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JlenbTa-curma MOayJISITOp ¢ yacToToi auckperusanuu 10 MI'n
g 180 am KMOII-Ttexn0m0rHn
M.M. [Tununko, /I.B. Mopo3zos, M.C. Enyuyenko

Cankr-IlerepOyprekuit noaurexuudeckuii yausepeuret [lerpa Benukoro, m_m_pilipko@rambler.ru

Annomayua — IlpencraBiennl pe3yJbTaTbl Pa3padoTKu
JeabTa-CUTMa MOAYJATOPa ¢ TakToBoil yactoroid 10 MI'm,
c
oaHOmOAApHBLIM nuTanueM 1,8 B. lnana3on paéounx yacTor
curHana g0 40 xI'm. HHTerpaibHas cxema
3aHMMaeT Ha KpucTauie miaomans 0,1 mv?. JIunamMuueckuii
auana3oH Moayasitopa cocrasiser 72,3 n1b. Ilorpedasiemasn

peamm3oBanHoro mo 180 M  KMOII-TexHooruu

BXO/THOI'0

MOIIHOCTH He NpeBbImaet 5,7 MBT.

Knioueevie cnoga — pelibTa-CHTMa MOAYJSTOP, CXeMbl Ha
onepanMoOHHbIN

nepeKJIYaeMbIxX KOH/IEHCATOpax,
TPAHCKOHAYKTUBHBIN YCHIIMTEIb.

Crhensiiue  aHaIOTO-IU(PPOBHIC
(ALIIT) wa ocHOBe gdeibra-curmMa wmopysinuu [1-3]

BBEJEHUE

00na1at0T HU3KON MOTPeOIIEMO MOIIHOCTBIO U MaJIbIMHU
rabaputamu 1o cpaBHeHHo ¢ AIIIl gpyroro mpuHIMIA
nerictBus. Jlenpra-curma ALIT cocrout u3 Moxyssropa u
BBITOJIHSAET

JemuMmupyronero  guierpa.  Moxynsatop
npeoOpa3oBaHUE aHAJOrOBOTO CHrHaia B IHU(POBOIi
NOCJICZIOBAaTENBHBIA  KOA, a JACHUMHUPYIOIMH (QUIBTp
OCYLIECTBISIET IPOPEKMBAHUE HMMITYJILCOB BBIXOJHOTO

npeodpazoBaTesnu

TIOCIIEI0BATENbHBIA KO MOJYJsiITOpa mNpeodpasyercst B
mapajuIeNbHBIN KO Ha BEIXoae ¢uibTpa. [t peanu3anun
JEIUMHUPYIOIHUX (UIBTPOB NPUMEHSIOT HU(POBBIE CXEMBI
[2-4]. OcHoBHble XapakTepucTHKH naenbra-curma ALTl
HETOCPEACTBEHHO 3aBUCST oT XapaKTEPUCTUK
MoxynsaTopa. Iloatomy mpm pa3paboTke OenbTa-CHIMa
ATl peanuzanmu MOIyJIsITOpa yaeIseTcs ocoboe
BHMMaHHE. B craTbe TPENCTaBICHBI  Pe3yIbTaTHI
pa3paboTKu CHeNUaTM3UPOBAHHON HHTErpalbHON CXEMbI
JeNbTa-CUTMa MOAYIATOpa ¢ TakToBoU dactoror 10 MI'm
U paspeuiaroleil crnocoOHocThio 12 TBOMYHBIX Pa3psioB.
Hcnonp3oBanach TEXHOJOTHS W3TOTOBICHHUS KpHCTAlIa

UMC 180 nm mixedmode/RF 1P6M.

Il.  CTPYKTYPHAS CXEMA JIEJIbTA-CUTMA

MOJVJIITOPA
B  OompmmHCTBE ~ CciiydyaeB  mpu  paspaboTke
UHTETPAIBHBIX ~ CXEM  HCIOJB3YIOT  JIeNbTa-CUTMa

MOIYJISITOp HE HIKE BTOporo mopsaka. CTpyKTypHas
cXeMa JienbTa-CUTMa MOAYJATOpa BTOPOTO MOpsIKa
AQHAJIOTHYHA NPUBEACHHON B pabore [5] u moxazaHa Ha
puc. 1.
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Puc. 1. CTpykTypHas cxeMa ieJ1bTa-CHIMa MOAYJISITOPa

