Speech Synthesizer
* How to drive / program it? No unused op-codes in the Microtronic!
e But there are semantically “meaningless” op-codes, e.g., MOV x -> x
* These “vacuous” op-codes are not used in real programs
-> Extended the CPU emulator with extra-side effects for these (e.g., for speech synth)
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Fast-forward to 2020 - iterations 4 & 5

My “team” found me © a7 ING1ce,;
* Frank de Jaeger (Belgium) & Manfred Henf (Germany) '\ fenimal
* Via GitHub and Hackaday pages

* Their proposal: integrate into a Busch console, e W =
a more authentic Microtronic 2"d Generation | B /

e They asked me to adjust the and extent the firmware

It\,llostly identical to my Arduino Mega version,
ut:

* Smaller Arduino board MiniPro 2560

* No shields for this form factor ->
SDcard SPI module instead of SDcard shield

* A display that would fit into the console
Nokia 5110 LCD

* Major rewrite of the firmware — Spo for thé
* Frank designed a PCB for off-the-shelf modules
* 3D printed parts from Manfred

* Even better GPIO ports

* Frank replicated the original port drivers
for maximal electrical compatibility

custom keyboard




vl
2"d Generation Microtronic in an original Busch console.
With 3D-printed keyboard and Nokia 5110 display.

ush “\eto\t onic 2nd Gener atlon
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Transistor drivers for output ports




en dieses Bausteins
ergibt sich dann
eine 9 V Dauer-
betriebs-Spannung.
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Iterations 6 & 7 — 2021 - A Pocket Microtronic

* The 2" Gen Microtronic was a good success
e ~ 10 or so other Busch enthusiasts build their own
* Frank and Manfred supplied DIY kits to the community

 However, | wanted a much simpler, more compact, and portable version

* | had also learned how to design my own PCBs with KiCAD:
The Next Generation Microtronic

* Same hardware initially, but switched to a SPI OLED display later
 Removed transistor drivers and overkill diode-keyboard matrix

* | added
* A battery backed-up Real Time Clock module (12C device)

e Loudspeaker for sound

* Sound op-codes
* Again, using “vacuous” op-codes for sound

e Capability to plug into a real Microtronic for SDcard storage

* Winner of the Reinvented Retro Contest / 2021 Hackaday

* | accepted the prize for the “team” as it was based on the
2"d Generation Microtronic and shared it with the team
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F:! Reinvented Retro Contest Winn: X + _ 0 %

< C @ O 8 https://hackaday.com/2021/07/17/reinvented-retro-contest-w B &% v @ N @O =

Legen Sie |hre Lesezeichen hier in der Lesezeichen-Symbolleiste ab, um schnell darauf zuzugreifen. Lesezeichen verwalten... () Weitere Lesezeichen

¥ HACKADAY

HOME BLOG HACKADAY.IO TINDIE HACKADAY PRIZE SUBMIT ABOUT July 18, 2021

SUPPLYFRAME DESIGNLAB HACKADAY PRIZE 2021

REINVENTED RETRO CONTEST
WINNERS ANNOUNCED

by: Kristina Panos ®

Reimagine
Innovation .
with Digil

July 17, 2021

| Hsnanannes
BT CE O TUrChin

CUTTING EDGE PRODUCTS
MADE BY MAKERS

SEARCH

Good news, everyone! The results of are in, and the creators of these three :Im

groovy projects have each won a $200 online shopping spree to Digi-Key. We asked you to gaze deeply
into your stuff piles and come up with a way to modemize a cool, old piece of hardware, and we left it up to

you to decide how cool and how old. NEVER Mlss A HACK

m e @ 6 B ® » 6 8@ @ = O ® 17°C Meistso...




The Next Generation Microtronic
jican plug into a real Microtronic for
$SDcard-based program storage.
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lterations 8 & 9 — 2021

* In January 2021, enthusiast Eileen
(“Lilly”) picked up the old
Uno-based version from 2016

P i

* | wasn’t sure if the old code would
still compile... but it did!

