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315-MHZ, OOK TRANSMITTER USING A RING OSCILLATOR
WITH AN EDGE COMBINING FREQUENCY MULTIPLIER ON 0.18 pm
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This paper presents design of a transmitter operating in 315 MHz
frequency with OOK modulation for short-range wireless sensor
networks. In this design, a ring oscillator is used to generate low
frequeny oscillation, which is multiplied using an edge combiner up
to carrier frequency. The output power is guaranteed by an inverter
based class-D power amplifier. The main components are designed
using MOS active elements, the frequency of the oscillator is low,
reducing chip area and power consumption. The transmitter is
fabirated on 0.18 um CMOS technology, it achieves -8.7 dBm output
power, consumes 1.7 mW with 0.075 mm? chip area.
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B6 phat RF CMOS

Diéu ché OOK

Dao dong mach vong

Mang cam biét khéng day
Khuéch dai cong suat l6p D

Bai bao trinh bay thiét ké bo phat tin hiéu RF hoat dong ¢ tan s6 315
MHz diéu ché OOK cho c4c mang cam bién khong day cu ly gan.
Trong thiét ké nay, mot bo dao dong mach vong (ring oscillator)
dugc dung dé tao tin hiéu tan sb thip, sau d6 nhan tan 1én dén tan so
s6ng mang 315 MHz bang b nhan tan sé to hop suon xung. Cong
suit dau ra duoc dam bao bai bo khuéch dai cong suat 16p-D dua trén
c4c cong dao. C4c thanh phan chinh déu dugc thiét ké sir dung céc
phan tur tich cuc, tan s bo dao dong thap, do do, tiét kiém duoc dién
tich chip va cong suét tiéu thu. Bo phat RF duoc ché tao trén cong
nghé CMOS 0,18 pm, cong suét ra dat -8,7 dBm, tiéu thu 1,7 mwW
trong khi chi chiém dién tich 0,075 mm2.
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1. Giéi thiéu

Trong thap ky qua, mang cam bién khong day ngay cang phét trién va dugc tng dung rong ri
trong nhiéu linh vuc cta doi sdng nhu céng nghiép, néng nghlep y té, giao thong...[1]. Trén moi
nat cam bién, bo thu/phat RF 1a mot trong nhitng thanh phan quan trong nhat, thuc hién viéc
truyén/nhan dit liéu khong day giita cac nit cam bién véi nhau va véi trung tam diéu khién [2].
Déi véi mang truyén dir lieu khong day o cu ly ngan nhu mang WBAN, mang trong phuong tién
giao thdng hodc trong cac toa nha, dai tan s6 315 MHz va 402-405 MHz duoc wu tién st dung so
Vi céc tan sé cao hon do d& dang truyén qua chuéng ngai vat (vi budc song dai), giam cong suat
tiéu thy.

B0 thu va bo phat RF thuong dugc thiét ké cting nhau, tuy nhién trong bai béo nay, ching toi
chi tap trung vao b phat RF & tan s6 315 MHz kiéu diéu ché OOK trén cdng nghé CMOS. Hién
da c6 nhiéu céng bd vé cac thiét ké bo phat tin hiéu RF trén cong nghé CMOS dung cho mang
cam bién khong day [3]-[6]. Trong cac bai b4o nay, bo phéat RF véi kiéu didu ché OOK hoac FSK
duoc thiét ké cho mang WBAN trong y té va céc ung dung khac. Co thé thiy, cac bo phat RF nay
déu c6 hai thanh phan quan trong nhat la: bo tao dao dong séng mang va bo khuéch dai cong
suit. Thong thuong, dé tao dao dong song mang, ngudi ta ding PLL-VCO. VCO thuong 1a bo
dao dong LC, vu diém cua bo dao dong LC 1a c6 tan sé cao, dai diéu chinh rong. Tuy nhién, trén
cdng nghé mach tich hgp CMOS, cudn cam L va tu dién C thudng yéu cau 16p kim loai dic biét
va chiém dién tich chip l6n hon rat nhiéu so véi cac thanh phan mach tich cuc khac [7]. Ngoai ra,
dé 6n dinh tan sb, PLL duoc thiét ké kém voi VCO, 1am cho hé théng phuc tap, tiéu thu cong
suét I6n va can mot dao dong chuén dua tir ngoai vao lam tham chiéu. Mot giai phap khac dé tao
dao dong song mang la nhan tan so tir dao dong chuan c6 tan sé thip. Tuy nhién, cac bo nhan
truyén théng co do suy giam tin hi¢u I6n, h¢ s6 nhan cang cao thi do suy giam cang Ion. DPé dam
bao muc tin hiéu, can phai ¢ cac bo khuéch dai dém di kém, 1am ting cong suat tiéu thu [8].

