e-ISSN 1607-3274 Papioenexrponika, inpopmaruka, ynpasminss. 2021. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2021. Ne 1

UDC 004.3

SELF-TIMED LOOK UP TABLE FOR ULAs AND FPGAs

Tyurin S. F. — Honored Inventor of the Russian Federation, Dr. Sc., Professor, Professor of the Automation and
Telemechanic Department, “Perm National Research Polytechnic University”, Perm, Russia.

Professor of the Software Computing Systems Department, “Perm State University”, Perm, Russia.

Skornyakova A. Yu. — PhD, Design engineer of the JSC “Perm Scientific-Industrial Instrument Making Company”,
Perm, Russia.

Stepchenkov Y. A. — PhD, Head of the department, Institute of Informatics Problems, Federal Research Center
“Computer Science and Control” of the Russian Academy of Sciences, Moscow, Russia.

Diachenko Y. G. — PhD, Head of sector, Institute of Informatics Problems, Federal Research Center “Computer
Science and Control” of the Russian Academy of Sciences, Moscow, Russia.

ABSTRACT

Context. Self-Timed Circuits, proposed by D. Muller on the rise of the digital era, continues to excite researchers’ minds. These
circuits started with the task of improving performance by taking into account real delays. Then Self-Timed Circuits have moved into
the field of green computing. At last, they are currently positioned mainly in the field of fault tolerance. There is much redundancy in
Self-Timed Circuits. It is believed that Self-Timed Circuits approaches will be in demand in the nano-circuitry when a synchronous
approach becomes impossible. Strictly Self-Timed Circuits check transition process completion for each gate’s output. For this, they
use so-called D. Muller elements (C-elements, hysteresis flip-flops, G-flip-flops). Usually, Self-Timed Circuits are designed on
Uncommitted Logic Array. Now an extensive base of Uncommitted Logic Array Self-Timed gates exists. It is believed that Self-
Timed Circuits are not compatible with FPGA technology. However, attempts to create self-timed FPGAs do not stop. The article
proposes a Self-Timed Lookup Table for the Self-Timed Uncommitted Logic Array and the Self-Timed FPGA, carried out either by
constants or utilizing additional memory cells. Authors proposed 1,2 — Self-Timed Lookup Table and described simulation results.

Objective. The work’s goal is the analysis and design of the Strictly Self-Timed universal logic element based on Uncommitted

Logic Array cells and pass-transistors circuits.

Methods. Analysis and synthesis of the Strictly Self-Timed circuits with Boolean algebra. Simulation of the proposed element in
the CAD “ARC”, TRANAL program, system NI Multisim by National Instruments Electronics Workbench Group, and layout design
by Microwind. The reliability theory and reliability calculations in PTC Mathcad.

Results. Authors designed, analyzed, and proved the Self-Timed Lookup Table’s workability for the Uncommitted Logic Arrays
and FPGAs. Layouts of the novel logic gates are ready for manufacturing.

Conclusions. The conducted studies allow us to use proposed circuits in perspective digital devices.

KEYWORDS: Self-Timed, Lookup Table, Simulation.

ABBREVIATIONS
LUT is a Look up Table;
CDNEF is a Canonic Disjunctive Normal Form;
DNF is a Disjunctive Normal Form;
ST is a Self-Timed;
STC is a Self-Timed Circuits;
SSTC is a Strictly Self-Timed Circuits;
FPGA is a Field-Programmable Gate Array;
IPI RAN is an Institute of Informatics Problems
(Russia);
ULA is an Uncommitted Logic Array;
XOR is an exclusive OR.

NOMENCLATURE
F, is a logic function to realize;

F, is the dual logic function to realize;

i is the first math index;

j is the second math index;

k is the quantity of the conjunctions in DNF;
| is the number of circuit’s levels;

n is the quantity of the input variables;

S; is the configurable constant;

X is an input variable;
o is the negation index.

