SC cxemu

I'IpoeKTMpaHe Ha aHaNloroBu MHTerpasiHn cxemm
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AHaroroBuAT CBAT U UmndpoBaTa obpaboTka
Ha curHanu
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Amplifier & Filter :

- aHajorosu cxemu - analog (continuous-time) circuits uu
- muckpeTHH cxemu - sSampled data (discrete-time) circuits;

*ADC - nuckpeTHa cxema;
*DSP — uudpona cxema.



AHanoroBun, AUCKPETHU N LLMAPOBU CUTHATM

AHAJIOTOBH
- HenpexbCHAaTH CTOMHOCTH BbB BPEMETO;
- HenmpekbCHATH CTOMHOCTHU HA aMILIATYAATaA.

JuckperHu
- JINCKpeTHU CTOMHOCTHU BbB BPEMETO;
- HenpexkbCcHAaTH CTOMHOCTHU HA aMILUIATYAATA.

Hugposu

- JINCKpEeTHU CTOMHOCTHU BbB BPEMETO;
- JINCKpETHU CTOMHOCTHU Ha aMILJIUTYaara.



Hel'lpeK'bCHaTI/I N ONCKPETHUN CUTHAIIN

e CLontinuous time

3ooany values, all the tims

. Sampled data

> any value, discrete ime intervals




[INCKpeTHN N LndppoBnN cUrHanu

« Both sampled analog
and digital systems
sample at discrete
times, but:
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« sampled analog = can
take on any voltage
value
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« Digital systems —
capture the nearest
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OCHOBHM NpegmMmMcTBa Ha undpoBaTa
peann3auus

LindbpoBute 6riokoBe ce peanusupaT Ha OCHOBaTa Ha YHUBEpPCAlTHU UM
cneynanusnpaHn MukponpoLecopwu, rnorndeckn cxemmn n/unm FPGA, npu
KOETO:

- PaannyHu npoekTn moraT aa ce peanuaupar ¢ eaHakbB Xapayep;

- MpoekTnpaHnTe cxemn nmaTt MHOro gobpa npeackasyemMocT Ha
JOYHKLUNOHNPAHETO;

- [MpoekTUpaHnTe cxeMmn npuTexasaT Bb3MOXHOCT 3a NporpamMmmpaHe u
penporpamMmpaHe;

- [MpoekTupaHnTe cxeMmn morat ga 6baat UHTErpMpaHm ¢ NoMoLLTa Ha
HeocobeHOo Npeum3HN LMdPOBU TEXHOMNOTUN;

- CbLuecTByBaT MHOIo edoekTnBHN cbopmanHn metogm, EDA MHCTPYMEHTU
N e3nun 3a nporpammpaHe 3a ocurypsiBaHe Ha npoekTupaHeTo Ha
CUCTEMHO HUBO.



OCHOBHU Npobremm rnpm NPoeKkTNpaHeTo Ha
aHaroroBm Cxemu

- \3ancKkBa BMCOKO HMBO Ha eKcrnepTuaa npu npoekTupaHe, peannsaums u
TecTBaHe Ha CXemMuTe — J0OPUAT NPOEKT Ce OCHOBaBa Ha JeTalnHo
no3HaBaHe Ha aHanoroBaTa CXeMOTEXHUKA.

- Bcekun npoekT 3anoyBa oT “Hyna” — npeHaco4YBaHETO UMK
nepcoHanm3npaHeTo Ha CbLLECTBYBALL, aHaNoroB NPOEKT € Tpomasa
3agava.

- OBMKHOBEHO aHasorosara 4acT Ha NnpoeKTa € oTaerieHa OT CUCTEMHUS
npouecop - aHanoroBute MeToam 3a NpoekTupaHe ca n3onnpaHun, JokKaTto
copTyepHO-OPNUEHTUPAHNTE CUCTEMIN Ce pa3padboTeaT 1 NpoBepsBaT C
MOLLHN U eDEKTUBHU NHCTPYMEHTU 3a NPOEKTMPaHe.

