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Introduction

This document discusses the process of performing real measurements on analog circuits using
an FPAA remote system. The software required for utilizing the FPAA has been built into an
Ubuntu virtual machine based on Oracle’s VirtualBox.

Upon successful installation of required software, users of the FPAA system will be able to

1. Simulate analog circuits in Xcos.
2. Compile circuits to be programmed on the FPAA.
3. Take real measurements via remote system.

This guide is intended to be a quick-start manual, and focuses on installation, running
simulations, and basic data collection. Details on the underlying software or hardware are not
covered.

Initial Setup

1. Install VirtualBox
The entire system centers on Oracle’s VirtualBox as a basis for a virtual machine. VirtualBox
can be found here:

VirtualBox: https://www.virtualbox.org/wiki/Downloads

Download VirtualBox

Here, you will find links to VirtualBox binaries and its source code.

VirtualBox binaries

By downloading, you agree to the terms and conditions of the respective license.

BoR p traries-are released under the terms of the GPL version 2.

VlrtuaIBux 5.1.8 for Wlnduws Imsts x86/amdod
¢ VirtualBox 5.1.8 for 0S X hosts =ramdia4
VlrtuaIBox 5.1. Bfor Llnux hosts
i a hosts =ramd&4

+ VirtualBox 5.1.8 Oracle VM VirtualBox Extension Pack A supported platforms
Support for USB 2.0 and USB 3.0 devices, VirtualBox RDP and PREbe ards. See this chapter from the User Manual for an introduction to this
Extension Pack. The Extension Pack binaries are released under the Vlr’tuaIon Personal Use and Evaluation License (PUEL).

Please Install the extension pack with the same version as your installed version of VirtualBox:
If you are using VirtualBox 5.0.26, please download the extension pack = here.

1. From the above link, download the binary file which corresponds to your operating
system
From the above link, download the “VM VirtualBox Expansion Pack.”
3. Install VirtualBox.
a. When prompted to customize features, do not change anything.
b. Creating a desktop shortcut and registering file extensions are recommended, but
not required.
4. Once VirtualBox is successfully installed, run the expansion pack. This expansion pack
allows compatibility with USB 2.0 and 3.0.
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2. Configure Virtual Machine

Once VirtualBox has been installed, the next step is to import the virtual machine which contains
necessary software for interfacing with the FPAA system. The .ova file is found here:

Virtual Machine: http://users.ece.gatech.edu/~phasler/FPAAtool/class.ova

1. Download the .ova file from the above link.
2. Run VirtualBox. From the file menu, select “Import appliance...”

m Machine Help
f Preferences... Ctrl+G
Spapshots
|@ Import Appliance... Ctrl+|
()}  Export Appliance... Ctrl+E AT @ Previ oA
Virtual Media Manager... Ctrl+D rasp30_dass_1
EF  Network Operations Manager... =m:_ Ubuntu (32-610) )
Check for Updates...
A\ Reset All Warnings 1344 MB rasp3|] class 1
Floppy, Optical, - -
z Hard Disk
| ED ClrQ | e gjamD-y, Nested
Paging, PAE/MNX
' [E pisplay
Yideo Memary: &4 MB
Remote Desktop Server:  Disabled
L Video Capture: Disabled
( Storage
Contraller: Controller IDE
IDE Secondary Master: [Optical Drive] Empty
Controller: Controller SATA
| SATAPort0: CLASS_VM_new-disk1.vmdk {Normal, 18.00 GB)
B Audio
Host Driver:  Windows DirectSound
| Controller:  ICH ACS7 Jo
Import an appliance into VirtualBox

3. When prompted, navigate to the “class.ova” file.
4. Appliance settings should not be changed except for the name.

Appliance settings

These are the virtual machines contained in the appliance and the suggested
settings of the imported VirtualBox machines. You can change many of the
properties shown by double-dicking on the items and disable others using the
check boxes below.

