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B crartbe onucanbl 0COGEHHOCTH peanms3alnu CrI€IUaJIn3upOBaHHOIO aJilrOpUTMa MOJMHOMUATBHOMN MHTEPIOIALMU A1 UCITOIb30-

BaHMS B MUKPOCXeMe MPEeIM3MOHHOTO AaTYMKa MOJOXeHUsI. PACCMOTpeHBI CTPYKTYpHBIE CXEMbI, OPraHU3a1lMsI BBIYUCISHUI OCHOB-

HbIX 0J10KOB. [TprBeIeHbI OCHOBHBIE MapaMeTPbl M JOCTUTHYThIE pe3yJIbTaThl peaau3aluu B TexHomornyeckom 6asuce X-Fab XHO018

(180 HMm).
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bomka cuenanos; Bepunoe; Mamaab6.

This paper features peculiarities of implementation of special-purpose polynomial algorithm used for interpolation in microcircuit

of precise position sensor. Block diagrams and calculation variants for main blocks have been considered. Main parameters and

obtained results of implementation in X-Fab XHO018 technological basis (180nm) have been provided.

Keywords: interpolation; polynomials; high-precision approximation; microcircuit for position sensor, digital signal processing; Verilog;

MATLAB.

BBEAEHHE

I/IHTGPHOHHL[I/IH — OJHa M3 TUIIOBBIX ITOA3a4da4, peIIacMbIX B COBpE-
MEHHBIX MUKpPOCXEMaXxX OJid JaTYMKOB IMOJOXECHMU . CHCI.II/I(I)I/IKOI‘/JI
MOA0OHBIX MUKPOCXEM SABJIACTCA y3Kasd, OrpaHUYCHHas 1mojioca BXOoI-
HOTO CMTrHaJia U BBICOKHE TpCGOBaHl/Iﬂ K TOYHOCTU UHTEPIOJIALIUU.

IHEAU A 3AAAYN
st cokpalieHUsl TJIOMIANU peain3anuu, obecredyeHusl paboThl
WHTEPIIOJISITOPA B HECKOJIBKHX PEXUMaX, a INIABHOE TSI TOCTUKEHM ST
BBICOKOI TOYHOCTH BOCCTAHOBJICHU S CUTHAJIa CTIOIb30BaJICS pa3pa-
0OTaHHBIN METOJ MHTEPIOIALMY ToOJIMHOMaMU |1, 2].
Peanu3zanusi uHTEpIIONSITOPA BRITIOTHEHA B BUe Verilog-onucanust
U CUHTe3a 0JI0Ka B crietrinaiu3upoBanHoii CATTP.
TexHuuecKuM 3ajaHNEeM ObLIY ONPEAEICHBI ClIeNYIOIINe OCHOBHBIE
TpeOOBaHUSI K OJIOKY MHTEPIOJSILIUU:
* HOPMMpPOBaHHas MoJjioca BXoxHoro curHana ot 0 1o 1/8;
* U3MeHseMblil KoabduimeHT nuHTepnoasiuuu: 4, 8, 16, 32, 64, 128,
256, 512, 1024, 2048,
* ¢ deKTUBHas pa3psAHOCTb BHIXOAHBIX faHHBIX ENOB = 9,16 6uT.
LleneBbiM 6a3ucom pa3padbaTbiBaeMOi MUKPOCXEMbI IaTYMKa MMOJIO-
KEHUS SIBISIETCSI TEXHOJOTUSI U3TOTOBJICHMSI MHTETPATbHBIX CXeM

¢ npoekTHbIMU HOpMamu 180 HM XHO18 dbupmer X-Fab [3]. OcHOBHBIMUI

kputepusiMu 3GpHEKTUBHOCTU peanun3aliuy SBIsICTCS 3aHUMaeMast
MJIOIIAAb U MaKCUMaJbHO IOCTUXMMAasi TAKTOBasi yactoTa. Tem He
MeHee, Verilog-onucaHue MHTEPHOJISITOpa ObLJIO CACTIaHO YHUBEPCAb-
HBIM, IPUTOAHBIM JUJIsSI CHHTE3a 110 IPYTUM TEXHOJIOTUSIM.

PA3SPABOTKA MHTEPIIOASITOPA
Ha stame mpopaGoTKU MapaMeTpOB aJIFOPUTMa WHTEPIO SN
BBITTOJTHEHBI CJIETY IOIIIME OTIepaIli1:

1) BIOpaHa cTeneHb MHTEPMOJASIMOHHOTO TTOJIMHOMA paBHas 9,
paccuMTaHa MaTpUIlla KOHCTAHTHBIX («M97b») 1 MacIITaOUPYIOIINX
K02bduUIneHTOB («B_coef>);

2) olleHEHAa W yTOUYHEHA Ha LIEJIOUMCICHHOM MOIEIH Pa3psaHOCTh
ko3 dunreHToB (20 1 16 GUT COOTBETCTBEHHO) U BHYTPEHHUX PErH-
cTpoB (33 6uta).