- Jlnncata Ha aHanoroB ekBmBaneHT Ha FPGA n mukpokomMmnioTbpa He
NO3BOS1siIBa Ha aHarioroesarta 4acT Aa Cce BKIMo4YM B MPOEKTUPAHETO Ha
CUCTEMHO HUBO.



N3b0arBaHe Ha HegocTaTbUUTE HA
aHaroroBoTO NPOEKTUpaHe 4ypes:

- CBexkgaHe Ha aHanoroBoTo NPoeKTUpaHe 1 U3nbiIHeHne A0 Haul-
BMCOKOTO HMBO Ha abcTpakumus (OT KOMMOHEHT KbM (OYHKLIMOHAITHO
HMBO), Ype3 Cb3daBaHe Ha YHMBepCcanHu aHanoroBm noacxemm ¢ gobpa
npeackasyeMocT Ha PYHKLMOHMPAHETO.

- OnpocTaBaHe Ha npoLieca Ha NpoeKTUpaHe, 3a Ja ce HaManw
BPEMETO 3a NPOoeKTMpaHe.

- OcurypsiBaHe Ha B3anModencTBME Ha aHanorosmuTe nepmdepHu
YCTPOWUCTBA C ApYr1 4acTu Ha cuMcTemara, KaTo ce Aaaze Bb3MOXHOCT 3a
npeHaco4yBaHe 1 akTyanuampaHe B peasiHo BpeMe Ha aHasioroBuTe
doyHKLMM B cucTemara.



KoHdourypupyemu nporpammpyemu
aHanoroBy MHTerpanHu cxemm

OnpocTtsiBaHe 1 dhopManuanpaHe Ha aHaroroBMTe MeToam 3a
NpoeKTMpaHe Ype3 n3nona3saHe Ha KOHUrypupyemm nporpamMmmpyemm
aHaroroBu MHTErparHu cxemu, KOUTO [ia OCUTypsiBaT:

- pealnn3aumndaTta Ha NoBTopaemMn N HagexagHm aHarnoroBu brnokose;

- NPOCTO KOHourypmpaHe Ha PyHKUMNTE U NporpaMmmpaHe Ha
napameTpuTe Ha NPOeKTUpaHNTe aHanoroBM Moaynu 4Ypes ctaHgapTeH
UM poB nHTEpenc.



SC cxemun (Switched-Capacitor Circuits)

OCHOBHM NPUHLUUNKN Ha N3rpakgaHe:
- basupaHu ca Ha guckpeTHaTa obpaboTka Ha curHanu;
- PaboTtaT Ha npuHUMNa Ha NPEXBBLPNSHE N NpepasnpenensHe Ha 3apsaa;

-OCHOBHUTE rpaguBHU KOMMNOHEHTU HA SC cxeMuTe ca KoHOeH3aTopuTe,
ornepaumoHHUTE yCUnNBaTenu N aHanoroBuTe KrnyoBe, yrpasnasBaHu OT
nBe HeI'IpI/II'IOKpI/IBaLLI,I/I Ce UMIMYIICHU nopeanuu;
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SC mnHBepTUpaLy ycunesaTen
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tl u 12 - HempUNOKpHUBAIIU CE€ UMIYJICH

-tl e “1” (Bximrouen), 12 ¢ “0” (M3KIIOUEH) :
U(C1)=Uin Q(C1)=C1.Uin;
U(C2)=Uout=0; Q(C2)=0

- tl e “0” (u3kiroden), t2 e “1” (BKIIOUEH):

Otpunarensus Bxoa Ha OpAmp ce cTpeMu
KbM BUpTyaiHa 3eMs u 3apsaa Ha Q(C1) ce
pexXBbPJIA B KOHAeH3aTopa C2.

