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BQ GIAI PIEU CHE GFSK 2MHz TiCH HQP HOAN TOAN
A 2MHZ GFSK INTEGRATED MODULATOR
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Trung tam nghién curu va dao tao thiet ke vi mach - ICDREC

TOM TAT

Bai bdo trinh bay b gidi diéu ché khéa dich tan sé véi phé dwoe dinh dang béi bé loc Gauss
(GFSK). B gidi diéu ché nay dwoc thiét ké danh cho mdy thu cao tan tai 433 MHz véi tin hiéu
trung tan dang don cyc tai 2 MHz. Dé giam cong sudt tiéu thu, cdu triic gidi diéu ché don kénh
dwea trén cdc diém cat khong dvwoc lua chon. Mach dwoc thuc hién trén cong nghé 130 nm CMOS
ciia GLOBALFOUNDRIES. Thiét ké c¢é kha néng phuc hoi dit liéu goc véi téc dg 1én dén 120 Kbps
tir tin hiéu trung tan GFSK 2 MHz véi dé léch tan +100 kHz. Mach tiéu thu dong 4,5 mA tir nguon
cung cdp 3,3 Vva cé dién tich dé ban dan la 0,687 mm2 (1239 um x 555 um).

ABSTRACT

An efficient mixed-mode Gaussian Frequency-Shift Keying demodulator is presented. The
demodulator was designed for 433-MHz receiver in which the RF signal was down converted to
2-MHz single-ended IF signal before being put in Gaussian Frequency-Shift Keying demodulator s
input. Single-channel demodulation with zero-crossing detection structure was chosen for low-
power demodulation. The circuit was designed in 130 nm CMOS process of GLOBALFOUNDRIES.
The demodulator is able to recover 120Kbps input data from a 2MHz GFSK signal with frequency
deviation of £100 KHz. It consumes a 4.5mA current from 3.3V power supply and occupies a
silicon area of 0.687 mm2 (1239 um x 555 um).

Tur khoa: Gaussian Frequency-Shift Keying demodulator, zero-crossing detector, shape keeping
one shot, Sallen-Key Butterworth low pass filter, two-stage op-amp.

I. GIOI THIEU
Trong nhitng ndm gan déy, nganh thong tin

bay bo giai diéu ché duge dung trong chip thu
nay. Bo giai dicu ché GFSK nay lam viéc voi

lién lac da va dang c6 nhimg nhu cau 16n vé
méy thu phét vo tuyén cong suat thap, gia thanh
thap, hoat dong trong bang tan ISM (Industrial,
Scientific and Medical) va SRD (Short Range
Device). Do d6, Trung tam Nghién ctru va Dao
Tao Thiét ké Vi mach truc thuéc Dai Hoc Quéc
Gia TP. HCM d xay dung ké hoach phit trién
mot chip thu phat cao tan tai tan s6 433 MHz
(ISM) vén sir dung ky thuat diéu ché nhi phan
FSK/GFSK cho dir liéu ¢o téc do 120 Kbps.
ICDREC chon b thu phat tai 433 MHz vi mét
s6 1y do (1) day 1a kénh tan sé khong can xin
phép (cuc vo tuyén dién) khi sir dung, (2) ving
tan s6 433 MHz tuong ddi sach, it thiét bi st
dung tan s6 nay tai Viét Nam. Bai bao nay trinh

tin hiéu ngd vao GFSK 2 MHz, d6 léch tan
+100 kHz, mang dir 1i€u so ¢ toc do 120 Kbps.

1. GIAI PIEU CHE GFSK

Céc phuong phap giai diéu ché cho GFSK
c6 thé duoc chia thanh 2 nhom chinh: giai diéu
ché duya trén tach song FM va giai diéu ché sir
dung bo loc [3]. Do yéu cAu cong suét thép va
gia thanh thip, bo giai didu ché dya trén tach
song FM cho chip thu phat cao tan 433 MHz
duoc lya chon. So dd khdi chirc nang cua bo
giai didu ché dya trén tach song FM dugc trinh
bay trong hinh 1 [3].