Description Configuration 2

Virtual System 1

B Guest 05 Type Ubuntu (32-bit)

{3 cru 1

i ram 1844 MB

® ovo

P USB Contreller v

[] reinitialize the MAC address of all network cards
Appliance is not signed

RestoreDefauItsH Import || Cancel



http://users.ece.gatech.edu/~phasler/FPAAtool/class.ova

o

After the virtual machine has been imported, right-click on it and select “Settings...”
6. Navigate to “Shared Folders” in the left-hand menu. Shared folders are accessible from
both your main operating system and the virtual machine. This allows quick file transfer
between the two.

a. Delete any existing folders.

b. Add a new shared folder in a convenient location.

C. When choosing a new folder, “auto-mount” should be selected.

& rasp30_class_1 - Settings ?

E General Shared Folders

System Folders List
Display Name Path Auto-mount Acces@

4 Machine Folders 73]
@ Storage VM _Shared Co\Users\Owner...Fall 201634000V _Shared Yes Full

b Audio
B Network
£ Serisl Ports
0¥ use

|j Shared Folders

E User Interface

=

OK Cancel

3. Setup RASP Tools
The virtual machine has now been configured and is ready to run.

1. Double-click on the virtual machine in VirtualBox to spawn a session.
2. When asked, the password is “reverse.”
3. After logging in click the blue icon for “CADSP” on the left-hand menu. Wait until the
blue GUI loads.
a. Anicon for updates will appear. This can be ignored.

EHen B E® 1) o)) 4:45PM 2 ubuntu {¢

Ubuntu Desktop EZen & 1y «€) 442PM 2 ubuntu 3%

RASP Tools

|
a|%... | 1xa|Stri... locj =

HHlpr... [3x16] Do...[locall|-|
tdlpr... |4x225/ Do..|local
&lpr. 4¢7| Do...|local|

Enter Chip Number

Take Data

i

Load Remote Data

Choose Netlist

==

m Netlist

myVa

myVariable=linspace(

rm_results

clear |
/[ --23/10/201616:35:21 %
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4. From the drop-down menu in the GUI, select “Updates” and choose “Update RASP
Tools.” Note that an internet connection is required.

5. Once the update begins, a message box will appear which says to wait for an update
confirmation to appear. It may seem like nothing is happening, but DO NOT close
Scilab during this time.

EHen B = T3 ) 441PM 2 vbuntu i

File Erowser? @ X Scilab 5.4.1 Console

B
'..' unt| ¥ 'i.' _— Rasp Design

(= Mame & | Enter Email Address and Press Enter
ol |+ (& RASP_Worl : n
& Mo File Selected =

bLOCk_Fil Choose Board | Enter Chip Number

demo_fi

remote

cest 070 Emai

) Update Complete!

RASP Tools is updated.
Scilab will now close For the changes to take effect in RASP Tools,
Please restart RASP Tools.

miyvariable=linspace(
= miyVariable=linspace( | ]
| rm_results ]

& Casesen.. clear
40 )] *

BORy O @ H G E rontc

6. When the update is finished, a second dialog box will appear. Click OK and Scilab will
close to finalize the updates.



Navigating the Virtual Machine

The virtual machine uses a Unix/Linux style file system. From the left-hand menu, click on the
“Terminal” icon to open the command-line interface.

Terminal BEHen E f3 ) 451PM R uvbuntu %

ubuntu@ubuntu-VirtualBox: ~
@ ubuntu@ubuntu-virtualBox:~$ I

Terminal

/ariable=linspace(

rm_results
clear

/{ -- 23/10/2016 16:35:2{ 5

&FOEEE D@ © Rt

If you are unfamiliar with the command-line interface, appendix B details some basic command
line operations. The following short course is also recommended to get a quick start.

Command Line Intro: https://www.codecademy.com/learn/learn-the-command-line

Please note that file and folder names CANNOT contain spaces.

Alternatively, file manipulation can be done via the folder browser. It can be opened from the
left-hand menu.