INTRODUCTION

STC was proposed as a “fast” alternative to the
synchronous computing paradigm, as a subspecies of
asynchronous circuits [1]. In the USSR, until its
liquidation, the STC topic was actively developed by Dr.
Victor  Varshavsky’s research group [2]. The
Varshavsky’s group’s members Dr. Marakhovsky V.B. in
St. Petersburg Polytechnic University [3, 4], and
Dr. S. Alex Yakovlev in the University of New Castle [5,
6], pick up the “STC banner”. In Russian Federation, a
research group from the Institute of Informatics Problems
of the Federal Research Center “Computer Science and
Control” of the Russian Academy of Sciences investigates
now STC problems [7, 8]. Automation and Telemechanic
Department (Perm National Research Polytechnic
University, Perm, Russia), Software Computing Systems
Department (Perm State University, Perm, Russia) are
science partners of the IPI RAN in STC direction since
1995. STC trend is active in world science [9-13]. We use
such concepts as speed-independent circuits, semi-
modular or/and distributive  quasi-delay-insensitive
circuits [7, 8]. As this area developed, it turned out that in
some cases, the claimed increase in speed does not occur
due to too large hardware costs increase. Therefore, we
have aimed primary efforts at evaluating energy

© Tyurin S. F., Skornyakova A. Yu., Stepchenkov Yu. A., Diachenko Yu. G., 2021

DOI 10.15588/1607-3274-2021-1-4

36



e-ISSN 1607-3274 Papioenexrponika, inpopmaruka, ynpasminss. 2021. Ne 1
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2021. Ne 1

efficiency in terms of gain in front of synchronous
solutions. However, this direction became problematic
after the development of synchronous Tri-Gate transistors
[14]. Currently, STCs are positioned in the fault-tolerant
solution segment. However, as we approach the molecular
level of electronics and develop quantum computing,
where quantum effects affect, it becomes clear that there
is no alternative to STCs [15].

Nevertheless, this direction’s development is
constrained by the relatively high complexity of design
based on ASIC or ULA. Synchronized FPGAs greatly
simplify the design by configuring functions by so-called
LUT [16, 18] and connections. In this regard, attempts to
develop self-synchronous FPGAs do not stop [18-20].
However, configurable STC LUT gates are not
thoroughly investigated. Therefore, a detailed review of
constructing STC LUT, modeling, and evaluation is
relevant.

The study object is the throughput strictly self-timed
circuits, consisting of double combinational channels,
indicators, and C-elements [4, 5].

The purposes of the work are to analyze and give a
synthesis of the universal throughput strictly self-timed
element for the ULAs and FPGAs.

1 PROBLEM STATEMENT
Given: Throughput or combinational, not universal
STC. F,(X;,X,,...X,) is the logic function to realize. In a
k N
typical case, we have DNF F, (X, X,,...X,) = vV &(X*, ).
jetizt
dual

F, (X, Xy5...X,) is a function,

k Nj —

F, (X, Xy,...X,) = &1_v1(X°iij ). There are 2NAND or 2
j=li=
NOR indicators and C-elements [4, 5].

It is required: to design universal STC in CDNF,
which is configured by special constants §;;i =1,2":

2" n

F (X, Xy, X,) = ,—V:Ii‘%(sixcii);

2" n

Fz(Xl,Xz,...xn) = y1861(six5ii)'
j=ti=

It is needed to design a new element’s architecture
based on ULA and LUT FPGA logic elements and
perform functional and layout simulations in NI Multisim
by National Instruments Electronics Workbench Group
and layout design by Microwind of the proposed element.
An additional important task is a semi-modularity check
by special software TRANAL. It is necessary to estimate
new technical decision by reliability methods and perform
calculations in PTC Mathcad.

2 REVIEW OF THE LITERATURE
Fig. 1 shows the current traditional synchronous
throughput logic [13] in the so-called Register Transfer

Level (RTL). Due to Input-Output Latches (RGs), we can
parry the negative transition processes (glitches).

X1
-4 RG
] Input F(x1,..xn) ré |
c1 Output
ﬁ Clock c2

Figure 1 — Traditional synchronous throughput logic

First clock impulse C1 fixes an input vector. Then the
logic function is calculated after that second clock
impulse C2 is coming. Therefore, the frequency must
accord to the worst case, significantly reducing the
circuits’ speed, unfortunately. Asynchronous circuits
work according to real delays but require complicated
design procedures to find all transition processes’ hazards.
One kind of asynchronous circuit is the so-called STC. It
uses a request-and-acknowledge handshake protocol [7, 8,
10, 13]. The block AND (Fig. 2) receives a dual-rail input
vector from previous gates only by request from C-
element fixing (2NOR+NOT) indicator’s transition
termination and C-element’s transition completion.