Trong c4u hinh nay, mach discriminator la
trai tim ctia hé thong. Ddi vai cac ing dung gia
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thanh thdp va cong sudt thap, ching ta c6 thé
su dung mach discriminator dua trén mach phat
hién diém cit khong [4], nhu minh hoa trong
hinh 2. Hai ngd vao kénh I va Q trong hinh
2 1a ngd ra cua b gidi han. Mach da hai mdt
trang thai bén duge st dung lam mach phat hién
diém cit khong (zero-crossing detection, ZD).
Céc mach ZD s€ tim va tao ra mdt xung hep tai
mdi diém cét. Ngb ra cua 4 mach ZD dugc td
hop lai v6i nhau nho vao cac cong OR va NOR.
Su bién thién cta tién trinh (process) va van dé
mismatch gitra cac linh kién c6 thé 1am cho do
rong xung cua cac mach ZD khac nhau la khac
nhau; Diéu ndy s& anh huong xiu dén BER. Dé
loai bo sy bién thién do rong xung, mach da hai
mot trang thai bén khac duoc st dung dé dinh
dang lai ciac xung nay; Mach nay dugc goi la
mach dinh dang xung (shape keeping one-shot,
SK one-shot) v6i so d6 khdi trong hinh 3. Mach
SK one-shot tao ra mot chudi xung c6 do rong
xung bang nhau.
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Hinh 1. B gidi diéu ché diea trén tach séng FM.
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Hinh 3. Shape keeping one-shot [4].

Téng quan vé cic cong trinh khoa hoc lién
quan

Tai liéu [4] trinh bay mot bd giai didu ché
GFSK c¢6 chirc niang khir léch tan (frequency
offset) dung cho may thu Bluetooth dang low-
IE. Thiét ké nay dugc ché tao bé’mg tién trinh
CMOS chuan 0,35 um cta TSMC, tiéu thu
dong dién 3 mA véi ngudn cung cip 3 V, va
chiém dién tich 0,7 mm?2.

Tai liéu [7] trinh bay bo giai diéu ché GFSK
2 MHz, ngudn cung cap 1,8 V, dong dién 7 mA
v6i toe do dir lidu 1 Mbps ding cho hé thong
thong tin tim ngan. Bo giai diéu ché gom bo
tién loc Butterworth bac 5 véi bang thong 4
MHz, bd han ché 7 téng, mang dich pha Bessel
bac 4, b hau loc Butterworth bac 4 véi bang
thong 800 kHz, va mach differentiator-based bit
discriminator. Mach duoc thuc thi béng cong
nghé CMOS 0,18 um, str dung nguén cung cép
1,8 V, va lam viéc véi tin hiéu GFSK 2 MHz,
toc do dit liéu 1 Mbps, d6 1éch tan 160 kHz.

Tai liéu [8] trinh bay mot bd giai didu ché
GFSK cong suat cyc thap voi kha nang khir DC
offset va frequency offset dung cho ung dung
wireless body area network (WBAN). Bo giai
diéu ché nay str dung mot bo chuyén doi tuong
ty-sO ma tic gia goi 1a multi-threshold phase
domain analog to digital converter (PDADC)
dé cai thién do chinh xac cua mach phat hién
diém cit khong.

I11. BQ GIAI PIEU CHE GFSK PE XUAT
Chung t6i dé xuét thiét ké mot bo giai didu
ché dua trén [4]. Nhu trinh bay trong hinh 4, dau
tién tin hiéu GFSK dugc dua qua mach gidi han
nham chuyén dbi tin hiéu ngd vao thanh mot
chudi xung diéu ché tan sé. Sau d6 chudi xung
nay duogc cho qua mach nhan doi tan sb; Mach
dong vai trd mach phat hién diém cat khong.
M3di khi xuét hién canh 1én va canh xuéng o
chudi xung ngd vao, mach nhan doi tan sb s&
tao ra mdt xung hep. Mach nay dugc str dung
nham ting tan sd chudi xung ngd ra, giup cho
dac ta cua bg loc thong & cudi so d6 trd nén
don gian hon va co cAu hinh bac thép hon.Mach
dinh dang xung dugc dit gitta mach nhan doi
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tan s6 va LPF nham c6 dinh d6 rong xung cua
chuoi xung tai ngd ra mach nhan tan so.
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Hinh 4.So' do khéi ciia b gidi diéu ché GFSK dé xuat.

A. B9 gioi han

B0 gi6i han 13 t6 hop ctia bo so sanh va mach
tich phan RC nhu trinh bay trong hinh 5.Bg tich
phan c6 chire nang tim mure DC cua tin hiéu ngd
va0.Két qua mo phong ciia bd gidi han vai tin
hiéu ngd vao c6 tan s6 2 MHz va bién d6 2 mV
duogc trinh bay trong hinh 6.