Een & fy «€) 457PM 2 ubuntu ¥

Computer < P® Home Q search
il Home

= Desktop i i
i Documents J
branches Desktop
i Downloads
Home Folder 8 | m
'
im Pictures - 1 ‘j
@ Videos Documents Downloads
Z_ File System (‘—
& Trash J H-1
Music Pictures
Network
= Browse Net... i
& J
Public Python-3.4.1
rasp30 rasp30a
rasp30_bk RASP_Workspace
d | 1
scilab-5.4.1 Templates
— =
ForAEE @G R rotc

The shared folder that you created earlier is found in the “media” directory under the
main file system.


https://www.codecademy.com/learn/learn-the-command-line

Xcos

The FPAA system utilizes Scilab and Xcos. Scilab is an open-source clone of MATLAB, and
most MATLAB commands can be executed in Scilab. Xcos is a system analysis tool similar to
Simulink that is used to perform circuit level simulation.

First Example: nFET |-V Curve
The best way to illustrate using Xcos is with an example. From the blue GUI, select “Examples”
from the drop-down menu, and navigate to “Simulations” and then “nFET.”

Rasp Design

E)mpea Update Docs Utilities GUIs
On chip ’ 2
3.0al0Pins " GremaillD
Heos Only
3.010 Pins

_test?.xcos

3 Number

NFET
PFET

«nen Data

This example shows how to run a drain current vs. gate voltage sweep.

Constant Voltage Ammeter

Voltmeter + Scope ¥ DUMMY
=I_- > CLSS

[m]

Ground

First look at the two different kinds of ports. The triangular ports are explicit input/output ports
and the square ports are implicit. These two different ports CANNOT be connected together.
Implicit ports can be considered electrical nodes, where every connection to a node has the same
voltage. The explicit ports denote signals flowing one direction.



Most blocks have parameters that can be set. The parameter menu is opened by double-clicking a
block.

In terms of electrical blocks, this example uses

e Constant Voltage
e Ground
e Controlled Voltage Source (CVS)

The controlled voltage source takes a voltage value from its explicit input port and generates that
voltage on its implicit port.

To generate an input signal, the RAMP block. Its parameters are the initial voltage and the slope
of the ramp in volts per second. Its generated values are passed into the controlled voltage
source, which actuates those values.

The NMOS_mod block contains the MOSFET model that will be used in ECE 3400. It uses the
EKV model, which is special for being accurate in subthreshold operations, whereas most
models consider subthreshold FETS to carry no current.

Two different kinds of meters are used. The voltmeter measures the voltage at the gate of the
FET and outputs that on its explicit output port. The ammeter measures the current through the
drain of the FET.

Two types of scopes are used to record the outputs of the voltmeter and ammeter. The simple
scope creates plots of its two inputs vs. time. The XY scope plots its second input vs. its first
input, giving the I-V curve.

Finally, a clock signal is necessary to synchronize the two scopes. Timing connections are
denoted by the red ports and connectors.

The “dummy” block serves no real purpose. It is a placeholder that the simulator uses in the
solving of differential equations.

Simulation
To set up a simulation, from Xcos, choose “Simulation” on the drop-down menu and select
“Setup.”

=cution trace and Debug

Set Context

Compile

Modelica initialize
> Start

[ ]

NIVIUS_ MO




This opens the simulation configuration menu.

-~

Set Parameters

Finalintegration time “2 SE00

Real time scaling 0.0E00
Integrator absolute tolerance 1.0E-06
Integrator relative tolerance 1.0E-06
Tolerance on time 1.0E-10

Max integration time interval 1.00001E05
Solver kind Sundials/CVODE - BDF - NEWTON hd
Maxirmum step size (0 means no limit) | §.0Eoo0

| Set Context |

Ok | |Cancel| |Default |

Simulation is all time based. The ramp only knows its slope and initial value, so the final input
value depends on the time. For a slope of one and initial value of 0, this simulation sweeps input
voltage from 0 to 2.5 volts.

For our purposes, the main setting to change is the final integration time. Most of the other
parameters in this menu will not drastically impact results.

To run the simulation, press the play button on the top menu in Xcos.

LBER B2 R e
nmo: nesubui jermo

& & EE W @@ @ rghtctl




A dialog box will appear showing a summary of the simulation settings.

