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Annomavusa Jost MOHHMTOPHHIA COCTOSTHHUS
BBICOKOTEMIIEPaTypPHBIX 00BEKTOB pa3padorana
HHTerpajbHasi cxema 12-pa3psianoro aeabra-curma AL Ee
TaKTOBasg 4acToTa cocrasjsier 5 MI'm, moJjoca paGounx
yacToT — 10 50 k', Hanps:kenne nutanus — 3.3 B, pabouast
Temneparypa — n0 175 rpaaycoB Denbcus. Kpucrann
M3roTOBJIeH 1o nporpamMme «EBponpakTuka) no TeXHOJI0ruH
X-FAB XTO018 «xpeMHuii-Ha-U30J5TOpPEY.

Knioueevie cnosa JAeJbTAa-CHIMa  aHAJIOro-uudpoBoi
npeodpa3oBareiib; AeHUMHUPYOIUA GHILTP; KpeMHMii Ha
H30JIATOPE; METAI-OKCH/A-TIOTyIIPOBOIHHUK.

|.  BBEJEHUE

PazpaboTtka YCTpOMCTB BBICOKOTEMITEPATYPHOM
JJIEKTPOHHOW KOMIIOHEHTHOHW 0a3bl SIBIAETCS aKTyaJbHOH
[1, 2]. Amanoro-nudpossie npeobpazosarenu (ALII) c
UCIIOJIb30BaHUEM JeNIbTa-CUIMa MOJIYJIITOPOB HAXOIAT
MpUMEHEHHE B CEHCOpHBIX cerTsix [3]. B pabGote
IpeACTaBIeH  ONBIT  pa3paboOTKM W HM3MEpeHHit
MHTErpajbHOI cxeMbl 12-paspsinHoro nenbra-curma ALITL
TakroBass uwactora Fs=5 M1, monoca pabounx yactor
fo=50 kI, wampsokenne tnwurtanus 3.3 B, pabouas
Temnepatypa 10 175 rpaxycos Llenscus. Mcnonb3oBanach
texHonorusi X-FAB  «kpemunii-na-uzossrope» XT018
(0.18 um HV SOI CMOS) mio mporpamme «EBpoITpakTHKay.
Crpykrypa menpra-curmMa ALl mokasana Ha puc. 1, oH
uMeeT OaJaHCHBIA BXOA M COCTOMUT M3 JeNbTa-CHIMa
mogayisitopa [4, 5] u menmmupyromero ¢uiabtpa [6].
PazpsmHocts BbIXOmHOTO Koma 12 Oumr. KommoHOoBka
HWHTETPaIbHON CXEMBI MpelCcTaBlIeHa Ha puc. 2. Pa3zmepsl
kpucramia 3,00 mm x 0,92 mm. DoTo KpHCcTaILIa IPUBEICHO
Ha puc. 3.
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Puc. 1. CTpykTypa aeasta-curma AL

Puc. 2. KomnonoBka unrerpaiannoi cxemsr ALITI

Puc. 3. ®oro kpucramia Aeabra-curma AL

Bo BTOpoM paszzene  0oOCYXKIAIOTCS — BOMPOCHI
HIOCTPOEHHUS IeTIbTa-CUIMa MOJIYJISITOPA, B TPETHEM pa3zele
paccMaTpuBaeTCs ASLUMUPYIOIHNK GUIBTD, B 3aKII0YEHUH
CleNiaHbl OCHOBHBIE BBIBOIbL.