Q(C2)=C2.U(C2)=Q(C1)=C1.Uin
U(C2)=(C1/C2).Uin
Uout=-U(C2)=-(C1/C2).Uin
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SC nHBepTUpall ycunearern
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AHanoros N AUCKpPeTeH MHBepTupaLl,

ycunBarTern
N
v R,
Uin Rl Au - - 4
o——L - Uout Ry
O
il Oy SC cxemoTexHuKaTa peanusupa

“eKkBMBaNeHTHO CbNPOTMBIIEHNE” YpES

ariTepHaTtnBHO rNpeBKIrilo4BaHe Ha

BXO[OBETE Ha KOHOEeH3aTop.
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SC nHBepTUpall ycunesaten — BTOpU BapuaHT
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OcHoBHU TUNOBE SC pe3ncTopu

Switched Capacitor Resistor

Emulation Circuit Schematic Equivalent Resistance

b

Parallel A

-

T
-

Series-Parallel
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[lpeanmcTBO Ha SC cxemuTe —
‘oTpuyaTenHo CbNPOTUBIIEHNE”

Upes pa3smsaHa Ha ynpaBnsiBallnTe TakTOBU UMIYIICU MOXe
Oa ce peanusupa “otTpuuaTtenHo CbnpoTuBieHne” n ga ce
CMEHN 3HaKa Ha npegasaTtenHaTa QyHKUUS.
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NHBepTUpaLl n HemHBepPTUpPALL, yCUnBaTEN
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NHBepTUpaLl n HemHBepPTUpPALL, yCUnBaTEN
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AHAarnoroB u ,EI,I/ICerTeH I/IHTeraTOp
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AHanNoroBs n AUCKpeTeH NHTerpaTop

c, t G

OvckpeTteH unterpatop: U, =Aln=—U,,—=—U.,.f..t
C; T G
AHanoroB nHTerpaTop: U, = I—Rt _ Jin t
C,  RC,
C, U 1
Eﬂmﬁt:R;tr Elﬁ;zﬁ
-

20



[lpeanmcTBO Ha SC pesncrtopute —
MUHMMAaNHa nnoLy

fc=128kHz
t1 t2 AREA = 0.115mm?
Ao—7 —aB
31.25pF Rote_ 1
I C  C.f.
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A o—AM—OR AREA= 5 mm?



[MTpegmnmcTBO Ha SC cxemute — peann3auus
Ha Nnpeun3Hn BpeMEKOHCTAHTU
AHaNoroB MHTErpaTop:
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OcTaTb4yHOTO BXOAHO HanpexeHue npu SC
vcuneaTtenuTe
11

T +F
Ui + (Uin-Vos) -
In H - : : ._@_ o
‘l; _ E;SI : Vos O Uout
e
-E

[Mpu BKNIOYEH t1 1 N3KIoYeEH t2:
U(C))=Uin-Vos;
U(C;)=0V = Uout =Vos.

Wos

0 + Mpwn n3knto4YeH t1 n BKNoYeH t2:

C, ce paspexpga ot -(Uin-Vos) go U(C)=Vos;
| 3apsag AQ(C,)=CUin ce npexBbpnd B C;
{Unves) - U(C,)=Uin = Uout =Uin+Vos

Uin
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KomMmneHcauus Ha ocTaTb4yHOTO BXOOHO

C=C=C

Uin-vos

—0 Lout=\os

Uin-Yos
e
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LA
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Hanpe>xeHme

[1pn BKNtoYeH t1 1 n3knoyeH t2:
U(C;)=Uin-Vos; Q(C,)=C(Uin-Vos)
U(Cy)=Vos ; Q(C;)=CVos

Uout =Vos.

[Tpn nsknodeH t1 n BknoyeH t2:
C, ce npepaspexpa ot
U(C)= -(Uin-Vos) npes Hyna o
U(C,)=Vos; 3apsag AQ(C,)=CUin;
Q(Cy)=AQ(C) - CVos=C(Uin-Vos )
C; ce npesapexga go (Uin-Vos)
U(C;)=Uin-Vos
Uout =Vos+U(C;) =

=Vos +(Uin -Vos)=Uin
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YcuneaTten ¢ NbleH N3XoaeH UMKbI U
n3rna)kgall, HUCKOYECTOTEH PUNTBLP
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[lporpamunpyem ycunesarten
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- M3nonaea gBe 6-bit Programmable Capacitor Arrays (nporpammpyemMmm
KanayutneHn matpuum) ¢ Cmin = 500 fF n Cmax ~ 31.5pF;
- Gmin = 1/63, Gmax=63.
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[Tporpamupyema kanayutmBHa maTpuua
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KoHOeH3aTopu
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OnepaunoHHN ycuneaTenu
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REASON Project, Krakow,
Poland

