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PaccmoTpeHo BiMsiIHME TOIMOJOTMYECKUX PAa3MEPOB MATPULIbI MEPEKIoYaeMblX KOHAEHCATOPOB Ha MOrpelHocTs auddepeHum-

abHOIt HennHeitHocTn ALITT mocnenoBaTeIbHOTO MPUOIMKEHUS B COCTaBE MHOTOKAHAJIbHBIX MUKPOCXEM M CUCTEM Ha KpUcCTaslie.

)IaHH PEKOMEHIALIMU, MO3BOJJIAOIINE ONITUMU3NPOBATH HOMUHAJIbI ¢AMHUYHBIX KOHICHCATOPOB €MKOCTHO MaTpUIIbl U OLICHUTH

pa3Mmepbl 6;10ka ALLTT Ha paHHUX CTaaUSIX TTPOEKTUPOBAHUSI.

Kniouegvie crosa: ananoeo-yugposoii npeoopazosamens; AL AL nocredosamenvroeo npubausicerus; MAmMpuya nepeKao4aemvlx KoH-
deHcamopos; mononoeus,; HeauHeluHocmy,; paspeuiaroujas cnocobrocmos AL
The paper highlights the influence of the capacitor array layout on the accuracy of successive approximation ADC, as well as gives

recommendations for optimizing the values of unit capacitors of the capacitive array and estimating the size of the ADC in the early

stages of design.

Keywords: analog-to-digital converter; ADC; SAR ADC; switched capacitor array; layout; nonlinearity; ADC resolution.

BBEAEHUE
AHajnoro-1iudpossie npeodpaszonatenu (ALIT) HawM WMpokoe npu-
MEHEHHUE U KaK OTIeJbHble MUKPOCXeMbl YHUBEPCAJIbHOTO Ha3Haye-
HWSI, ¥ B COCTaBe psilia CIIeIMaIM3UPOBAHHBIX MUKPOCXEM, M B CHCTEMax
Ha kpucrasuie (CHK), kotopbie MoryT cogepxarb 10 100 1 6osiee KaHaI0B
npeobpa3oBaHusi curHaios [1]. HabaogaeTcs TeHASHIIMS K MCITOJIb30Ba-
nuio AL B cuctemax camonuarHoctuku CHK, BKITIOUAIOMIMX BCTPOCH-
HBIE CPE/ICTBA MOHUTOPUHTA TUTAHUS, TEMTIEPATYPbI, TAPaMETPOB Psiia
6;10Kk0B [2—4]. OnHa U3 MPUYKH B TOM, YTO MHOTHe coBpeMeHHble CHK
UMEIOT CIOXHYIO KJIACTEePHYIO aJallTUBHO HACTPANBAEMYIO CUCTEMY
SJEKTPOMUTAHMS, & TAKXKE TUHAMUYECKH PEKOHMDUTYPUPYEMYIO apXy-
TEKTYpY [S]. DTO TpeOyeT KOHTPOJISI TEKYLIMX 3HAYSHU I PEXKUMHBIX
rnapamMeTpoB GJOKOB, TeMIIepaTypbl, a TAkXe LEJOCTHOCTU CUTHAJIOB
B psIIe M H, HATIpUMeED, B IIMHAX muTaHus [6, 7]. CHK mist KpuTruecku
BaXXHBIX IPUJIOKEHU I, pa3pabaTbiBaeMble C COOTIOICHUEM HOPM U CTaH-
napToB (YHKIIMOHAIBHOI 0€30MaCHOCTH, TAKKe TOJTKHBI MMETh BCTPO-
€HHBIE CPEJCTBAa CAMOIMATHOCTUKM M TeCTUPOBaHUS [§].