—

— AND |__IF(x1,..xn)
Block

- F(%1,..%0)

From previous gates

|— - C-element
l

Figure 2 — ST throughput logic

In the working phase, F, =F2 due to 1=0; in the so-
called spacer phase,F, =F,, for example,F, =F, =1
and I=1. Therefore, we have such sequence: initial state,
the C-element’s output = 0, this is a spacer, then I=1 and
C-element is set in 1. Then the unit receives the first dual-
rail input vector, I=0 and C-element is set to 0 after
calculation. Then process repeats.

C-element forms a signal acknowledging the input
vector’s readiness of the next gates. So in a typical case,
block AND must receive an enable signal from the last C-
element when calculations end in all strings of gates.

SST (semi-modularity circuits) throughput logic
indicates all inputs too (Fig. 3). Each pair of the dual-rail
outputs of the AND block needs an indicator, which
activates an additional C-element. Main C-element
receives the input transition completion signal and forms
the total completion signal for input and output
transitions. If the transition process does not complete, for
example, due to failures, the main C-element does not
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generate such a signal, increasing digital circuits’
reliability.
X1
% — —
& __laAnD JF(x1...xn)
%j‘n_ Block |
2 X1
§ x|
4 -
i -
g X, - F(X1...Xn)
£ F

Figure 3 — SST throughput logic

Paper [13] proves STC’s effectiveness in the
viewpoint of speed and energy dissipation. Article [19],
according to the authors, considers a hazard-free self-
timed LUT. They talk about asynchronous FPGA.
However, this is not correct.

The same discrepancy exists in [18], describing the
handshake protocol of FPGA Speedster22i (Achronix).
Paper [20] proposes ST Delay Sensor for Field FPGAs. It
describes the sensor, which is just asynchronous, and the
logical function calculations are not asynchronous. We
have not found universal SST logic elements (LUTs) in
the available sources [1-20].

3 MATERIALS AND METHODS

Universal implementation of a self-timed unit
calculating logical functions is possible based on so-
called LUT.

LUT [15-17] for n variable or 2" function generator is
n—to—1 multiplexor. It is easy to see that the dual
multiplexer is implemented using dual settings.
Elementary dual-channel generator, or single variable X
2-to—1 multiplexor, configurable by S constants, is
described by expressions (1):

F,(5,5,X) =S, XV §,X;
- (1)
F,(S,8,X) =So XV SiX.

Indeed accordingly to Boolean algebra (common
gluing law), we have :
F1(5,5,X) =S, X v §,X =
(go \/X)(g1 V;)Zgoa V§0;V51X= )

SoXV SiX.

Fig.4. shows single variable LUT with dual channels
based on 2AND-20R-NOT gate. One NOT gate provides

X variable, next two NOT gates provide So,S:1 for the

dual channels (Fig. 4). Table 1 shows the truth table of the
1-LUT with dual channels.

T re

TV

TV

CoAzmol D
Figure 4 — Single variable 1-LUT with dual channels
Table 1 — Table of thel-LUT with dual-channel simulation

M | 50| SL| X | F1 | F2
1 0| 0| 0 1 0
o | o 1 1 0
2 1 0o | 0 | 1 0
1| 0 1 0 1
37 (o (|t 0 1
0 1 1 1 0
4 [1 1] 0 0 1
1| 1 1 0 1

Table 1 confirms the realization of any single variable
logic function. Dual outputs allow checking unit
operation. Using three 2AND-20R-NOT gates, we get 2-
LUT with dual channels, presented in Fig. 6.
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Figure 5 — 2-LUT with dual channels (two levels)

Fig. 5 confirms that new 2AND-20R-NOT gate-level
i provides inversion of the transmitted constant. If a
number of levels is an even (I=n), constants S inversion is
not required to get on F1 the same S; o = 0. If the number

is an odd, it is required. © = 1,8 according to expression

Q).

s%;0 =1if[(2i —=1) =n]=true;
o =0if [2i =n]=true.