FPAA Technology of Anadigm®
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FPAA Technology of Anadigm®
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3 10KQ External Pull-Up Recommended
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FPAA Technology of Anadigm®

Configurable Analog Block (CAB)

Control Shadow SRAM
Logic Configuration SRAM
Global — e OpAmp e
Local —3 _',H-_
52| o |5 =
T B S E — OpAmp
: {% = 7| | ugj = s
: A Y]
F —T Comp
NOL Clock LUT SAR |22
Generator Interface Logic 5ync
NN T
Look-U SAR
Analog Clocks " popje" Clock

REASON Project, Krakow,
Poland

33



FPAA Technology of Anadigm®

The automation of the design of FPAA circuits
IS supported by specially developed CAD

software tool (AnadigmDesigner?2).

REASON Project, Krakow,
Poland 34



FPAA Technology of Anadigm®

AnadigmDesigner2 contains a standard library of CAMs
(Configurable Analog Modules), which includes the analog design
know-how and ensures an optimal physical implementation of a
circuit function and its high-level parametric setting.

To facilitate circuit design and experimentation without the
need for any lab equipment, a functional simulator is included
In the program. The simulator features an intuitive user interface
and displays time domain results graphically.

REASON Project, Krakow,
Poland 35



FPAA Technology of Anadigm®

CAMs represent different circuit building blocks abstracted to
a functional level (amplifiers, comparators, integrators, filters,
etc.). The parameters of each CAM are adjustable (user-
programmable). This simplify the design of analog systems by
allowing to work at a higher level of abstraction in describing
system functionality.

REASON Project, Krakow,
Poland 36



FPAA Technology of Anadigm®

Examples: Programmable functions of CAB

» Inverting & Non-inverting Gain Stages;

« Half Cycle Gain Stage;

 Half Cycle Inverting Gain Stage with Hold;
 Gain Polarity Stage

* Inverting & Non-inverting Comparator;

» Inverting & Non-inverting Differentiator;

e Bilinear Filter;

 Biquadratic Filter;

e Sample and Hold;

REASON Project, Krakow,

Poland
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FPAA Technology of Anadigm®

Examples:Programmable functions of CAB (cont.)

e Multiplier/Divider;

» Sinewave Oscillator;

* Arbitrary Periodic Waveform Generator;

» Rectifiers;

 Half Cycle Sum/Difference Stage;

* [nverting Sum Stage;

 User-defined \Voltage Transfer Function,;

* DC Voltage Source;

e Sum/Difference Stage with Low Pass Filter.

REASON Project, Krakow,

Poland
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FPAA Technology of Anadigm®

Complex analog designs without having to
think on the level of op amps, capacitors,
resistors, transistors, or current mirrors can
be developped in a “chip” simply by selecting,
configuring, placing and wiring different
CAMs.

REASON Project, Krakow,

Poland
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FPAA Technology of Anadigm®

Examples for functional blocks implemented

with several CABs:

» Analog multiplexer;

* Multiplier with filter;

 Voltage controlled gain stage;

» Peak detector with hold;

* Triangle wave oscillator;

» Digital phase-shift key modulator;
* Phase comparator;
 Phase/frequency detector;
 Voltage controlled oscillator.

REASON Project, Krakow,
Poland
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FPAA Technology of Anadigm®

By using specially developed Anadigm Evaluation
Board, the designer can fulfill the practical verification
of the projects.

This board allows AN221E04 FPAA to be programmed
via the serial port of the personal computer under
control of the AnadigmDesigner2 software.

The configuration data for the designed circuit is sent
automatically to a programmable chip. After the chip
begin functioning immediately as the constructed circuit
and the real results can be seen directly by using a
signal generator and an oscilloscope.

REASON Project, Krakow,

Poland
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FPAA Technology of Anadigm®
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Anadigmvortex AN221D04 Evaluation Board

REASON Project, Krakow,
Poland 42



FPAA Technology of Anadigm®

Features of Evaluation board:
» Evaluation board comprises of a single AN221E04 device.

