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= The Universal Circuit
Fabricator is a device that can
print conductive ink traces on a
nonconductive surface

= The goal is to allow a user to
design a circuit schematic that is
printed into a 2D ink trace

= The purpose is to help users
prototype circuits without the
use of a breadboard
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e optimal ink formula was selected by choosing the ink with the best performance to
price ratio, keeping in mind the importance of low resistivity (Qem)

= Some of the conductive ink configurations require annealing to transform the ink into a
finalized state.

= Annealing is the process of heating a material and allowing it to cool down slowly in an
effort to fuse the material into a continuous structure.

= Conductive Ink Design Requirements

= The HP C6602 inkjet cartridge must be able to store the
conductive ink without leaking.

Inkiet Print
Cartridge

C6602A

. Black

Ink may be harmful
if swallowed

= The HP C6602 inkjet cartridge print head must be able to print a
continuous line of conductive ink.

The conductive ink must cure to a solid finalized state
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- 755% Gallium

= 24.5% Indium

= Heated to 50° C to fuse the
elements into an alloy

= The Gallium - Indium Ink is liquid at
room temperature.The viscosity of the
Ink and its inability to cure at room
temperature violates our design

requirements.
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2.5ml Ammonia Hydroxide
= 0.2ml Formic Acid

= Silver Acetate and Ammonia Hydroxide are combined
using magnetic stir plate

= Formic Acid is added to solution drop by drop
= Solution is left to react overnight in air tight container

= Ink is filtered using 0.5 um syringe filter to remove silver
particles formed by premature reaction
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~and the formic acid reacts with the silver
acetate to form elemental silver

= The Silver Acetate Ink is annealed by heating to
100°C forming a continuous conductive bond
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because:

= Silver Acetate Ink is particle free and
conducts electricity

= Silver Acetate Ink Is less expensive to
produce than Gallium-Indium

= After annealing, the Silver Acetate is no
longer viscous

R ——————
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" The su strate ust be able to reS|st higl
(at least 100°C)

= The substrate must have a high resistivity
(non-conductive)

----------

" temperatures AT

= Low In cost
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= Glass - A smooth surface that can withstand the annealing process.
It provides a solid insulating surface for the conductive ink to
adhere to without leakage current into the substrate

= Acrylic Film — Similar properties of glass, less fragile, but less heat
resistive. It can be flexible depending on the thickness.

D B

= PET transparency - Thermoplastic polyester film. Also known as
Mylare Film, which has a large range of uses.This polyester film is
heat resistant up to 440°F but a flexible substrate might crack the
fused conductive ink traces

===
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temperatures of annealing
= Glass is rigid and inflexible
providing a surface that will

avoid cracking the solidified
conductive ink




Data Input and Processing | |

Subsystem

Microcontroller

Power Supply

Motor Control Subsystem

Inkjet Cartridge Control
Subsystem

Serial to USB Interface




INKJET CONTROL SYSTEM

presented by: Kyle Scott
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INISIIE T CARTRIDGE CONTROL SYSEM

flow of conductive ink from the
HP 6602 inkjet cartridge
= Microcontroller receives
G-code commands from an
Input file to start and stop the
flow of ink

- |  Microcontroller <

A

Data Input and
Processing
Subsystem

-------------

InkShield

HPC6602 Inkjet
Print Cartridge

Substrate
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= The UCF has the ability to print o=1
continuous conductive traces with a s
maximum line thickness of 10 mm Material Resistivity p (Q-m)
. E—— Superconductors | 0
= Conductive traces have a resistivity = 108
p S 10_3 Q‘m Semiconductors variable
» The bed surface surface allows for a  |oectrotes variable
Insulators 1016

printing area of 10 by 10 inches.

Typical Resistivity Values

R ———————
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. Sold as klt Wlth through hole de5|gn mcludmg s — B
components ﬁ =il N
= Open source libraries A A 3
= HP C6602 is 96dp| with 12 |nkJet nozzles =i
F“MQ]T( QT* |

InkShield Schematic

InkShield Board interfaced with
prototype microcontroller
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B KEITHLEY 2230-30-1 TRIPLE CHANNEL DC PO

0.708 Wpower d|SS|pat|on when
cartridge is disconnected

CHIBY. 5A

Moving the print head by hand

1. 092W power d|SS|pat|on when
cartridge is spraying ink
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MOTOR CONITROL SYSIEM

Microcontroller - R

motors
= Microcontroller receives

4 . v
Instructions from the user and

. Stepper Motor Limiting
subsequently transmit the data to Control ol
the motor control system to turn SR

the stepper motors

= Microcontroller receives signal from
the limiting switches to stop motion
at the end of the frame and to X Axis Motor V-Axis Motor
complete the homing sequence