B. B§ nhan déi tin so

B0 nhan doi tan s6 1a to hop gém mot bo tich
phan RC, mot bo khuéch dai cuc nguén chung,
mot cong dao, va hai cong truyén (transmission
gate) nhu trinh bay trong hinh 7. Trong hinh 8,
chung ta s& thdy rang bo nhan d6i tan s6 nay tao
ra mdt xung hep tai mdi canh 1én va xudng cua
xung ngo vao.

C. Mach dinh dang xung kiéu da hai mot
trang thdi bén

Mach dinh dang xung dé xuét tuong tu nhu
h1nh 3 [4],ngoai trur viéc thay R5 bang mot
nguon dong va ap tham chiéu cho mach so sanh
2 lay tor mot mach tao ap tham chiéu c6 hé sb
nhiét 4m nhu trinh bay trong hinh 9. Ngudn
dong duogc str dung dé 6n dinh héa thoi hing
trén nhanh tu C2 trong khi mach tao ap tham
chiéu c6 hé sd nhiét &m nham thuc hién chire
nang bu nhiét cho mach.

Mach nay can tao ra xung c6 do rong on
dinh. Trong do, d6 rong xung dugc quyét dinh
boi thoi hang cua R5 Va C2 trong [4] Nhung
v6i linh kién on-chip vbn c6 do bién thién 16n
theo tién trinh va nhiét do, sai s6 thoi hang nay
1én dén 40%. Vi thé, nhom tac gia thay dién tro
nay bang mot ngudn dong, gitp cho thoi hing
nay on dinh hon.

Mach tao ap tham chiéu ¢6 hé s6 nhiét am co
tac dung bu lai sy bién thién theo nhiét d6 cua
toan mach.

Ngudn dong tham chiéu sir dung kién triic
theo dé xuét cua H. Oguey va D. Aebischer
[5]. So d6 nguyén 1y ciia ngudn dong nay dugc
trinh bay trong hinh 10. N6 tao dong tham
chiéu 62uA trén nhanh tu C2.

D0 rong xung tai ngd ra cua mach dugc
quyét dinh boi thoi gian nap xa trén tu C2. Thoi
gian nay lai duoc quyét dinh boi gia tri ciia C2
va gia tri nguon dong. V&i gid tri tu C2 chon
trudc nhu trong mach, dong 62 uA tao ra do
rong xung phi hop cho bo giai diéu ché.
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Hinh 6. Cac dang song cua bo gioi han.

Hinh 7.So do nguyén Iy mach nhan tan.
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Aireq_doubl_n Transient response __ Dién4p c6 hé s nhiét am -1,88mV/0C vén thuc
2 — — hién chirc nang bu nhi¢t cho bo giai diéu ché
< — : GFSK dugc hinh thanh tir cau truc bd 6n ap cod
A — roi &p thap (low-dropout regulator, LDO). LDO
3 = = ' va cac mach con cua né dugc trinh bay trong
N ———————— T hinh tir 11 va 12. Trong hinh 14, ching ta s&
3.0 - IS A LA K cn, A \ 2.
' thay rang dién &p c6 hé s nhi¢t 4&m nay thay doi
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Time (us) D. Bé loc théng théip

Nho vao bd nhan dbi tan sb, chung ta c6 thé
st dung bd loc thong thép Butterworth bac 3
dé 1y trung binh cong suat ctia chudi xung ngd

Hinh 8. Dang séng trén mach nhan déi tan sé.

wp Gl RS Sored vao. Bo loc thoéng thip nay duogc sit dung dé
T 1" WRDE e loai bo cac thanh phan tan s6 16n hon téc do
baud cua dit liéu bing gbc. Do dé, néu tan sd
RIS Vo ctia chudi xung 16n thi chiing ta khong can dén
— 1Y P ot b6 loc ¢ do déc 16m (ke 1a bang tan qua do
PTAT B e hep) va vi vay giém dl{oc ‘taéc b(f)~ loc. Tuy nhién,
' cling khong thé tang tan s6 chudi xung qua cao
A boi vi tbe d6 chudi xung cang cao thi mach dinh
RS dang xung cang phtc tap.
1 LPF Butterworth bac 3 duoc chon theo kién
trac Sallen-Key[9] do dap tmg tan s6 dai thong
‘ . ciia n6 phang trong khi mach thiét ké lai don
Hinh 9. Mach dinh dang xung. gian. Hinh 13 va 17 lan luot 14 so dd nguyén Iy
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Hinh 12. Mach Band-gap.

