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1281CPU
FPGA Implementation- Summer 2019
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Simulator - May 2021 1281LPU
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12812 CPU

Breadboard Implementation - Dec 2023 to Feb 2024 —
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12812 CPU

PCB Implementatlon May 2024
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i281e Processor Specifications

e Clock Speed: 1Hz up to 2MHz (up to 2.5MHz overclock)

o Processor fails around 2.75MHz

e Power Requirements: 0.8A @ 5VDC (Input 5-12VDC)

o Fuse for overcurrent protection @ 2A

e Memory: 32 KW (64 KB) of Code RAM, 32 KB of Data RAM
o Also includes 128 words of Code ROM for booting the system

e Compact Flash: extended memory for long-term storage
o Acts as the “hard disk” and stores the OS and File System for DOS/281



xisting Resources

e GitLab
o PCB Schematics
o User Manual

e Electronics and Technology Group
(ETG)

e Breadboard Implementation

e Previous Team Websites

e C(prE 281 Lectures

e Professor Stoytchev

Chapter 4:i281e Programming
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Overview and Requirements



Project Summary

e Goal: Take these open source hardware and software designs and implement
a set of curriculum and outreach activities around them

e Each activity will be tested and documented in detail

e These documents could also be used as educational materials for existing
classes or to support future lectures and labs

e A subset of these materials will be used for outreach activities

e Implement another i281e CPU on PCB and document the process



Project Summary Cont.

e Design, create and test at least 10 labs/activities based around the i281e
processor completable within a lab period
e To be incorporated into a new class tentatively referred to as:

o CprE 3710x : Microprocessors and Digital Circuits

CprE 3710x




CprE 3710x Timeline by Week
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Intro to Breadboards: 2-to-1 MUX
Debouncing, LEDs, Resistors
Standardization and Connectors: Bus MUX
Introduction to KiCAD

Mini-Project: MUX in KiCAD and order PCB
Program Counter Pt 1: Logic Debugging
Program Counter Pt 2: Hardware Debugging
EEPROMs: Program 7-Segment Decoder
Clock Circuit + Final Project Proposal

. Assembly Level Programming
. Video Game in Assembly

Peripheral Devices

. Thanksgiving Break

Final Project Pt 1
Final Project Pt 2
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Considerations



Users

Primary Secondary
e Prof. Stoytchev (Client) e Teaching Assistants
o CurriFqum e Outreach Coordinators (WiSE)
o Pasti281 CPU Work e Middle and High School students

e Undergraduate Students
o Previous knowledge

o Time constraints

o Lab room constraints




Hardware

Chips:
e Need to be available with plenty of stock for
the labs
e Some chips used in i281e processor no
longer in production (EEPROM)
e Need to find replacements that are pin
compatible to processor
Wiring:

The lab room for the class might not allow for
cutting wires

Wire kits have limited lengths and colors
Some hardware, like the power supply may
short, causing delays in testing

1k
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Spe0iicanons should be pbianed F0m the procket
et wheet
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Software

Tl
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- TINKERCAD

IECad
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Ordering Parts

e Parts for the labs were ordered through ETG

e For microchip specifications, master BOM from i281e group was used for
simplicity and compatibility between our modules and the processor

e Used websites like Digikey to find required information for the ETG to get
these parts ordered

e FEach order took about a week to a week and a half to arrive



Progress and Future Plans



Gantt Chart

Milestones

Seplember October November December January February March April May

Lab 1: Intro to Breadboards: 2-to-1 MUX

Lab 2: Debouncing, Specs, Hardware

Lab 11: Video Game

Lab 12 Perpherals
Final Projct
Buld81CPU(PCE)




Lab 1: Bitwise MUX
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Lab 1: Demo




Lab 3: Bus MUX




Tester Circuit
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Bus MUX Demo




Program Counter
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Program Counter Demo
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1-Segment Decoder with EEPROM