Modelica blocks are reducedto a block with: -
Number of differential states: 0

MNumber of algebraic states: 0

MNurmber of discrete time states: 0

Mumber of zero-crossing surfaces: 0
MNumber of modes: 0

Number of inputs: 1

Number of outputs: 4

Input/output dependency:[T]

Analytical Jacobian: enabled (%Jacobian=%t)
Parameter embedding mode: enabled =

oK)

Press OK. After the simulation is finished, the plots created by the two scopes should appear.

Graphic window number 20005

number 20005

T T T T T T T T T T T T
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t 4.52-05 4
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42-05- 3.5e-05
3e-05
3e-057 252-05 4
=
» 26-05 |
2e-05
1.56.05
1e-05 |
105 -
Se-06 -
o T T T T T T T T T T T T Ot T T T T T T T T T T T
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. x

These plots might seem redundant, but this is only because the ramp had a slope of one, so the
plots of output voltage vs. input voltage and output voltage vs. time look identical.



Creating a New Design
To create a new design, select “New Design” from the blue GUI. This opens a blank Xcos file.

Palette browser - Xcos

Palette browser - Xcos
¥ Palettes

Continuous time systems
Discontinuities

Discrete time systems
Lookup Tables

Event handling
Mathematical Operations
Matrix

Electrical

Integer

Port & Subsystem

Zero crossing detection
Signal Routing

Signal Processing

Irmplicit

Annotations

Sinks

Coricenc

ANDBLK BIGSOM_F
:‘_El
CMSCOPE CONST_m
:D
CONVERT CSCOPXY

ul S

CER @& & ® &/ @

£l Untitled - 2:38:438 AM - Xcos

The second window is the “Palette Browser.” This menu contains all the blocks that can be used

in Xcos, and is organized by block type in the left-hand bar. To open the palette browser
manually, select “View” from the drop-down menu and select “Palette Browser.”

Untitled - 9:38:48 AM - Xcos

%

Eden B & 13 4

9:40AM R ubuntu %

Cerl+MNumPad +
Cerl+MNumPad -

@, Normal 100%
v Palette browser

Viewport

) &P & =i [ @ ©) Rt

The main sections of interest in the palette browser are

Documentation of blocks required for ECE 3400 can be found in appendix A. It is important to

Palettes

o Electrical

o Sinks

o Sources

FPAA

determine if your design is for simulation or programming to the FPAA board. Depending on the
end goal, different blocks are required.
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All blocks found under “Palettes” are not compatible with the board, but can be used for
simulation. Those blocks under “Modelica Blocks” in the FPAA section are models to use for
simulation. They use implicit ports and can be connected to electrical blocks.

On the other hand, blocks under “Level 1 Analog Blocks”, “Level 2 Analog Blocks”, “Utility
Blocks”, and “Mixed Signal Blocks” in the FPAA section of the palette browser can be compiled
and programmed onto the board.

Remote System Operation

A simple example can be created to illustrate operation of the remote system. Open a new
design. From the palette browser, drag and drop the ARB GEN from Input / Output Blocks
section under FPAA. Then, add the Measure Voltage block from the same group. Finally,
connect the two blocks.

ARB GEN MeasuUre
myVariable ‘Voltage

Both blocks require configuration. Double click on ARB GEN to open its parameter window. Set
“Loopback” to “N”. If loopback is not properly configured, the FPAA system may crash.
Sample rate may be set to any value less than 200 Hz in this example. The default of 5 Hz is
suitable.

@ Scilab Multiple Values Request

Set CENARE fFblock parameters

Arbitrary waveform generator
Waveforrm Variable Name | myVariable
Sample Rate (Hz) 5

Loopback? (/M) N
@K |Cancel

For Measure Voltage, set the sample rate to match ARB GEN. Number of waveforms will be
one. This parameter accounts for the possibility of bussing signals together.

€ Scilab Multiple Values Request

Set Measure Voltage

Variable Name output
Sample Rate (0-200Hz) |5

MNumber of Waveforms |1

|@K| |Cancel

11



The Xcos file is now prepared for use with the remote system. Save the file. Make sure to
manually add the “.xcos” file extension.

