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FeHHapuii LUTPANEHUH,
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gshtrapenin@electron.usurt.ru
Mwuxaun MULLAH
mishan@promelec.ru

aCcCMOTPHUM KOPOTKO ITPEeUMYIIIeCTBa CeH-
COPHBIX 9KPAHOB I10 CPABHEHHIO C TPAIH-
IIMOHHBIMH KJIaBUATyPHBIME HHTepeii-
caMH. Bo-TepBbIX, HCKJII0YAIOTCA 3aTPAThl Ha
IIpHOOpeTeHre KHOIIOK, ONlePallue COOPKHU H yC-
TAHOBKHM KJIABUATYPBI, & KPOME TOT0, CEHCOPHBII
9KpaH He TpebyeT ONOIHUTEIBHOIO MECTa, 4TO
II03BOJISIET COKPATHTD IaGaPUTHI yCTPOCTB.
CeHcopHbIE 9KPaHBI He COfIePIKAT ITOIBIKHBIX
JacTell, ¥ IPUHIUIIBI UX PaOOTHI He CBSI3aHBI
€ MeXaHMYeCKIMH CUCTeMaMH, ITO CII0COOCT-
BYeT BBICOKO! HaJe)KHOCTH TAaKUX DKPAHOB
1 IPOIOJDKUTEIBHOMY CPOKY HX CITYSKOBL.
Bo-BTOPBIX, CEHCOPHBIil 9KPaH — 9TO O4YeHb
yZIoGHOe, JIeTKO BOCHIPUHIMAeMOe Ha HHTYUTHB-
HOM yPOBHE CPEJICTBO B3aMOJIeHCTBH JeJI0Be-

——

pybpHKa

UHTerpanbHble KOHTpOANEPHI
CEHCOpPHbIX 3KpaHOB

Texas Instruments

MpumeHeHue ceHcopHbix 3kpaHOB (Touch Screen) ans ynpasneHus pasnuu-
HbIMH YCTPOWCTBAMH NMO3BONSIET 3aMETHO YAelleBUTb U MOBbICUTb HAfleXKHOCTb
He TO/IbKO CaMUX YCTPOMUCTB, HO U caenatb paboTy c HUMU Gonee HarnsgHOM,
yno6How u komgoptHoii. Komnanus Texas Instruments, 3aHumMalowas nuau-
pyloliKe No3uLMHU B COBPEMEHHOW 3/IeKTPOHHUKe, NpefsiaraeT Cepuio UHTer-
panbHbix MUKpocxeMm (UMC) — koHTponnepoB ceHCcopHbix 3KkpaHoB (Touch
Screen Controllers), cywecTeeHHO ynpouwaiowux pa3paboTky annaparypbl
c Haubonee pacnpocTpaHeHHbIM TUIOM CEHCOPHbIX 3KPAHOB — PE3UCTUBHbI-

MU NaHeNsAMHU.

Ka C yCTPOICTBOM, TaK KaK COOCTBEHHO OIepa-
IIYSL YIIPABIICHUSI CBOLUTCS K IIPUKOCHOBEHHIO
K 9KpaHy B OIIPeJieIeHHOII TOUKe, IJie 0TOOpake-
Ha HeoOxoaMMast HH(OPMAIHsL. A IIOCKOJIBKY Ha
HeM MOTYT ObITh II0Ka3aHbI TOJIBKO aKTyaJIbHbIE
B JAHHOM PEKUMe OPTaHbl YIIPaBIeHHUS, Ollepa-
TOpY He TPebyeTcs Pa3bICKUBATh HYKHYO KIIa-
BHIIY Cpefyu MHOTUX. IIpu aTOM BO3MOKEH
1 rpaduaecKit BBOJ HHGOPMAIIHIL, TO3BOJISIIO-
LW, HAIIPUMeP, CO3IaTh IPHOOP, uaeHTHdU-
LUPYIOLINI aBTOrpad 4eI0BeKa, 4TO IPAKTHIe-
CKI HEBO3MOKHO IIPHU HCIIOIb30BAHII OOBITHOI
Ki1aBHatypbl. CeHCOPHbIE 9KPAHBI II03BOJISIIOT
adexTrBHO paboTarh ¢ reorpagpuIecKUMu Kap-
TaMH B cucTeMax HaBuraruu i GPS, pasimdssr-
MU CXeMaMH, IUIAHAMH 3[AHHI 1 T. IL.

Mpo3payHblfi NPOBOAHMK,
BepxHss ctopoHa (ITO)

(maiinap)

MetannusuposaHHas
nonocka (MPoBOAHHK)

Mpo3payHblit NPOBOAHHK,
HWXKHss cTopoHa (ITO)

Crekno

Puc. 1. YctpoitcTeo 4-npoBOAHON PE3UCTUBHOM CEHCOPHON NaHenu

OTzenbHO cllefyeT OTMETHTD JOCTOMHCTBA
NIPUMEHEHNS CEHCOPHBIX OKPAHOB B IIPOMBIIII-
JIEHHOM aIlaparype v IPU TSHKEIbIX YCIOBUAX
OKCIUTyaTallu1, II0TOMY YTO U3rOTOBJIEHNE KJla-
BHUATYPbI C 3aIIUTON OT BJIaTU ¥ arPeCCUBHBIX
CpeJi IpefCcTaBjIseT BeCbMa CIIOKHYIO 3a/1aqy.
B moneBpIX yCIOBUAX NCIIOIb30BAHKE TPATAIIH-
OHHBIX KJIABUATYPBI ¥ «MBIIIKH» BOOOII[E BECh-
Ma 3aTPYJHUTEIbHO 10 MHOTUM IPUYMHAM,
1 B 9TOM CJIy4ae CEHCOPHBIIA OKPaH SABJIAETCA Ha-
n6oJIee ONTUMAJIBHBIM pelleHreM. [l0CTONHCT-
BOM IIOCJIEJHETO SBJIAETCA TaK)Ke BO3MOKHOCTh
paboThI pH CJ1a60il OCBEIIEHHOCTH H Hae
B [IOJIHOU TeMHOTe 0e3 TOIOIHUTEIbHOM MOf-
CBETKH, TaK KaK CEHCOPHbIE OKPAHBI, KaK IIPaBU-
JI0, UMEIOT BCTPOEHHYIO IOJCBETKY.