R ———————




1B66IL2 MOJTOR CONTROL DRIVER

i = v e e " AW v v W v v e & - SN v e Wk e

i MOSFET structure
= 1.2A per channel

= 3A peak current capability

= Each chip contains 2 H-Bridges
= Can run motors on 4.5VDC to 13.5VDC | -} g el

VM1 PWMA AIN2 AINT Vcc STBY GND BIN1 BIN2 PWMB VM3 VM2

D) (9 () () () G
T

s8]
controy L8 o) R TB6612 on Prototype Motor
Control Board
D ? t TB6612 Block
-y i Diagram

)JOJOJOJOIOXOIOJOIOIOYO

AO1 AO1 PGND1PGND1 AO2 AO2 BO2 BO2 PGND2 PGND2BO1 BO1

e ——




STEPPER MO JTOR

00 steps per revolution; 0.9° per step =
= 12V rated voltage
= 1.7A max current

= Stepper motors are used for their
precise speed control and accurate
positioning due to their discrete steps.

SRR

NEMA-17 Stepper Motor

R ———————



DATA COLLECTION
PROCESSING

presented by: Hector Melendez
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. UCF contains a USB connector for input file transmission

User Created

= Allows user to input custom layout trace designs through e
a G-code file |
= ATMegal6U2 USB-to-serial chip facilitates serial Conversion from

Bitmap to Gcode

communication between host PC and ATMEL
ATMega328P )

|
‘\ ---- EmEEAd N PN GCodeSender
s | 3 : .: T 2 . =
RX 4

USB Interface

mp-»m» O

AT : ATMegal6U2 USB-to-serial chip
SR SRR RN within the UCF Custom PCB

Microcontroller

\
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.

microcontroller via TX and RX (Digital Pins 0 and 1) on
the ATMega328P

= The ATMegal6U2 transmits and receives the serial
communication over USB and appears as a virtual COM
port to software on the computer

= The input file is a .txt file written in G-code
= The input file is saved on an external computer




- -coae Is Wlé y used In t e
3D printing industry for xyz

[X(steps)] [Y(steps)] [F(feedrate)]
linear move — no ink

planar translation and co1 it PNt
print/extrusion control. Plseconds] ~delay

move to Home-Position/Origin
The UCF reads G-C()de text [X(steps)] [Y(steps)] - change logical position
file to control the motor EERTE—
COI’]tFOl SyStem and |nkjet report position and feedrate
control system. UCF G-code commands

R ———————
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= e i "o | araadllledl OO0 m Al-| # outine-

i blA
Past i srct . = NG OOD At - il - y
cai 0 ¢ X000

aaaaaaaaaaaaaaaa

"= Our team has decided oh'us'i:ng a
method that is open source and
user friendly for creating UCF

print files

= The user creates a custom circuit "
trace design using Microsoft Paint
or another image editor that
exports a bitmap file (.bmp)

Schematic bitmap created in Microsoft Paint




G-COIPENGENERATNG@NAUSIING

INISSCE/AIPIE

Object potn Tot Fire Extegsions Hp

: el Wl masn - s b Bt omete S ovfiie— =
~ converted to G-Code commands H
using Inkscape R r’ "”3 ‘s
= Inkscape is an open-source vector |- = &
graphics editor ., = S
= Inkscape has an extension named 1 B
Gcodetools that traces the outline of | m -

e A 00 - w3 e o] en

the bltmap file Inkscape converting bitmap to G-code
= The outline is then converted into a [Tt deme o - Noepsa

File Edit Format View Help

G-Code path and saved as a text file 8
of G-COde Commands GO0 X1.965476 Y4.720704 F130.0;

G01 x1.965476 YB.B36436 F130.0;
Gl x1.377512 YB.B36436;
G001 x0.789550 Y8.B36436;
G01 x0.789550 v10.012371;
G01 x0.789550 v11.188306;
GOl x2.141865 Y11.188306;
G001 x3.494180 v11.188306;
G001 x3.494180 v10.012371;
G0O1 x3.494180 Y8.B36436;
G011 x2.906217 Y8.B36436;
GO1 x2.318254 YB.B36436;
GOl x2.318254 v4.E897093;

G-code generated by Inkscape
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= (GcodeSender is an open source Java based
GRBL compatible cross platform G-Code P
sender |

= The UCF uses this program to interface
with the customized G-Code interpreter
software via USB serial port

= Individual G-Code commands can be sent to
the UCF by the user as well as a text file
containing multiple G-Code commands

= Feedback on location of print head is
displayed while printing Ui of GeoileSerder

—
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MO JTOR SUBSYS EM POWIER

-----------------------------------------------------

"outputs SVDC from fuII wave brldge
rectifier output (~15VDC)