Return to the blue GUI Select “Choose Design”. Navigate to the file you just created and select
it. The name of the design should now appear on the GUI. Select 3.0 under “Choose Board” and
“01” for chip number. When using any text entry box, make sure to press enter after making
any changes to finalize.

When using the remote system, all boards are version 3.0. For ECE 3400, the available chip
numbers are 01 and 13.

Rasp Desi
Utilities GUI

?

Enter your email 1D

|

test.xcos

Load Remote Data

Q

IIIHIE
g

hoose Netlist

a

CE—
Open Design

Program Netlist

One step remains before compiling the design. The ARB GEN block requires an input vector
from the workspace name “myVariable”. This name may be changed in the ARB GEN settings.
In the Scilab command window, enter

myVariable = linspace(0, 2.5, 51);

Now everything is set up to compile. From the GUI, select “Compile Design”. Upon successful
compilation, a success message should appear in the command window.
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Scilab 5.4.1 Console

B AB0O » & B @ ¥ #@
File Browser ER A Scilab 5.4.1 Console ? Variable Browser ? A X
= — = = LomplLing. .. - N
B tu/RASP_Workspace/remote/ | = | @ | |Name |Dime.. |Type |Visibili..|
0x0033 Ox0004 0x4e20 Ox007f 0x007f Ox007f Ox0 rmyVarl.. 1%51| Double]  locall =
MName = -
| 07f 0x007f Ox0O7f 0x007e Ox007d 0x0O7c O blk N/A Double]  locall|:|
v & remote x007b Ox007a OxOO79 OxOO78 OxOO77 OXOO76 o [context 1x1| String]  local
£ 0x0075 Ox0074 0x0074 Ox0073 0x0072 Ox00 2] [%610... 11| String]  local
] output_vector 71 0x0070 0x0070 0xQ06f 0x006e OxO06d Ox Hlpre_v... 3x16| Double]  local
[ remote blif 006c OxO06h Dx006a Ox0OE9 OxOOGD DxOO68 A lpre v.. 4x25| Double|  local
El remote swcs 0x0067 OxOD66 Ox0065 OxO063 Ox0062 OXHO6 Hlpre cs 7| Doublel local
B remote xcos 1 Ox0080 8x00Sf Ox005d Ex005c Ox005a Bx0 N i
[ remote zip 058 0x0056 DxD054 0x0051 Ox004e Ox004a O & fpre_Ipf 128 Eouple local
r4 <0044 Gx003a Oxf FFF bl |csvpath bd|  String locall
B test.xcos = [addvm... N/A| Double local
No_use Mo_use myVariable_1 L jrm _re... N"‘.ﬂ Double local
HH lcsvdara MN/AL Double lacall =
0x0033 0x0000 Ox4e20 Ox0000 0xO000 Ox0000 OxO Command Histary z X
000 0x0000 0xOO00 0x0D00 0x0000 0x000D O rmfr;;;lts -
x0000 Ox0000 OxC000 OxO000 OxC000 OxOD00 1] 02/11/2016 09:13:42 - [/
0x0000 Ox0000 0x0000 OX0000 O0x0000 OX00 ".\ L I',I"Z 5 1‘(‘ ’
00 0x0000 Gx0000 Ox0000 0x0000 00000 Ox -linspace(0, 2.5, 101);
0000 Ox0000 OxOO00 OxOO00 OxO000 Ox0000 _t 200, T
0x0000 Ox00P0 Ox0000 Gx000 GxBOO0 Gx000 Vin= cos(2*piet %) .
0 Ox0000 Gx0000 Gx0000 OxO000 Ox0000 OxO Vin = cos(2¥3,14159262*10%T)
000 Ox0000 DxDOEO OxX0E0O Dx00E0 OX0E0D O f=01e-2i1;
x0000 OxC000 Oxffff t=01e-2:2;
Vin=cos(2*3,14159262%10%t)
No_use Vin=1.25+ 0.05%C05(2%3,14159262%
(] ) _\,-‘jn: l!mspace(lzl, 2.5, 1IE\1D); ¢
= ”___ ——  Compilation Completed. Ready to Program. Vin=linspace(o, 2.5, 101); =
Case sensitive [ | Regular expressi.., . 2 N

There are two ways to collect data. One is to select “Program Design” if a USB connection to a
board is available. Alternatively, an email containing relevant information is can be sent to an
email server to take data remotely.