Assembly Level Programming

e Implement a video game in
assembly

RN AR R OAC RWAR RN BA RN BL RNBE RWCA RNCE RNLD RN BA RWEBE RN BC

FAAAL FAAL FEAL FEAD AL HAML HANL HAMEF HACA HACE HACGC HACD LA REDE WG SELD

e Rock, Paper, Scissors
e Inputs with push buttons

e Score and timing visualized
by 7-segment display

e Modify program to be
appropriate difficulty

WOLAA WOEAN WMAC KOMAD MHEA MMES MMEL MMES WMCA MNCE MMCE MMCD NNOA  MMOE  MADC




Final Project

e Write a Device Driver
e Implement a Register File

e Implement the ALU w/
modifications

e Design a peripheral device
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Design Process



Design Iterations

P

from team
and client

(U

Get feedback

N

)

Make Changes to
iteration

a N )

Document
»' and draft the » Test the Lab

lab

- /
Revise the
aft




Flesh Out Lab Requirements

. A1
e What do we want to accomplish with this =4~
lab? e T
o Teach students how to implementa =&+~ Ju d
hardware Bus 2im s D s ] s
o  Familiarize students with CPU v Rarr 3 [ e [
component el o N I
e What do the students need to learn? il N <73 o] \—ALit i 2 or
o What is a Bus? T gk ¢ g
o What is Standardization? :ﬁ;\ o wo
e How can we accomplish this? N o o
o Have the students make a - = -
component they've already learned _— tastfl, ralif,
about, but as a Bus b Y



Build Qur First Iteration

e Using wires with predetermined
length we implemented the logic

e Based our design off of the 2-to-1
8-bit Bus Multiplexers from the
i281 breadboard implementation




Test and Debug Circuit

Needed to test the circuit to verify
that the circuit works as expected

Created a testing circuit

N wE
pddddaain
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Test and Debug Circuit

e Through testing our tester circuit
we found that the tester needed
debouncing added to account for
implementations that use clocks

e
AL AR RN




Get Feedback from Team and Client

Used Cut Wires to Standardize Colors:
e Input A as blue
e Input B as green
e Output as white
e Select as yellow

e Power as red

e Ground as black




Document and Draft the Lab

e Documented circuit design and began
creating instructions

e Added relevant background information and
pre-lab

e Finalize testing procedure
e Get feedback from client

e Repeat

Lab3
Mux lab, Intro to buses, standardization and connectors

1.0 Objectives
In this lab we will be recreating e two 10 one 8-Dit bus multiplexer from he (2816 processcr
using physical hardware. This lab covers the concepts of buses, crout

"l
2.0 Background
2.1 Buses
Inh Buses are repe a8 16-be The ¢'s WO USe within this lad

ore laid out according 10 the image below. Ploase note that the red ine on the wire should
Shways be placed 10 Indicate the lowest bt
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2. Red wires are onfy for powering components, while black wires are for grounding
components.
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Test the Lab

e Have some volunteers follow along the lab
e See how long it takes them
e Get feedback
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CprE 3710x Lab 3

Bus Multiplexer and Intro to
Standardization and Connectors

1. What is the cperating voltage for the SNT4HCT257N Pin?

Stwodent 1D:

2. Ro-ladel the SNTAHCT25TN duagram below 10 be 2eco-Dased

ClR e
AB—1— \/ g \[CC
+ ——

A— s OF
18— J;Jﬁ\ JH—a
P — F\-m—- 8
2A—+ | L—=t—ay
28— ‘ _{/= - —3a
2y \ - 38
GND —: “ gy

Bus Multiplexer and Intro to
Standardization and Connectors

3. Onthe diagram below, conrect inputs A and B io sy MUK on the SNTEHCTZS5TH chip.
Ciorrapect thi outpul of th WILLY 50 B Beo Iislind “Out” seed s tha 00 o 1" 10 salect A
as the cutpat.

A

O B B e

Lab
4.1 Varily #ad you placed your chips, connecion, power and ground wires comectly, Show your
progr oy e e i o tha TA before you procesd.

TA Inkals:
4.3 Varify T you coneecind ihe inguts i the SNTAHCTZETH{MUT) chips comesily, Show your
progn ooy e B i o tha TA before you procesd.