B cucTteMax MHOTOTOYeUHOTO anmnapatrHoro MouutopuHra CHK

WCTIONB3YIOT U BCTpoeHHBbI ALl ¢ aHaIOrOBBIM KOMMYTaTOPOM

U MaccuB U3 HeckKonbKux ALITT, pa3zMenieHHBIX B MecTax pacrosio-
JKEHU s KOHTPOJIMpPYyeMbIX 0J10KoB. Takasi pacnpeneseHHasi CTpyKTypa
BO MHOTHX CJly4asiX OKa3blBaeTcsl MPEANOYTUTEIbHOM. [11s1 KOHTPOJIs
TeMIepaTyphl, HAaNPSIXKEHUl U TOKOB B CUCTEMax C pacrpenesieH-
HOI cTpyKTYypoOil coopa naHHbIx ALLIT nocienoBaTebHOro NpuoOIN-
JKEHUS CpeHEeN TOYHOCTH, YMEPEHHOTO OBICTPOIEUCTBU S, C HU3KUM
YPOBHEM NOTPEOIsIeEMOIl MOITHOCTU OKa3bIBaloTcs 6osee 3(pdhekTuB-
HBIMU TI0 cpaBHeHUIo ¢ npyrumu tunamu AL [9], ecnu MuHUMU3M-
poBaHa 3aHMMaeMasi MU Ttolnanb. Takue ALLTT, nononHeHHbIE Mac-
CUBOM OBICTPOIEUCTBYIOUIUX YCTPONUCTB BHIOOPKU-XPAHEHU S B TOU-
KaX KOHTPOJIsI, MPUMEHSIIOTCS TaKXKe IJ1sI MOHUTOPUHTA AMHAMUYE -
CKMX MTapaMeTpoOB, HAIPUMeP, LIEIOCTHOCTH curHanoB Ha uune CHK
[4]. Hapsiny ¢ McrioJib30BaHUEM B BUJE CIO0XHO-(YHKIIMOHATbHBIX
6:10k0oB B coctaBe CHK, 3t ALIIT HaXoasiT npuMeHeHUe B KaueCTBe
OTAEJBbHBIX MUKPOCXEM.

BonbmuucTBo ALLIT mociienoBaTeIbHOTO IPUOIMKEHU S, peaiv-
3yeMbIX 10 KMOIT TeXHOJIOruu, UCIIOJIB3YIOT AJIsl TeHepalluy 3TaJlOH-
HBIX HallpSI)KEHU I B IIpoliecce ypaBHOBEIIMBAHUS IU(DPO-aHATOTO-
BBl IpeoOpas3oBaTens (LLATI) ¢ 6anaHcupoBKoiil 3apsiia B MaTpule




AOKAAABI KOH®EPEHIIUU

KOHJIEHCATOPOB C IBOMYHO-B3BEIICHHBIMU eMKOCTSIMU. [1pu mpoek-
TupoBaHuu Taknx ALLIl, opueHTHpOBaHHBIX HA UCTIOJIB30BAHUE B pac-
CMOTPEHHBIX TPUMEHEHUSIX, HEOOXOAMMO ONITUMU3UPOBATH TOIMOJIO-
TUI0 UX OCHOBHOTO 0JI0Ka — MaTPUILIbl KOHAEHCATOPOB C LEJIbI0 MUHU-
MU3alMU 3aHUMAeMOii MIouaay Npu OJHOBPEMEHHOM OOeCieueHu
HEOOXOAMMOTI0 YPOBH S TOUHOCTH. DTOMY MOCBsILIIeHA HACTO111asl cTa-
Thsl. B Helt paccMaTpuBaloTCsi 0COOEHHOCTH MPOEKTUPOBAHU S TOMO-
JIOTUM MAaTPULLbI, CBSI3aHHbIE C ONTUMU3aLMel ee TeOMETPUH, B YacT-
HOCTH, BOIIPOCHI BEIOOPA pa3MepoOB M eMKOCTH €IMHUYHOIO KOHIEHCa-
TOpa U PACCTOSTHUSI MEX Ty KOHICHCATOPAMY MATPUIIBI.