€)
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The “indication” is the most critical STC procedure.
For the SST LUT design, based on Figs. 4, 5, it is
required to indicate input variables X and 2AND-20R-
NOT gates’ outputs. The configurable constant is not
indicated. Therefore, SST LUT design needs special gates
and D. Muller C-elements [7, 8]. Dual-rail variables are
also used. We use Russian CAD “ARC,” USA system NI
Multisim by National Instruments Electronics Workbench
Group and layout design by Microwind, the foundation of
reliability theory and reliability calculations in PTC
Mathcad. For the semi-modularity checking, TRANAL
program of the IPI RAN is used [7].

4 EXPERIMENTS

Let us propose ST-LUT for the 2AND-20R-NOT
base (for ULA) and based on traditional pass transistor
LUT (for FPGA) accordingly to Fig. 3. Figs. 4, 5 show
proposed ULA implementation based on 2AND-20R-
NOT LUT with dual channels. Using additional
C-elements (hysteretic triggers, H-triggers) and indicators
2NAND+NOT, we get Fig. 6 after the experiment.

spsod 2000 cyces Famesklp O ogra TRARGL ~

WS RRTEE e

Figure 6 — 1-LUT2AND-20R-NOT based, successful
semi-modular checking experiment in TRANAL program

So semi-modular of the 1-LUT2AND-20R-NOT
based is proved. The task is to consider and design 2-
LUT2AND-20R-NOT based and propose standard rules
of construction n-LUT2AND-20R-NOT for ULA. Next,
let us try to implement I-LUT-ST based on pass
transistors (FPGA technology) [15, 17]. Early, authors
proposed 1-LUT-ST based on pass transistors using p-
MOS pass transistors for the spacer sub circuit (Fig. 7).

X X
s1=f(1) f(x)
s0=f(0) ™ . |
-

Figure 7 — First variant of the 1-LUT-ST based on pass
transistors using p-MOS spacer sub circuit (single channel)

Static logic simulation in Multisim [21] was correct,
but dynamic layout simulation in Microwind [22]
demonstrated “bad” waveforms (Fig. 8).

‘ Figﬁre 8 — XOR realization waveform diagréms of the first
variant 1-LUT-ST layout simulation

It was decided to unify the transistors and introduce a
spacer chain of n-MOS transistors. Fig. 9 shows a new
design. Fig. 10 shows a new 1-LUT-ST layout simulation
and confirms the decision correctness. However, it may
seem that such an option (Fig. 10a) is not better than the
option shown in Fig. 4 (2AND-20R-NOT gate). Indeed,
we have ten transistors (Fig. 9a) versus eight (Fig. 10).

X X
additional NOT
gates
sl=f(1) f(X)
s0= f(0) ™ [
Lttt

spaser sub circuit
Figure 9 — New pass transistor circuit for 1-LUT-ST (single
channel)

However, the performance decreases compared to
Fig. 6 slightly: the maximum delay increases by the one
transistor delay in the output NOT gate.

We did a triple simulation of proposed novel logic
elements in the CAD “ARC,” TRANAL program, system
NI Multisim by National Instruments Electronics
Workbench Group, and layout design by Microwind.
Using the described experiments, we got the following
new results.
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Figure 10 — New 1-LUT-ST simulation for the XOR
function: a —new 1-LUT-ST layout; b — “good” waveforms of
the new 1-LUT-ST, marking operational and spacer phases

5 RESULTS

We perform functional simulation in CAD
“Multisim.” Fig. 11 shows the proposed 1-LUT-ST pass
transistor simulation in CAD “Multisim.” The main
circuit consists of transistors Q1 (not X) and Q2 (X) (Fig.
11a). Spacer circuit consists of transistors Q3 and Q4. In
the not (X=X=0) case, the spacer circuit transmits zero
level to the output of the 1-LUT-ST (Fig. 11a).

Fig. 11b presents the XOR(X1, X2) waveform of the
2-LUT-ST.

