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eiJac CJIOKHO HAHTH 2JIeKTPOHHOE YCT-
POIICTBO, T GBI He UCIIOIb30BAIUCh HC-
TOYHUKH OIOPHOM 9aCTOTBI WJIM TeHepa-

TOPBL. MOIIIHOE Pa3BUTHE KOMITBIOTEPHOM 1 MU~
KPOIIPOIIECCOPHOI TeXHUKH U ee IIPIMeHeHIe
B Pa3IUYHBIX chepax SKU3HU YeTOBeKa BeJeT
K IIOCTOSIHHOMY COBEPIIIEHCTBOBAHHIO CYIIIeCT-
BYIOIIUX YCTPOMCTB U pa3paboTKe HOBBIX CUC-
TeM 1 usfenuit. CorlacHo MOBBIIMIAIOIIIMCS
TPeOOBaHUSIM K KOHEYHBIM ITPOJYKTaM COCTaB-
HbIe 9JIeMEHTBI H3/IeINs TOJDKHBI 00JIafjaTh Ty~
IIMMH TeXHUIeCKUMHU XapaKTePUCTUKAMHE, YeM
y’Ke CyILecTBYIOIIMe aHajoru. B yacTHOCTH,
npumeneHrne MOMC-reHepaTopoB II03BOJIAET
ACII0JIb30BaTh 60JIee MIMPOKUII JUaIa30H pado-
YHX YaCTOT, YMEHBIINTD IIOTPeOIIeH e S9HEPTHI
1 Macco-rabapUTHBIE XapaKTePUCTUKH U3IEIHL.
[1epBere ycTporicTa, ucronbaytoniine MEMS
(Micro-Electro-Mechanical System) TexHosorun,
MOSIBUJINACDH Ha pbIHKe B 1965 romy. A B 1967 ro-
Iy ObLIH 00IyOIHKOBAHEL U II€PBbIE CTAThU
o MEMS-reneparopax. B omindne ot mmpoxo
U3BECTHBIX KBaPIIEBBIX T€HEPATOPOB, UCIONb-

——

pybpHKa

Nporpammupyembie
MEMS-reHepatopbi

KoMnaHuu SiTime

B ctaTtbe onucaHo nocTpoeHue 1 hyHKLUU reHepaTtopoB Ha 6aze MEMS-peso-
HaTtopoB. PaccMoTpeHbl CBOWCTBaA, OCHOBHbIE TEXHUYECKUE XapaKTePUCTUKH
1 0651acTM NPUMEHEHHSA BCEro CNEKTPa NPorpaMMUpyeMbiX reHepaTopos pup-
mbl SiTime, Kak BbinycKaeMbiX, Tak U NepCNeKTUBHbIX CEPUH U pa3paboToK.

30BaHUe porpamMmupyembrx MEMS-reHeparo-
POB II03BOJIAET Pa3pabOTINKAM, OTTAIKUABASICH
OT TeXHUIECKOTO 3a[aHHs], BHIOUPATh OCHOBHBIE
IapaMeTphl TeHePaTOPOB — YaCTOTY U HAIPS-
JKeHHe uTaHus. [IporpaMmupyemble reHepaTo-
PBI O3BOJIIOT 3aIIPOrPaMMHPOBATh OCHOBHbIE
XapaKTePHCTUKY B 3aBICHMOCTH OT TPeOOBaHHII
3aKa3vuKa.

OCHOBHBIM 2JIEMEHTOM TaKHX T€HEPaTOPOB
spistercss MEMS-pesonarop. B Hagare 2005 ro-
na pupma SiTime BBITyCTHIIA IPOTOTHII PE30-
HATOPa I10 TEXHOJIOIuH 2,0 MKM, a y’Ke B KOHIIe
TOTO JKe roja — 110 TexHoyoruu 0,35 Mxm. B ce-
penune 2006 roga HavyaT CepUIHBIA BBIITYCK
MEMS-reneparopos SiT8002. B 2008 roxy ¢up-
Ma SiTime mpucTynuia K BBITYCKY IIeCTH HO-
BBIX THIIOB TeHEPaTOpPOB.