Trong bai bao nay, ching toi sir dung bo dao dong mach vong (Ring Osc) dé tao dao dong.
Nhuogc diém cua Ring Osc 13 tin s dao dong thap va thay ddi nhiéu theo sai s6 cong nghé ché
tao, nhiét do va dién ap cap [7]. Tuy nhién wu diém ciia Ring Osc 1a c6 thé dugc thiét ké véi chi
cac thanh phan tich cuc transistor PMOS va NMOS, khién cho dién tich chip nho hon rat nhiéu
s0 voi dao dong LC va khong yéu cau Ip kim loai dic biét nao. Bé khic phuc nhugc diém tan sb
dao dong thap, ching tdi thiét ké Ring Osc & tan sb thap, sau d6 ding bd nhan tan kiéu to hop
suon xung dé nhan tan sb I1én gia tri mong mudn. Do dau ra Ring Osc c6 kiéu logic s, nén bo
nhan tan t6 hop sudn xung don thuan 1a mach logic t6 hop, khéng lam suy giam tin hiéu nhu bo
nhan truyén thong va chiém dién tich khong dang ké. Viéc tan s6 du ra Ring Osc thay ddi theo
cdng nghé duogc khic phuc bang cach diéu chinh tan s6 sau ché tao nhd mach diéu chinh tan sd.
Ngoai ra, do kiéu diéu ché 1a OOK nén nhiing thay déi tin sé nho theo nhiét d va ngudn cap s&
khong anh huong nhiéu dén chét luong cua dit liéu truyén di.

Bai bao gdm c6 nam phan, phan tiép theo s& trinh bay ciu tric cia bo phat RF, thiét ké
nguy@n ly chi tiét cac thanh phan chinh duoc trinh bay trong phan 3, phan 4 1a két qua do va cudi
cuing la két luan.

2. Cau tric b phat RF

Hinh 1 thé hién so do cau tric cua bo phat RF. Thanh phan chinh bao gom bd dao dong Ring
Osc bay cong dao mic ndi tiép, bo nhan tan sb va khuéch dai cong suat dau ra. Ring Osc la bo ty
dao dong, duoc thiét ké dé co tan s6 dau ra xung quanh 45 MHz, tan s6 nay cé thé diéu chinh
dugc bang cac bit diéu chinh tan sb. Bay dau ra cia cac cong dao duoc trich ra va dua vao bo
nhan 7 tan s6. B nhan tan sé 1am viéc theo nguyén tic té hop suon xung (edge combining
frequency multiplier), tao ra tin hiéu c6 tan sb 315 MHz. Tin hiéu nay sau d6 dwoc khuéch dai
bai bo khuéeh dai cong suét 1op D trude khi di vao ang ten va buc xa ra khdng gian.
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7 bit diéu chinh tin sb

Ma OOK

Nhan tan kiéu t6 hgp suon xung I-:Q%Q};héi

Hinh 1. So d6 cau trac thiét bi phat RF

3. Thiét ké mach
3.1. Bg dao djng Ring Osc

_ Ring Osc CMOS bao gom mot s6 I¢é céc cong dao méc ndi tiép v6i nhau nhu Hinh 2, trong do,
dau ra cua cong dao cudi cung duoc mac hoi tiep ve dau Vvao cua cong dau tién. Trén H]nh 2,tu
Cioad |2 toNg tu ky sinh & dau ra ctia mot cong dao va dau vao cia cong ticp theo. Tan so ctia bo
dao dong nay phu thudc vao do tre tin hi¢u qua moi cong va dugc tinh theo céng thuc [9]:

1 |
fOCS = = = (1)

Nt;  7.N.Coyy Vip

trong d6 N 1a s6 cong dao, Ip 1a dong di qua cac transistor ciia cong dao, Vpp dién ap ngudn, n
la hé so ti l¢.