In the study, the authors set the features of alternating
types of indicators for 2-LUT (ULA) relatively 1-LUT
(Fig. 12 a). The type of spacer on the next layer changes;
accordingly, the types of indicators also change. Besides,
the block for receiving variables also changes. If the first
layer contains AND cells, then the second one contains
OR cells. Here such regularity was found: in the first
layer, the indicators of inputs are 2NOR cells and output
AND cells; in the second layer, on the contrary, input
indicators AND cells, and output 2NOR cells.

A TRANAL program was used (Fig. 12b) to evaluate
semi-modularity, the results of which confirm strict self-
timing of proposed circuit (Fig. 12c¢).

Fig. 12d shows successful results of the 1-LUT-ST
pass transistor TRANAL simulation.

The TRANAL simulation of the
successful, too (Fig. 12 e).

2-LUT-ST was

Out

Figure 11 — “Multisim” simulation: a) 1-LUT-ST; b) XOR
waveform of the 2-LUT-ST

Fig. 12 f shows the proposed layout. Fig.
demonstrates the waveform of the 1-LUT-ST.

Fig. 12h shows the XOR waveform of the 2-LUT-ST.
Table 2 shows comparisons of the LUT-ST-ULA and
LUT-ST pass transistor (p.t.) by power consumption P
(uW), area S (um”2), delay T (ps) and number of
transistors N (pieces).

12¢g

Table 2 — Comparison by area S, power consumption P, delay T
and number of transistors N

Gate Number of arguments
n=1 n=2 n=3
LUT-ST- | P=159,7 uW P =418,8 P =930,2
ULA uw uw
S =159,7 S=418,8 ym™2 | S=930,2 um"2
um”2
T=34ps T=35 ps T=40 ps
N=46 pcs N=139 pcs N=355 pcs
LUT-ST | P=35,64 pW P =100 P =207
p-t. uw uw
S =123,7 S =402,4 pm"2 S =1092
um”2 pm”2
T=52ps T=99 ps T=154 ps
N=61 pcs N=149 pcs N=362 pcs
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|

h

Figure 12 — Results of the proposed gates simulation: a — 2-LUT-ST-ULA model in “ARC” CAD; b—- TRANAL-program;
¢ — successful results of the 2-LUT-ST-ULA TRANAL simulation; d — successful results of the 1-LUT-ST pass transistor
TRANAL simulation; e — successful results of the 2-LUT-ST pass transistor TRANAL simulation; f— 1-LUT-ST layout; g —
waveform of the 1-LUT-ST (s0=0, s1=1) ; h — XOR waveform of the 2-LUT-ST (s0=0, s1=1,s2=1, s3=0)

Comparison shows that LUT-ST-ULA is preferable to
LUT-ST p.t. in terms of power consumption. This is
because LUT-ST-ULA uses CMOS technology to
implement a multiplex tree. Nevertheless, implementation
2 is preferable from the point of view of work under
conditions of exposure to charged particles, since the
configuration is set “rigidly”.

6 DISCUSSION
Investigation of the proposed LUT-ST in Fig. 12, 13
allows for calculating its reliability. The failure-free
operation probability (A — is single transistors failure rate,
t — is time, a — is the Weibull distribution coefficient) of
the entire circuit is shown by expression (4).

P(t)=e ", “)

Taking into account
expression (5).

duplication, we can get
(12t -(6)- 1" H(6) At* N7 L -(34)At"
P e =le +2e (1-e )e NG

Using transistors quadding [22, 23] only for the H-
trigger we can get expression (6) and curves, displayed in
Fig. 14.

a2t (Ot (1 A6) Mt N Q2 MA
PI—LUT—STQ =[e +2e (-e )]e (6)

'[e-(4«12)~k><t" + 26-(3-12)«)vtﬂ (1 _ e-(l2)-)vt“ )]

[ |
0.98]
096 \\
” \\
—(46) A 1" 0.9: N S|
€
-— N\,
.9|
Pllutst (t) \ \
-_— N
Pllutstq (t) ’ \
0.86 \
0.84]
0.8
0.
0 10 20 30 40 50

Figure 14 — Channel duplication reliability P~ (t)in

comparison with P (t) and g0t :A=10",a=1,5.