Emme omHO 3Ha9MTENEHOE TIPEMMYILECTBO CEH-
COPHOT0 9KpaHa — 3TO TO, 4TO IpH Monudu-
Kanuu npubopa He TpebyeTcs IepeieIbIBaTh
KJIaBHATYpY, a 3HAYUT U Kopmyc. Heobxonumo
TOJIBKO CKOPPEKTUPOBATh IIPOrPaMMY IIJISl BbI-
BOJIA Ha 9KPaH COOTBETCTBYIOIIEl NHGOPMAIIH
U IIPOPMCOBKU HOBBIX «KHOIIOK».

YT0 >Ke MpeCTaBIIsIeT COO0 CeHCOPHBII K-
pan? OH COCTOHT U3 0TOOPAXKAIOIIETO IKPaHa,
Ha KoTopoM (popMupyeTcst H306paskeHHe Opra-
HOB YIIPaBJIeH! U ApyTast ”HOPMAIINS, U IIPO-
3pavYHOM CEHCOPHOM IAHENH, YCTaHABINBAEMOM
nepen 9kpaHoM. O630p psifla KOHCTPYKITHIT CeH-
COPHBIX 9KPaHOB IIpUBefeH B [1] 1 Ha caitax
¢bupM-TIpou3BOfHTEINEH, B YACTHOCTH, KOMIIA~
uun Winstar (www.winstar.com).

CeHCOpHBIE ITaHeH MOTYT ObITh MaTPUIHBI-
MU U aHaJIOTOBBIMU. MaTpIYHbIe ITaHeI! pado-
TAIOT 10 IIPUHITUITY OOBITHOM MaTPUIHOM KA~
BUATYPBbI, UX HETOCTATKOM SBJIAETCA CTPOTO OII-
peleeHHBIe 006ACTH PACIOJIOKEHUS KHOIIOK,
60JIBIIIOE KOJTMYECTBO BHIBOJOB 1 HEBO3MOJK-
HOCTb rpadpuaecKoro BBoia HHGOPMAIUH, Off-
HAaKO OHM IIPOCTHI B IPUMEHEHUN.
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Puc. 2. 0606LueHHas CTPYKTYpHas CXema UHTErpabHOro KOHTPOJIEpa CEHCOPHOTO aKpaHa

AHaJIOTOBbIE ITaHEeJIH O3BOJIAIOT OIIPENIeNATh
KOOPIUHATBI TOYKH IIPHUKOCHOBEHNUS B 000
061acT! 9KpaHa U MOTYT AMeTb BCero 4 BBIBOIA.
Cy111ecTByeT MHOKECTBO TeXHOJIOT U POUIBOJI-
CTBa TaKUX ITaHeJell, OCHOBAHHBIX Ha Pa3Ind-
HbIX pusndeckux apdexrax, — pesucTUBHAs,
eMKOCTHas1, ”HPpaKpacHasi, yIbTPa3ByKOBast
u 7ip. ONTUMAJIBHOM C TOYKU 3PEHUSI CTOMMOC-
TH U pa3pellleHus ABIAETCA Pe3UCTUBHAS TeX-
HoJjorus [2]. PaccMoTpuM HpUHIUI paboThI
4-TIpOBOIHOM aHAJOTOBOY PE3UCTUBHON CEH-
copHoii manenu. CXeMaTHIeCKH ee yCTPOHNCTBO
II0Ka3aHO Ha puc. 1.

Ha BepXHHe U HIDKHHE CJIOU (OOBIYHOTO BBI-
IIOJIHEHHBIE U3 IIPO3PaYHOrO U IIPOYHOTO IIIa-
CTHKa — IOJI3CTEPa MU Malllapa) paBHOMEP-
HO HaHOCHUTCS Pe3UCTUBHOE HOKPbITHE — IUIeH-
Ka Ha OCHOBe OKCHIOB UHANA 1 oj1oBa (Indium
Tin Oxide — ITO). Huwxuuii cioit umeer me-
TAJUIN3HPOBAHHBIE OOKIAKU CBEPXY U CHH3Y,
a BEpPXHHUI CJI0¥ — crpaBa u ciaeBa. Cion Ha-
KJIaIBIBAIOTCS OPYT Ha OPYyTa ¢ HeOOJBIINM 32~
30pPOM, KOTOPBII 00€CIIeYNBALTCS ¢ HOMOIIIBIO
IIPO3PAYHBIX IIAPUKOB — CHeficepoB. ITockomn-
Ky BePXHUII CJIOH UMeeT TUOKYIO CTPYKTYpY,
TO IIPM KaCaHUH JKPaHa B TOYKE COIPUKOCHO-
BEHIUS MEXIY CJIOSIMH 00pa3yeTcst JIeKTpudec-
KUI KOHTAKT, 1 110 BeJIMYUHE COIPOTHUBIICHUS
MeKIy 00KIaIKaMH MOKHO OIPEIeIUTh KOOp-
IMHATBI TOYKU KaCaHU.

Hemnaercs aTo moodepenHo mo ocsam X u Y. [l
oIpefiesieHUs] KOOPJMHATEI TOYKH KaCaHH 110
ocu X IOJAIoT OLOPHOE HAIPsDKeHH e Ha O0KJIajl-
KHI BEPXHETO CJIOS, B pe3yJIbTaTe 4ero 1o ocu X
o6pasyeTcst TpajlieHT HallpsDKeHHs1. BrrxopHoe
HamnpspyKeHue, IpSMOo IPOIOPIHOHANIbHOE KO-
opauHaTe X TOUYKH KaCaHUs, U3MEPSIOT Ha BbI-
BOJAX OOKJIAIOK HIDKHETO CIIOSL.

ITponecc n3MepeHns KOOPAUHATHI Y aHAJIOTH-
YeH IPOIIeccy U3MepeHns KOOPAUHATHI X, C TeM
OTJIMYHEM, YTO OIIOPHOE HaIlPsUKEHUE IIOIAeTCst
Ha 0OKJIa[KU HIDKHETO CJIOSI,  U3MEePeHHe BbI-
XOJIHOTO HaIIPsDKEHUS, ITPSMO IPOIIOPITHOHAb-
HOTo Koop/inHaTe Y TOYKU KacaHHs, IPOU3BO-
IUTCS C BBIBOIIOB OOKJIaIOK BEPXHETO CIIOSL.