JInst KaX0ro MOCTYMUBILIETO BXOAHOTO OTCUYETAa UHTEPIONSATOPD
BBITIOJTHSIET CICAYIOIIME NEHCTBUS:

1) opranu3aums XpaHeHusl U BbIOOpa TaHHbIX HA UHTEpBaJe cer-
meHTa (10 oTCUeTOB);

2) BeIYUCTIEHUE KOIDHUIUEHTOB alMPOKCUMUPYIOUIETO MOJHU-
HOMa;

3) BeruucIeHue o cxeme [opHepa BHYTPEHHUX TOUYEK CPEAUHHOTO

CETrMEHTA.
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AJITOPUTM UCTIONB3YET MPOCTHIC 1EJI0-
YUCIEHHBIE ONMEPallMK: CABUT, CIOXEHMUE,
BBIYMTAaHUE U YMHOXeHUE. BO3MOXHOCTD
6a3uca BBIMOJHITH YMHOXEHHE YHUCEI
C OompeneJeHHBIMU Pa3psSAHOCTSIMY 32 OAUH
TaKT [M03BOJIMJIA OPraHU30BaTh 3G HEeKTUB-
HYIO MocJeaoBaTelbHO-TapaajelbHYyIO
00paboTKy.

B peasmn3yeMoM aJropuT™Me MOJHUHO-
MUAJbHOW MHTEPIMOJSIIIUU MPETYyCMO-
TpeHa BO3MOXHOCThH COKPAIleHHOTO pac-
yeTa anmpoKCUMUPYIOMUX KodadDhuimeH-
TOB. [Ipu 3TOM MIIaaIIKe 3HAYEHU ST KOBD-
GULMEHTOB ANIMIPOKCUMUPYIOIIETO ITOJIH-
HOMa He BBIYHMCISIOTCS, a 3aMEHSIIOTCS
HYJEBBIMH. DTO YMEHbBIIAET KOJIUIECTBO
BBIYMCIECHU, 3 CYET CHUKEHUSI TOYHOCTHU
MHTEPNOAsSUuu. JJaHHBI peXXUM COKpa-
IIEHHBIX BEIYMCIEHU B pa3HOil cTeneHu
peayu30BaH 151 KOG GHUIIMEHTOB HHTEP-
nonsiuuu 4 u 8.
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Puc. 1. CmpykmypHbie cxembl n00010K06 pacuema annpoKCcuMupyrouux Koapgduyuenmos

Fig. 1. Block diagrams of computational procedure used for approximating coefficients

Hcnonb3oBaHue pekvMa COKpPAIeHHbIX BBIYUCICHU I TTO3BOJIUIIO
COXPaHUTb TeXHOJIOTMIYHOCTb, YHUBEPCATBHOCTD peain3auy MHTep-
MOJISATOpA, He YBEJIMINBAS TIJIOMIATh OJI0KA.

Pacuer k02D PUIIMEHTOB aNnMmpoOKCUMUPYIONIEro MOJUHOMA
KCIIOJIB3YeT 2 OTlepauy yMHOXeHust Matpuil. OMHUM U3 OTIEPaHIOB
B 000MX CITy4asixX ABJISIFOTCS MaTpUIIbl KOHCTAHT (puc. 1).

Biiok pacyeTa mpoMexkyTOYHBIX KO3GhULIMEHTOB «A» (puc. la)
MpeacTaBisieT COOO0i onepannuio MATPUYHOTO YMHOXEHUST CTPOKH
(3HaYeHU U cerMeHTa JaHHbBIX) HAa MAaTPUILy KOHCTAHTHBIX KO3 (-
buumeHToB «M97b». 3HAaYEHUSIMU CErMEHTA TaHHBIX SIBIASIOTCS
BXOJIHbIE faHHBbIe (D), COXpaHEHHbIE B PETUCTPOBOI CABUTOBOIt
naMsatu («SR_RAM»). Onepauisi MATpUYHOTO YMHOXEHMU ST pea-
JIN3YeTCs MOCTeI0BaTeIbHO Ha 0JIOKE YMHOXEHU S C HAKOTIJIEHUEeM
(«MAC»).