HuddepenmanbHbLiz BXOJ{ IIPEJCTABIIEH
HEUHBEPTUPYIOIMM W HHBEPTHPYIOLIMM BXOIaMH N+ u

in—, a BBIX0/ 0003HaueH OUt+ 1 OUt—. MoIyIIATOp COCTOHUT
U3 JBYX MHTErpaTopoB, peanusyeMblx B Buae KMOII-
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nenel Ha IepeKIIroYaeMbIX KOHAEHCATOpax ¢ ABYX(ha3HbIM
yIpaBJIeHHEM, KOMIIapaTopa U Lerei npsiMoi u oOpaTHOH
cBs3u. Dasel KOMMYyTalUM Kiarodei o6o3nauensl phl u
ph2. Hampsokenue B y3iae agnd cootBeTcTByeT paboueii
TOYKE II0 IIOCTOSHHOMY TOKY M paBHO HOJIOBHHE
HampsokeHus — mumTanus, 1. 0.9B.  Homunais
KOHIICHCAaTOPOB B CXE€ME€ MOXYJITOpa OBIIM BHIOpAHBI
cllelyloIue:

C1=C2=2 nd;
C3=C4=C7=C8==C9=C10=C15=C16=1 nd;
C5=C6=C13=C14=5 nd;

C11=C12=2,5 n®.

Jns peanuzalliyl MHTErpaTopa Ha MEPEKII0YacMBbIX
KOHJICHCATOpaX B  ONEPAllMOHHOM  YCHJIMTENEe  He
UCIIONIB3YEeTCST  BBIXOJHOW IIOBTOPUTENb  HANPSDKESHHMS,
MOATOMY TaKOW YCHJIMTENb SBISIETCS OIEPal[MOHHBIM
TpaHCKOHAYKTHBHEIM ycmmuteneM (OTY). Cxema OTY
npejicTaBieHa B padore [6] u mokaszana Ha puc. 2. Llens Ha
HEPEeKIII0YaeMbIX KOHAEHCaTopax Gopmupyer B y3ie vemfb
CHTHal OOpaTHOM CBs3W ISl KOMIIGHCAlMK CUH(DA3HOM
COCTaBJISIOIICH BBIXOHOTO CUTHAJIA.
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Puc. 2. Cxema OTY

Cxema KoMIaparopa aHaJOTMYHA HCIOJIb3YeMOW B
pabote [7] u npuBeneHa Ha puc. 3. Beixox HHBepTOpa Ha
Tpan3uctopax M16 u M17 coearHeH cCO BXOJOM JaHHBIX
D-tpurrepa THna «3amieixar.
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Puc. 3. Cxema xommapaTtopa

OOBIYHO nopu peajim3allui MOAYJIATOpa MCHOJIb3YIOTCA
TOJIBKO 06paTHBIe CBA3M K BXOJaM HHTErpaTopoOB.
BLIXOHHOﬁ KO MOAYJATOpa BTOPOro IOpsaKa SABJISACTCA
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OTKIMKOM CXEMBbl Ha BXOJHOH CHIHaJ, MOCTYNHBIIUH
JBYMsl TaKTaMH paHee. B pesynbraTe CUTHal Ha BXOAE
LENN HHTErPaTopoOB  COAEPXKUT PA3HOCTh  BXOZHOTO
CHTHaJla M AaHAJOrOBOIO CHUrHajda AKBUBAJCHTHOIO
BBIXOZHOMY KOy, a Takke COOCTBEHHO BXOIHOW CHTHAJI,
mudepeHIMPOBaHHBI Ha TNPEObIAYIIMX JABYX TaKTax.
MHTerpaTopsl BocCTaHABIMBAIOT 3TOT CUTHAJ IO IOJHON
amMIuMTynel.  M3-3a orpaHMdeHHBIX Ko unmeHra
YCWJICHHS U CKOPOCTH HApPACTAHHS YCHINTENECH BOSHUKAIOT
HeJIMHEeWHbIe MCKaXEHUsI Ha BBIXOJAaX MHTErpaTopoB, UTO
OTpPa)KaeTCsl B BBIXOJHOM KOJIE MOAYJISITOPA.