TA Initials:

4.8 Varify #d you conevbelnd the sulpuls fom the SNT4HCTESTRIMUX) chigs 1o the oulpul
connecior Comectly. Also, werify thal you DONNGChed the sekect wing 1o the SHTSHCTZETHN{MLIX)
it @ B LED. Muakoi surt B i cathacchi of thar LED i3 connctind by grosseed. Shew your
Mmmnmmmmm

TA Initials:



1.0 Objectives

In this lab, you will recreate the two-lo-one B-bit bus muliplpxer from the 287 processor on a
breadbaand. Thit lab ales oovers the concipis of handwans butes, hardwans cifcull
standardization, and connectors.

Bus Multiplexer and Intro to
Standardization and Connectors

2.0 Parts List
Cuantity Items
1 Wit 830-poind Breadbaard
Sal ol Breadboard Wire Spoots Pra Cut Wire Ki
1 Wine Cutlers Electronic Grade
1 Wire Stippers Electroric Grade
z Chead 2-1 MUK (SMNT4HCTZSTN) Chips
2 0.1 uF Caramic Capacitor
1 Emm Yelow LED
1 330 ' THT Resistor
3 ﬁ!wmm 16 position ribbon cable, DIP header connecior IDC through
@
3 Cannectors, 16 position reclangular receptache connector IDC
3 B % 12 imchas Ribbon Cabla

CprE 3710x Lab 3

Bus Multiplexer and Intro to
Standardization and Connectors

3.0 Background

3.1 8.bit Buses

Figuwe 3 shows an 5-5it bus implamanted with 8 16-conducior nbbon catée. Because we have
Wico as many wires than we need halfl of which are not used. Figure 1 shows the mapping of
the wires 10 the 16-posiion connecion. The unused wires are labeled with G. Figure 2 shows the
ping of $ connector designed 10 plug IN1 1o troadboard. Piease nolo that T red wire
indicates the least signifcant bit

. rh &

Figure 1: Siandaadced g of a0 502 Dus 15 8 %5 CONSUCtr ALDOS Catie

"%

Figure 2 Sidle viow of e conmecion piom

Figure 3 An B0 tus wilh COmmedcions on both sdes




CprE 3710x Lab 3

Bus Multiplexer and Intro to
Standardization and Connectors

To implomont the 8-bit 2-%0-1 bus multiplexer, you will use two SN74HCT257N chips, As shown
in Figure 4 each of tham contains four 2-10-1 muitiplexars that share the same select line. To
complete the enfire circult, we need to combing two of the chips and a select line 1o choose
between the two input buses A » (A, ... A)and B = (B, ... B,).

The output bus is called Y = (Y, ... ;).

Please refer o the for acd ik about the SN74HCT257N chip,

rr)?_.D,
Teo L kgw
=S

wte
R .:D DD

T £ =
. .:D DD

. LoDt

Figure 6: Pin layout for the Quad 240-1 MUX Chip (SN74HCT257N)

X

B

3.2 Standardization
Whan implementing crcuits for this class, ensure you foliow the following breadboard
stancards:
1. Each Breadboard has an ori k posed by the bers. You must be able 1o read
the numbers. (Le., they are not upside down).
2. Red wiros are only for powering components, while black wires are for grounding,
3. The red wire on each ribbon cabie
the right side when looking at the ribbon cabdle in the cormect onentation).
4. When visualizing a 8-bit binary number with LEDs, the least significant bit should alwarys
be on the right side when you look at the breadboard from the correct orientation.

% he least signifs bit (Lo., it should be on

Bus Multiplexer and Intro to
Standardization and Connectors

3.3 Implomentation
A B-tat 2.00-1 bus MUX is typcally dearam as shown in Figure 3. This expands into Figare 4 %0
show the ndividual 2-10-1 multiploxers, which have the same select inpat

Sadact

L s
Yr.¥o

B 8 —2

Figure 4: Graphical syl for 8 2-50-1 bus MUX (8-22s wide),

Figure 5: Expanded witng dagram for e bus MUX hom Figure 3




CprE 3710x Lab 3

Bus Multiplexer and Intro to
Standardization and Connectors

4.0 Activity
Please complete the peo-lab before starting with the Lab. Speciically, you need 10 understand
which pins 9o where and the onentation of the chips.