Braropapst 0cOGeHHOCTH CTPYKTYpSI (puc. 1),
a uMeHHO Hammario MOMC-pe3oHaTopa B3aMeH
KBap11eBoro, MOMC-reHepaTOpbI UMEIOT JIyIIIHe
TEXHUYeCKUE XapaKTePUCTUKH, B YACTHOCTU MEHb~
IIYIO 9yBCTBUTEIbHOCTD K BHEIIIHIM MeXaHn4e-
CKHM BO3JIEICTBUSIM 1 BHOPOYCTOMINBOCTS.

MEMS-pe3oHatop

KMOI-cxema

Y

Ocuunnsatop

vDD[]

Jarumk

Aun
Temneparypbl

nporpamMMm1MpoBaHus

DAMY

~I>—[:| CLK

Yacrora

Lndposas
KoMneHcauus
Temneparypbl

|

Bandgap&
Bias

OHepro-
He3aBKcHUMas
namsatb (NVM)

1)0 [—L1PROG

GND[f

Puc. 1. CrpyktypHas cxema nporpammupyemoro MOMC-reHepatopa

ITporpaMmMupyeMblii reHepaTop IIpeCTaBIIs-
eT c060i1 CTaOMIN3HPOBAHHBIII CHHTE3aTOP a-
croTel. B cocraB Mukpocxemsl BxogutT MEMS-
Pe30HATOP, TeHepaTOp OIIOPHOM YaCTOTEI, LIeh
(ba30BOIT ABTOIONCTPOIKHI IACTOTEI C IPOrPaM-
MHIPYyeMBIMU K09 dUIIHeHTaMH [leTUTeTIel,
6JI0K TeMIepaTypHOI KOMIIEHCAI[UH YaCTOTHI
1 6JI0K IPOrpaMMHPYeMOTO HCTOYHHKA ITUTa~
HusA. CTPYKTypHas cXeMa IPOrpaMMHUPYeMOTro
reHepaTopa IIpUBe/ieHa Ha puC. 1, a ero u3obpa-
JKeHHe — Ha PHC. 2.

[Tpumenerne MEMS-reHepaTopa o3BoJIsIeT
n36eKaTh IPUMEHEHIIS] BHEIITHIX KOMIIOHEHTOB,
YTO JIOTIOJHUTEIbHO 9KOHOMHT MECTO Ha ILIaTe.
Cerrqac pupma SiTime BbIIycKaeT reHepaTOPhI
€ IByM# TUIIaMU pe3oHaTopoB: 5 u 20 MI'n. lens
(ba30BOIT ABTOIONCTPOUKHU IACTOTEI C IPOrPaM-
MHUPYeMBIMH K09 HUIIMEeHTaMU NeJIATeNel 103+
BOJIsIeT TOYHOCTBIO B 1 ppm 3anporpaMMupo-
BaTh BBIXO/IHYIO YaCTOTY reHepaTopa. biiok Tem-
HepaTypHOI KOMIIEHCAITUHN JaeT BO3MOKHOCTD
MHUHHMHU3HPOBATh BIMsSHNE U3MEHEHH TeMIIe-
parypbl Ha TOYHOCTD YaCTOTHI C IIOMOIIIBIO TIPefi-
BAPUTEIBHOTO OIpeeseHusI KO3 PHIIeHTOB
KOMIIEHCAIIHOHHOT0 OJIMHOMa. biok mporpam-
MHPYeMOTo HCTOYHHUKA IIMTAHUA TIPEJICTaBIseT
€000i1 TpeXypOBHEBBIIT ITapaMeTPHIECKHIT CTa-
6unusarop (1,8/2,5/3,3 B).

OnucaHue
M TEXHUYECKHUE XapaKTEPUCTUKH
reHepatopoB cemeiicTBa SiTime

Kommanns SiTime BrImTyckaer cieyrommue ce-
pun MOMC-reHepaTtopos yacToTer — SiT8002,
SiT8102, SiT9001, SiT3700 m SiT3800. [Tepeunc-
JICHHBIE TeHePAaTOPBI IMEIOT Psifi 00X XapaK-
TEPUCTHK, a TAaKoKe psii ocobeHHocTeil (Tabr. 1).