ITpocreitmuit KOHTPOJUIEP CEHCOPHOTO IKPa-
Ha BKJIIOYAeT U3MEPHUTEIbHBIN KOMMYTAaTOP,
ALTI, cxeMy yrpasieHus 4 HHTepdec 1 Mo-
JKeT OBITD BBIIIOJIHEH II0 CTPYKTYPHOII CXeMe,
IIpUBEJEHHON Ha puc. 2.

KommyTaTop ucronsayercs st GopMHIpPOBa-
HHSA U3MEPUTEIBHON CXeMbI — II0/[adi OTIOPHBIX

Hanpspkenuit u nopxmodenus k AT soiBoos
COOTBETCTBYIOIINX CJI0EB CEHCOPHOI ITaHeJH; I1a-
pamerpbl ALITT — paspsiiHOCTh U OBICTPOIEICT-
BHE — OIIPEIENIAIOTCS CIeNUHKOI paboThI 06-
CITy’KBAeMOro ycTporicTsa. CxeMa yIpaBIeHUs
CHHXPOHH3HUPYET HPOLECCH KOMMYTAIluH, U3Me-
PEHMII 1 Iepefiadn NTaHHBIX Ha YIPaBIIAIOIINI
XOCT-KOHTPOJIJIEp depe3 BCTPOEHHBDII [OCIIeN0-
BaresbHbII nHTEpeiic, 06praHo I)C mm SPIL.
OyeBuHO, YTO IPUMEHEHHUE CIIeIUAIH3UPO-
BaHHBIX KOHTPOJIJIEPOB He SIBJIAETCS eJUHCTBEH-
HO BO3MOKHBIM pellieHneM 3afaqu 3 dexrus-
HOTO cbeMa HHPOPMAINU C CEHCOPHBIX 9Kpa-
HOB, U MOKET CJIO)KHUTLCS BIIEYaTIEHHE, ITO
C 9THM MOKeT ycmemHo cupasutscs AT,
BCTPOEHHBII B MUKPOKOHTpoJuIep. 1 31eck ce-
IIyeT OTMETHTB CyIIIeCTBEHHbIE TapasUTHBIE I~
(eKTBI, 3aMeTHO BIIHSIOIIYE Ha Pe3y/IbTaThl U3~
MepeHnil. CeHCOPHBIH KpaH, HOAKIIOUeHHBII
k BxomaM AIITI, o6amaeT 3HAYUTENHHOM IUIO-
I1a/IbI0 PE3UCTUBHOTO IIOKPLITHU, KOTOPOE SB-
JISIeTCS CBOETO POJia aHTEHHOM, «COOUparoLIei»
noMexu. [l BX yCTpaHeHHUs OObIYHO UCIIONb-
3YIOT KOHZICHCATOPBI HEOOIBIIION eMKOCTH, IO~
KJIIOYeHHBIE K BBIBOJIAM CEHCOPHOI aHenu [1].
JIpyroii IIpo6IIeMOii SIBJLIeTCs 3HAYUTEbHAS eM-
KOCTb CaMO¥ TIaHEJH, B Pe3yJIbTaTe Yero BHIXOJI-
Hout curHan ATl mpuHuMaer npaBUIbHOE 3HA-
JeHMe JIUIIDL Yepe3 HekoTopoe Bpems. [Toaro-
My [JIs1 KOPPeKTHBIX H3MePeHHl He0OX0IMO
00€eCIIeTHTh OIIpeieTIeHHYIO T1ay3Y, YTO CHIDKAET
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OBICTPOTIEIICTBHE M MOKET CIeJaTh HEBO3MOJK-
HBIM BBOJI rpacdudeckoit HHGOPMAIUH U aHa-
JI13 HAIIUCAHHBIX OT PYKM TeKCToB. M, HakoHerr,
KOHTAKT MEKIy CJIOSIMU He SBJIETCS aOCOMIOT-
HO HaJIeKHBIM U UMeeT CKJIIOHHOCTD K «MepIia-
HUIO» (ipebesry), KOTOPbIi HeOOXOIUMO HOaB-
JIATH AIIIAPAaTHO WX IIPOrPaMMHBIM CIIOCOOOM.

Hcnonp3oBanue Crieliajln3upOBaHHbIX HH-
TErpaJIbHBIX KOHTPOJJIEPOB CEHCOPHBIX IKpa-
HOB Texas Instruments I03BOJISIET yCIIEIIHO
U C MUHIMAJIbHBIMHU 3aTPaTaMU PEIIUTh ITH
IpOo6JIeMBI U MOTYIUTh CTAOMIBHBIN OTKIHK
CEHCOPHOI TTaHeI! B IPOCTOM IUPPOBOM KO-
e, yno6HOM IS nanbHerinert o6paborku. Pac-
cmoTpuM pocrynabie IMC KoHTpOI11epoB ceH-
COPHBIX 9KPaHOB IOJpOOHee.

Muxkpocxema ADS7843 [3] — miupoko pac-
IIPOCTPAaHEHHbIN, CAMBIN IIPOCTON U JeIIeBhII
KOHTPOJUIEP CEHCOPHBIX 9KPaHOB. CTPYKTypHas
cxema IMC nipenicraBiieHa Ha puc. 3, OCHOBHBIE
IapaMeTpsl IpUBeeHE! B Tabuume 1. MuKpo-
cXeMa BKJIIOYaeT U3MePUTeILHbIA KOMMYTATOp
Ha MOII-TpaH3ucTopax, cxeMy pOpMHUpPOBAHU
CHTHaJIa TIPePBIBAHUS Ha THOJIE, YeThIPeXKaHaAIb-
HbLIT MynbTUILIEKCOp (Bxonpl IN3 u IN4 mMoryT
UCIIONB30BAThCA 111 JOTIOJIHUTEIbHBIX H3Mepe-
Huit BcrpoeHHbIM AIIIT), 12-pagpsimubrit AIIIT
IOCIIe[OBATEeIbHOTO IPUOIVDKeHHS ¢ MaKCH~
MaJIbHOI 4acTOTON IpeobpasoBanus 125 xI'n
1 nHTepderic, COBMECTUMBIII cO cTaHnapToM SPL.
Jist paborer IMC TpebyeTcst BHEIIHNUI reHepa-
TOP TAKTOBBIX UMITYJIbCOB C 9aCTOTOH, B 16 pa3
IPEBBIIIAIOLIeN YaCTOTy IPeoOpasoBaHuUsI, U HC-
TOYHMK OIOPHOT0 HanpsuKeHus Uppp B IMaIIa-
3oHe ot 1 B 110 HanpsuKenus nutanus. Bemmdn-
Ha Upgp onpesiesisgeT MaKCUMaJIbHOE 3HAYeHHe
BxonHoro Hanpspkenus AL