DPiura
L —eo
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Hinh 2. Nguyén ly b dao dong Ring Osc

Tan sb dao dong cua Ring Osc thuong thay dbi theo d6 6n dinh cua cong ngh¢ ché tao, tan s
do dugc co thé khac xa tan sb mong muon. Do vay, khi thlet ké can phai c6 cac giai phap diéu
chinh dé sau khi ché tao c6 thé dua tan sb vé gia tri mong muén. Cong thuc (1) cho thiy, dé diéu
chinh tan sé cua b dao déng, ta c6 thé diéu chinh Ip, Voo hoidc Ciead. Trong thiét ké nay, ching
t6i str dung ngudn dong nhu Hinh 3 dé diéu chinh tan s6 dao dong.

Vdd %

Hinh 3. Biéeu chinh tan sé Ring Osc bang nguén dong diéu chinh duwoc

Toan bo sor‘d(k) nguyén ly cua bo dao dong Ring Osc dugc thé hién trén Hinh 4. Tan sb thiét ké
la 45 MHz. Tan s6 duoc diéu chinh nhay budc véi 7 bit logic s6. Cac PMOS M1-M7 cé kich
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thudc giong nhau, chiing s& 1am viéc khi céc bit D1-D7 twong ting & micc THAP, nguoc lai chiing
s& bi ngét, nho d6 dong cap cho céac cong dao cua Ring Osc duge diéu chinh, dan toi tan sé dao

dong thay doi theo.

D1 D2 3 D4 D5 D6 D7
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Hinh 4. So' @6 nguyén 1y ciia Ring Osc

3.2. B4 nhan tan kiéu té hgp swon xung

B6 nhan tan sé bang phuong phap t6 hop suon xung dugc su dung dé nhan 7 tan sb dao dong
cua Ring Osc. Pau ra cac cong dao cia Ring Osc co cung tan s6 va léch pha nhau 360/N d6 (Nla
sb cong dao). BO t6 hop suon xung s& lay c4c pha nay va té hop lai voi nhau dé tao ra tan sé cao
hon N 14n so véi tan sé cia mdi pha. So dd nguyén ly cua bd nhan tan duoc thé hién trén Hinh 5.
Hinh 6 1a gian db thoi gian giai thich nguyén ly hoat dong cia bo nhan nay.

ab cd e f a b c de f
11 11 11
01 02 O3 04 Os

Out

Hinh 5. So @6 nguyén Iy mach nhan tan té hop swon xung

Hinh 7 1a két qua md phong phé tan s6 dau ra by nhan tan s6. C6 thé nhan thay, do t6 hop tir
cac xung c6 do doc khé 16n nén phd dau ra ton tai nhidu thanh phan hai bac cao véi tan s boi cua
45 MHz. Hé sb hai I6n nhét 12 -36 dBc so véi dinh, cach dinh téi thiéu 1a 45 MHz, do vay, ching
c6 thé d& dang bi loai bo nho sir dung céc b loc thich hop & dau ra.
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Hinh 6. Gidn do thoi gian cua bé nhan tan té hop swon xung Hinh 7. Phé tan sé dau ra bg nhan
(mé phong)

3.3. Bg khuéch dai cong sudt lép D dua trén céng ddo

Tin hiéu trude khi dua vao ang ten dé phét xa ra khong gian dugc cho qua bo khuéch dai cong
suit dé dam bao du cong suit dau ra yéu cau. So d6 nguyén Iy cua bo khuéch dai cong suit duoc
thé hién trén Hinh 8, day 1a bo khuéch dai cong suét 16p D dya trén cong dao CMOS (CMOS
Inverter based class-D power amplifier). C4c transistor thuc hién chirc niang khuéch dai cong suat
duoc thiét ké véi do rong kénh dan 1on hon réat nhiéu so veéi transistor trong cac cong logic théng
thuong. Phia truéc 1a cac bo khuéch dai dém (driving amplifier). Két ndi giira bo khuéch dai cong
Suit va ang ten 1a mang phdi hop tro khang va loc thdng dai, chiing 1a cac thanh phan roi rac va
duoc gan bén ngoai chip.