TexHMYeCKIe XapaKTePHCTHKY T€HEePATOPOB
SiTime:
® HampspKeHHe nuTaHus: 1,8/2,5/3,3 B;

e TeMIlepaTypHBIN Auama3oH: —40 go +85 °C
wiu ot —10 o 70 °C;

® THIIOpa3Mephl:
1. 2,5%2,0x0,85 mm;
2. 3,2%2,5x0,85 MM;
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Tab6nuua 1. CpasHutenbHas Tabauua napameTpos reHepatopos SiTime
YacrotHbiit | TouHocTb
TeHepatop | guanasoH, | o uacrtore, Mpeumywectsa MpumeHeHue
Mry ppm
Ayano/supeonneepbl
MoprarueHas GbiToBast INEKTPOHKUKA
OcdbucHasn TexHuKa:
Mporpammupyembie
SiT8002 1-125 50 uan 100 Ha 3aBO/ie CO CPOKOM xzi:?ﬂp;g”lz‘:‘:;eg:e'K'fr(;r::ﬁ': a
noctasku £0 3 Hegien MpombiLneHHas 31eKTPOHHKa:
MHTepcheiCHble Nnarbl,
rpacuyeckue KapTbl
Mosxet 1cnosib3osartbes
B CTaHgapTax:
o [rabur Ethernet
10 rurabut Ethernet
o Fiber Channel
SiT8102 1-200 25,50 unn 100]  [xwutrep meHee 4 nc o Ethernet
o SATA
* USB 2.0
o PCI-X
e CAN 2.0 (Controller Area
Network — ceTb koHTponnepoB)
Cy?ﬁﬂﬁz;zoﬂi : i"%*:g M€ | JKnaKokpHcTanmeckme aucnnem
va wacrote 125 MIt & pe- CkaHepbl, NPHHTEPbI, KOMMPbI
e SiT9001 1-200 50 unn 100 | >mme down spread — 2% Hrrepderickbie nnatel,
4 OTHOCHTESIbHO peXuMa rpacbdeckye Kaprel
pabors 6es Wnrepdpeiicbl PCl, wiHbl namat
pacnpeeneHIs cnekTpa) MapupyTusatopsl, MogeMbl
r TeneBuanoHHble NPUCTaBKH
. SiT3700 1-125 50 unu 100 Lxurtep meree 10 nc
Puc. 2. MOMC-reneparop komnaHuu SiTime P HDTV-tionep Jucninen DVD-R
SiT3800 1-200 50 unn 100 LxutTep metee 4nc Tenekommyrukaumun (ADSL, VDSL)

3. 5,0%3,2x0,85 MM;

4.7,0x5,0x0,85 Mm.

T'eneparops! komnaxuu SiTime obnazarot cire-
IYIOIIAMU IPEUMYIIeCTBAMH:

o Hape)XHBII1 3aITyCK 1 IMMYHUTET K HHTepde-

PeHITHN.
® YCTOIMUBOCTD K BHEIITHEMY MEXaHIIeCKOMY

BO3JICHICTBUIO.
® YCTONYHMBOCTD K BHOPAIIUAM.

o He Hy>KHaIOTCs BO BHEIITHEM KBapIie WA KOH~

IeHcaTope.

e 3aIura OT CTaTHIeCKOro paspsina (Imopsjmka

4 xB).

[Tporpammupyemsriit reaepatop SiT8002 —
9TO NePBBI IIPOrPaMMUPYeMBIil ITeHePaTOp KOp-
noparuu SiTime, BeITIIeIINIT Ha pHIHOK. [eHe-
parop SiT8002 — nosHOMYHKIIMOHATBHBII aHa-
JI0T TIOTyJIsIpHOTO reHeparopa SG-8002 xomma-
Huu Epson. Cyzis 110 JaHHBIM, IPHBEIEeHHBIM
B Tabuuie 2, reneparopsr SiTime umeror ayd-
III7e LITyMOBBIe XapaKTePHCTUKH, MEHBIIINI Pa3-
Mep Kopyca (B clydae HeOOXOIUMOCTH) U, 9TO
Hau60J1ee BasKHO, JIYIIIYIO CTOUMOCTB I10 CPaB-
HEHUIO C TPAJHUIOHHBIMY KBapLeBBIMU IeHe-
paropamu.