« FPAA can be configured from:
- a PC running the AnadigmDesigner®2 software;

- by using an on-board EPROM,;
- or via the user's own digital system.

* The input/output signals can be presented:

- via SMA connectors (single-ended ground referenced
signals);

- or via a stereo jack.
« All AN221E04 FPAA input and output signals can be accessed
directly via header pins.

REASON Project, Krakow,
Poland 43



FPAA Technology of Anadigm®
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FPAA Technology of Anadigm®

The described advanced and very user-friendly products
offer an attractive way of reducing costs, size and
complexity of the electronic circuits, as well as to simplify
and formalize the analog design methods.

This imposes the development of different research and
educational experiments in order to train designers in the
use of this modern technology.

REASON Project, Krakow,
Poland



FPAA Applications

REASON Project, Krakow,
Poland
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FPAA Applications

Some typical applications of FPAA are presented in http://www.anadigm.com.
The most attractive of them are:

- sensor interfacing and signal conditioning;

- analog control circuits;

- complex filtering;

- photodiode interfacing;

- audio signal processing;

- ultra low-frequency analog processing for medical purposes;
- programmable analog front-end,;

- compression and expansion;

- laser control.

These applications can be used directly for individual self-training of the students.

REASON Project, Krakow,
Poland 47



FPAA Applications

Objects of the current presentation are some of the new
experiments that were developed and applied in the research
and educational practice at the Faculty of Electronic

Engineering and Technology of Technical University of Sofia.

REASON Project, Krakow,
Poland 48



FPAA Applications

The developed experiments include:

» design and examination of different pulse circuits;
» analog computational circuits;
» threshold logic and analog neuron circuits.

REASON Project, Krakow,
Poland
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FPAA Applications — Pulse Circuits

The FPAA technology proposes very appropriate resources
for implementation of different pulse circuits. They have
been applied in the design and investigation of:

* many variants of Schmitt trigger circuits;

e SQuare-wave generators;

» pulse width modulator circuit;

» voltage-to-frequency converter.

REASON Project, Krakow,
Poland



FPAA Applications - V-f Converter

+{- Uin

Integrator Schmitt
Trigger
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REASON Project, Krakow,
Poland 51



REASON Project, Krakow,
Poland

FPAA Applications - V-f Converter

AT22TEN4 LOAD OFDER:1

Fopeer: 136231 miud
LUT: available
counter: available

CAE 1 CLK: 0
: 4

1‘1‘1‘1‘1‘1‘

Schmitt Trigger
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FPAA Applications - V-f Converter

2 . =

Fil=  Edit Simulate Configure Settings  Dynamic Config. Target  Wiew Tools Help
D H| S| | b X] A | a]sa] W] 2|82

Set CAM Paramet

AMNz2] Standard [GainSwitch 1.0.5]: Gain Stage with Switchable Inputs Anadigm Approved Céakd

Inztance name and clock frequency Motes Symbol

Ihstance Manme: GainSwitchi = T
CLOCKA (kH [a000 @ =]
(kHz) =

It iz not recommended to route the output of this Cékd
to an Output Cell wahen this Chkd's clock [CLOCKA]
has a frequency greater than 2 MHz.
s R o | W[5 Fes s
Cancel

Help
Cakd Options

Compare Contral Ta " Signal Ground t« Dual Input " “Yariable Reference
Select Input 1 when t* Control High " Contral Low

Drocurnentation

Cormparator S ampling i Phaze1 + Phaze 2
Gain Stage & Half Cycle ¢~ Low Pass Bilinear

Cak Parameters

Parameter: W alue: Limnits: Realized

Gain 1 [Upperlnput] 0.5 .05 To1.05 0.500
Gain 2 [Lowerlnput] 05 .05 To1.05 0.500

Use mouse to drag object in workzpace

i#H Start | NOD32 At | (2) Exploring...| [==1] Micrazoft...| B3 Microsaft...| B Microsoft..| S Stefan A | 2% Microsc\ft...l ez AL III...| 8 Il .. | 2 Sm_Tr._. B 1727
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FPAA Applications - V-f Converter