Kpome Toro, naHHast perucTpoBasi MaMsiTh UCTIOJIb3yeTCsT U KaK
9JIEMEHT COTJIACOBAHHOM 3aIePXKKHU IJIsI MOJTyIEHU ST OTIOPHOTO (IIeH-
TPaJIbHOTO) 3HAUEHU Sl BOCCTAHABIWBaeMoro cermeHTa (15).

biiok pacueTa K03 HULIMEHTOB alMTPOKCUMUPYIONIETO MOJTUHOMA
«B» (puc. 16) BBITIOJHSET ONepaliui0 MATPUYHOTO YMHOXKEHUSI CTPOKH
TPOMEXYTOUYHBIX KOI(DHUIIMEHTOB «A» Ha CTOJOEI MacIITabUpPy10-
mux Ko3hduureHToB. [JlaHHas onepalus TakKe UCMOJIb3YeT Mocie-
IOBaTeJIbHYIO CXeMY BbIUMCACHUs Ha 1-M ymMmHOXuTene. s cHuxe-
HUsI TpeOOBaAHUI K pa3psiIHOCTU MaclITAaOUpyOIuX KoahhuumeH-
TOB, PETUCTPOB YMHOXMUTEJSI U aKKYMYJISITOpPa pe3yJabTaThl YMHO-
JKEHU S CIBUTAIOTCSI HA aJITOPUTMUYECKU ONpeaeeHHble GUKCUPO-
BaHHBbIe 3HaYeHUSsI. JJaHHBII BBIYMCIUTEIbHBIN OJJOK YMHOXEHUSI-
cllBUTa-HaKoIJIeHUs1 00o3HaueH Ha cxeMe «MSA» (Multiplication-
Shift-Accumulation).

INTRODUCTION

Interpolation is one of the typical subtasks
which are being solved in modern microcir-
cuits for position sensors. Such microcircuits
are characterized by a narrow, restricted band
of input signal and strict requirements for
interpolation accuracy.

GOALS AND TASKS

The developed technique for interpolation
using polynomials is designed to reduce occu-
pied area and to provide operation of the inter-
polation block in several modes, but mainly —
to provide high accuracy of signal retrieval
[1, 2].

The Implementation of the interpola-
tion block is provided in the form of Verilog-
description and block synthesis using special-
ized CAD.

The requirements for the interpolation
block were defined by the following specifica-
tion:

* normalized bandwidth of input signal from
0to1/8;
+ variable interpolation coefficient: 4, 8, 16,

32, 64,128, 256, 512, 1024, 2048,

* output data efficient number of bits

(ENOB) =9.16 bit.

The target basis of the developed position
sensor microcircuit is XHO018 microcircuits
manufacturing technology with 180nm min-
imal element size developed by X-Fab [3].
The main criterions for the implementation
efficiency are occupied area and maximum
achievable clock frequency. Nevertheless, Ver-
ilog-description of the interpolation block has
been developed as universal, applicable for
synthesis by different technologies.

INTERPOLATION BLOCK
DEVELOPMENT

At the stage of interpolation algorithms devel-
opment, the following operations were per-
formed:

1) the order of interpolation polynomial
equal to 9 was selected, and matrix of constant
(“M97b”) and scaling coefficients (B_coef”)
were calculated;

2) coefficients bits number using inte-
ger model (20 and 16 bit respectively) as well
as internal registers (33 bit) was estimated and
specified.

For each in-coming reading the interpola-
tion block performs the following actions:

1) organizing storage and data sampling
at segment interval (10 readings);

2) calculating approximating polynomial
coefficients;

3) calculating internal points of middle seg-
ment using Horner’s scheme.

This algorithm utilizes simple integer oper-
ations, such as: shift, summation, subtraction
and multiplication. Due to the capacity of this
basis to conduct in one clock period multipli-
cation of numbers with definite digits, efficient

serial-parallel processing was implemented.




OCHOBHOI 010K BEIYMCJIEHU I TIpEICTaB-

JisieT co00ii HAbOp YIIPaBIIEeMbIX PETUCTPOB
MPOMEXYTOUHOM pukcanum KosaphuumeH-
TOB moinHOMa («Bl», «B7»), 610K akTyanu-
3alM¥ KO3GhGUIMEHTOB MOJTMHOMA U BBIXOI-
HOI PErucTp-akKyMyJIsITOP Ha OCHOBE OIOp-
HOTO0 3HaueHus (puc. 2).

