
ThS. DiTOng Thi Thanh Tu 

Ndi dung bii bio 0di thiiu vi mdt loai ddng hi 

mdi: ddng hd nguydn tir Mch thude ra mac^ - CSAC 

(chip Scale Atomic Clock), ed dg ehinh xic vi dd dn 

dinh cua mdt ddng hd nguydn tu nhung kieh thude 

sidu nhd. mang lai mdt buoc ddt phi mdi cho dc 

ling dung di ddng. 

G I O I T H I E U C H U N G VE CSAC 

Ddng h i nguyin tu kieh thude vi mach duoc phit 

tnin eho cae dng dyng trong eac thiit bl dl ddng 

ydu cau dd chlnh xic thdi gian gin nhu tuyit ddi. 

CSAC chi chiim gid mdt dai phd duy nhit. Nd cd 

cdng suit nhd vi thip hon gin 100 lin so vdi mdt 

bd tao dao ddng Rubidium (Rb) thdng thudng; edn 

so vdi mdt bd tao dao ddng tinh thi bd nhidt dd 

(TCXO), nd cd cdng suit ldn vi cao hpn khoing 100 

lin. CSAC li lya ehpn mdi eho cac h i thdng tmyin 

thdng bio mit, dinh vi, mang cam biin hay adhoe 

cdng nhu cic dng dyng thuong mai ydu ciu thdi 

gian chinh xic khi mdi tiudng GPS bl tu chdi, dac 

biit la dupe du dinh eho dich vu dim miy. 

Vide nghidn ciiu CSAC dupe thuc hidn bm su cdng 

tac eda nhdm nghidn edu thude tmng tam cdng nghd 

symmetncom edng vdi nhdm MEM thude Phdng thi 

nglndm Charles Stark Drapei va Phan khu quang 

didn td hoe thude hd thdng phdng thi nghidm qude 

gia Sandia, My. Chuong trinh phit triin CSAC da 

dat din pha 3 va cac kit qua da dupe dinh gia, 

cdng nhan ti:ong PTTI/FCS td nam 2007. Nam 2011, 

symmetncom da bit diu dua ra sin phim thuong 

mai CSAC diu tidn trdn thi gidi. 

CAU TAO CSAC 

Ddng hd nguydn td chip scale thuc chit l i mdt bd 

phit dao ddng vdi mdt ngudn nudi 3.3V (115mW), 

dang sdng diu ra la sdng vudng lOMHz, cd kieh 

thude 35,3 x 36,8 x 11.4 mm, thi tich khoang 16 

em3 (Hhih 1). 

Cic phin tu chdc nang bao gdm: 

- Mdt h i thdng ti:eo polyimit chiu luc (tensioned 

polylmide suspension). 

- Mdt t i bio hoi silie cd ciu tide cue nhd 
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hai nhung lit truong n.iy), lat ca se duoc bit kin 

va dai vao troiiq ho mach in PCB (pnnted circurt 

board), 

Trong thuc t i , mbt PCB difin hinh duoc minh hoa 

Irong Hinh 3' 

Hinli 1 CAjta* CSAC 

(microfabncated silicon-vapor eel 

- Mbt laze phat ra be mat cb hoc thang dimg cbng 

suat thap (VCSEL) ma dau ra se di qua hoi sihc, 

Toan bo su dong goi dbng hb CSAC duoc chi ra 

trong Hinh 2 bao gbm cau triic difin tu hoc, giao 

dien RS-232, mbt DSP cong suit thap, tam bao vfi tii 

hai lop (tin sd cong hudng nguyen tu bi anh hudng 

Nap day 

Tam chan tren 

Day quan xien 

Goi vat ly 

Eo mach in 

Tam chan duoi 

Hmh 2: GOI CSAC 

Hmh 3 PCB dien hinh 

N G U Y E N LY HOAT D O N G CSAC 

Nguyen ly hoat dbng cua CSAC duoc chi ra trong 

Hinh 4- Tin sd cfing hudng song cue ngan nguyfin 

tir "tu nhien" duoc tdng hop tu mfit bfi lao dao dbng 

nbi RF (LO - Local Oscillator) va mfit mach dieu khien 

se khba tan sd LO tbi cdng huong nguyen tu, 

Bb tdng hop sdng cue ngin (Microwave 

Synthesizer) bao gdm mbt bo phat dao ddng dieu 

kliien bdi dien ap (VCO) 4,6 GHz duoc ddng bo vm 

mbt bfi dao dong tmh thfi bu nhifit do (TCXO) lOMHz 

Bfi tdng hop nay giiip cho CSAC ed thfi cung cap dau 

ra tan sd RF heu chuan lOMHz voi muc dieu chinh 

nam giua TCXO va VCO. dd phan dai nho hon 10'^^, 

Viec su dung bb tdng hop sbng cue ngin giiip cho 

CSAC db tim sti cdng huong nguyen tii, tranh duoc 

cac tdn hai khi chi cb mpt diu ra TCXO. 

UU O I E M CUA CSAC 

Vol nhimg cai hin mdi trong thiet ke, ddng ho 

CSAC da dat duoc nhimg ket qua sau: 
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I LOTuningV 

Local Oscillator 

Hinh 4: Ki^ti true r o ban cua CSAC 

-The tieh IScm^, 

- Trong luong 35g, 

- Dfi chinh xae khi di ehuyfin ± 5.0 E-11 

- Db dn dinh tiong khoang thoi giati ngan 

fT,,(r)si5\ 10" 'V""v Trong tnibng hop T = I 

gib. oyOxlO* '" . 