KouTtpomnnep ADS7843 npegHasHadeH s
PabOTHI TOJIBKO € 4-TIPOBOJHBIMU CEHCOPHBI-
MH [IaHEJISIMH U MOKeT pabOoTaThb C OOBITHBIM,
«3a3eMJICHHBIM» BXOIIOM HJIX B TU(depenu-
aJIbHOM peKuMe. B mepBoMm ciryuae Hampsike-
HHE C BBIXOJ]a CEHCOPHOM ITaHeIN U3MepSIeTCs
OTHOCHUTEJIFHO OOIIIEero IPOBOZIA KaK a0COIIOT-
Has BeJIMYMHA U, CJIEfI0BATEILHO, HEIIOCPEICT-
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Puc. 3. CtpykrypHas cxema UMC ADS7843
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Ta6auua 1. OcHoBHble NapamMeTpbl UHTErpasbHbIX KOHTPO/IEPOB CEHCOPHbIX 3kpaHoB Texas Instruments

ADS7843

8,12

125

SPI

BHewHuit

2,7

5,2

2 pon

16SSOP/QSOP

ADS7846

8,12

125

SPI

BHyTpeHHu#

2,7

52

€eCcTb

1 gon/1 6ar

16QFN, 16SSOP/QSOP,
16TSSOP, 48BGA

Cosmectum no sbiBogam ¢ ADS7843

TSC2000

8,10, 12

125

SPI

BHyTpeHHui

2,7

3,6

€eCTb

2 pon/2 6ar

20TSSOP

BerpoenHbiit 8-6utHbiit LLAT

TSC2200

8,10, 12

125

SPI

BHyTperHuit

2

3,6

eCTb

2 pon/2 6ar

28TSSOP, 32QFN

To e, uHTepdpeiic knasuatypbl 4x4

TSC2003

8,12

I’c

BHyTperHui

2,7

5,2

€eCTb

2 pon/2 6ar

16TSSOP, 48BGA, 48TSSOP

TSC2046

8,12

125

SPI

BHyTpeHHH#

1,5

5,2

eCTb

1 gon/1 6ar

16QFN, 16TSSOP, 48BGA

CosmecTtum no sbiogam ¢ ADS7843

TSC2004

10, 12

200

I’c

BHeLuHuit

3,6

eCcTb

1 gon

20QFN, 24DSBGA

NanoPower,
MO/HOCTbIO NPOrPaMMUPYEMbiit

TSC2005

10, 12

200

SPI

BHeLuHui

1,6

3,6

eCTb

1 gon

28DSBGA

To xe

TSC2006

10, 12

200

SPI

BHewHuit

1,2

3,6

€eCTb

1 gon

20QFN

Toxe

TSC2007

10, 12

I’c

BHewHuit

1,2

3,6

eCcTb

1 non

12DSBGA, 16TSSOP

To e, MHKPOMOLLHbIK
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Puc. 4. a) YnpouweHHas cxema skntouernst UMC ADS7843 ¢ «3azemneHHbIM» BxogoM; 6) B AuchcpepeHLuansHoM pexume

BEHHO 3aBHUCHUT OT CTAOMIbHOCTH HAaIlPSDKEHIS
IIUTaHUA ¥ NCTOYHUKA OIIOPHOTO HAIIPSUKEHUS
AIIT

W ckmo4nTh JaHHBI 3G deKT mo3Boser
nuddepeHINaIbHEIN PEKIM, B KOTOPOM Ha-
IpsbKeHMe MUTaHUSA 9KPaHa OHOBPEMEHHO UC-
nosb3yercs 1 Kak onopHoe 1yt ALIL Puc. 4 no-
scuset pabory UMC ADS7843 B 06bI9HOM
u nuddepeHnuanbHOM pexumMax. [Tepexmode-
HHe PeKUMOB OCYILIECTBIIAETCS OIIpe/IeIeHHOMI
ycranoBKoi 6ura SHR/DFR ympasisiomiero
curraia Ha Bxone IMC DIN, o yem moppo6Ho
Oyner ckazaHO fiayee.

ADS7843 obecniednBaeT popMUpOBaHUE CUI-
HaJIa IpepbhIBaHUSA [ XOCT-KOHTPOJUIepa —
JIOTMYeCKOTO HyJIs IIPY KaCAHUM CEHCOPHOI I1a-
HeJIH, YTO N03BOJIIeT MUHIMU3HPOBATh IIOTPeO-
JIeHHe 9HEPTUH B PeKUMe OKUIAHNSA KaCaHUs
ITyTeM YCTAaHOBKU M3MePUTEILHBIX KII0UeH B I10-
JIO’KeHHe, COOTBETCTBYIOIIee CXeMe Ha pHC. 5,
7 OTKJIIOUEHHS ITUTaHUs Beex y3moB ADS7843,
IIpU 9TOM HOTPeOIIeMbIil MUKPOCXeMOIH TOK
He rpesbIaetr 2 MKA. Eciu 3aMbIKaHIS MKy
CJI0SIMU HET, TOK Yepe3 IUOJ, OTCYTCTBYeT, U Ha-
npsokerue Ha BeiBofie IMC PENIRQ mowrn pas-
HO HaNpPsDKeHUIo nuTanu. IIpu xacanum mo-
BEPXHOCTH IIaHe N Yepe3 IN0J], HAYNHAET TeIb
TOK, 1 HanpspbkeHHe Ha BeiBoge PENIRQ maga-

er 10 0,6 B, 9TO MOKeT CIy’KUTh CUTHAJIOM aK-
TUBU3ALUK pabodero pexxuma.