AHAAN3 BAUSHUA TEOMETPUYECKUX PASMEPOB
KOHAEHCATOPHOﬁ MATPUIIbI
Tloka3aHo, YTO OCHOBHBIM UCTOYHUKOM OIIUOKYU AudbepeHIInalb-
HOU HEJTMHEHHOCTH SIBJISIETCS] HEIBOMYHASI KOMIIOHEHTA Mapas3uT-
Hoit emkoctu [10]. HeagBouuHas cocTaBisitolias mapa3suTHONW eMKO-
CTU BO3HUKAET 33 CUET Mapa3suTHOI eMKOCTU BEPXHUX OOKIIaIOK eIM-
HUYHBIX KOH/IEHCATOPOB, BXOSIIIIMX B COCTaB TaHHOTO KOHIEHCATOPA,
Ha IIMHBI CUTHAJIOB HUXKHUX 00KJIAZOK, OTHOCSIIIIMXCSI K IPYTUM KOH-
JleHcaTopaM M He MOIKJIIOUEHHBIX K JaHHOMY KoHaeHcaTopy. [1o3-
TOMY NMapasuTHY10 eMKOCTb C, KaXJ0ro KOHAEHCAaTOpa MOXHO OLie-
HUTB cienytomum obpazom: C; = C,k, rne C, — napa3suTHas EMKOCTh
eIMHUYHOTO KOHIeHCAaTOpa Ha TIPOXOISIIIYIO PSITOM C HUM CUTHab-
HYI0 IIWHY; kK — KOJTUYECTBO EAMHUYHBIX KOHJEHCATOPOB, HE BXOJISI-
WX B COCTaB JAHHOTO, PSITOM C KOTOPBIMU MPOXOAUT CUTHAJTbHASI
HIMHA, MOAKIIYeHHAsT K HUXKHUM O0KJIaiKaM JaHHOTO KOHIEHCa-
topa. Ha puc. | moka3aHna nmapa3uTHasi eMKOCTh C BepXHeil 00KJIa KU
eIMHUYHOTO KOHIEHCATOpa Ha CUTHAIbHYO nHY. LlluprHa KoHaeH-
catopa 0003HauYeHa a, paCCTOSIHUE OT KOHJeHCcaTopa A0 CUTHAIbHOI
WIUHBL — A.

3aBMCUMOCTb EMKOCTH €IMHUYHOTO KOHAEHCATOpa KBaAPaTHOI
(hOpMBI Ha MPOXOASILYIO PALOM C HUM curHalbHyto wuHy C,(a,h)
OT pazMepa KOHAEHCATOpa U paCCTOSIHUS 10 CUTHAIbHOM IIMHBI MOXKET
OBITh ANMPOKCHMMIPOBAHA CIIEIYIOLUIUM BbIpakKeHUEM:

C (a,h)=%,
’ (h+hy)
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Puc. 1. Emkocmb mencdy eepxreii 00KkAa0K0i eOUHUYHO20 KOHOeHCamopa
U CUCHANBHOU WUHOU

Fig. 1. Stray capacitance between top plate of unit capacitor and signal line

rae a — NJWHa WIKA LIMpHUHaA KoHaeHcaTopa; C, — yaelbHas Kpa-
eBasi eMKOCTb MeXIy ABYyMs ciosimu MeTasutusanuu (O/m), mapa-
METp U3 IPOEKTHOM 6a3bl NAaHHBIX; # — pacCTOSTHUE OT KOHIeHCAaTopa
110 IWIWHBI; /1, — MOATOHOYHBII MapaMeTp, BEIMYMHA KOTOPOTO MpH-
MEpHO paBHA CyMMe TOJIIMHBI IUDJIEKTPUKA MEXY CIIOSIMU METa-
JIM3ALUK W PACCTOSTHUSI MEX/1y KPasiM¥ BEPXHEH U HUXHEi 00KIamI0K.

OlleHKa OTHOCHUTEJIbHOM morpemHocTy nuddepeHnaibHoi
HEJMHEWHOCTH AJIsl KaX10T0 U3 N KOIOB:

i-1
max{Ci— CJ}
DNL, =———" 2 i=1.N.

s
0

B ymciuTese 3TOro BeIpaXXeHMsl — MaKCUMalbHasl BEIWUYMHA pa3-
HOCTHU MEXJy MTapa3suTHOI eMKOCTbIO C; HAMOOJBIIEro U3 KOHIeHCa-
TOPOB, MIEPEKITIOYAIOIIMXCS TIPU ITEPEXO0Ie OT Koma i — | K KOy i, ¥ CyM-
MOii Mapa3uTHBIX EMKOCTEI OCTaTbHBIX MEPEKII0YAONNXC KOHICH-
caTopoB; C; — eMKOCTb eJUHUYHOTO KOHIeHcaTopa. C y4eToM 3Tux

Analog-to-digital converters (ADCs) are
widely used both as standalone general pur-
pose integrated circuits (ICs), and as part
of application specific ICs, and as part of such
1Cs as system on a chip (SoC), which can con-
tain up to 100 and more signal conversion
channels [1]. There is a tendency to use ADC
in self-diagnostic systems of SoC, including
built-in means of monitoring power, temper-
ature, and parameters of a number of blocks
[2—4]. One of the reasons is that many SoCs
have a complex, adaptively configurable clus-
ter power supply system, as well as a dynam-
ically reconfigurable architecture [5]. This
requires monitoring the current values of the
block’s operating parameters, temperature,
and in some cases, monitoring the integrity
of the signals in several buses, for example,
in power rails [6, 7]. SoCs for mission-critical

applications developed in compliance with the
functional safety rules and standards should
also have built-in self-diagnosis and testing
means [8].