1-LUTSTQ

This way much improves reliability. Thus, Fig. 13
proves that the probability of uptime is increased by
about 20% of the maximum possible gain (up to 1).
However, in the authors’ opinion, due to considerable
redundancy of quadding and fundamental Mead-Conway
restrictions [24], the sliding backup option is more
perspective. However, this requires buffers with three
states, and consideration of such issues is expected in
further studies.
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CONCLUSIONS

Therefore, we propose advanced LUT by adding two
NOT gates and an additional tree branch for the ST
throughput logic realization. We found that such an
implementation is preferable in the number of transistors
than the 2AND-20R-NOT implementation. We
developed the layout of the proposed unit. We performed
a corresponding simulation, which confirmed the
performance of the proposed LUT-ST with a hysteretic
trigger. The developed LUT improves FPGA’s reliability
by monitoring the transition’s completion, and no clock
generator is required. Besides, the developed LUT
provides ultra-low voltage operation. Such approaches are
supposed to ensure the operation of nano-electronic
structures under conditions of quantum uncertainty.

The scientific novelty of obtained results is that the
proposed universal gates open a new STC subclass.

The practical significance of the obtained results lies
in the fact that the proposed gates’ functional and layout
simulation confirms their effectiveness. Furthermore, the
proposed gates create the base for advanced self-timed
FPGA:s.

Prospects for further research are to study the
problem of checking out and diagnosing proposed
universal self-timed gates. Also, it is advisable to develop
LUT for a larger number of variables (3, 4, 5, 6, 7).
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Hpstuenxo FO. I'. — xaHA. TexH. HayK, HAYaJbHUK CEKTOpa IHCTUTYTy mpoliem iHpopmaruku, Pociiiceka akamemis Hayk,
Mocksa, Pocist.

AHOTAUIA

AxTyanbHicTb. CaMOCHHXPOHHI cxemu, 3amnpornonoBani 1. Mamiepom Ha 30pi nudpoBoi epu, NPOAOBKYIOTh XBUIIOBATH YMH
pocmigaukiB. Lli cxemum crapTyBaiam i3 3aBIaHb MiABUIICHHS INPOAYKTHBHOCTI 3 YpaxyBaHHAM pEAIbHHX 3aTpUMOK. [loTim
CAMOCHHXPOHHI CXEMH NepeHluIn B 00JacTh «3eNCHUX» OOYHCICHB 1, HAPEUITi, B JaHUH Yac MO3HMLIOHYIOTHECS B OCHOBHOMY B
o0nacTi BIIMOBOCTIHKOCTI. ¥ CaMOCHHXPOHHHX CXEeM 0araro HaJMIpHOCTI. BBakaeThCs, MO MiIXOMUW CAMOCHHXPOHHHX CXEM
OyIyTh 3afisHi B HAHO CXEMOTEXHHIIl, KOJIM CHHXPOHHMH MiAXiJ cTaHe HeMOXJIMBHM. CTPOro CaMOCHHXPOHHI CXEMH aHaIli3yIOTh
3aKiHYCHHS IEPEeXiJHOTO MPOLECY Ha BHXOJAaX KOXKHOTO BEHTHIIS, BUKOPHCTOBYIOYM Tak 3BaHi eneMeHTH Maiiepa (C-eneMeHTH,
ricrepe3ucHi Tpurepy, G-tpurepu). 3a3Bu4ail caMOCIHXPOHHI CXEMH PO3POOIISIOTHCS I 0a30BUX MATPHYHUX KpUCTaAiB. € BelIHKa
0a3za CaMOCHHXPOHHHX CXeM 0a30BHX MATPUYHUX KPHUCTaTiB. BBakaeThCsi, 110 CAMOCHHXPOHHI CXEMH HECYMICHI 3 TEXHOJIOTIEO
FPGA. Ane cripobu ctBoperHsi camocuHxpoHHuX [IJIIC He HmpUIHHAIOTHCS. Y CTaTTi HPOHNOHYEThCS CAMOCHHXPOHHHH TeHepaTop
(hyHKUIH 7151 CAMOCHHXPOHHHX CXeM 0a30BHX MAaTPHYHHUX KPUCTATIB Ta caMOcHHXpOoHHUX FPGA, koH]irypamis SKuX 301HCHIOETBCS
a00 KOHCTaHTaMH, ab0 3a JONMOMOTOI0 JIOJATKOBHX EIIEMEHTIB mam’aTi. ABTopu 3ampomnonyBanu 1,2 — LUT-camocHHXpOHHHH 1
OIIMCANIN Pe3yJIbTaTH MOJICITIOBAHHS.