YrpasieHne KOHTPOJUIEPOM H CIUTHIBAHUE
TAHHBIX IPOM3BOINTCS depe3 IOCIeJ0BaTe b~
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Puc. 5. MpuHuMn chopmMupoBaHus curHana npepbiBaHmks
8 koHTposinepe ADS7843 npu kacaHuu akpaHa

HBIIT CHHXPOHHBII HHTEP]ETIC, COBMECTHMBIIT
¢ SPI. TTonHbI# UK 0OpaIeHUs 3aHUMAET
24 TaKTa, lepesiada OaiTa Bcerna HAUMHACTCS CO
crapirero 6uTa, Kak OKa3aHO Ha BPeMEeHHbIX
IarpaMmax, IIPUBeIeHHBIX Ha PHC. 6.

Il 3amrycka mpeo6pas3oBaHus HEOOXOMIMO
copMupOBaTh yIIpaBIIOMINI OallT Ha BXOTeE
VIMC DIN, npu atom crapumit 6ut START nosn-
JKeH OBITh eIMHUYHBIM, HHAYe BCe OCTAJIbHbIE
6uThI 6y/yT IPOUTHOPUPOBAHBL, @ CAMO IIPe0l-
pasoBaHme He cocTonuTcs. buter A2, Al n AO ymi-
PAaBIIAIOT MYJIbTHIUIEKCOPOM H IIPeHA3HAYEHDBI
1151 Bei6opa BxopHOro KaHana. but MODE orr-
pelessieT paspsIIHOCTD IPeoOpa3oBaHMUs: eCIIH
MODE-=1, npeo6pasoBanue 6yzer 12-GUTHBIM,
eciu ke MODE=0 — 8-6urtHbiM. [Tpeobpaso-
BaHUe C IOHWKEHHOH Pa3pANHOCTBIO I1eJ1eco-
00pa3HoO UCIIOIB30BATH IIPU PAbOTe C «OBICTPBI-
MI» CCHCOPHBIME 9KpaHaMH HeOOJbIINX pas-
MepoB, KOIZia 8-GUTHOI TOYHOCTH OIpelIe/Ie I
KOODJIMHAT TOYKH KaCaHHs MOKeT OBITh BIIOJI-
He IOCTaTOYHO, HO YMEHbIIIeHNe BpeMeHN IIpe-
o6pasosanmus cymectseHHo. but SHR/DEFR or-
Beyaer 3a pexxuM u3mepenuit: mpu SHR/DFR=0
YCTaHABIMBAETCS TUPPePeHIINATBHBINA PEKHM,
1iput SHR/DFR=1 — 0ObI4HBII1, «3a3eMJICHHBLI».
ITocnennue 18a 6uTa yrpasistorero 6aitra PD1
u PDO ciy»xar n14 nepeBozia KOHTPOJLIEpa B pas-
JITYHBIE PEKIMBbI IIOHIPKEHHOTO 9HeProIoTpes-
nerus. Ocrapinecs 16 TaKTOB, KaK IOKa3aHO
Ha PHC. 6, ICTIOJIB3YIOTCS [JIs BBIJJAYM Yepe3 Bbl-
Bog DOUT pesyibraToB H3MepeHnit KOOpAUHAT
TOYKH KaCaHHS.

Tumnosas cxema Brumouenns IMC ADS7843
npusesieHa Ha puc. 7. CieiyeT OTMETUTb, YTO
P NPAKTUYIECKOH peaju3alluy yCTPONCTB
C CeHCOPHBIMH dKPAaHAMHU MOKET BO3HUKHYTh
HeoOXOIMMOCTD CHIDKEHHS IIIyMOB U IIOMeX Ha
Bxomax ADS7843, nis aToro ciegyeT moAKIIO-
YUTD K BXOJJaM MUKPOCXeMbI KOH/IEHCATOPBI €M~
KkocTbio nopsaka 0,01 Mx®. 114 uckmouenus
IIOTPEIITHOCTU M3-3a YBEINYEeHHs BPEMEHH yC-
TAHOBJICHH BHIXOJHOTO HAIIPSIKEHUS CEHCOP-
HOUI ITaHeJIH IIPU U3MePEHHSIX ¢ 12-GUTHBIM IIpe-
06pa3oBaHUEeM HEOOXOIUMO BBIIEPIKATh Bpe-
MEHHYIO 11ay3Yy JUIUTeTLHOCTBIO TOPS/IKA IeCATH
IIOCTOSIHHBIX BPeMEHH 3apsija KOHIEHCATOPOB —
IIyTeM OpPTaHU3ALUH «ITyCTHIX» Ipeobpa3oBa-
HUI WIN OIPOBOJUTH CePHIO IPeoOpa3oBaHUI
CO CPaBHEHHEM Pe3yJIbTaTOB.
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DCLK |1|||||||||||||8 1 8