Biiok akTyanuszauuu ko3¢hphULIMEHTOB
MOJMHOMa — €IUHCTBEHHBIH, UCIOTb3YIO-
Wi TTapajjiejibHble BBIYUCIeHMs. 3a cUeT
TOT0, UTO B HEM MTPUMEHSIOTCS TOJIBKO OTIe-
pamuu CIOXEHUS U CABUTA, KOMIOHEHT
3aHMMaeT HeOosbmy riomanb (40 %
00IIei MJI01Ia ) MUKPOCXEMBI.

PE3YABTATBI

B pesyabTaTe paboThl Oblsla padpaboTaHa
apXUTEKTypa U CXEMHasl peaiu3alus npej-
JIOXEHHOTO aJropuTMa, pa3paboTaHO CUH-
Te3upyemoe B 6a3uce 3aKa3HbIX MHTErPaib-
HbIX cxeM Verilog-onucaHue 6JioKa Mojau-
HOMMaJbHOU MHTepnoJasiuuu. Habop npo-
BEIEHHBIX TECTOB YCTAHOBUJI ITOJTHOE COOT-
BETCTBUE B PYHKIIMOHMUPOBAHUHU arlliapar-

¥
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Puc. 2. Cmpykmypnas cxema 0cH08H020 610Ka UHMEPROAAUUU

HOT'O OTTMCAaHUS U 1eJJouncieHHo MaTiab-
MOJIEJIN JIJISI BCeX PeXMMOB (KoadduiimeH-
TOB UHTepHoAsALIMK). TaKuM 00pa3oM, 115 6JI0Ka TOCTUTHYTHI CIEIY-
fo1re GyHKIMOHAJbHbIE XapaKTEPUCTUKU:

JocTUrHyThie GYHKIIMOHAJIbHbBIE XapaKTEPUCTUKHU B OCHOBHOM
YIOBJIETBOPSIIOT TPEOOBAHUSIM, TIPEABSIBISIEMBIM K CXeMaM 00paboTKHU
CHTHAJIOB [UUTSl TaTYMKOB MOJIOXEHWsI ¢ pa3pellieHueM He Xyxe 16 6uT
U BBICOKMM ObICTponeiicTBUEM [4].

TTo pe3yabraraM paboOThl MPOrpaMMbl CUHTE3a TJIOLIAlb peain3a-
unm 610Ka cocrasisier 203681 MKM?, GJIOK yCIelrHO paboTaeT Ha TaK-
TOBOI1 yactore B 32 MT'11. KpoMe TOro, ObJI TpOBEAeH CUHTE3 JAHHOTO

Fig. 2. Block diagram of the main interpolation block

MOJMHOMUAJBHOTO MHTEPIOIATOpa Ha 1 poBoit 6ubianoreke LPLIB
no texHosoruu 180 Hm HCMOSSD TTAO «MuKkpoH», OlieHUBLIM A 110~
manb B 266997 Mxm>.

ABTOpPBI CUMTAIOT, YTO B AaHHOI paboTe HOBBIMU SIBJISIIOTCS CIIEY-
oL Me MOJIOKEHU S U PEe3YJIbTaThl:

1) TOCTUTHYTHI BBICOKHE XapaKTepPUCTUKU MHTEPIOJISILIMU Y3KOMO-
JIOCHOTO CUTHAJIA;

2) MoATBEPKIeHA BO3MOXHOCTh 3¢ (hEeKTUBHON peasn3aliuu rnojau-
HOMUAJbHOU WHTEPIOJISIIIUH.

The implemented polynomial interpola-
tion algorithm enables one to perform abridged
calculation of approximating coefficients.
In this case low value coefficients of approxi-
mating polynomial computation are not per-
formed, but instead are substituted by zeros.
This reduces the amount of calculations at the
cost of interpolation accuracy reduction. This
mode of reduced computations was imple-
mented in different degrees for 4 and 8 interpo-
lation coefficients.

The reduced computations mode made
it possible to maintain processability and ver-
satility of the interpolation block implemen-
tation without increasing the area occupied
by it.

To calculate approximating polynomial
coefficients two multiplications of matrices
are used. One of the operands in both cases
is matrix of constants (Fig. 1).

Computation of intermediate coeffi-
cients “4” (Fig. la) consists of matrix row

multiplication (values of data segment)
by matrix of constant coefficients “M97b”. Val-
ues of data segment are input data (DJ) stored
in shift register RAM (“SR_RAM?”). Matrix
multiplications are carried out sequentially
by operations of multiplications with accumu-
lation (“MAC”).

This register memory is also used as ele-
ment of matched delay for obtaining reference
(central) value of retrieved segment (Y5).