In the blue GUI, enter an email address to serve as the recipient of the data. Remember to press
enter. Then, select “Send Email”.

A new window will open asking for an email address and password to use as the sender. A
Gmail account is recommended. Make sure that the Google account associated with your Gmail
is set to allow less secure apps. Enter your email address and password, remembering again to
press enter, and press “Send”. Once the email is sent, a success message will appear.

o

Send Email ID & PW

Send Email 1D & P

[ =
myEmail@gmail.co
6 Close Send Email ID & Pw/

=a -

Soon after, you should receive an email containing the resulting data in a “results.zip” file.
Download this file and move it into the directory containing your design. Do not rename the
file. The program which reads the data is looking for this specific file name in the active
directory.
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From the GUI, press “Load Remote Data” to extract the data from the zip file. A plot should
automatically be generated of output vs. sample number. The values of the data will be stored in
a variable called rm_results.

Graphic window number 1

26

T T T T T T T T T T T
0 5 10 15 20 ) 30 35 40 45 50 55 60

Further Reading

This guide neglects the physics and operation of the FPAA board. Additionally, many advanced
features of the Xcos system, such as creating macro-blocks or manually setting routing options,
are not discussed. For more information, see

e The paper on T-Square
o FPAA architecture and infrastructure
o Experimental results for basic elements
e Papers on Dr. Hasler’s webpage
o http://users.ece.gatech.edu/~phasler/
o Design and testing of FPAA hardware
o Discussion on FPAA layout and routing algorithms
o Typical hardware specifications
e Information provided on the project webpages
o http://users.ece.gatech.edu/phasler/ECE3400/exp_schedule.html
o Project specific details regarding FPAA behavior

14
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Appendix A: Xcos Blocks

Electrical
Ammeter

‘!Iili-

CurrentSensor

Senses current between its black input port and its white output port. Measurements are
converted to an explicit output.
}:‘

CCs

Controlled Current Source

Converts the value on its explicit input port to a current entering the black implicit port and
leaving the white implicit port.
+ -F

CW5

Constant Voltage Source

Converts the value on its explicit input port to a voltage between its black implicit port and white
implicit port.

Capacitor
[+ 7
Capacitor
An ideal capacitor. Capacitance can be changed in parameters.
Constant Voltage

i

Constantvolbage

An ideal voltage source with the white implicit port as the low side. Voltage value can be set in
parameters.
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Ground
Ground

Electrical ground. All connections to grounds are zero volts.

Resistor

W =r

Resiskor

An ideal resistor. Resistance can be changed in parameters.

Volbagesensor

Voltmeter

Senses voltage between its black implicit port and white implicit port. Measurements are

converted to an explicit output.

Sinks
Scope
CSCOPE

Plots a single waveform versus time. The red input port is for a clock signal to control sample
rate. Parameters include the plot window limits and the size of the data buffer.

e

CICORKY

XY Scope

Plots one input versus the other. The upper port is on the horizontal axis and the lower port is on
the vertical axis. The red input port is for a clock signal. Parameters include the plot window
limits and the size of the data buffer.

16



To Workspace

h
o workspace
A [128]
TOWS_c

Packages data into a vector and stores it in the Scilab workspace. The name of the output
variable and the length of the vector can be set in parameters. The red input port is for a clock
signal. The output variable is a structure with fields “time” and “values”.

O

CLOCK c

Sources
Clock

Generates a clock signal. Clock period can be set in parameters.

CONST_m

Constant

Generates a constant value. The value can be set in parameters.
From Workspace

FROMWSE

Generates a waveform using a vector from the workspace. The name of the vector can be set in
parameters. The variable created in the workspace must be a structure with fields “time” and
“values”.

Sinusoid

L

Creates a sinusoid. Amplitude, frequency, and phase can be set in parameters.