DIN s [ A2 | At | Ao [uooe |3 PD1 | PDO
(START)
ldle ——— - Acquire Conversion Idle
BUSY — —
DOUT — | " | 10 | 9 | 8 | 7 | 6 | 5 | | 3 | 2 | 1 0 | Zero Filled... —
(MSB) LSB)
Puc. 6. BpeMmeHHble uarpamMmbl CUrHaoB Ha OCHOBHbIX BbiBoaax MMC ADS7843
[lepetineM K pacCMOTPEHHIO IPYTHX TOCTYTI- 12758
HbIX IMC KOHTPOJITIEpPOB CEHCOPHBIX 9KPAaHOB Q
Texas Instruments, nx mapamMeTps! IPUBEICHBI A (1—10 e 0,1 K ADS7843
OMNUHOHHO, _—L | |
B Tabinme 1. - (Seri )
VIMC ADS7846 siBiisiercst 60i1ee COBEPILIEHHOI % :VCC DC(I;_Z :=z}_< i:rlals/lconvermn Clock
. + t
Bepcreit ADS7843 1 [OTIOTHATEIBHO COIEPKHUT L e peeee
BCTPOEHHBIH HCTOYHUK OMOPHOTO HAIPSDKEHHS L3 [Y+ DIN | 14] { Serial Dataln
Uggr = 2,5 B, cxeMy n3MepeHys HallpsDKEHNUS ITH- gf:ac:p”"'” L4 %= BUSY ﬁ}—( Converter Status
taHus (Battery Monitor) 1 BCTPOSHHBII IHOJ - 15 |Y- DOUT | 12 }—( Serial Data Out
HBII TaTIHUK TeMIepaTypsl. B ADS7846 pearnm- 6 |ono PENRG| 11 Pen Interrupt
30BaHa BO3MOYKHOCTh U3MEPEHMS CHJIbI KaCAaHUS | ]
JlononHutenbHble o 7 |IN3 +Vee | 10
ceHcopHOro 9Kkpana (Pressure Measurement) Kak BxomH! =] ] 100
. o IN4 Vier [
BEJIMIUHBI, IIPOIOPIIOHAUIBHON COIPOTHUBIIE- L] ] l (onuwono)
Hmo MexcroitHoro KoHTakta RTOUCH. Compo- 0.1 Wil
,1 MK
tuBneHne RTOUCH paccaursiBaetcs 1o pesyirb-

TaTaM TpeX H3MepeHHIl — KOOPAMHATBI X H IBYX
IIOTIOJTHUTEIbHBIX KOMOMHIPOBAHHBIX H3Mepe-
HHIT, KOTJIa OLIOPHOE HaIPsDKEHHe IPHUKJIAIbIBa-
eTcs MeKIy 00KIankaMu Y+ 1 X—, @ BBIXO/IHOE
HaIpsDKeHIe CHIMAeTCs ¢ 00KIaiok X+ 1 Y— co-
oTBeTCcTBeHHO (puc. 1). O6paboTKa pesyabTaToB
U3MepeHHUsI CHIBI KaCaHHs JaeT BO3MOXKHOCTb
HOBBICHTD TOYHOCTD OIIPelIeIeHHsI KOOPHHAT
TOYKHU KaCaHUS 1 IOMEXOYCTOMINBOCTb.

B pesybTaTe IPOBEICHHBIX YCOBEPIIEHCTBO-
BAHUI BO3PACTaeT CTeTleHb NHTETPAIAH 1, CJIETIO-
BATEJIHO, YMEHBIIIAIOTCS Pa3Mepbl H CTOUMOCTb
aIaparypel, yIUThIBas ke, 9T0 y ADS7846 Mot~
HOCTB IIOTPeOJIeHIIS B aKTHBHOM PEKIMe He IIpe-
Bbimmaer 0,75 MBT, JaHHYI0O MIKPOCXeMY MO3K-
HO YCIIeITHO IPIMEHATh B IOPTAaTHBHBIX M MO~
GUIIBHBIX yCTPOCTBAX. [IpHMedaTesIbHO TakoKe,
YTO THII KOPIIyCa M PACIOIOKeHHe BEIBOIOB
y ADS7846 monHOCTBIO coBnamaer ¢ ADS7843,
1 3TO II03BOJISIET IIPOBECTH 3aMeHY MHKPOCXeM
IIyTeM CPAaBHUTEIBHO HECJIOKHON KOPPeKTH-
POBKH IIPOrPaMMHOTO 06eCIIedeH s XOCT-KOHT-
poiuzepa 6e3 MOJePHU3AINN allllapaTHOU Jac-
TH YCTPOYICTBA.

I[TocnenHue pa3pabOTKH KOHTPOJIIEPOB CEH-
COpHBIX 9KpaHOB Texas Instruments Mapkupy-
1otcst TpexOykBeHHbIM KotoM TSC (Touch Screen
Controller). ITepsast UMC HoBoit cepru TSC2003
SIBIISICTCS JATTbHeTIIel MoziepHu3aryett ADS7846.

Puc. 7. Tunosas cxema skntouernus UMC ADS7843

V3MeHeHUsI KOCHYIIHNCh HHTepelica — BMeCTO
SPI ncrosib3yercs MONyNApHBIN ABYXIIPOBOJ-
Holt uHTepdelic I'C, no6aBIIeH ele ONMH BXO
171 U3MePeHHs HaIPSUKeHUA ITUTAaHU, 9TO Jja-
€T BO3MOKHOCTb KOHTPOJIIPOBATh COCTOSTHIE
OCHOBHOTO aKKyMYJIITOpPa H OTHEJIbHOU 6aTa-
pew, npegHazHadeHHoN A utanus IMC ga-
COB peanbHOT0 BpemeHH. OCHOBHBIE ITapaMeT-
pot TSC2003 npusenens! B Tabumuie 1. O6macth
IIPUMeHEeHNs TaHHOH MUKPOCXEMBI — Pa3yInd-
Has IOPTAaTUBHASA alllapaTypa ¢ aBTOHOMHBIM
IIUTaHHEM: H3MePUTeIbHbIe IPHOOPBI, TTeiIKe-
PBI, MOOMIIBHBIE TeTeOHBI U T. II.

HMC TSC2000 u TS2200 npegHasHadeHbI 1T
MIPUMEHEHNA B yCTPOUCTBAX C HANIPSKEHUEM
nurtaHus ot 2,7 1o 3,6 B. Kak u gpyrue mukpo-
CXeMBI CepUH, KPOMe COOCTBEHHO KOHTPOJLIepa
CeHCOPHOI IaHenn ¢ uHTepdeiicoM SPI, onn
BKJIIOYAIOT 1BA KaHaJIa U3MEePeHNs HaIPsKeHNs
9JIEMEHTOB IIUTaHUS, JATYUK TeMIIEPATyPHl,
BCTPOEHHBII OTKJII0YaeMBIIl ICTOYHHK OIIOPHO-
TO HaNpsUKEHHS U 1B YHUBEPCAJIbHBIX BXOZA
AIIIT. HomonauTensHO Mukpocxema TSC2000
copepxuT 8-6utHbIit IJATI, KOTOPBIT MOXKET
OBITB HCII0JIB30BAH JUIS YIPABICHUS APKOCTBIO

W KOHTPACTHOCTBIO MOZICBETKM 9KpaHa. Erre
GobIIel CTeneHbIo nHTerpanyuy obmagaer IMC
TSC2200, B cocTaB KOTOPO# KpoMe YHOMSIHY -
toro LIAIT BXonuT KOHTpOJIIep MaTPHUIHOM KJIa-
BUATYpbI 4x4. PaciosHaBaHue Ha)KaTOH KJIaBU-
7 ¥ 0OHapy KeHre KaCaHUs 9KPaHa OPTaHU30-
Bano BHyTpu MMC anmapaTHO 1 He OTHUMAET
PecypcoB XOCT-KOHTpPOJLIEpa.