Vop
S
|
I I
|| Phoi hop B phit RF
va loc

|
I Off-chip
|

GND

Hinh 8. Bg khuéch dai cong suat lép D dia trén cong Hinh 9. Anh chip sau ché tao

ddao CMOS

Bo phat RF duoc thiét ké, ché tao trén cong nghé CMOS 0,18 um, Hinh 9 1a anh chup
chip ban dan sau ché tao, trong d6 bd phat RF ¢o6 kich thudc 0,42x0,18 mm, chiém dién tich
0,075 mm?Z.
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4. Két qua do

B0 phat RF sau ché tao duoc han Iap trén bo mach cling vai cac phan tir roi rac dé kiém tra,
tha nghiém. Hinh 10 Ia bo mach kiém tra, chip thir 1a chip khong dong vo, cac chan vao/ra dugc

1 1(5\ \@I 1’7')\

Hinh 10. Bo mach gan chip the

335

Tén s6 (MHz)

1 2 3 4 5 6 7
M3 diéu khién

Hinh 11. Tdn sé dau ra

Hinh 11 14 tan sé dau ra véi cac ma diéu chinh tan s6 b dao dong Ring Osc khac nhau. M4 sé

i twong ung véi ddy D1-D7 cd i bit & mic THAP.

Hinh 12 1a két qua do pho dau ra khi phét lién luc, Hinh 13 12 phd tin higu khi phét voi dix ligu
c6 tde do 200 kbps. C6 thé thay, bo phat RF duoc thiét ké ché tao co thé dat cong suét phat -8,70
dBm trén tai 509, tbc do dit liéu co thé 18n tdi thiéu 1a 200 kbps. Vé&i ngudn Vop 1,8V, bd phat
RF tiéu thu dong 0,96 mA, tuong (ng véi cong suat 1,74 mW. Bang 1 tom tat cac thdng sé cua
bo phat RF duoc thiét ké ¢ so sanh véi mot s6 cong trinh da cong bd trude dy. C6 thé thay, trén
cling nén cong nghé, b phat RF dugc thiét ké c6 cong suat tiéu thu nho voi dién tich bé hon

nhiéu so vai cac thiét ké khac.
Mkr1 315.00 MHz

1o dBvdiv Ref 0.00 dBm -8.70 dBm

Mkr1 315000 MHz
E

{9 gBiav Ref 0.00 dBm 5.65 dBm

ol g AL

R LT RPN

:z I RNETIT L anFIJ\f. ﬂ"N.Nl A Ll
'ﬁmw i IR Iy

'“°I|['\' INERENL '-||

Center 314.98 MHz
Res BW 180 kHz

‘Span 20.00 MHz
Sweep 1.00 ms (1001 pts)

Hinh 12. Phé dau ra khi phét lién tuc

VBW 180 kHz

Center 315.000 MHz
Res BW 47 kHz

Span 5.000 MHz
‘Sweep 2.73 ms (1001 pts)

Hinh 13. Phé dau ra khi phét c6 di liéu 200kpbs

VBW 47 kHz

Bang 1. Tém tdt tham sé va so sanh

Tham s6 Tai liu [10] Tailiéu [8] Tai liéu[11] Trong bai bao nay
Cbdng nghé CMOS (nm) 180 55 65 180
Ngudn (V) 1,8 0,9 1 1,8
Tan s6 (MHz) 900 900 400-500 315
Téc do dit lieu (kbps) - 100 - 200
Cong suat ra (dBm) -14,5 55 11 -8,7
Cong suat tiéu thy (MW) 20,7 11,1 5 1,74
Dién tich (mm?) 3,0 1,6 2,04 0,075
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5. Két luan

Bo phét tin hiéu RF 1a mét thanh phan quan trong caa mang cam bién khong day. Bé nang cao
kha ning tich hop trén chip ban dan va tiét kiém nang luong, bo phat RF da dugc thiét ké sur dung
hoan toan cac phan tir tich cuc, tir bo tao dao dong, bo nhan tan toi bo khuéch dai cong suat dau
ra. Bo phéat RF sau khi ché tao dwoc han 13p 18n bo mach ngoai dé do kiém. Két qua cho thiy bo
phat RF duoc thiét ké c6 cong suat dau ra -8,7 dBm, dam bao dap ung dwoc cho truyén théng cu
ly gan, véi dién tich chip chi 0,075mm2.
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