Micyot[o

P
et

e Built her own Uno Microtronic
e found some bugs

* reintegrated some features back from the
newer versions (Single Stepping, Breakpoints)

 wanted to add some new features

-> The 2016 Uno R3-based firmware
got another round of refactoring

* | had to rebuild my 2016 version
to work with her on the firmware
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Iteration 10 — towards an SBC without modules

= ////-,/-

i N —— =7 ¢
: 1 e ’/f / v -
o\ CE e

Using modaules feels a bit like cheating...
* You want to build your own device

One more round

* Maximally authentic user experience
* KiCAD custom SMD PCB

| re-engineered the LED&KEY module
* Schematics found on the Web
* TM1638 driver chip only available as SMD : : " — \""“"U/y,//
“Shrimped” the Arduino (ATmega 328) iSr ’ AR '\“ (5 41;/%
* Still programmable via Arduino IDE : . [ — =
* Needs crystal, power supply, no more USB

A 256 Kbit SPI EEPROM instead of the SDcard
e Good for storing ~ 42 full memory dumps!

—— |

LED display ‘ TS . shshata B B T th }1'
* First individual 7segments (LOTs of wires...) == . o I B SR
* Then Bubble LED displays like in the original! 3 —— Bread boa rd prOtOtype
Removed the Real Time Clock towards a module-less

Buzzer instead of sound / loudspeaker SBC PCB.
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The final

“retro-authentic”
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g . RetroChallenge

& C @

x

O B8 https://rc2014.co.uk/what-is-rc2014/

WY Home « RC2014 X |+

For quick access, place your bookmarks here on the bookmarks toolbar. Manage bookmarks...

Buy RC2814
Buy RC2014 kits here

LA,

RC2014
-
= RC2014
= Assembly Guides
= Full Kits
= RC2014 Classic II
= RC2014 Micro
= RC2014 Mini
= RC2014 Mini CP/M Upgrade
= Universal Micro Keyboard
= Backplanes
= Back Plane-Veroboard
» Backplane Pro
= Backplane-5
= Backplane-8
= Modules
= 512k ROM 512k RAM Module
= Bubble LED Display

3 1 L1

Assembly Guides Full Kits

Backplanes Modules

Contact

Troubleshooting

File Packager File Unpackager

RC2014 > Home

Home

The RC2014 is a simple 8 bit 788 based modular computer originally built to run Microsoft BASIC.
It is inspired by the home built computers of the late 78s and computer revolution of the early
80s. It is not a clone of anything specific, but there are suggestions of the ZX81, UK1el, Siee,
Superboard II and Apple I in here. It nominally has 8K ROM, 32K RAM, runs at 7.3728MHz and

communicates over serial at 115,2ee baud.

B

< > 2 3D







L BN RetroChallenae = ——

- = ar L =Y hit s wnarnee . retrochallenge.org

For guick access, place yvour bookrmarks here on the bookmarks toolbar. hMamage bookrmarks_ .

MMore ~—

| RetroChallenge Rules Entrants List 2022/10 Past Events

Michael Wessel

Platform: Busch Microtronic

Project : A fully retro-authentic yet modern reimplemenation of the
classic 1981 4bit educational single board computer. Hex in
machinecode with a 7segment bubble display like its 1981!

Final Comments: 4 bit microprocessor, MIDI syth, drum machine, bubble LED displays,
great videos, and what really sold me: using his emulated Microtronic as a drum module

for an original 1981 Busch 269@ Microtronic!! Awesome job!
MSW: Can't beat that Last video for wow factor, I need to include more drum modules in

my projects!

Final Status: Prize "Winner"!!
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What can be learned from a Microtronic?

* A lot!

* Hex & Binary

* Basics of programming / machine language / algorithms
* GPIO / basics of physical computing

e Basic computer terminology (CPU, RAM, ROM, 10, ...)

* However...



What can not be learned from a Microtronic?

* Advanced addressing modes (indirect, indexed)
* | added program writeable RAM
* Vacuous op-code extensions for using the extra memory
* Needed for pattern sequencer in the drum computer

e Recursion

* Like in the TMS itself, there is no return stack, only a single return register (no CALL-RET nesting)
* | added a return stack, but still no way to store and restore invocation contexts

* Well, you can do it ONCE or TWICE using the EXTRA REGISTER sets —
makes a lot of sense given that there are no nested subroutine invocations possible in the original!

* The designers of the instruction set were very insightful
* No way to implement a stack in memory with the original

* Self-modifying programs (Harvard architecture)
* Not the fastest...

* The emulator is quite a bit faster than the original
* E.g., 999999 DIV 1 takes ~ 40 seconds with the original!