In systems of multi-point hardware mon-
itoring, SoCs use either a built-in ADC with
an analog multiplexer or an array of sev-
eral ADCs placed in the locations of con-
trolled blocks. In many cases such a distrib-
uted topology is preferable. For monitoring
temperatures, voltages, and currents in SoCs
with the distributed data acquisition system,
most efficient ADC types are those of succes-
sive approximation register (SAR), of medium
accuracy, moderate speed, with low power
consumption, surpassing after ADC types [9],
on condition that the occupied area is mini-
mized. Such ADCs supplemented by an array
of high-speed sample-hold devices at the
points of control are also used to monitor

dynamic parameters, for example, the integ-
rity of signals on a chip [4]. Along with the use
as IP-blocks of SoCs, these ADCs are used
as standalone ICs.

Most SAR ADCs implemented in CMOS
technology use a digital-to-analog converter
(DAC) based on charge balancing in an array
of capacitors with binary weighted capaci-
tances to generate reference voltages during
the balancing process. When designing such
ADC:s that are meant for the considered appli-
cations, it is necessary to optimize the layout
of their main unit — the array of capacitors
to minimize the occupied area while simul-
taneously ensuring the required level of accu-
racy. That is the subject of this paper. It deals
with the design features of the layout of the
capacitor array related to the optimization
of its geometry, in particular, the choice of its

dimensions, capacitance of its unit capacitor
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PaccTosiHue OT KoHaeHcaTopa
[0 CUTHANbHOW LUNHbI, MKM
Distance from capacitor to signal line, um

Pasmep koHAeHcaTopa
KBaapaTtHo Gopmbl, MKM
Size of a square-shaped capacitor, um

Puc. 2. 3asucumocms ouubKu HeAUHEIHOCMU OM PA3MeEPO8 U PaAcnoN0-
JHCeHUsl KOHOGHCamopos

Fig. 2. Relationship between differential nonlinearity, the size of capacitors,
and their locations

COOTHOIIEHU I 3aBUCUMOCTD nuddepeHIInaTIbHON HEJTMHETHOCTI
OT TOTIOJIOTUUYECKMX PA3MEPOB MOXHO 3aIMCaTh B BUJE:

i—l
C,-h -max{k, 72k/}
DNL_ (a,h)= 0

e C,-a-(h+h,)

)

rae C, — ylejbHast eMKOCTb €AIMHUYHOIO KOHIeHcaTopa (d/Mm?), mapa-
METp U3 MPOEKTHOI 6a3bl JaHHBIX.

Ha puc. 2 nokazaHa 3aBUCUMOCTb aupdepeHInalbHONW HeJTuHE-
HOCTH OT XapaKTePHbIX TOMOJOTUYECKUX PA3MEPOB MaTPULIbI KOHIEH-
cartopoB. [Toka3aHbl TaKXe MJIOCKOCTH OTpaHUYEHU I, OOYCIOBIIEH-
HBIX MAKCUMaJbHO TOMYCTUMBIM YPOBHEM OLIMOKYU HEJIUHEHHOCTHU
(ropu3oHTaJIbHas MJIOCKOCTh) U MAaKCUMAaJIbHO JOMYCTUMBIM pa3me-
POM KOHJIEHCATOPHO# MaTpHIlbl (BEpTUKAJIbHAS MJIOCKOCTb).