17



Ramp

@

RAMP

Generates a ramp signal. Ramp start time and slope can be set in parameters.

i

STEP_FUMCTICM

Step

Creates a step signal. Initial and final values, as well as step time, can be set in parameters.

In CAF Out

A capacitor. Capacitors are typically added as loads to amplifiers. Typically, capacitance from
lines and switches is sufficient. Capacitance is set as a parameter.

Buffer
b{ OTA Buffer +

The standard voltage buffer using an amplifier with negative feedback. Useful as a stage between
DUT and measurement blocks.

Level 1 Analog Blocks
Capacitor

Level 2 Analog Blocks
nFET and pFET

FFET D MFET 5

oy
o)

FETs in the FPAA. These are available in large numbers, and are the building blocks for macro-
blocks such as the OTA or common source.

18



Input / Output Blocks
Measure Voltage

Measure

‘oltage

The standard ADC for measuring voltages. A slow but accurate ADC. Sampling rate is limited to

200 Hz.
F{,&MPAD}I

Ramp ADC
A fast but less accurate ADC. Useful for measuring transient responses, when voltages change
very quickly.

Arbitrary Generator

ARB GEN
myVariable

Generates an input signal using a DAC. A variable whose name is configurable as a parameters
is required when compiling. The sample rate can be set as a parameter as well. Loopback should
be set to “N”.

DC Voltage

DC } DC }
Voltage | D“:EIQQ

Constant voltage blocks. Two are available to be connected to input or output ports. DC voltages
are generated by programming floating-gate devices.

Lo ]

VDD blocks (2.5 V). Two are available for connection to input or output ports. Arbitrarily many
of these may be used, they are internally bussed together on the FPAA.
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Ground

o)

Ground blocks. These blocks represent system ground. Two are available for connection to input
or output ports. Arbitrarily many of these may be used, they are internally bussed together on the
FPAA.

Utility Blocks
Join

|oin

When routing the FPAA, many nodes cannot be joined together easily. The join block has a
configurable number of outputs, and is used when many ports need to be connected together.

)
J Nl o ]
- inl -

Sometimes it is necessary to connect two input ports together. The input-to-input block allows
this to be done on the FPAA.

Input-to-Input

Mixed Signal Blocks
Common-Source

»{ Vin Common Vout
Source

A

The classical common-source amplifier. The active device is a pFET. Bias current can be set in
parameters, and is programmed using a floating-gate device as a current mirror.

Vin g .
Vref .ommon DOrai VVout

The classical common-drain amplifier. The active device is a pFET. The reference voltage is the
voltage programmed onto the gate of the pFET current source.

Common-Drain

20



OTA

+
:‘ OTA Vout

The nine-transistor operational transconductance amplifier. Bias current is programmed using
floating-gate devices as current mirrors. The two inputs represent the positive and negative input
terminals.

OTA Low-Pass Filter

LPF

This block contains the OTA configured as a voltage follower. The FPAA’s internal capacitance
creates a low-pass characteristic. The cut-off frequency can be set in parameters.

Modelica Blocks
Modelica blocks cannot be complied onto the FPAA. They contain circuit models and equations
so simulations can be done.

OTA

+
DT Vout

The nine-transistor operational transconductance amplifier. Bias current can be set in parameters.

1] D 1] D
GNdB GPdB
s — s

Models for the nFET and pFET using the EKV model, which is accurate in subthreshold
operation. The parameters to be set are kappa, thermal voltage, threshold current, sigma, and
threshold voltage. These parameters should represent the actual FETs which will be used in
hardware.

nFET and pFET
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Appendix B: The Command Line

When operating with a Linux/Unix system, it is useful to know the command-line interface. This
section details a few simple file manipulation commands.

The File Tree

The command line uses common standards for referring to files and directories. In general, a file
name is a relative path from the current directory. E.qg. if a file is in a subdirectory, it can be
referred to as

“/subdirectory/filename.txt”

When the forward slash is used, the system knows to search under the current directory and the
root directory. From any directory, files and directories in the root directory can be accessed by
using the forward slash.