KonTpomnepsr TSC2046 u TSC2046e — mo-
CcJIelHIe BepCcuH paccMoTpenHo Boire MMC
ADS7846, MOIHOCTHIO COBMECTHUMBIE IO BHIBO-
naM. OCHOBHbIE N3MEHEHHUSI KOCHYJIMCh YMeHb-
IIIeHNS] S9HEPIOOTPeOIeH S U OBBIIIEHIS TOY~
Hoctn u3Meperuit. UMC TSC2046e conepxut
9JIeMEHTBI 3aIIUThI BXOJHBIX IIeNel OT CTaTu-
YeCKOTO JIeKTPUYECTBA C IIPEBBIIIEHIEM PeKO-
MmeHpanuii craaaapta [EC 61000-4-2.

TeHIeHIINN K yMeHBIIIEHHIO SHEPromoTpede-
HHS HOPTaTHBHBIX YCTPOMCTB CTAI 0COOEHHO
aKTyaJIbHBI B IIOCIeHIE TONIbI, ITIOCKOJIBKY IIPO-
IJIeHHe CPOKa CIIYKOBI 3JIeMEeHTOB ITUTaHHs 3a
CYeT H9KOHOMUH JJIEKTPOIHEPIUH CYIIECTBEHHO
COKpaIIIaeT 3aTpaThl Ha 00CITyKHBaHHe 10706~
HbIX ycrpoiicTs. Criermamctsl Texas Instruments
IPOTHO3UPYIOT, UTO I0cIe 6ymMa 6aTapeiiHbIX
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Ta6nuua 2. OcHoBHble NapamMeTpbl MHTErPasIbHbIX KOHTPONIEPOB CEHCOPHDIX 3KpaHOB Texas Instruments co BCTPOEHHbIMK ayAMONOACHCTEMAaMH
TSC2100 12 125 v 1 22 32 48 27 | 36 325 | 2| y3u rpomkorosoprens
TSC2101 12 125 BHyTpeHtHit 1 6/5 ) 48 27 | 36 200 BN | y34 m crommer s
TSC2102 12 125 BHyTpeHHui . 0/2 32 48 27 | 36 11 32TSSOP | y/a4 m:{q“g;’g“;gg:mwoa
TSC2111 12 125 BHyTpeHHuit 1 6/5 32 48 27 | 36 400 48QFN Bg%ﬁi“gggzgxmig‘;“
TSC2300 12 125 BHyTpessui 1 3/5 20 48 27 | 36 2 saTQrp | Mrepdiehc kraeeypul x4,
TSC2301 12 125 BHyTpeHHUi 2 3/5 20 48 27 | 36 27 1624°TBQGH’§' Toxe
TSC2302 12 125 BHyTpesHui 2 3/5 20 43 27 | 36 27 QRN | o 2;?‘:(’;;:&'—3‘(22);” o

YCTPOUICTB C MaJIBIM 9HEPTOIIOTPeOIeHIeM Ipsi-
zeT 6yM YCTPOICTB, KOTOpBIe BOOOIIIe He IOTpe-
OYIOT IOI3apSIIKU I 3aMeHBI OaTapeil, TaK KaK,
61arofapsi HIYTOKHOMY SHEPTOIIOTPe6IIeHHIO,
I UX IUTAaHUS OyeT N0CTaTOYHO dHEePTHH,
B3STOU U3 BHEIIHell Cpefibl, HAIIPIMep TeILIO-
BOU 9HEPTUH WJIN S9HEPTUH MUKPOBHUOPAIIHIA.
Crenyst maHHOH Haeosoruu, B 20062007 rr.
xommanus Texas Instruments BBITYCTHIIA de-
ThIpe IMC KOHTpPOJIIEPOB CEHCOPHBIX 9Kpa-
HOB, UCIIOJIB3YIOLINX HOBEHIIIYIO TeXHOJIOTHIO
NanoPower, pab0TOCIIOCOOHBIX IIPU HAIIPsDKe-
HUM nuTaHus oT 1,2 10 3,6 B u motpebiisiemoit
MOIIHOCTH B PeKHMe U3MepeHHUII 0T 75 MKBT.
310 IMC TSC2005 1 TSC2006 ¢ nnTepdeiicom
SPI u TSC2004 1 TSC2007 c unTepdeiicom I'C.

Crpyxkryphas cxema IMC TSC2004 (ocrais-
HbIe YCTPOEHBI AHAJIOTMYHO) TIPHBelieHa Ha PHC. 8
7 COIEPIKHUT BCe dJIEMEHTHI KOHTPOJIIepa CeH-
COPHOTO 9KpaHa, JaTIAK TeMIIEPATyPhI U 10O~
HuTenbHbIH Bxox ALIIT. McTounuk omopHOTO
HaIIpsDKeHMs — BHEIIHMI. Biraronapsi BCTpoeH-
HOMY 6110Ky 06paboTku faHHbIX (Preprocessing)
YIAeTCsI CHUSUTB HArPy3Ky Ha CUCTEMHYIO IIIHY
7 YMEHBIINTb BpeMs H3MepeHnIL. Perucrposas
CTPYKTYpa yIpaBJIeHIs BCeMU OCHOBHBIMU (DyHK-~
IISIMH [I03BOJLIET IIPOrPaMMUPOBATh KOHTPOJI-
JIep 1711 pabOThI B Pa3IMIHBIX IPHIIOXKEHISX.
BX0JbI MUKPOCXeMbI IMEIOT BCTPOSHHYIO 3aIlli-
Ty OT CTaTHYIeCKOTO d/IeKTprudecTBa. OCHOBHBIE
napamerpsl UMC TSC2004/5/6/7 npuseneHbt
B Tabinme 1.