OrpaHWYeHWe, CBA3aHHOE C pa3MEepPOM MaTPUIIbI, MTPEICTaB-
JsieT co00ii TIIOCKOCTh, OTIUCHIBAEMYIO BhIpaxkeHueM L = a + h, Tie
L — mapamerp, onpeaenasoluii MakKCUMalbHbIil pa3mep 0a30BoOit
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STYe KU MaTPUILBI U, CJIEIOBATEIbHO, XapaKTEePU3YIOIINi pa3Mep Beeit
MaTpPUIbI KPaTHBIH L.
CeueHMe MOBEPXHOCTH MOTPEITHOCTH ITOI MIIOCKOCTHIO:

Cb.-hn-max{k,—ik,}

J=0

Cy-a-(L+hy,—a)

DNL,, (a)=

TosyyeHHOE BbIpaXKeHUE MPEACTABISAET COO0I 3aBUCUMOCTH MaK-
CHMaJIbHOTO YPOBHSI omKMOKY qudGepeHrnalibHOR HETMHEHHOCTH
OT XapaKTepHOTro pazMepa KOHJIEHCATOPa a TIPU 3aJlaHHBIX OrpaHuYe-
HUSX Ha pasMep SYeiiKi KOHIEHCAaTOPHOI MaTpu bl L. OUeBUIHO, YTO

dyukuus DNL,  (a) iMeeT MUHUMYM B TOUKE

max

L+h,
a,, = —
OueBHAHO TaKXKe, YTO
L—h,
hapt = 2

Taxum 06pasom, a,, 1 h,, ABJISIOTCA ONTUMAIbHBIMU Pa3MEPAMU
MaTPULbI IPU 3aJaHHBIX OTPAHMYEHUAX HA MAKCUMAaJIbHBII ee pas-
mep.

[MoncraHoBKa a,, v h,, B BbipaxeHue s 1uddepeHumranbHoi
HEJIMHEITHOCTH JaeT 3aBUCUMOCTb MAaKCHUMaJIbHOTO YPOBHS 3TOTO
BUJIa TIOTPEIIHOCTH OT pa3Mepa KOHIEHCATOPHOI MaTPULIBL:

i1
C,-h, -max{kl —Zk/}
=0

DNI /
C,(L+hy)

‘max

(L=

TlTosryyeHHOE COOTHOLIEHUE MO3BOJISIET OLIEHUTH OIIMOKY HEJTU-
HEWHOCTHU MpPU 3aJaHHOM pa3Mepe KOHJAEHCAaTOPHON MaTpUILbI,
a Takke MUHMMaJIbHBII pa3Mep MaTpULLbl, HEOOXOIMMBbII IJ1s1 AOCTH-
>KEHMSI 3aJaHHOTO YPOBHSI TOYHOCTH.

PesysibTaThl MpOBEAEHHOTO aHaIK3a JIETJU B OCHOBY METOIIUKU
ONTUMU3AIMY TOTIOJIOTMY MaTPUIIBI KOHICHCATOPOB B COCTaBe OJI0Ka
ALTI mocnenoBaTebHOTO TPUOJMKEHUS pa3psiAHOCThIO 10 OUT, pea-
nu3oBaHHOTO 110 TexHoJoruu KMOII ¢ npoekTHOI HOpMOii 0,18 MKM.

and the distance between the capacitors and
signal lines.

ANALYSIS OF THE EFFECT

OF CAPACITOR ARRAY
DIMENSIONS

It has been shown that the non-binary com-
ponent of parasitic capacitance is the main
source of the error of differential nonlinear-
ity [10]. The non-binary component of the
stray capacitance of a compound capacitor
that consists of unit capacitors is due to the
capacitance between the top plates of unit
capacitors included in this compound capaci-
tor and the signal lines connected to the bot-
tom plates of other capacitors. Therefore, the
stray capacitance C; of each capacitor can
be estimated as follows: C, = C,k, where C,
is the stray capacitance of a unit capacitor

on the signal line passing next to it; k is the

number of unit capacitors that are adjacent
to the signal line connected to the capacitor
under consideration, but which are not part
of this capacitor. Fig. 1 shows a stray capac-
itance from the top plate of a unit capacitor
to the signal line.

The dependence of the stray capaci-
tance C,(a, h) between a unit square-shaped
capacitor and the adjacent signal line on the
capacitor size and the distance to the signal
line can be approximated by the following
expression:

C ahy=2Cr
(h+h,)
where a is the length or width of the capac-
itor; A is the distance from the capacitor
to the signal line; A, is an adjustable param-
eter whose value is approximately equal
to the sum of the thickness of the dielectric

between the metal layers and the distance
between the edges of the top and bottom
plates of capacitor; C, is a specific edge
capacitance between two layers of metalli-
zation (F/m). Its value is given in a process
design kit (PDK);

Estimation of the relative error of the dif-
ferential nonlinearity for each of the N codes
is given by:

—1
max{q—zq}
DNL, =———"2 ) j=1.N.
: G,

The numerator of this expression is the
maximum value of the difference between
the stray capacitance C, of the largest capaci-
tor switching on from code / — 1 to code i and
the sum of the stray capacitances of the other
switching capacitors. C, is a capacitance of the
unit capacitor.
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BAOK AIIII ITIOCAEAOBATEABHOTO
IMPUBANIXEHUSA

CrpyktypHas cxema AL mokasaHa Ha puc. 3. Mcniosib3oBaHa 00bIU-
Hast HeauddepeHlnaibHas apxXuTeKTypa ¢ nepepacrnpeneicHuemM
3apsiaa. 115 yMeHbIIeH s 3aHUMAaeMOH MJIOLIa1 MaTpuiia KOHIeH ca-
TopoB AT pa3neneHa Ha nBe moaMatpulibl. OnHa U3 HUX yIIpaBJsIeTCSs
CeMbIO CTapLIMMU Pa3psiiaMu KOJia ¢ BbIXOJIa PErMCTpa MoCe10BaTe b
Horo npuoauxenus (PITIT), apyras — Tpems MJIaAlIMMU pa3psiaaMu.

TTonmMaTpuilbl cOeqMHEHBI MEX Y OO0 uepe3 pa3neuTeTbHbI KOH-
neHcarop C,, KOTOPBIit BBIMOMHAET GYHKL IO aTTeH10aTopa. Homuuan
€IMHUYIHOTO KOHJeHcaTopa cocTaBisieT 90 pd.

Ha puc. 4 nokasana tonosiorus 6;10ka ALIIT. Ero BeicoTa cocTas-
sseT 230 MKM, YTO He MPEeBbIIACT LIMPUHY TPEX TUMOBBIX KOHTAKT-
HBIX MJoinaaok. [ToaTomy pazpaboTaHHBI OJOK MOXET UCIOTIb30-
BaThCs1 J151 MOCTPOEHU S MHOTOKaHaJIbHbIX MUKpocxeM ¢ ALLIT B kax-
IIOM KaHaJe.

Komnapatop Bbixo
Ca Comparator Digital
D » > | P o _ _ A PN output
|
* SAR »
] C 2C 4C C 2C 4C 32C 64C
R Pernctp nocnepnosatenbHOro
npueANXeHus
Successive

Bxoga | Input

Puc. 3. Cmpykmypnas cxema ALIT
Fig. 3. Schematic diagram of ADC

approximation register

1,25B
1,25V "
CTOYHMKW OMOPHOMO
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Puc. 4. Tononoeus AL
Fig. 4. The ADC layout
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Puc. 5. Komnapamop ¢ asmomamuueckoi koppexyueti cneuwsenus nyas. BKC — 610k Koppexyuu cmeujerus
Fig. 5. Comparator with automatic offset voltage compensation (OCU stands for offset cancelling unit)
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Fig. 6. The ADC static performance: (a) differential nonlinearity and (b) integral nonlinearity

Then the dependence of differential non-
linearity on the size of the elements of capaci-
tor array can be given by:

i-1

Ckmh(,-max{kl—Zk/}

DNL_ {(a,h)= =
e C,-a-(h+hy)

5

where C, is a specific capacitance of a unit
capacitor (F/m?). Its value is given in PDK.

Fig. 2 shows the relationship between the
differential nonlinearity and the size and loca-
tion of the capacitors. It also shows two planes
of constraints, one of which corresponds to the
maximum permissible differential nonlinearity
error (horizontal plane), and the other deter-
mines the maximum permissible size of the
capacitor and the distance between the capaci-
tor and the nearest signal line (vertical plane).

The restriction associated with the dimen-
sions is the plane that is given by the expression
L =a+ h, where L is the parameter that deter-
mines the maximum size of the base cell of the
array and hence characterizes the size of the
entire array because it is a multiple of L.

The section of the error surface by this
plane can be given by the following relation:

i-1
Ck,-h‘,-max{szzk/}

DNL,_, (a)= =
e C,-a(L+h—a)

This formula shows the dependence of the
maximum error of the differential nonlinear-
ity on the characteristic size of the capacitor for
given constraints on the size of the capacitor
array.

The function DNL,,, (a) has a minimum at:

‘max!