B crpykTypHO# cXeMe MOAYJATOpa, IOKAa3aHHOM Ha
puc. 1, ICnonb3yl0TCs NPSIMBIE CBSI3H OT BXOAA CXEMBI M OT
BBIXOJZIa IIEPBOrO HHTErparopa K BXOAY KOMIIAparopa.
Cursan, mocTynalOImMN Ha BXOJ IEIH HHTETPaTOpOB,
COIEPKUT TOJBKO PAa3HOCTb BXOJHOIO CHUrHalla U
9KBUBAJICHTHOTO HANPSDKEHUS BBIXOAHOTO Koja. CHTHAIbI
Ha BBIXOJAaX HHTEIPATOPOB CYIIECTBEHHO MEHBUIE I10
aMIUTATYZIE, YeM B OOBIYHOH CTPYKType MOIYJIATOpA, YTO
Mo3BONIAET M30eXKaTh  HENMHEHHBIX HCKAKEHHH U
YBEIMYUTh JHANa30H BXOAHBIX CUTHAJIOB MOIYJIATOPA.

Pe3ynpTaTel MOJETHPOBAHUS AMIUIUTYAHO-9aCTOTHOM
u (¢azogactotHor Xapaktepuctuk OTY mpum emMKocTsIX
Harpy3Kd Ha KakKJIOM M3 BBIXOO0B 10 7 1P npencraBieHbl
Ha puc. 4. KO3QPUIMEHT yCWICHNS Ha HU3KHX YacTOTax
60 nb; yacrora emuaryHOrO ycwmiuenus 173 MI'1r; 3amac mo
¢aze 81 rpamyc.

MOJEJIUPOBAHUE NEJBLTA-CUTMA MOYJISITOPA
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Puc. 4. AMniuTyaHo-4actoTHas u ¢pa3oyacToTHast
xapakrepuctuku OTY

OcHoBHOH XapaKTepUCTUKON JleNbTa-CurMa
MOJIyJISITOpA SIBJISIETCS] OTHOIIEHNE curHan/myM. Ha puc. 5
TIOKa3aH CIIEKTP BBIXOJHOTO CHUTHAaJIa IPH BO3ACHCTBUM Ha
BX0J MomynsTopa nupdepeHInaTbHOT0 TAPMOHUIECKOTO
curHana ammumrynoir 0,5B w wacroroit 38,758 kI
[TocTpoeHne crekTpa BBIXOAHOTO CHTHAjla MOAYJSATOpA
yTeM MOJIETIMPOBAHUS  OKBHBAIEHTHOH  CXEMBI,
MONMyYCeHHOW B  Ppe3yiabTaTe OKCTPAKIMH TOMOJOTHU



KpUCTala, OKa3bIBACTCA  JUIMTENBHBIM,  IIOCKOJBKY
taktoBas 4vacrora 10 MI'n 3HauuTENbHO NPEBOCXOAUT
MaKCHMallbHYI0 4acToTy BXxoAHoro curHaina 40 k[
JuHamMuueckuid  IMama3oH  MOAYJSATOpa  COCTaBIISIET
74,6 nb, uTo obecreunBaeT pa3peHIAOIy0 CIIOCOOHOCTD
12 MBOWYHBIX pa3psIOB.
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Puc. 5. CnekTp BBIXOTHOT0 CHUTHAJIA MOAYJISTOPA

1V. DKCHEPUMEHT

WHrerpanbHas cxema JesibTa-CUrMa MOJyJIsATopa Obuia
peammzoBana mo 180 kM KMOII-TexHONMOrMM KOMIAaHUH
UMC B  pamkax  mnporpammbl  EBpomnpaxTuka.
PaspaboTaHHass ~ TOMOJOTHA  KPHCTALIa  MOIYJIATOpA
npuBeAeHa Ha puc. 6. Pasmep cxeMmbl MoayiaTopa Ha
kpucramie  cocramser  400x250 mxm®.  DoTorpadus
SKCIICPUMEHTAIBHOIO  KpUCTala ~ MOAYyIATOpa  C

KOHTaKTHBIMU IUIOIAIKaMHU ITOKa3aHa Ha puC. 7.