4.1 Place the Bus Connectors and the Chips
= Place the chips as shown in Figure 6.
= Connect them %o power (pin 16} and ground (pin 8).
+  Connect OF (pin 15) %o ground.
- Place the three bus conneciorns as shown in Figure 7
Before continuing to the next step, have your circuit checked by a TA,

Figure 7: PIace the chips and CoNnect them 1o power and ground.
Als0 C0NNECt thse cutput erabie gin 10 ground (pin 15, 0F = 0)

B
. e .

sevven Feeee wesae seves weaw
WA AEE cenes sasee sesas wane

Figure & ASd the ingut and cutput bus connectons. The numbers ndcate the Breactoarnd locatons that
COMpapOnd 10 the dats knes

CprE 3710x Lab 3

Bus Multiplexer and Intro to
Standardization and Connectors

Dlectrica

4.4 Connect the Output pins
Start by connecting the four most significant bits (left chip) 10 the output:
= Top: Connect pins 9 and 12 on the chip % bits Y6 and Y7, respectively.
- Bottom: Connect pirs 4 and 7 on the chip 1o bits Y4 and Y5, respectively.
Nent, connect the least significant bits (right chip) to the cutput
«  Top: Connect pins 9 and 12 on the chip 10 bits Y2 and Y3, respectively.
= Bottom: Connect pins 4 and 7 on the chip to bits Y0 and Y1, respectively.

BEERAE SEees wesen wAege sEEdee Agesd Aeess eEEe wEees bens
~tseus Beeses seses sne sseee o 4essn sasse seses sen

.
.

ceren

seenn

Freerne seses sesen smess saws D
“sssee Besss sesss swses suss wenes sadie Savee vreee e

Figure 11: Connect the wires 10 the output bus (purple wires)

4.5 Finish the Circuit
- Place an LED on the right side of the circuit and ground it.
= Connect the anode of the LED 1o a 330 0 resistor. This pin should also be connected o
the select input, which may be grounded for now but will connect 10 the lest circuit later.
« Connect the other side of the resistor to both chips at pin 1 (yeliow wires in Figure 11).
= Place two 0.1 uF capacitors connecting pins 15 and 16 of each chip.

Figure 12: Add the final ouches.




Bus Multiplexer and Intro to
Standardization and Connectors

4.6 Make Three Ribbon Cables with Connectors
Next, ino up the ribbon with the connector 0 0ach connecion pin is in contact with one
bt of the 1itdn
»  Once the rbbon is In place, frmiy press down with a flat object untll & cicks Into place

4.7 Conmect the Ribbon Cables 1o the MUX
= Figure 14 shows the comploted cirout. Al this point it uses 3 connecions as
They are not 10 anything at this point.
= Sttt with the breadboard upright (the fumbars an readable facing you) and roplace the
connecions with a connector that already has a ridbon cable attached 1o & The rbbon
should 9o cut the botiom of the breadboard with T red wire on the right side
< Ropeat these stops with the other ta0 fitDOAS ANd CONNSCICNS 0n your MUX

Figume 15 The finshed Sus MUX with rbbon cables aached

Bus Multiplexer and Intro to
Standardization and Connectors

5.1 Connect the Ribbon Cables to the Tester Circuit
Pace your Bus MUX dircutt above the lester Giroul. Input A is the lefimost connector on
the MUX and toster.
Repeat this for bus B and the output bus Y.
Naxt, connect the select ine. To do this, use the select ine that was grounded in step
4.5 % » saiich on T tester crout

Figure %6 Bus NUX clroult connecied 10 lester onoult




Conclusion

e 10+ lab activities for a new CprE 3710x class

e Have two labs finalized and progress on three others
e Our labs consist of a mix of digital logic and hardware
e There is a timeline worked out for finishing all the labs

e Also plan to build another PCB implementation



Questions?
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