Ly do chon LPF Butterworth bac 3 nhu sau
(bang cach so sanh Butterworth vi Chebyshev).
Uu diém cta Butterworth 1a (1) dap tmg dai
thong phang, (2) dap tmg xung t6t hon so véi
Chebyshev. Nhuoc diém cua Butterworth 13 (3)

Vin R — Vout
10k

Ci
35.9sz

Hinh 13. LPF Butterworth bdc 3 Sallen-Key.

dap tmg xung c6 overshoot va ringing. Uu diém
ctia Chebyshev 14 (4) doan dap ing qua d6 ngan
hon. Nhuge diém cta Chebyshev 13 (5) ¢6 gon
song ¢ dai thong, (6) dap ung xung cd ringing
nhiéu hon.

Hinh 14. Pié¢n ap co hé s6 nhiét am -1,88mV/0C.

Transhert
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Hinh 15. Dang song tai ngo ra cua LPF (hinh trén)
va dit liéu twong ung (hinh duoi).
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Trong bd giai diéu ché GFSK nay, tin hiéu
ngd vao cua bd loc 1a mot chudi xung, trong
d6 mdi xung c6 do rong bang nhau nhung mat
do xung thay ddi theo dir liéu. Nhu vay, tinh
chat (1), (2), va (4) 1a can thiét. Nhung (4) co
thé duogc b nhd vao bd nhén tan so dit ¢ trude
bd loc nay. Vi vay, ching t61 chon loai bd loc
Butterworth.

Chtng t6i chon bac bd loc b.':fmg 3 vi hai
nguyén nhan chi yéu sau:

+ Dién tich layout: Do tan sb cét cua bo loc
tuong dbi thip (400 kHz) din dén can tu dién
on-chip c6 gia tri 16n lam cho dién tich layout
cua bo loc 16n. Vi vay han ché bac bd loc giap
giam dién tich rat nhiéu.

+ Chudi xung ngd vao c¢6 phd tap trung tai
DC, 2 MHz, va cac hai bac 1é cta chudi xung
(6, 10, 14 MHz, ....). B0 loc Butterworth bac
3 d4 loai bo kha tdt cac thanh phan 16n hon 2
MHz.

Dung hoa giita 2 yéu t6 dién tich véi hiéu
nang,Butterworth bac 3 dugc chon.

E. Mach quyét dinh

Mach quyét dinh don gian nhat 1a mot bo so
sanh von tao ra nhi phan 1 néu dién 4p ngd vao
l6n hon mdt ngudng dinh trudc va nguoc lai
tao nhi phan 0.Néu kénh truyén bi anh hudng
cua fading chon loc tan sb,chung ta can dén
mot mach tao nguong quyet dinh thich nghi dé
dat duoc su giai diéu ché t6t hon nhu trinh bay
trong hinh 16.
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Hinh 16. Nguéng cho mach quyét dinh

Hinh 17 trinh bay mot mach quyét dinh vén
duoc ciu thanh tr mot bd so sanh va mach tao
dién 4p ngudng voi1 ngudng la gia tri trung binh
cua chinh ngd vao. Mach tao dién ap ngudng la
mot bo tich phan RC trong d6 thoi hang cta nd
duoc quyét dinh theo tdc do dit liéu.

Vi vl
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L

integrator

Hinh 17. Mach quyét dinh.

Mic du da bi nén kha nhiéu nhung cac thanh
phan tan sd cao cua chudi xung tai ngd ra cia
LPF van con & murc do dang ké.Nhitng gon song
tan s6 cao nay c6 thé tao ra nhitng xung dong
khong chinh xéac tai ngd ra by so sanh.Bo so
sanh voi tinh ning hysteresis ¢ thé loai bo mot
cach hi€u qua cac xung dong nay.Bd so sanh
trong hinh 18 von dugc dé xuit boi Allstot [6]
duoc chon cho mach quyét dinh cua chung toi.
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Hinh 18. So do nguyén Iy ciia bé so sanh cé hysteresis dwoc dé xudt boi Allstot [6].
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IV. KET QUA MO PHONG VA LAYOUT