Puc. 6. TonoJorusi KpucTasiia MoayJsaTOpa

i momydeHmst  BXojmHoro  auddepeHnnanbHoro
CHT'HaJIa ¢ JMHAMHWYECKUM AHAIla30HOM He MeHee 74 nb mo
TOWH K€ TEXHOJOTMH B BHJE LIENH Ha IEPeKITI0YaeMbIX
KOHJIEHCaTOpax ObUl peajn30BaH IepecTpauBaeMblidl MO
yacToTe GUILTP HIKHUX JacToT YeOblmesa 3-ro nopsaka.
Ilpu TtakToBO# yactore 4 MI'm yactora cpesa (uiabTpa
cocraBisieT 40 k['1. ®oTorpadusi KOMIOHOBKM KpHCTaLia
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¢bunbTpa mpHBezeHa Ha puc. 8, a Ha puc.9 mokazaHa
H3MEpeHHAs aMIUTUTYJHO-4aCTOTHAsI XapaKTePHCTHKA.
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Puc. 9. AMIVINTY/IHO-4ACTOTHAS XapaKTePUCTHKA (GpuiabTpa
HUKHHX 4aCTOT

TakToBBIN cUTHAN I MOIynsaTopa dactotod 10 MI'g
(dopmupoBacs TeHepaTopoM Agilent 81130A.
Iapmonunueckuii curnan c¢ reneparopa Agilent 81150A



MOCTyNall Ha BXOJ (uiabTpa HIWKHUX 4YacToT. CUTHAI C
BbIXOJa (UIbTpa TOJaBajJCsi HA BXOJA JEiIbTa-CUTMa
MOJYJISITOpA. Brixoanoi CUTHAJI MOZYJIsITOpa
PETUCTPUPOBATICS JIOTHYCCKAM aHAITN3aTOPOM
Agilent 16802A.

Ha puc. 10 nokasaH CcHEKTp BBIXOJHOTO CHI'Hana
MOZYJIATOpa IIpH BO3ACHCTBUM  BXOJHOTO CHIHAJA
yactoroid 38,758 k['u. [laHHbIA criekTp OBUT HOJIydeH B
nporpamme MATLAB mocme 00paboTkm  CHTHAJOB,
3aIlMCaHHBIX JIOTUYECKUM aHaIM3aTopoM. JlMHaMuuecKui
MaIa3oH MOIyJIATOpA COCTaBIISIET 72,3 nb.
OKCHEePUMEHTAIIBHO MOJYYEHHBIH BBIXOJHOMN CIIEKTP CXOXK
CO CIICKTPOM, IIPEACTABICHHBIM B paMKaX pPe3yJIbTaTOB
MOJIeIMpoBaHus Ha puc. 5. Moaynsrop obecrieunBaer
pa3pemaroIyio CoCOOHOCTh, OMM3KYI0 K 12 mBOWYHBIM
paspspam. [lotpebisemas MOLIHOCTh — MHTETPabHON
CXEMBI MOZYIISITOpA He MpeBbImaet 5,7 MBT.
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Puc. 10. CnexTp BBIXOAHOI0 CHTHAJIA HHTErPAJbHON CXeMBI
MOayJISTOpa

V. 3AKJIOYEHUE

[Ipencraienst pe3yNbTaThl pa3paboTku
CHEIMAN3NPOBAHHON MHTETPATIBHOM CXEMBI IeIbTa-CUTMa
MoaynATopa ¢ TakToBOoM uactoroit 10 MIm. uamazon
pabouux gactor BxogHoro curaana mocturaet 40 k['m. B
CTPYKTYpHOH CXEeMe MOJIYJSATOpa HCIONb30BaJNCh KAk
oOpaTHasi CBsI3b OT BBIXOJa CXEMBI Ha BXOJ[ HEPBOTO
WHTETpaTopa, TaKk U MPsIMbIE CBS3HM OT BXOJa CXEMBI H OT
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BBIXOJIa IIEPBOTO HHTErparopa K BXOAY KOMIIapaTopa.
WnTerpanbHas cxemMa MOJIyJIATOpa pealn3oBaHa MO
KMOITI-texsomornu UMC 180 nm mixedmode/RF 1P6M
B pamkax nporpammsl EBponpaxtuka. Cxema MoaymsTopa
3aHMMaeT Ha Kpucramwie miomans 0,1 MM, Hampsokenue
nuranus cocrasisier 1,8 B. [lo pesynbratam m3mepeHumit
morpebisieMasl MOUIHOCTh He TpeBblmmaeT 5,7 MBrt, a
JUHAMHUYECKUN auana3zoH paBeH 72,3 nb mpu BXOZHOM
mddepeHInaTEHOM TapMOHHYECKOM CHUTHaJe
aMILTUTY 101 0,5 B. Mopynstop obecreunBaer
pa3pemaroyo CroCOOHOCTh, ONMM3KYI0 K 12 IBOMYHBIM
paspsijaM, M NPUMEHUM B COCTaBE CXeM KalMOpOBKH M
KOPPEKLIHH.
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Delta-Sigma Modulator with 10 MHz Clock Frequency