Il.  JIEJIbTA-CUI'MA MOJIYJISITOP

[Tockonbky mpeoOpa3oBaHHE aHAJIOrOBOTO CHUTHANa B
mM(poBOH  CUTHAN ~ OCYIIECTBISIETCS  JeNbTa-CHIMa
MOJYJIITOPOM,  TO  XapakTepUCTUKH  MOIyJsATOpa
ONPEJENAIT JUHAMUYECKHH Juana3oH JesibTa-CUrMa
ANII. CtpykTypa IenbTa-CHrMa MOIYJIATOpa IMMOKa3aHa Ha
puc. 4, umeer OalaHCHBIA BXOX «BX.» U IPEICTABISLET
co00i1 KackaJHOe BKJIIOYEHHE CXEM MOJYJISATOPOB BTOPOTO
MOpPsJKA, COCTOSIIMX M3 MHTEIPaTOPOB U JIBYXPa3PsIHBIX
AT, rae «BBIX. 1» — BBIXOJ IEPBOTO KacKaja, a «BBIX. 2»
— BTOpOro. B mensix oOpaTHBIX CBsI3eH NPUMEHSIIOTCS
JBYXpa3psnHble 1M(po-aHAIOroBble IpeoOdpa3oBaTenu
(ITAIT) ¢ pWHAMHYECKMM COTJIACOBAaHMEM DJIEMEHTOB.
Bropoii kackan MoIyJiATOpa CHUKAET 1IIyM KBaHTOBAaHUS B
paboueii monoce vacToT. sl peayM3anuy UHTErPaTOpOB
MO/IyJIsITOpa MIPUMEHSUTICH MOJHOCTBIO
I depeHIranbHble ONepaliOHHbIE TPAHCKOHIYKTUBHEIE
yewmuremn  (OTY) [9] w memm Ha TepeKiFOYaeMbIX
KOHZEHcaTtopax ¢ AByX(asHeIM ymnpasieHueM. Cxema H
yacToTHbIE Xapaktepuctiukn OTY npuBeneHs! Ha puc. 5.

b b 2 BbIX. 2
SO
AN
BX. e b e b AU 2 BbIX. 1
LLAN

Puc. 4. CTpykTypHas cxemMa e/IbTa-CHIMa MOAYJISATOPA
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B)

Puc. 5. Cxema u yacroTnble xapakrepuctuku OTY:

a) AAPO YCUJIUTEJISA; 6) cXxeMa CTA0MJIM3alMM MOCTOSIHHOM COCTaBJISIIONI el HaNPSsKeHUSsI

B) AMILIMTY/IHO-YACTOTHAs M (a304acTOTHASI XapPAKTePUCTHKH
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B cxeme aenpra-curma moxynsatopa Fs>>fo u B Held
OCYIIECTBIISIETCS] TAKTHPYEMOE CIIe/IsIIee MpeoOpa3oBaHue
BXOZHOTO aHAJOrOBOTO CHTHaja B JIB€ BBIXOIHBIC
JBYXpa3psiIHbIE TIOCIIeI0BATEIbHOCTH HMITYJIBCOB.
[lomyuennsle B pe3yiabTaTe  SKCIIEPUMEHTAIBHOTO
HCCIIEZIOBaHUs KpUcTaJula UHTerpansHOM cxemsl ALII
BBIXO/IHBIE TIOCJIEI0BATEIBHOCTH MMITYJIECOB MOJYJIATOpPA
obpabateBaice B MATLAB. Ha puc. 6 u3o6paxen
CHEKTp CHTHAJA Ha BBIXO/E MOJYJISITOPA, IIe IPU BXOAHOM
curHate ¢ uvactorod SOkI'm w muddepennuaipHOi
ammmtynoi 500 MB nomyyaercs OTHOIIEHHE CUTHAN/IIYM
u ko3 uimeHt uckaxenus (Signal-to-noise and distortion
ratio — SINAD) He menee 62 nb.

]
&)

Output Spectral Density, dB

10°

10*
frequency, Hz
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Puc. 6. CnekTp Ha BBIX0/1€ /Ie/IbTa-CHIMAa MOIYJISITOPA

CrpykTypa aenumupylomero QuibTpa MOKazaHa Ha
puc. 7. CurHan ¢ BBIXOZa MEPBOTo Kackaja IeNbTa-CHIMa
MOJyJIITOpa IOCTYHaeT Ha BXOH «BX. l», a ¢ BbIXoza
BTOPOT0 Kackaza Ha BXOJ «BX.2». Pa3psaHocTb
BbIXOAHOrO koma 12 Out. [leuumwupytommii Quibtp
obecreunBacT MOAABJICHHE IIyMa KBaHTOBAHHSA IPH
gactote Oombiue fo, CHIDKGHHE YACTOTHI ClICIOBaHMUSI
HMITYJILCOB U (popmupoBanue BoixonHoro koaa AIIIT.