Meta. Mertoro nmanoi poGOTH € aHami3 i NPOEKTYBaHHS CaMOCHHXPOHHOIO YHiBepcajbHOTrO JorigHoro ememeHra LUT-
CaMOCHHXPOHHUI, 3acHOBaHOro Ha enemeHTax BMK i Ha cxemax mepenadi TpaH3UCTOPIB.

MeToan. AHani3 i CHHTE3 CTPOr0 CAaMOCHHXPOHHHX CXEM 3a JOIOMOrolo OyieBoi anreOpu. MoJeroBaHHs 3alpOIIOHOBAHOTO
enementra B CAIIP «Kouer», nmporpamoro TRANAL, cucremax NI Multisim Bix National Instruments Electronics Workbench
Group i Tononorignoro npoekryBanns Microwind. Teopist HazgiliHocTi i BianosiaHi po3paxynku B CKA Mathcad.

PesyabTaTn. ABTOpPH PO3pOOWIH, MpOaHATI3yBaJlK 1 JOBENW TNPaNe3JaTHICTh CAMOCHHXPOHHOTO TeHepaTopa (QYHKIIH st
0a3oBux MatpuaHuX KpuctaiiB i g [IJIIC. Tomosnorii HOBHX JOTIYHHX €JIEMEHTIB TOTOBI IO BUTOTOBJICHHS.

BucnoBkn. IIpoBeneHi NOCHIKEHHS MO3BOJSIOTH BHKOPHCTOBYBATH 3allPOIIOHOBAHI CXEMH B IEPCHEKTHBHUX IHU(POBHX
TIPUCTPOSIX.

KJIFOUYOBI CJIOBA: caMOCHHXPOHHUH, FreHepaTop QYHKIIIH, MOAEITIOBaHHSL.
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aBTOMATHKH U TeeMexaHuku [1epMcKkoro HaMOHATBHOTO NCCIIEA0BATENBCKOTO MOTUTEXHUIECKOT0 YHUBEpcHTeTa, Ilepms, Pocens.

npodeccop xadenpbl MaTEeMAaTHIECKOTO 00ECIIeUeHNS BBIYUCIUTEIBHBIX crcTeM [1epMCcKOro rocyaapcTBEHHOIO HallIOHAIBEHOTO
HCCIe0BaTeNbCKOro YHUBepcHuTeTa, Ilepms, Pocenst.

Cxopusixopa A. I0. — KkanHa. TexH. Hayk, uHxeHep-koHCTpykTop, IIAO «lIlepmckas Hay4yHO-IIPOM3BOJICTBEHHAS
npudopocTponTenbHas koMnanus», [lepms, Poccus.

CrenmuenkoB IO. A. — kaH[. TexH. HAayK, HAYaJbHUK OTZAENa MHCTUTyTa mpoOiieM uHpOpMaTuKH, Poccuiickas akajaemus Hayk,
Mocksa, Poccus.

Jpsavenko FO. I'. — kaHa. TeXH. HayK, HAYaJIbHUK CEKTOpa MHCTHTYyTa MpobieM mHpopMaTukd, Poccuiickas akageMus Hayk,
Mocksa, Poccus.