- Tfic db Iao hba < 3E-10/ thang, 

- Dfi phan giai buoc difiu chinh sb \y = +1- 10-8/ 

budc 

- Dfi nhay ciia tan sb dau ra so voi su thay ddi cua 

nhiet db dy/dT = IQ-'o/oc 

- Dp on dinh trong khoang thbi gian dai kha thap, 

phu thuoc vao mfii tho ciia dong gbi vat Iy (physics 

package). 

Tdng 

l5mW. 
cbng suat tieu thu 

Cac dac tinh ky thuat ban dau 

Clock Output cua CSAC deu dam bao tat ca cac 

chi tifiu cua mfit ddng hd nguyfin tii 

vfi dd chinh xac. db dn dinh tmng 

khoang thoi gian ngin va mdi tho 

trong khi Iai mang den mbt dbt pha 

moi ve kieh thuo'c va trong luong, 

nang cao kha nang di dong va do dn dinh tan sd 

Iheo thbi gian, Hinh 5 chi ra dac tinh quan trong 

nhat ciia CSAC trong vific dam bao tin hifiu ddng 

bb khi hi mat tin hieu dfing bb tii GPS trong nhung 

khoang thdi gian dai, 

Cac ling dung di dbng luon lubn phai sir dung den 

ngufin pin vl vay tong cbng suit heu thu cung la 

mfit van de kha quan trong. Dong hd CSAC khfing 

chi cb cbng suat tifiu thu sifiu thap (Hinh 6) ma cfin 

cb su thay ddi cong suat rat it theo nhifit do (Hinh 

7), Dieu nay, ngoai vific tao ra mpt uu the Ion cho 

thiet ke vat ly, nfi cdn dem den su khae bifit Ion so 

vdi cac ddng hd nguyen tu khae. 
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Hmh 5: Sir thay ddi tan sd theo thoi gian cua CSAC 
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Time {hours) 

Hinh 6: MOt vi dM v6 cOng suSl tieu thu si&i thap cua CSAC- VCn offset tan sO 

trong khoang 14 ti^ng, cOng suSt tiSu thu cua CSAC < 30 mW 

UNG DUNG CUA CSAC 

Hien nay, ddng bb thoi gian duoc su dung chu 

yeu dfi cung cap tin hifiu dmh thoi cho cac hfi thdng 

truyen tai, Mdt thbi gian khfing xa niia, yfiu cau dinh 

thbi tren cac he thdng truyen tai nay cd the se khong 

cbn nUa theo sii bien doi cua cfing nghfi mang loi. 

tuy nhlfin cho dii cac nen mang vifin thbng cb thay 

ddi hay phat tnen nhu the nao di chang nua, dbng 
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bo Ihbi gian van lubn chiem giu vai trb quan trong 

trong viec dam bao chat luong dich vu (QoS) cho cac 

cac dich vu mdi cting nhu cac hfi thdng truy nhap 

thfi hfi moi, dac bifit la cac tram goe trong he thdng 

dl dbng. 

Ngoai ra, mpt xu thfi phat tnfin chung aia dich vu 

vien thong hien nay la dich vu chia se tai nguyen 

vol dai dien heu bieu la difin toan dam may, Khdng 

Temperature ('C] 

Hmh 7: Su thay dOi cong suat tieu thu cua CSAC theo nhiet dp 



SAN PHAM DICH VU 

nam ngoai xu the chung do, dong bfi trong mong lai 

se la giai phap ddng bd dim miy cho cac img dung 

thuong mai yfiu cau thbi gian ehinh xac klu moi 

trudng GPS bi tit chdi thfing qua cac giao thiic dinh 

thdi mang (PTP. OTP,,.,) dua trfin ddng hd nguyen 

tii CSAC, 

Ngoai nhimg img dung trong hnh vuc cung cap 

ddng bo cho mang vifin thbng ke trfin, CSAC cbn 

duoc dung dfi thay thfi cho TCXO va OCXO irong 

trudng hop: 

- Tfing cbng suat qua cao. 

- Khong du dfi chinh xac, 

- Che dd luu giu (holdover) khfing dam bao. 

- Kieh thuoc qua Ion, 

- Tdng hop cac trubng hop trfin. 

Bfin canh dfi, ddng hb CSAC hifin con la lua chon 

hang dau cho cac img dung sau: 

- Cam nhan dia chan duoi day bien, 

- Nhifiu lED giam, 

- Song radio quan dfii giam. 

- Thidt kd cac bfi thu GPS cam tay trong quan dbi. 

- Phuong tifin van hanh tu ddng trfin khbng (UAV) 

KET LUAN 

Tuy san phfim thuong mai CSAC dau tifin da xuat 

hifin vao dau nam 2011 nhung CSAC van duoc cac 

nhom tiep tuc nghien eim vdi muc dich cho ra ddi 

nhimg dbng san pham CSAC vdi db chinh xac sifiu 

cao va kieh thuoc sieu nhb, dap img nhiing yeu cau 

mbl vfi dbng bfi Irong tuong Iai. 
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