* Only 4bit architecture
* Interrupts, DMA, modern communication protocols (12C, SPI, UART, ...)
* High-Level Programming Languages



Conclusion & take away

Hardware is frequently just software these days, even on low levels
* And, in many cases, has been since the mid / late 70s
* Both the original Microtronic and my homebrew versions are just complex firmware running on Microcontrollers
* The TMS1600 and the AVR / ATmega (328, 2560)
 Many CPUs are software “IP” (Intellectual Property) Cores these days (Verilog designs etc.)
* ARM, the world’s dominant CPU architecture, is running an entirely IP-based licensing business

Arduino is a great learning platform and steppingstone
* \Variety - quite inexpensive boards and shields / modules (modular electronics)
e Arduino IDE, drivers, tutorials, community
* Allows you to step up your game — from BMOWs over bread boards to PCBs via “Shrimping”

Electronic Design Automation (EDA)
e KiCAD, OshPark, PCB Way, Seeed
* Receiving your first self-designed PCB back from a PCB printing service in the mail is a magical moment!
* There is always one more feature, one more little fix, one more improvement, one more thing to try, ...

Hobbyists can now achieve what would have been impossible 10 / 15 years ago
* | don’t have a formal EE background (CS PhD only); if | succeeded at this, so can you!

Community
» Share / OpenSource your designs (GitHub, Hackaday, OshPark / Seeed gallery)
* Collaborators can find you, very motivational
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Backup slides

* Other educational computers in Germany
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Other well-known single board computers

* KIM-1

* SC/MP

* RCA’'s COSMAC

* HEATHKIT ET-3400

* Microprofessor MPF-1B / MPF-IP



A COMPLETE

MICROCOMPUTER
ONLY $245

NOT A KIT!

e FULLY ASSEMBLED
e FULLY TESTED

e FULLY WARRANTED

OPERATES WITH

e KEYBOARD & DISPLAY
e AUDIO CASSETTE

e TTY

KIM-1 INCLUDES

Send to:

MOS TECHNOLOGY. INC
KIM-1, 950 Rittenhouse Rd.
Norristown, PA 19401

. BN B B UsE THIS FORM TO ORDER YOUR KIM-1 TODAY!

e HARDWARE
KIM-1 MODULE WITH
6502 uP ARRAY
6530 ARRAY (2)
1K BYTE RAM
15 1/0 PINS
e SOFTWARE
MONITOR PROGRAMS

(STORED IN
2048 ROM BYTES)

e FULL DOCUMENTATION
KIM-1 USER MANUAL
SYSTEM SCHEMATIC
6500 HARDWARE
MANUAL
6500 PROGRAMMING
MANUAL
6500 PROGRAMMER'S
REFERENCE CARD

Please ship me KIM-1 Systems at a cost of $245.00 per system plus $4.50 for .
shipping, handling and insurance (U.S. and Canada only) PA residents add 6% sales tax.

(International sales subject to U.S. Commodity Control Regulations, .
Add $20.00 per system for shipping and handling of international orders.)
My check or money order isenclosed for$_____
o &
Address .
City. State.

n

1976, KIM-1, 6502, US $245,




Now, the complete MK 14 micro-computer

system from Science of Cambridge

26 85 wikhont shesmoter gonershai) e S A 1 9 7 8 ) S C / M P’ £ 3 9 (] 9 5 )

Display up 1o %K memory (32 lines x 16 \
character generator; or 4096 A -
ons in graphics mode) on UHF T g CASSETTE INTERFACE MODULE.
s V. Eurocard-sized module includes s £ 2 £7.25,inc.p&p.
UHF meodulator, runs on single 5 V supply. Store and retricve programs on any cassette
Complete ascii upper-case charactersetcanbe N . a2 o Y recorder. Use for serial transmission down
mixed with graphics, \ o3 single line atup to 110 baud (teletype speed ),
c.g overtelephone ling, and to communicate
between two or more MK 14,

POWER SUPPLY. £6.10inc. p &p.
Delivers 8 Vat 600 mA from 220/240 V mains -
sufficient to drive all modules shown here
simultancously. Sealed plastic case, BS-approved.

5V regulator

PROM-512 bytes Power rails and
RAM-256 bytes input/output edge connector
ExtraRAM
(optional) RAM /O device
4,43 MHz crystal (optional)

8-digit, 7-segment
LED display
; PROM -
512 bytes
RAM-256 bytes

PROM PROGRAMMER.
£11.85inc.p&p.

Usc to transfer your own program developed
and debugged on the MK 14 RAM 10 PROM
(74S571) to replace SCIDS monitor for

special applications, ¢.g. model railway
conrol. Software altows editing and verifving.

ExtraRAM
(optional)

MK 14 MICROCOMPUTERKIT
£46.55Inc.p&p.
Widely-reviewed microcomputer kit with
hexadecimal keyboard, display, 8 x 512-byte
PROM, 256-byte RAM, and optional
16-lines /O plus further 128 bytes of RAM.