AHHOTAIUA

AxTyanbHocTh. CaMOCHHXPOHHBIE CXEMEI, npemiokenHsle J[. Mamnepom Ha 3ape u(ppPOBOH 3pbI, MPONOIKAIOT BOJIHOBATDH
YMBI HCCIeZoBaTeNed. DTH CXeMBI CTapTOBAIM C 33/1ad INOBBIMICHAS NPOU3BOAUTENBHOCTH C YUE€TOM pEalbHBIX 3aJepikeK. 3aTeM
CAMOCHHXPOHHBIE CXEMBI HEPEILIH B 00JIaCTh «3EJICHBIX» BBIUMCICHUH W, HaKOHEl, B HACTOSINEEC BpPEMs IO3HLUOHHUPYIOTCS B
OCHOBHOM B O00JaCTH OTKa30yCTOMYMBOCTH. B CaMOCHHXPOHHBIX CXe€MaX MHOro HU30bITOYHOCTH. CUMTAaeTCs, YTO IOJXOMIBI
CAMOCHHXPOHHBIX CXeM OyayT BOCTpeOOBaHBI B HAaHO-CXEMOTEXHMKE, KOTJa CHHXPOHHBIH MOAXOJ CTaHOBUTCS HEBO3MOXKHBIM.
CTporo caMOCHHXPOHHBIE CXEMBI AHAIM3UPYIOT OKOHYAHHE MEPEXOIHOT0 MPOIEcca Ha BBIXOAAX KaXKIOTO BEHTHIIS, UCTIOMb3Ys TaKk
Ha3pIBaeMble dyeMeHTh Mamnepa (C-3JeMEHTHI, TUCTepe3HucHble Tpurrepsl, G-Tpurrepbl). OOBYHO CaMOCHHXPOHHBIE CXEMBI
pa3pabateiBatoTcst I 0a30BBIX MATPHYHBIX KpHCTALIOB. MMeercss oOmmpHas 06a3a CaMOCHHXPOHHBIX CXEM 0a30BBIX MaTPHUYHBIX
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kpuctainoB. CuHuTaeTcs, YTO CAMOCHUHXPOHHBIE CXeMbl HecoBMecTuMbl ¢ TexHonorued FPGA. Ho mnombeitku cosjnaHus
camocuaxponubelx [IJIMC He mnpekpamarorcs. B cratee mnpemaraercss CTPOro CaMOCHHXPOHHBIM TeHepartop (GyHKIUMH Uist
CAMOCHHXPDOHHBIX CXe€M 0a30BBIX MAaTPUYHBIX KPUCTAUIOB M caMOCHHXpOHHbIX FPGA, KoH(pHIrypupoBaHHE KOTOPBIX
OCYyILIECTBIAETCS JTUO0 KOHCTaHTaMHM, JIMOO ¢ IOMOIIBIO JONOJHUTEIBHBIX sueeK maMsATH. ABTopbl npemnoxunu 1,2 — LUT-
CaMOCHHXPOHHBIH U ONHUCANIN pe3yIbTaThl MOAEIUPOBAHHSI.

Heas. Llensio nanHO# paboTHI ABIAETCS aHAIN3 M NPOEKTHPOBAHHE CTPOTO CAMOCHHXPOHHOTO YHHBEPCATBHOTO JIOTHYECKOTO
anementa LUT, ocHoBanHoro Ha snementax bMK u Ha cxemax u3 nepeaaromux TpaH3uCTOPOB.

MeToabl. AHaNU3 W CHHTE3 CTPOTO CAMOCHHXPOHHBIX CXEM C ITOMOIIbI0 OyieBoi anreOpsl. MozenupoBanue MmpeIosKeHHOTO
anementa B CAITP «Kosuer», nporpamme TRANAL, cucremax NI Multisim ot National Instruments Electronics Workbench Group
1 TOIoJIOTHYecKoro npoekrupoBanus Microwind. Teopust HagesxxHOCTH 1 cooTBeTcTBYOoIIME pacueThl B CKA Mathcad.

Pe3yabTaThl. ABTOpBHI pa3pa0oTany, NPOAHAIM3MPOBAIM M JIOKa3aiM pPabOTOCHOCOOHOCTH CaMOCHHXPOHHBIX T'€HEPaTOpPOB
¢yHKUMi 11 6a30BbIX MaTpU4HBIX KpucTaiioB u A [IJIMC. Tononoruu HOBBIX JOTMYECKUX JIEMEHTOB TOTOBBI K M3TOTOBJICHUIO.

BoiBoabl. IIpoBesieHHbIE MCCIENOBAHMS IO3BOJIAIOT MCIIOJIB30BaTh MNPEIOKEHHBIC CXEMbl B IEPCHEKTHBHBIX IH(PPOBBIX

ycTpoiicTBax.
KJIFOYEBBIE CJIOBA: caMOCHHXpOHHBIN, TeHepaTop QpyHKIHH, MOIETUPOBAHHE.
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