ATT221E04

o

FE=ource Panel

Fower: 18656 mul
LUT: available
counter: available

Schmitt Trigger+Integrator
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FPAA Applications - V-f Converter

Let CAM Parameters il B
AMwA1 Standard [Integratar 3.0.5]: Integrator Anadigm Appraved Cabkd
Inztance name and clock freguency Muotes Symbaol
Instance Mame: ||r'lt'E*EITE'I'I':'T'I .....................................
CLOCKA [kHz] 2 j ]
Cancel
Help
CAk Optionz
Palarity ¥ Man-inverting £ Irwverting Documentation
[nput Sarmpling " Phaze 1 v Phaze 2
Compare Contral Tao {* Mo Feset " Signal Ground  Dwal Input (" ariable Reference C Cade. ..

Cakd Parameters

Parameter: Walle: Lirmitz: Realized
Integration Const. [1/uz] 0.z 0.0200 Ta B.20 0.200
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FPAA Applications - V-f Converter

VR O 1EDY Loal OEDEE:1

04

FEEource Panel

Fower:

available
counter available
CAE A1 CLK: 0
opamp:
SAR:

E‘E‘I—l : I—||:|:ii
Schmitt Trigger + Integrator + Gain Stage with Polarity Control
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FPAA Applications - V-f Converter

ATTIZ 1R

Fower; 22

LUT:

V-f Converter
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FPAA Applications - V-f Converter

y =1904.2x + 1019.3

R’=1

U, VvV

40608 1 12141
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2.20%
1.95%
1.70%
1.45%
1.20%
0.95%
0.70%
0.45%
0.20%

-0.05%
-0.30%
-0.55%

Final Results

Error, %

0.5 1 1.5 2




FPAA Applications - Computational Circuits

The CAM resources of AN221E04 chip include
different components for linear and nonlinear
computations — multipliers, dividers, square root
circuit, look-up table, etc.

Different types of computational circuits - for
transformation of data from polar to Cartesian
coordinates, for sensor signals linearization, for
generation of complex transfer function, etc. can be
Implemented by using mathematical CAMs.
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FPAA Applications - Two-Parameter Test Circuit

FParsmeter
Parameter X . 2 S C
X +
l — g Multiplier X ) U 0
M M
Parameter X * P Dutput
ettt g —» R —»
T A
Parameter Y o Ve o+ A T
— g MultiplierY | = ° o] @G 0
E R
Radius R* 'T
X2 4 y2 < R2 fus
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FPAA Applications - Two-Parameter Test Circuit

LOoal ORDER:1

Param. X _ - I "

] -_IrI:E. Flarlel
Param. Y & 1| Bbi 3 B e 12404108 il
: Lu wailable

counter: available
CaB 1 CLK: 0,3
opamp:

SAR:

Radius R?

L11]
If X2+ Y2-R2< 0 = “True” |[EIFTES Houtput -5V/+5V

If X2+ Y2-R2> 0 = “False”
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FPAA Applications - Two-parameter Test Circuit

_ Parameter Y

(Y —=Y0)? + (X — X0)° —=R? <0

Parameter X
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FPAA Applications - Two-parametric Test Circuit

LH221ENS LOoAT ORDEER: 2 i : LHI21EDN LoAT ORDEE: 1

——
_ 51?@1 L —
F1 i EE— 3
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FPAA Applications - Threshold Logic

2-Input Threshold Logic Circuit

W0 n
Y="1"=5+1V, if W0+ ) WX >0
i=1
n
X1 Wi Y Y="0"=-1V, ifW0+ ) W;X; <0
X2 W2 =1
Y = F(WO,WLW2)
F(-0.511) = X1A X2 F(+0.511) = X1v X2
SUM=-0.5+ X1+ X2 SUM =+0.5+ X1+ X2
X1 XLV X2 X2,V SUM,V Y X1 XLV X2 X2,V SUM,V Y
0] -1 0 -1 25 0 O -1 0 -1 -1.5 0
0 -1 1 1 -0.5 0 O -1 o0 1 05 1
1 1 0 -1 -050 1 1 0 -1 05 1
1 1 1 1 1.5 1 1 1 1 1 25 1
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FPAA Applications - Threshold Logic