Computation of approximating polyno-
mial “B” (Fig. 1b) coefficients is performed
by matrix multiplication of intermediate coef-
ficients row “4” by scaling coefficients column.
This operation also uses sequential computa-
tions by the first multiplier. To reduce require-
ments strictness for digits number of scaling
coefficients, registers of multiplier and accu-
mulator, multiplication results are shifted
by algorithmically determined fixed values.
This computational block of multiplication-
shift-accumulation operations is designated

on the diagram as “MSA” (Multiplication-
Shift-Accumulation).

The main computational block consists
of a set of control registers for intermediate fix-
ation of polynomial coefficients (“B1”,. “B77);
a block of polynomial coefficients actualiza-
tion and an output register-accumulator based
on reference value (Fig. 2).

The block of polynomial coefficients actu-
alization is the only one that uses parallel com-
puting. As it uses only summation and shift
operations, it occupies a small area of micro-
circuit (40 % of total area).

RESULTS

The research resulted in the development
of architecture and hard-wired design of pro-
posed algorithm, as well as Verilog-description
of polynomial interpolation block, synthe-
sised in the basis of custom integrated circuits.
A number of performed tests revealed complete

compliance between hardware description and
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Tabauya 1. Jlocmuenymole hyHKYUOHANbHBIE XAPAKMEPUCMUKU 010KA
NOAUHOMUANBHOU UHMEPNOAAYUUU
Table 1. Attained functional characteristics of polynomial interpolation block

XapaKTepHCTHKH HCKJIIOYUTETLHO 0JI0KA
NOJMHOMHUAJIbHOI HHTEPNOJISALHN
Characteristics of polynomial interpolation block
Koapuunent (exclusively)
UHTEePHOJALHH

3AKAIOUYEHUE
B03MOXHOCTb TOCTUKEHUST TAKUX XapaKTePUCTUK OJI0KA MOJyYeHa
GJaromapst COrJacoBaHHON UTEPAIIMOHHON paboTe OTHOBPEMEHHO KaK
HaJ aJTOPUTMOM, TaK M HaJ peaan3aluei.

MonvuHoMuUaNbHass UMHTEPMONSIUUS YCHEIIHO peajn3oBaHa
B 0a3uce 3aKa3HbIX MUKpocXxeM. [Ipy 3TOM pelleHbl clenylolimue
3a1ayn: anpodanusi caMoil BO3MOXHOCTH, MapuUIpyTa peaju3aluu,
OLIEHKA JOCTUTHYTHIX XapaKTePUCTUK U 3aHMMAEMOil TJIoIaiu,

Interpolation
coefficient MakcumaibHasg OTHO-
CHTEJIbHAS OIHOKA

Maximum relative error

DddekTUBHAS pa3psa-
Hoctb (ENOB), our
Effective number of bits

WHTEPIOJIALUNA.

(ENOB), bit
g 0,00099945 8,6367
8 0,00002289 16,3722 AHUTEPATYPA
16 0,00002289 16,6791
2 0,00002289 16,6879
64 0,00002289 15,9634
128 0,00003815 16,4600
256 0,00003052 16,5605 index.php.
512 0,00004578 16,6106
1024 0,00008392 16,6202 C. 200211,
2048 0,00016785 16,5905

: JUJIST TAHHBIX PEKUMOB UCIIONB3YeTCs PEXKUM COKPAIIEHHBIX BEIYUCICHUN].

" all these modes use abridged computations.

integer MATLAB model for all the modes
(interpolation coefficients). So we may resume
that the following characteristics were attained
for this block:

Attained functional characteristics gener-
ally comply with requirements for signal pro-
cessing circuits used for position sensor with
resolution of at least 16 bits and with high oper-
ation speed [4].

According to the synthesis program results,
the area occupied by the implementation block
makes 203681 micron?; this block successfully
operates at clock frequency of 32MHz. In addi-
tion, the synthesis of this polynomial interpo-
lation block was performed at digital library
LPLIB using 180nm HCMOSS8D technology
developed by “Micron”, and according to the
synthesis results the area occupied by this block
makes 266997 micron®.

The authors consider the following provi-
sions and results of the research as novel:

1) high performance characteristics of nar-
row band signal interpolation have been

attained;

a TJITaBHOE€ — HCIMOCPEACTBEHHO IMOJTYUYCHUEC 6JIoKa BBICOKOTOYHOI

Paboma evinoansemcs npu punancoeoii nodoepiucke Munobpnayxu
Poccuu ¢ pamrax npoexma Ne 03.G25.31.0223.
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2) capability of efficient implementation
of polynomial interpolation block has been
confirmed.

CONCLUSION

The capability of obtaining such character-
istics for the interpolation block was condi-
tioned by consistent iterative work carried
out simultaneously both for algorithm devel-
opment and hardware implementation.
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