Bo MHOruX MOGHJIBHBIX yCTPOMCTBAX HAPS-
ILy C CeHCOPHBIM 3KPaHOM UMEETCSI Pa3BHUTAS ay-
IHOCHCTeMa, BKIIOYAIOMIasl YCTPOUCTBA BBOJA,
BBIBOJA U 06pabOTKH 3BYKOBBIX CHTHAJOB.
Ilna rakux ycrpoiicts Texas Instruments BbI-
ITyCKaeT CepUI0 NHTETPaIbHBIX KOHTPOJLIEPOB
CEHCOPHBIX 9KPAHOB CO BCTPOCHHBIMHE ay[HO0-
IIOJICHCTEMaMH, B COCTaB KOTOPBIX BXOJAT ay-
nuoxopexu, Heckonbko ALIT u ITAIT, ycunn-
TeJIN 3BYKOBOI 9acToThI (Y31), aTTeHI0aTOPEI
u 6s0ku crrendddexron. [TockonbKy paccMo-
TpeHue ay[H0(YHKINI MOOWIBHBIX YCTPOICTB
He SIBJLIETCS 3a/iadeil JAHHOU CTaThH, a CaM KOH-
TpOJUIep CeHCOpHOII naHenu B atux MMC aHa-
JIOTMYeH PaCCMOTPEHHBIM paHee, OTPAaHUIIM-
s IpUBeIeHHeM UX OCHOBHBIX IIapaMeTpPOB
u ocobeHHOCTel B Tabule 2.
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Puc. 8. CrpykrypHas cema UMC TSC2004

OnHa 13 HanboJIee THTETPHPOBAHHBIX MUK-
pocxem cepunt TSC2302 comepsKuUT MOTHBIN Ha-
60p 2J1eMeHTOB KOHTPOJIIepa CCHCOPHOTO IKpa-
Ha C JONIOJHUTEeIbHBIME QYHKIMAME IO TUITY
TSC2000 ¢ BO3MOKHOCTBIO IPOTPAMMHOM yC-
TAHOBKH Pa3psiIHOCTH IpeobpasoBanust 8, 10
i 12 6uT, GpopMUpOBaHUSI BPEMEHHbBIX NH-
TEPBAJIOB 3a/IEP/KEK U YCPeIHEHNUS Pe3yIbTaToB.
AynuornofcucreMa BKJIIOYaeT BBICOKOKA4eCTBEH-
HbIi1 20-OUTHBII CTEPe0ayHOKOJeK Ha OCHOBE
curma-fensra ALITT u ITATT 4], MukpodoHHBII
U JIMHeHBII Y CHUIHTENH, Ha00p INPOBBIX aT-
TEHIOATOPOB, TPEXIIOJIOCHDII IKBasIali3ep U ABYX-
KaHaJIbHBIH BBIXOJHOH YCUJINTEND JJI Hay -
HUKOB conpoTtusieHueM 16 Om. [Ipuem u me-
penada nudpoBOro 3ByKa HPOU3BOLUTCS IO
CTaH/IAPTHOMY II0CJIE/IOBATEILHOMY 3BYKOBO-
My uHTepdericy I'S ¢ curXpoHHM3anuein npo-
rpammupyemoii cucremoit ®PAITY, uro maer Bo3-
MOKHOCTB ITOIKJIIOYaTh K [UPPOBOMY BXOLY
pasIUYHbIe YCTPOKICTBA, HalpuMep Bbixon MP3
IeKoziepa, 6e3 MCIOIb30BaHNUS TOIOIHHTENb-
HbIX 9JIEMEHTOB. Y1pasieHue paboroit TSC2302
OCYILeCTBIISIETCS Yepe3 Habop BHYTPEHHHX pe-
THCTPOB 10 TPEXIPOBOLHOMY IIOC/IEIOBATEND-
HoMy uHTepdeiicy SPI.

B 3axirroueHue OTMETHM, YTO IPUMEHEHHe
CHeNNaIN3POBAHHBIX HHTEI PATTLHBIX KOHTPOJI-
JIePOB CEHCOPHBIX 9KPAHOB LeJIECO0OPA3HO U Ha-
CTOSATEIIHO PeKOMEH/YeTCsI IasKe IUIT MAJIo610-
IPKeTHBIX yCTPOHCTB. IIpn 9TOM cpaBHUTETBHO

IPOCTBIMHU U JOCTYIHBIMH CPeICTBAMHE JJOCTU-
raeTcsl 3HaYUTeIbHOE OBbIIIEHNE CTEIIeHU HH-
TErpaIiy, yMeHbIlIeHNe YUCIIa JJIEMEHTOB, Pa3-
MepOB IIeYaTHOII IUIAThI X Fa0apUTOB YCTPOKCT-
Ba. B anmaparype ¢ KOHTpoJLIEPAMH CEHCOPHBIX
9KPAHOB CYIIECTBEHHO PA3TPysKaeTcs yIpasJis-
IOLIII XOCT-KOHTPOJUIEP U, KaK CIIEJICTBHUE, CO-
KpalraeTcs BpeMs pa3paboTKU U OTIA[KH, ITO
B IITOTE CO3/Ia€T 3HAYUTEbHbIN IKOHOMUIECKHIT
s dexr. Komnanus Texas Instruments gepes
CBOMX POCCUICKHX NTAPTHEPOB U ODUIMATbHBII
caiiT www.ti.com OIIepaTUBHO IPENOCTABIIAET
6ecruraTHBIE 06Pa3Ibl MEKPOCXeM KOHTPOJLIE-
POB CEHCOPHBIX 9KPAHOB U IeMOHCTPAIIIOHHbIE
mwatel. Paccvorpernsie UIMC, a Taroke apyrue
KOMIIOHEHTBI IIPOU3BO/ICTBA KOMITaHUM Texas
Instruments mosxao ipuo6pectu B 3AO «ITpo-
MaJIeKTpOHHKa» http://www.promelec.ru.
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