in 180 nm CMOS Technology
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Abstract — Analog-to-digital converters (ADC) based on delta-
sigma modulation [1-3] have low power consumption and low
chip area in comparison with other ADCs. A delta-sigma ADC
consists of a modulator and a decimation filter. The modulator
converts the analog input signal into the output bit stream. This
bit stream is filtered and decimated by the filter. Decimation
filters are digital circuits described in [2-4]. General
characteristics of the delta-sigma ADC depend on the modulator
characteristics. Therefore, the design of the delta-sigma
modulator is a critical issue. In this paper, an integrated circuit
of the delta-sigma modulator is discussed. For a test chip
fabrication UMC 180 nm mixed mode/RF 1P6M technology was
used. A typical solution for delta-sigma ADCs is the second or
higher order modulator. In this work the second order delta-
sigma modulator proposed in [5] is used. The modulator consists
of two integrators, a comparator, a feedback and feedforwards.
Each integrator is a switched-capacitor circuit. An amplifier
used in the integrators is an operational transconductance
amplifier (OTA). The OTA circuit is presented in [6]. The
comparator circuit is described in [7]. Typically there are only
feedbacks in the delta-sigma modulator. The modulator output
code is a response to the input signal that was two clock cycles
earlier. Therefore, signals that go to integrators contain not only
a difference between the modulator input signal and a signal
corresponding to the output code but also a highpass-filtered
version of the input signal. Integrators restore this signal to a
full amplitude. Because of nonlinear OTA gain and slew-rate
effects, harmonic components of the input signal are created at
the outputs of the integrators, and, as consequence, in the
modulator output code. The proposed circuit uses a feedforward
from the modulator input and the first integrator output to the
comparator input. Thus, the two clock cycle delay between the
input signal and the circuit response is eliminated. The input
signal of integrators has only a difference between the
modulator input signal and the signal corresponding to the
output code. Signal amplitudes at outputs of the integrators are
significantly less than in the typical structure, as consequence,
non-linear distortion of the output signal is decreased.
Simulation of OTA was performed with a 7 pF load on each
output. Characteristics of OTA are as follows. DC gain is 60 dB.
The unity gain frequency is 173 MHz. Phase margin is 81°. The
main characteristic of the delta-sigma modulator is signal-to-
noise and distortion ratio. The output spectrum of the
modulator was obtained for the differential harmonic input
signal of 38.758 kHz with an amplitude of 0.5 V by post-layout
simulation. The dynamic range of the modulator is 74.6 dB, so
ADC can achieve resolution of 12 bit. The integrated circuit of
the delta-sigma modulator was designed for UMC 180 nm
CMOS technology and fabricated through Europractice 1C
service. The modulator occupies 400x250 pm? without ESD ring
and pads. A tunable 3-rd order Chebyshev low-pass filter was
designed based on switched-capacitor circuits for the same
technology. The filter has the dynamic range no less than 74 dB.
The cutoff frequency is 40 kHz for the clock frequency of 4
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MHz. Measurements were organized as follows. The 10 MHz
clock frequency signal of the modulator was generated by
Agilent 81130A. A test harmonic signal was provided to the
filter input from Agilent 81150A. The filter output was
connected to the input of the modulator. The modulator output
signal was acquired by Agilent 16802A (logic analyzer). A signal
from the logic analyzer was processed in MATLAB to obtain the
modulator output spectrum. Measurements have shown that the
dynamic range of the modulator is 72.3 dB for the 38.758 kHz
input signal. Power consumption of the modulator is up to 5.7
mW with a 1.8 V supply voltage. The modulator suits as a part
of calibration systems.

Keywords — delta-sigma modulator, switched-capacitor circuits,
operational transconductance amplifier.
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