JIEHUMUPYIOIININ OUJILTP

sz. 1
— b. ”
BX. 2| ofpe nVIOHKeHVIﬂ 7 KackagHbIn 24 Bbnok 20
2 A nro BblYMTaHMA
—F KaHanos
20 BbIX.
BUX dunbTp Jeunmatop 4>
Puc. 7. CTpykTypa AenuMupyouero GpuibTpa
Biok 00Be TMHEHNUS KaHaJoB OCYIIECTBIISIET
mpeobpa3oBaHue:

y(n) =64+ x1(n—2) +8(x2(n—2) —2x2(n—1) + x2(n)), (1)

rae y(n) — BBIXOJHOM CHTHAN Ui ONOKa OOBeAWHEHUS
KaHaNoB, x1(n) — BBIXOAHOW CHTHAN TEpPBOTO, a x2(n) —
BTOPOTO  JBYXPa3psAHbIX  BBIXOJOB  JENbTa-CHIMa
MOJYyJIATOpa. AUTMTUBHBIA KOMITOHEHT 64 oOecreumBaet
OTCYTCTBHE OTPHIATEIBHBIX 3Ha4YeHUH y(n). CurHan y(n)
nMeeT 3HaueHHs or 16 mo 115, uro kommpyercs 7
JIBOMYHBIMHU Pa3psiiaMu.
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Kackamuplii  wHTETpaTopHO-TpeOCHYATHIH  (UIBTP
(UT'®) coctout u3 5 KackamoB U B 12 pa3 mpopeKuBaeT
HUMITYJIBCHI, TIOCTYIAIOIINE C BBIXOJa OI0Ka 0ObeAMHCHUS
kaHayioB. CTpyKTypa TiokazaHa Ha puc. 8. [y kackaaHoro
UI'® monoca mpomyckanusi BbiOpaHa kak Fs/ 100, a
nozaeneHne Ha yactore Fs/10 pocturaer 80 ab.
AMIUTMTYTHO-4acTOTHAS u (azoyactoTHAs
XapakTepucTuku kackagHoro WI'® mnpencrtaBieHsl Ha
puc. 9. [TocKobKY MPOUCXOAUT YBEIUYCHHUE PA3PSIIHOCTH
Ha 17 paspsaoB, curHaid Ha BbIxojae KackagHoro UI'®
KonupyeTcs 24 nBowyHbIME paspsaamu. [llym Ha BRIXOZIE
kackagHoro MI'd wumeeT MaTeMaTuyeckoe OXKHUIAHUE,
pasnoe 0, a curHan n3MeHseTCs B Juanasone ot 12564 o
12%(64+3), uro o3Hawaer paBeHcTBO 0 11 4 cTapumx
paspsioB. [ToaTomy 60K BbuHMTaHUs yOupaeT 4 craprmx
paspsigia B BEIXOJHOM cuTHaJe kackagaHoro UI'®.

7
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Puc. 9. YacToTHbBIE XapaKTEPUCTHKH KackagHoro UT'®

Crpykrypa BUX ¢unbrpa nokaszana na puc. 10. [Tonoca
nponyckanuss BUX ¢unbtpa 6-ro mopsiaka Fs/ 100, Ha
4acToTe Fs/ 50 [IOJABJICHHE paBHO 105 b,
HEpaBHOMEPHOCTh B  HoJloce  mpomyckanus 1 ab.
Yacrorable xapakTepuctiki BUX ¢rbTpa npencTaBieHsl
Ha puc. 11. JlemmmaTop MpOpPEXKUBAE€T CHUTHAN C BBIXOJA
BUX ¢unptpa B 4 paza, u pa3psAAHOCTh BBHIXOOHOTO KOZa
AIIII ctarnoBuTCs 12 OUT.

[lomydenHble B pe3ynbTaTe 3KCHEPUMEHTAIBHOTO
WCCIICAOBaHUS KpUCTaJula HMHTETpambHOM cxembl ALl
BBIXOJHBIC ~ CHTHAIBI  JeHuUMHupyomero  Quibtpa
obpabareBamice B MATLAB. Ha puc. 12 uzobpaxen
cnektp Ha Bbeixome AIIll, roe mpm BXOAHOM cHTHAalE
gactotor S50 k[ u udQepeHIanbHol  aMITIATY 0K
500 MB o6ecrieunBaetcs SINAD He menee 62 1b.

IonydeHHass B pe3yibTaTe OSKCHCPUMEHTAIBHOTO
WCCIICIOBaHUS KpUCTalula wHTerpanbHOW cxembl ALl
nmoTpeObIsiemMast MOIITHOCTE cocTaBmia 17,3 MBT.
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Puc. 11. Yacrornsie xapakrepuctuku BUX ¢puibrpa
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V.