AMNAI1EN4 LOAT ORDEER: 1 .

| Output AND
n{
1T FE=ource Panel
Fowver: 149032 mior
LUT: ENENELE
counter; awvailable
CAE 1 CLK: D
opadmp:
SAR:

E am FI .
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FPAA Applications - Threshold Logic

Input X1

Input X2 | t

Output AND

Output OR
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FPAA Applications - Threshold Logic

) AF221E04 Lo4alD OEDEE: 1 -
Input X1 @i EOu tput -5V/+5V

"""""" 0

' [E&zource Panel
In pUt X2 @ Fower, 12655 muly
1; 4 LUT: available
counter: available
CAE 1 CLKE: 0
apamp:

[=tainH

Input WO J§

,2pamp:
cap:
COlm FI .

off

pm— (D U -1V/+1V
I—'l]:i: p
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FPAA Applications - Threshold Logic

. SHI21EN4 LOAl ORDEE: 1 -

input x1 et i HOutbut 5V/+5V
[EEStource Panel

input x2 [ouf | Poper 18Bzas T

counter; awailable
CAB 1 CLK: D

,opamp:
. EPSAR:
okt cap:
COMm FI:

Input WO IOutput -1V/+1V

3
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FPAA Applications - Threshold Logic

S A N O S O A

SR SN R AN I AU [ SN N SN N T R SN (R S N S D S

S SR D T S N S

F(=2111)
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FPAA Applications - Threshold Logic

S R A R N s A R Ay R Oy
SR SN D SN B SR I S B

I S N B

F(—2,211) F(-112))

F=)?1.>?2\/)?1.>?3 F=X2.X3\/>z1.>?3
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FPAA Applications - Threshold Logic

LHA2TENS LOoAT ORDEER: 1

Input X1 {8 E_+ Output -5V/+5V

II
- [E&=curce Panel
I n p ut X2 @ N Fower: 17753 m
LUT: available
counter: available

cCAaB 1 CLK: 0,2

o cOmp:
Input X4 @E Output -1V/+1V
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FPAA Applications - Analog Neuron

n

Sigmoid
Functional model of analog neuron
In,
S
In, Transfer Out
U o Function > Threshold
In, ( ) M
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FPAA Applications - Analog Neuron

AF2ITED4 Loal OREDER: 1

55 mn
in use
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FPAA Applications - Analog Neuron

LIT221E04 IFT'ER: 1 -

|—||:|+
EE=ource Panel

Power:  21£29mw
LUT: available
counter: available

$1

T
%
.i. 7 _r“b

cd FI R .
com FI N
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FPAA Applications - Analog Neuron

Parameter 1

f :X2+EX1—b
a

REASON Project, Krakow,
Poland

75



FPAA Applications - Analog Neuron

Parameter 1

Pararmeter 2
"'\-\.H_h

The FPAA circuits, which solve more complex classification
tasks, were developed by using appropriate combinations of
simple artificial neurons and threshold logic circuits.

REASON Project, Krakow,
Poland

76



Conclusions

FPAA design methodology:

« greatly simplify the design of complex analog systems by allowing to work
at a higher level of abstraction in describing system functionality. Simply by
dragging and dropping CAMs, can design a complete analog system, simulate it
Immediately, and then download it to the FPAA chip for testing, validation, and
Immediate move to production,

«allows the using of single design to accommodate multiple design variations.
The re-configuration possibilities of the FPAAs reduce design risk and allow field
updates of the project. Dynamic reconfiguration (without breaking the operation)
allows for truly innovative analog system design.

These very attractive and universal features of the FPAAs can be used and
exploited in various applications in education, research and industry.
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Conclusions (cont.)

Today there are many different FPAA solutions, which
are developed in the areas of typical analog applications
like sensor interfacing and signal conditioning, analog test
and control circuits, complex filtering, etc. They can be
very easily and inexpensively utilized in students’
laboratories and research centers.

Despite of the areas of typical analog applications, the
FPAAs hold out a good prospects for design,
Implementation and investigation of practical
prototypes of digitally controlled re-configurable
computational circuits and neural networks.
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