7151 pa3paboTOK, TPeOYIONX MIHAMAIBHBIX
rabapHTOB, BBIITYCKaeTCs MOTUGUIIPOBAHHAS
Bepcus reHepaTtopa SiT8002 — reneparop cepun
SiT8002UT ¢ rommunoi Koprryca 0,37 MM, 9TOT
IPONYKT CEIac SBJISLETCS CAMbIM TOHKHM B MU~
pe reHeparopom (puc. 3).

Tabnuua 2. CpasrutenbHas Tabnuua reHepaTopos
SiT8002 1 SG-8002

XapakTepHCTHKH SiT8002 $G-8002
[oxutrep, nc 150 250
TemneparypHbii guanasoH, °C :ggigg :ggigg
CrabunbHOCTb YacToTbI _i)so_fg gn“c _f(; 09&%'!(:
2,5%x2,0x0,85 =
3,2x2,5x0,85 3,2x2,5x1,05
VLD SRS, O 5,0x3,2x0,85 | 5,0x3,2x1,2
7,0x5,0%0,85 7,0x5,0x1,5
Notpebnere, MBT 12 25

Puc. 3. Teneparop SiTime SiT8002UT

ITo cpaBHenuo ¢ cepueii 8002 renepaTopsl
8102 061aJar0T IPAKTUYECKU Ha ITOPSIOK MEHb-
IIUM YPOBHEM IKUTTEPA, YTO PACHIMPSET UX
cepy npumenenus (Tabi. 3).

Ta6nuua 3. Xapakrepuctuku reqeparopa SiT8102

Yacrora, WUsamepeHus ®azoebii
Cranpapr My ’ B nonoce AXKuTTEp (rms), nc
FibreChannel 106,25 | 637 kl'y— 10 My, 1,3
Gigabit Ethernet 125 1,875—20 Ml'y 0,5
SATA/SAS 75 900 Iy — 7,5 My 0,73

MOMC-reneparopsr cepun SiT8102 komma-
Huu SiTime mpenHa3HaueHEBI IS IPIMEHEHHS
B BLICOKOCKOPOCTHBIX IOC/IEI0BATEIBHBIX YCT-
POTCTBAX Ilepeladu JAHHBIX, a TAKKe B IIPOMBI-
IUICHHOM U KOMMep4ecKOM 000pyOBaHUN.
B cocraB reneparopa Bxonut MOMC-pesona-
Top, cxema PAITY, marank remneparypsr, ALTI
U YHEPTOHe3aBHCUMas IAMATh.

ToroBslie mpubops! mpemnnararorcst B QFN-kop-
myce. I'eHepaTOp MOXKeT GBITH 3aIIPOrPAMMUPO-
BaH II0 3aKa3y Ha JII06YIO YacTOTy B JHaIla30He
ot 1 1o 200 MI'ny (crabunbHOCTD £25, +50,
+100 ppm) BHe 3aBHCUMOCTH OT BHEIIIHUX Me-
XaHUYIECKUX BO3IEUCTBHIM.

I'eneparops! cepun SiT9001 — 3T0 HOBeTiIIas
paspabotrka kommanuu SiTime. Obanast mpenmy-
miectBamu cepun SiT8102, oHH, B TO ke Bpems,
obecrieqnsatot noHmwkeHne EMI (Electromagnetic
Interference). Hanpumep, st Hecy1meit qacro-
TbI 100 MI't oHO cocrasnser —13 nb. [Ipusenem
PEKUMBI PacIIpefieNIeHIs CIIeKTPa, OTHOCUTENb-

HO HeCyIIIel YaCTOThI, HOJjePsKUBaeMble TeHe-

paTopoM:

e Center Spread Modulation: +1%, £0,5%,
+0,25%.

e Down Spread Modulation: —2%, —1%, —0,5%.
SiT3700 u SiT3800 — aTO reHepaTOpBHI, YII-

pasisieMble HanpspkeHueM (I'YH).
O61mue cBOUCTBA, XapaKTepHBbIe UL 9TUX Te-

HEpaTopoB:

o Jlunennpit nuanason I'YHa: £240 ppm,
+60 ppm.