JlJ11 MOHUTOPHHTA COCTOSIHHSI BEICOKOTEMITEPaTypHBIX
O00BEKTOB ~ pa3paboTaHa WHTETpadbHas cxema 12-
paspsmHOoro Aenbra-curmMa ALl mo texnomormn X-FAB
«xpemHuii-Ha-m3omsTope» XTO018. TakTtoBas wactora
Fs =5 MTI1, nonoca pabounx yactoT pasHa fo =50 kI u
dopmupyeTcss TpeaBapUTEIbHBIM — (QUIBTPOM  HIDKHHX
4acTOT Ha  TIEPEeKIIoYaeMbIX  KOHJEHcaTopax ¢
anmpokcuMmanueld YeOblmeBa 5-ro mopsiika, HalpspKeHUE
nutanus paBHo 3.3 B. Pe3ynbraThl SKCIIEpUMEHTAIBEHOTO
MCCIeJOBaHM KpUCTaa MTOJTBEPKIAIOT ero
paboTocriocoOHOCTE TIpH Temriepatype 1o 175 rpamgycoB
Tenbcus.

3AKJIFOYEHUE

TIOAEPXKKA
Pabota BBIIIOJIHEHA npu (rHaHCUPOBAaHUU
MI/IHI/ICTepCTBa HayKn u BBICHICTO 06pa30BaHI/IH

Poccuiickoit deaepaiun B paMkax peann3alii IpOeKTHON
YacTH TOCYJNApCTBEHHOTrO 3aJaHusi B cdepe HaydHOH
nesrenbHocTH, 3amanue Ne 8.1704.2017/TT4 ot 31.05.2017.
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12-bit Delta-Sigma ADC for Monitoring High-Temperature
Objects

A.S. Korotkov, D.V. Morozov, M.M. Pilipko, M.S. Yenuchenko
Peter the Great St. Petersburg Polytechnic University, korotkov@spbstu.ru

Abstract — The development of high-temperature electronic
devices [1, 2] is urgent. Delta-sigma-ADCs are used in wireless
communication [3] and can be used in the sensor of high-
temperature objects. The research results of an integrated
circuit of a 12-bit delta-sigma ADC are presented. The
operating frequency is up to 50 kHz. The clock frequency is
5 MHz, the supply voltage is 3.3 V. The operating temperature
is up to 175 degrees Celsius. Dies were fabricated using
Europractice X-FAB XT018 silicon-on-insulator technology.
The ADC has a balanced input and consists of a delta-sigma
modulator [4, 5] and a decimation filter [6]. The modulator is
a cascade connection of two balanced second-order circuits
based on integrators and two-bit ADCs. In feedback loop two-
bit DACs are used. The cascades are made using differential
operational transconductance amplifiers in the form of
circuits with switched capacitors with two-phase control. The
second stage of the modulator reduces the quantization noise
in the operating frequency band. The delta-sigma modulator
operates at a clock frequency above the Nyquist frequency
and converts the analog input signal into 2 two-bit pulse
sequences. The modulator output signals of the ADC die were
measured and processed by MATLAB. At the input frequency
of 50 kHz and the differential amplitude of 500 mV the
modulator provides SINAD of at least 62 dB. The decimation
filter attenuates of the quantization noise outside the
operating frequency band, divides the clock frequency and
forms the ADC output code. The decimation filter consists of
a circuit for combining the modulator outputs, a cascade
integrator-comb (CIC) filter, a subtraction circuit, the 6th
order IR filter, and a decimator. The CIC filter has 5 stages
and decimates by 12 times. The CIC filter bandwidth is
50 kHz, at 500 kHz the attenuation is 80 dB. The output code
of the CIC filter is 17 bits and larger than the input code, and
the noise has a mathematical expectation equal to 0, the output
signal varies from 125%64 to 125%(64+3), and the 4 most
significant bits are equal to 0, so the subtraction circuit deletes
them. The 6th order IIR filter has the passband of 50 kHz, at
100 kHz its attenuation is 105 dB, the passband ripple is 1 dB.
The output of the IIR filter is decimated by 4 times, and the
output of the ADC is the 12 most significant bits. The output
signals of the ADC die were measured and processed by
MATLAB. At the input frequency of 50 kHz and the
differential amplitude of 500 mV the ADC provides SINAD of
at least 62 dB.
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