L+h,
aﬂp, = T

The optimal value of / is given by:

_ L- ho
opt 2 N

Thus, a, u h

opt opt

are optimal dimensions
of the array cell with given restriction on its
maximum size. Substitution of these values
into the formula for differential nonlinearity
gives the relationship between the maximum
error and the size of the capacitor array:

i

-1
Cp-h, -max{k, 721(/}

DNL_ (L)= N

" CU '(LJrhn)z

The resulting relation allows us to estimate
the nonlinearity error for a given size of the
capacitor array, as well as the minimum array
size necessary to achieve a given level of accu-
racy.

The results of the analysis were the basis
of the methodology for capacitor array layout
optimization in the 10-bit SAR ADC imple-
mented in 0.18um CMOS.

SUCCESSIVE APPROXIMATION
ADC

Fig. 3 shows a schematic diagram of ADC.
It is implemented using a conventional
single-ended charge balancing architec-
ture. To reduce the occupied area, the
capacitor array of the DAC is divided into
two sub-arrays. One of them is controlled
by seven most significant bits of the code
from the output of the SAR, the other
is controlled by three least significant
bits. The sub-arrays are connected to each
other via capacitor C,, acting as an attenu-
ator. The capacitance of the unit capacitor
is 90fF.

Fig. 4 shows the ADC layout. The height
of the block is 230um, which does not exceed
the width of three typical pads. Therefore,
it can be used to build multichannel chips with
ADC in each channel.

The ADC was developed using radiation
hardening by design techniques. In particular,
edgeless n-channel MOSFETSs with additional
guard rings were used, as well as automatic off-
set compensation in stages of the comparator
as shown in Fig. 5.

The ADC has been manufactured in XFAB
XPOI18 commercial 0.18um CMOS process.
A feature of this technology is the availability
of 5V MOS transistors, which provides a wide
range of supply voltages.

Fig. 6 shows the static performance mea-
surements results of the ADC test samples.
The level of differential nonlinearity (DNL)
does not exceed half the less significant bit
(LSB). Integral nonlinearity (INL) is less than
1.5 LSB. The summary of the ADC measured
performance is given in Table 1.

CONCLUSION
The paper presents an analysis of the effect
of the layout dimensions of elements of a capac-
itor array on the differential nonlinearity
of SAR ADC, as well as gives estimation of the
accuracy of the array depending on its size.
The obtained results allow estimating the ADC
layout dimension and choosing the optimal val-
ues of capacitors at the early stages of design.
As an example of practical application
of the research results, we have presented
a block of a micro-power SAR ADC that has
a 10-bit resolution and a speed of 400ksps
with a current consumption less than 0.ImA.

The level of differential nonlinearity does not
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Tabauya 1. OcrosHbie napamempol pazpabomannoil muxkpocxemot A LT
Table 1. Summary of the ADC measured performance

3HaveHue
Value

ITapameTp

Performance parameter

Paspelienue, 6ut

Resolution, bit 10
BricTponeiicTBue, KBBIO/C 400
Conversion rate, ksps
Hanpsixenue nuranusi, B

3,0-5,5
Supply voltage, V
TemrmeparypHblii nuama3oH, “C —60...+125

Temperature range, ‘°C

Omnoka nuddepeHunaTbHOM
HesnmMHelHocTH (Makc), EMP 0,5
Differential nonlinearity (max.), LSB

OmnbKa MHTErpaJbHOM HETMHEINHO-
crtu (Makc), EMP 1,5
Integral nonlinearity (max.), LSB

Toxk nmotpedaeHus (Makc), MA

Current consumption (max.), mA il

WHrepdeiicht
Interfaces

TMapayutenbHbliii 1 SPI
Parallel and SPI

Pazmepsl, Mkm

. . 1100x230
Dimensions, um

TexHonorust
Fabrication process

KMOII, 0,18 Mkm
CMOS, 0.18um

IIpu mpoeKTUpOBaHUU 6JI0KA MCITOJIb30BATUCH CXEMOTEXHMYE-
CKHE M TOIMOJOTrMYECKUEe METOIbI MOBBIIIEHU ST CTOMKOCTH K MOHU3H-
pylolieMy M3JIydeHu0. B yacTHOCTH, peann3oBaHa (GyHKIIMST aBTO-
MaTHYECKOM KOPPEKIIMK CMEIIEHUs HYJISI B KacKaaax KoMIaparopa,

KakK IMmoka3aHo Ha puc. 5. Mcrionb3oBaHbl n-kaHaJibHbie MOII TpaH-
3UCTOPHI C KOJBIEBBIM 3aTBOPOM U NOIMOJHUTEIbHBIE OXPaHHBIC
KOJIbIIA.