= 1.5A max rated current draw

= NTE264 PNP Darlington pair power
transistor in parallel acts as a bypass
for high current B |

= Current follows path of least
resistance through the tran3|stor

= Allows 1.7A draw (8.5W d|SS|pated) :F

(o) fad () (8]
= =

Multimeter-XMM2 I Ll i i
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= 1.5A max rated current draw

. » 1 ey W T
= Hardware switches consume negligible current when | twrsoser ¢ |
closed due to pull down resistors il § g

= ~ 10mA draw (0.05W dissipated)
No need for bypass transistor
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= 1.5A max rated current draw

= |nkShield subsystem consumes small current when
spraying ink

= ~ 90mA draw (1.092 W dissipated)

= Cooling Fan used to cool heat sink of motor control T
power transistor o e e 2 g 2 o
= ~ 370mA draw (4.4 W dissipated)

i (e TR e B

. | D EE
= No need for bypass transistor - =

R —




MICROCONTROLLER

presented by: Martin Dayuta

L —



ANTHMIEIL /ATMIEG/A S 2

Clock freq'uency operation at 20 MHz
= 6 channel 10-bit analog to digital converter

= Operates from 1.8 — 5.5V

= Chosen due to ease of PCB design and integration with
InkShield inkjet controller. The IDE also provides ease of

N
w
3
3

N
(PCINT14/RESET) PC6 O] 1 28 1 PC5 (ADCS/SCL/PCINT13)
(PCINT16/RXD) PDO[] 2 27 [1PC4 (ADC4/SDA/PCINT12)
(PCINT17/TXD) PD1[] 3 26 [1PC3 (ADC3/PCINT11)
(PCINT18&/NTO) PD2 (] 4 25 [1PC2 (ADC2/PCINT10)
(PCINT19/0C2B/INT1) PD3 ] 5 24 [1PC1 (ADC1/PCINT9)
(PCINT20/XCK/T0) PD4 [] 6 23 [1PCO (ADCO/PCINTS)
vee7 22 [1GND ATMega3_28
P ———| GNDC]8 21 [JAREF Schematic
(PCINT&/XTAL1/TOSC1) PB6 ] 9 20 [J AVCC o & i
(PCINT7/XTAL2/TOSC2) PB7[] 10 19 [ PBS5 (SCK/PCINTS)
(PCINT21/0C0B/T1) PD5 [] 11 18 [] PB4 (MISO/PCINT4) ATMeQa328 on prOtOtype
(PCINT22/0COA/AINO) PD6 O] 12 17 [ PB3 (MOSVOC2A/PCINT3) H
(PCINT23/AIN1) PD7 ] 13 16 [0 PB2 (SS/OC1B/PCINT2) microcontroller
(PCINTO/CLKO/CP1) PBO ] 14 15 1 PB1 (OC1A/PCINT1) -



User Input

USB Interface

ATMEL
ATMega328P
Microprocessor

Custom PCB containing
embedded subsystems

Inkjet Control
System

HP C6602 Ink
Cartridge

Motor Control
System

X-Axis Motor

Y-Axis Motor
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Microcontroller Code
(Universal Circuit Fabricator)

Retrieval Processing Software Code
Function Name Type Description

Buffer( ] string Raw data received from user input

processCommand() function Processing and converting the packaged data that leaves
the microcontroller and be used for the subsequent
individual subsystem codes.

Line() function Uses Bresenham’s line algorithm to move both motors to
create an approximation of a straight line between two
points

oneStep() function Used within Line to instruct the motor to step in the

- forward or backward direction at a certain step rate.
spray_ink() function Used within oneStep to turn on the nozzle(s) on the print
| cartridge to start spraying conductive ink

— e
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CHAILLENGIES
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Ink clogs the nozzles, causing
discontinuity in the traces.After a

while, the ink cartridge stops working

= The USB to serial chip used in our final
PCB design were out of sync with the
microprocessor, so within our design,
we used another ATMega328P board
for serial communication.




Project Spending

Syringe Filters $23.93
Sterile Vials $5.75
Beakers $9.35
_____________________ Silver Nitrate $20.95
Sodium Acetate $10.67
Ammonium Hydroxide $24.95
Formic Acid $21.18
Gallium and Indium $55.95
Stir Plate $42.00
Stepper Motors x2 $43.03
Printer Frame $210.00
Stepper Motor Booster $25.00
Adafruit Stepper Servo Shield $30.09
Touch Shield $34.95
Ink Shield $60.00
Ink Cartridge $38.89
Printed Circuit Board Fabrication $55.34
PCB Parts $42.68
\ Glass Sheets $20.00
AC to DC Power Supply $10.16