Bo giai diéu ché GFSK dugc thiét
ké trén cong nghé 130 nm CMOS cua
GLOBALFOUNDRIES. Hi¢u nang cua bg giai
diéu ché nay dugc mo phong bang cach dua tin
hiéu diéu ché GFSK 2MHz bi anh hudng cta
fading von dugc mé hinh hoéa bang tin hi¢u sin
36 KHz. Tin hiéu GFSK nay mang dit liéu sb
120Kbps, c6 do léch tan £100 KHz va bién do 6
mV. B giai diéu ché nay c6 thé tach song mot
cach chinh xac nhu minh hoa trong hinh19.

Ngoai ra, khi dién 4p ngudn cung cap thay
ddi tir 2,6 V dén 3,6 V, mach van thuc hién giai
diéu ché chinh xéac nhu trinh bay trong hinh 21.
Ddi v6i su bién thién cua tién trinh va nhiét do
(tir -40 dén 85 do C), két qua giai diéu ché van
chinh x4c nhu trinh bay trong hinh 22. Layout
cua mach nay dugc trinh bay trong hinh 20.
Dién tich trén dé ban dan 1a 0,687 mm2. Theo
nhu két qua so sanh trong bang 1, thiét ké dé
xudt c6 dién tich toi wu hon va cong suét tiéu thy
cling twong dwong véi cac thiét ké da cong bo.

Transient Response
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Hinh 19. Dang song ciia tin hiéu GFSK tai trung tan may thu, dir liéu bang goc, va dir liéu gidi diéu ché.

Hinh 20. Layout phan 16i cia mach gidi diéu ché GFSK dé xuat.



n Tap Chi Khoa Hoc Gido Duc Ky Thudt (26/2013)
Truwong Dai Hoc Suw Pham Ky Thudt Tp. Ho6 Chi Minh

Hinh 21: Két qua mé phong bé gidi diéu ché khi dién dp nguon cung cdp cho mach lan lwot
la3,3V,3,6Vva2oV

Hinh 22: Két qud mé phong dit liéu ngé ra theo sw bién thién cua tién trinh va nhiét do.
Nhom tac gia thuce hién tong cong 285 corner.

Bang 2: So sanh dé xuét ctia nhom tac gia véi [4]

Thong s6 | Dé xuat [4] [7] [8]
tin Ldén
r;oa‘;gg 2MHz | 2MHz | 2MHz | 4
GFSK MHz

Dién tich 0,6SZ 0,7 mm? -- 0.1 12

mm mm
Nguon |55y | 3y 18V |18V
cung cip

Dong tiéu 0,35

thy 4,5 mA 3 mA 7 mA mA

Do léch 200

tanctua | 100 kHz | 100 kHz | 160 kHz Iz
GEFSK

V. KET LUAN

Bai bao gidi thiéu mot thiét ké bo giai dicu
ché GFSK cong suat thap, khong su dung linh
kién ngoai danh cho chip thu phat 433 MHz.
B giai diéu ché nay lam viéc v6i ngd vao 1a tin
hiéu GFSK 2 MHz, 36 1éch tan +100 kHz, mang
dir liéu s6 ¢ toc d6 120 Kbps. Mach hoat dong
6n dinh duéi cac anh hudng cua tién trinh, dién
ap nguodn cung cap tir 2,6 dén 3,6 V, va khoang
nhiét do -400C dén 850C. Vi viée cau thanh tir
mot bd so sdnh co hysteresis va ngudng so sanh
thich nghi, mach quyét dinh gitp chéng lai anh
huong cua fading chon loc tan sb. D& xuit cua
nhom tac gia dwa trén [4] v6i 2 thay dbi quan
trong. Tha nhét, nhém st dung k¥ thuat tach
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song dua trén mat o xung va khong phu thudc  ngudn dong thay cho R5 [4] va sir dung mach
vao vi tri xung. Tu do, thiét ké chi sir dung kénh tao dién &p tham chiéu vé6i hé sb nhiét am phu
don, thay vi kénh cau phuong IQ, gitip don gian  hop nham bu trir lai anh huéng cua nhiét do va
hoa hé théng trong khi hiéu niang cia thiét ké giam anh huong cua sai léch tién trinh 1én hé
van dugc dam bao. Tht hai, nhom str dung mét théng.
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