¢ J[Mama3oH HaNpsKeHHs IOACTPONKHI 9acTO-
ThL: 0T 0 10 1,6 B 114 Bcex HaNpspKeHUi -
TaHHA.
IIpeumymiecrna:

® HazeXHBI 3aITyCK M yBeJIMYeHHBIN UMMYHHU-
TeT K HHTephepeHInH.

® YCTOMYMBOCTD K MEXaHUIECKOMY Y/iapy:
1o 50 000 g.

e VcroiduBocTh K Bubparuu: 1o 70 g.

¢ JIporpaMMupoBaHue I U3TOTOBJICHHE:
1o 1 000 000 mIT. B TedeHHEe TPeX HeJeNb.

e He HyskaeTcs BO BHEIIHEM KBaplle WX KOH-
JileHcarope.

e 3ammuTa OT CTATHYECKOTo pa3psna o 4 kB.

MepcnekTUBbI pa3BUTUSA
MEMS-reHepatopos

Bo BropoMm mosyropuu 2008 roga ¢upma
SiTime ruraHUpyeT HPUCTYNHUTH K BBIITYCKY
HOBBIX cepuit MEMS-reneparopos: SiT9002
n SiT8003. eneparop SiT9002 mpencrasister co-
6011 reHEpaTOp C HU3KUM 3HAYeHUeM JUKHTTepa
(<1 mC) ¥ YacCTOTHBIM IHAIa30HOM OT 1 10
220 MI' u ot 240 no 800 MI'1; (n36paHHbIe Yac-
TOoTHI). HanpspkeHue IuTaHus reHepaTopa co-
crasster 1,8; 2,5 win 3,3 B. Tok notpe6iienust 6e3
Harpysku — MeHee 17 MA. TemmepaTypHBI a1~
arazoH — o1 —40 o +85 °C wm ot —10 go +70 °C.
leomerpuueckue pasmepsl: 2,5x2,0x0,85 Mm;
3,2x2,5%0,85 MmM; 5,0x3,2x0,85 MM 1 7,0x5,0x
x0,85 mm. [llupokoe npuMeHeHUE TAKUX IeHe-
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PaTOpPOB BO3MOKHO B OIITOBOJIOKOHHBIX CHCTE-
Max, ycrporicrBax PCI-E crarmapra.

Il pasHOrO posia 9JIEKTPOHHOM amIapary-
PBI C OTPaHIYEHHBIM TOKOM IIOTPeOJIeHHS ITPef-
JlaraeTcs UCIoJb30BaTh reHepaTop SiT8003.
IIpH OTCYTCTBHHU HAarpy3KH TOK IOTpPe6IeHUs
cocrasiisgeT MeHee 3 MA. YacTOTHBIN iuama-
30H — 0T 1 10 200 MI'. ToarnocTs — £50 ppm
uu +100 ppm. [bxutrep cocrasiser 12 mc rms.
Hanpspkenne nuranus renepatopa — 1,8; 2,5
nnu 3,3 B. TemneparypHsIit fuamas3on — ot —40
1o +85 °C wmm ot —10 mo +70 °C. [eomerprraec-
Kue pasMepsl: 2,5%2,0x0,85 My 3,2%2,5%0,85 Mm;
5,0%3,2x0,85 MM 1 7,0%5,0x0,85 MM.

BoiBogbl

Y4uTBIBas COBpeMEHHBIE TPEOOBAHUS K JJIe-
KTPOHHOI aIIaparype 110 HOTpeOIeHNIO 9Hep-
T ¥ MacCo-TabapUTHBIM XapaKTepPHCTHKAM,
HAYMHAIOIIAs CBOE aKTHBHOe passutie MOMC-

pybpuKa

TEXHOJIOTUS IIPUXOJUTCS KaK HeJIb3s KCTaTH,
II03BOJISIS Pa3pabOTIUKAM IOJYIaTh OoJlee co-
BepIIeHHbIe U3/IeJIUs, UMEIOIINe MEHbIIYIO
CTOMMOCTD ¥ JIy4IlIne TeXHUYeCKHe XapaKTe-
PUCTHKH.
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