Supplied with free manual to cover ‘To order, complete coupon and post 1o Science of Cambridge
operations of all types - from games 10 Return as received within 14 days for full money refund if not completely satisfied.
basic maths to electronics design. Manual I- ———— — ——— —— — —— —— —
<contains programs plus instructions for s 2 = 5
creating valuable personal progams. Also To: Science of Cambridge Ltd, 6 Kings Parade, Cambridge, Cambs,, CBZ 1SN, DCSPIJY and key Wd
asuperb education and training aid - an I Please send me: 5
ideal i duction 1o P chnology. OMK 14 standard kit 5 £46.55. O Cassette interface module @ £7.25, interface c:r(uiu'y.

Designed for fast, casy assembly; supplica I OExtra RAM @ £4.14 per paic. OPROM programmer @ £11.85,
with step-by-step instructions. ORAM /O device @ £8.97, OPower supply @ £6.10.

I VDU module including character O Full technical etails of the MK 14
S a generator qlz £33.75. System, with order form, Edge connector for
CVDU module without character )
Clence O I gencrator @ £26.85. All prices include p+pand VAT, external kqbo;rd with
upto 32 keys

. | lenclosecheque/MO/POfor (1omal).
Cambridge Ltd ..

6 Kings Parade, Cambridge, CAMBS., CB2 1SN, | Address (please print)— =
Tel: 0223 311435,

P s S

PCWILIBD

A DO SR W R T



The COSMAC EIf was an RCA 1802 microprocessor-based
computer described in a series of construction articles in
Popular Electronics magazine in 1976 and 1977.

RCA CDP1802

BUYER'S GUIDE TO ANTENNA ROTATORS

Popular Elect mmc

WORLD'S LASGEST. SELUNG ELECTRONCS MASADINE  AGUIST T

EASY-TO-BUILD 1-Hz T0 1-MHz FREQUENCY COUNTER

DX Clubs on
International
Shortwave

Build A High-
Sensitivity Gas and
Fume Detector

Learn Electronic
Theory with
Calculators, Part i

Inexpensive
Electronic Keyer
Makes Morse Code

Easy

TEST REPORTS
Onkyo “Quartz Lock™
Stereo Recelver
B&0 Beogram 1900
Manual Turntable
Realistic Phase-Lock
AM SSBCB Transceiver

ANOTHER |

BREAKTHROUGH!

—

THE COSMAC ‘ELF i

A MICROCOMPUTER TRAINER
THAT'S POWERFUL,
EXPANDABLE AND



https://en.wikipedia.org/wiki/RCA_1802
https://en.wikipedia.org/wiki/Popular_Electronics
https://en.wikipedia.org/wiki/Magazine
http://www.cosmacelf.com/

HEATHRKIT microcomputer learning systerm

standby o

. *RAM (0100) **
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Contemporary educational SBCs

* BBC MicroBit

* Arduino

e Raspberry Pi

* Gaken reimplementation of the Science Fair Trainer
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Bluetooth ®Smart antenna 32-bit ARM ®Cortex™MO0 CPU Micro USB connector

16K RAM 16MHz with Bluetooth Low Energy
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News

2022
November
October
August
July
June
May
April
March

57,000 BBC micro:bits
to be donated to
primary schools

New primary lessons
promote unplugged and
cross-curricular
computing

Free teaching resource,
Life Below Water

Life on Land teaching
guide

February

January

57,000 BBC micro:bits to be donated to

primary schools
30 Mar 2022

Donation of thousands of micro:bits to support the teaching of digital literacy in UK
primary schools

Plans to help even more UK primary school children take their first steps into digital
creativity and computing will launch this April. In partnership with Nominet and the
Scottish Government, 57,000 micro:bits will be donated to UK primary schools,
alongside free comprehensive teaching resources and online continuing professional
development courses.




KEYESTUDIO Programming Robot Car Starter Kit for BBC

' 'l-his Kit NOT Provide Microbit (No Board & Battery)
Micro:bit Motherboard and Battery

Condition: New

Sam Buy 1 Buy 2 Buy 3
Uk Savings: | ¢3799/ea $36.85/ea $36.09/ea

4 or more for $35.33/ea

More than 10 available / 15 sold

il Quantity: {1—1

/ Q Add to Watchlist \|
N A

Additional service available

[:] 3-year protection plan from Allstate - $3.34

Returns accepted 24 watchers



Blockschaltbild fur Microtronic 2090
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