Brnok ALLIT M3roTtoBjieH B cCOCTaBe TECTOBOM MUKPOCXEMBI
no KMOIT texnonoruun XFAB XPOIS8 ¢ npoekTHOIt HOpMOit 0,18 MKM.
OCco0EeHHOCTBIO UCTOJB30BAHHONM TEXHOJOTUU SIBJASIETCSI HATUYUE
TPAH3UCTOPOB ¢ paboUYMM HanpsixKeHueM 10 5 B, uyTo no3posiniio ode-
CMEeYUTDb IIMPOKU A TMaNa30H HaMPSIKeH U MUTaHUS.

Ha puic. 6 mpuBeaeHBI pe3yIbTaThl U3MEPEHU I CTATHIECKMX XapaK-
TepPUCTUK TecToBbIX 00pa3ioB ALLTT. YpoBeHnb nuddepeHunanbHoi
HenuHelHoctu (A HJI) He nmpeBbpIIIaeT MOJOBUHBI €IUHUILIBI MJIa-
mero paspsina (EMP). Muterpanshas HenmuneitHocTs (MHJT) coctas-
nsiet MeHee 1,5 EMP. 3HaueHust ocHoBHBIX TapameTpoB ALITT mpuBe-
IeHbI B Ta0. 1.

3AKAIOUEHUE

B paGore npeacTaBiieH aHaIM3 BIUSHUS TOMOJOTMYSCKUX Pa3MepoOB
TMepeKIoYaeMbIX KOHJIEHCATOPOB Ha MOTrpeliHOCTh AuddepeHalb-
Hoil HesmHelHocTu ALLTT nocnenoBaresbHOro npuodanxeHus. Jana
OLIEHKAa YPOBHSI TOYHOCTU MaTPUIbl B 3aBUCUMOCTH OT €€ pa3Mepa.
Wcnonb3oBaHMe 3TUX PEe3yJbTATOB MO3BOJISIET OLEHUTD TOIMOJOTUYE-
ckuii pasmep 6sioka ALLTT 1 BBIOpaTh onTUMaIbHbIe HOMUHAJIBI €11~
HUYHBIX KOHJICHCATOPOB B COCTaBE EMKOCTHOI MaTPHUIIbI HA pAaHHUX
CTaAusIX MPOEKTUPOBAHUS.

B kauecTBe nmpumMepa NpakKTUUYECKOrO MTPUMEHEHU S pe3yJibTa-
TOB MPOBEAECHHOI0 aHaJIu3a MpeacTaBieH 0JOK MUKPOMOIIIHOTO
ALTI mocienoBaTeIbHOTO MPUOIUXKEHU S, UMEIOLIN T pa3psiTHOCTh
10 6ut u 6picTponeiicTBue 400 KBBHIO/C MTPU BEJIUYMHE TOKA MOTPE-
61eHus He 6oaee 0,1 MA. YpoBeHb nuddepeHIInalbHONW HeJIUHEeH-
HocTu He nipeBbiiaet 0,5 EMP 6e3 ucrnosib3oBaHusi GOHOBOI KaJin-
OpPOBKHU.

Paspa6orannbiit ALl npenHa3zHayeH OJisl MCIOJb30BaHUS
B COCTaBe CTeIMalu3uPOBAHHBIX MUKPOCXEM OOPTOBOIA 2JIEKTPOHUKH
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KOCMHNYECCKUX aIlllapaTtoB, a TaKX€ B Ka4€CTBEC OTIEIbHOMN MUKPO-

cxeMbl MHOTOKaHabHOro ALITI.

ABTOpPBHI CUUTAIOT, YTO B NaHHOW pabOTe HOBBIMU SIBISIIOTCS
pe3ynbTaThl aHAIN3a BJIUSIHUS TOMOJOTUYECKUX TapaMeTPOB KOHACH-
CaTOPHOM MaTpUILIbl HA TOYHOCTHBIE XapakTepuctuku ALTT nocnemo-
BaTeJbHOTO MPUOIUXKEHUS.
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