Every directory contains special names for “that” directory, the parent directory, and the root
directory. The single dot (*.”) refers to the current active directory. The double dot (°..”) refers to
the directory one level above the current directory, called the “parent” directory. The tilde (‘~
refers to the root directory.

In general, when using commands in the command line, file names and directory names can
contain many layers of other directories, e.g.

“./../directoryl/directory2/file.txt”

Basic File Commands
e New Directory
o mkdir [dirname]
o Creates a new directory with the name dirname
e File Delete
o rm [fnamel] [fname2] ...
o Removes files named fnamel, fname2, etc.
e Copy File
o cp [fromfile] [tofile]
o Copies a the file named fromfile to a new file named tofile
e Move / Rename File
o mv [fromfile] [tofile]
o Moves the file named fromfile to a new file named tofile.
e List Files in Directory
o Is [dirname]
o Lists all viewable files in the directory named dirname. Default directory is the
current directory.
e Change Active Directory
o cd [dirname]
o Changes the active directory to the directory named dirname.
e Show File Contents
o cat [fname]
o Displays the contents of a file in the command window as ASCII text.
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Appendix C: Troubleshooting

Update and Reset

Often, updates and changes are made to the FPAA system. It is usually good to update the
system as described in the “initial setup” part of this document.

Sometimes, resetting the system is helpful. This is done in the same menu as updating. As with
updating, do not close Scilab while resetting occurs. Doing so may cause Scilab to crash,
requiring the virtual machine to be reimported from scratch. Once the reset is done, Scilab
should close itself.

Compilation Errors
Compilation errors occur when the “Compile Design” button is pressed on the GUI.

e Block Type
o Any blocks from the “palettes” section of the palette browser cannot be compiled
onto the FPAA. Additionally, any blocks containing “ mod” are only models, and
can also not be compiled.
e Input Variable
o Ifusing the ARB GEN block, was an input vector properly created?
e Join Blocks
o Are there nodes in the design with more than two connections? If so, make sure to
use join blocks. The FPAA routing sometimes fails when multiple ports are
connected together.
e Board and Chip
o Make sure the board type and chip number are set in the GUI. Press enter after
changing the chip number.

Email Errors

Email errors occur when selecting the “Send Email” button on the GUI or when pressing the
“Send” button in the email address and password window.

e Receiver Email Address
o Isthe email address in the GUI a valid address? Make sure to press enter after
changing this box.
e Sender Security Settings
o If using a Gmail account as a sender, make sure Google settings are changed to
“allow less secure apps”. Georgia Tech email accounts will not work for sending
emails, but may be used as recipients.

e Sender Email Address
o Were the sender address and password correct? Make sure to press enter after
changing these entry boxes.
o If an error occurs when working with the address and password window, close the
window and reinitiate the email process.
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Data Errors
Data errors occur when loading data from the remote system. This may also include the problem
of not getting a response.

Loopback

o When using the ARB GEN block, make sure loopback is set to “N”. Otherwise,

the system may loop an input vector indefinitely.
Voltage Levels

o Do not try to set voltages above 2.5 V or below 0 V. This will cause malfunctions

in the programming of the board.
Nonsensical Data

o When using measure voltage blocks, make sure the sample rate matches that of
the ARB GEN block.

o After performing updates, some blocks may have changed. Unfortunately, Xcos
does not replace blocks with updated versions automatically. Manually delete and
replace and blocks from the FPAA section of the palette browser.

Board and Chip

o When using a USB connection on physical boards, the board type is 3.0a. When
using the remote server, the board type is 3.0.

o The only chips available for the remote system are 01 and 13.

Biasing

o Keep in mind that the circuits will not operate unless the proper DC biasing is

achieved. E.g. when applying a step input, steps from 0 to 0.5 V do not work.
Data Length
o The system is not designed to handle enormous data sets. Keep input vectors less
than 200 samples.
File Names
o Make sure the results.zip file was not renamed.
o Make sure there are not spaces in file or directory names.

Restart

If all the above troubleshooting tips have failed, restart from only the Xcos file. During the
process of compilation and loading data, many additional files are created in the project
directory. Move your Xcos file to a new directory and start over without the extra files.
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