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ABSTRACT

Standard signals such as sines, triangles, squares, etc. play an important role in learning and studying
electronic circuits. However, the provision of standardized signal generators for the Electronic Laboratory at the
university is limited due to its high cost. This article studies the features of the XR2206CP IC for the design and
manufacture of multimode signal generators. Experimental results show that the generated signals ensure standard
waveform, stable frequency, low nonlinear distortion and good load carrying capacity. Manufactured products
ensure quality, low cost and meet the purpose of generating standard signal sources for study and research in the
field of electronic circuits.
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TOM TAT

Céc tin hiéu tiéu chuan nhu sin, hinh tam giac, hinh vudng... dong mot vai trd quan trong trong viéc hoc tap

va nghién ctru cac mach dién tir. Tuy nhién, viéc trang bi may phat tin hiéu chuan cho cic phong thi nghiém Dién

tir & truong dai hoc con han ché do chi phi cao. Bai viét nay nghién ctru cac tinh ning cua vi mach XR2206CP dé

thiét ké va ché tao may phat tin hiéu da ning. Céac két qua thuc nghiém cho thay céc tin hiéu tao ra dam bao dang

song chuan, tan s6 6n dinh, méo phi tuyén thap va kha nang chiu tai tot. San pham ché tao dam bao chat luong,

gi4 thanh thap va dap ing duge muc dich tao ngudn phat tin hiéu chuin phuc vu cho hoc tap va nghién ctru trong

linh vuc mach dién tir.

Twr khéa: Mday phat tin hiéu, may phat ham, XR2206.

1. PAT VAN DPE

Trong linh vyc DPién tir hoc, viéc nghién
ctru, thtr nghiém va danh gia cac mach dién t
luon doi hoi cac tin hiéu chudn nhu: sin, tam
giac, vudng... Céc tin hiéu chuin duoc dua dén
ngod vao cua mach - h¢ théng dién tr, & ngod ra
nguoi ta thu tin hiéu sau xir 1y, dem dbi chiéu
vO1 cac tin hiéu chuén, tir d6 dua ra nhitng danh
gia chinh xac vé dic tinh cia mach - hé théng
dién tr d6. Hién nay, cac may phat tin hi¢u chuén
dugc cac hing dién tir danh tiéng nghién ctru
thiét ké va ché tao co chat luong tbt, d6 6n dinh
va tin cdy cao. Tuy nhién, cac san phAm nhu vy
thuong co6 gia thanh rat cao,” cac truong dai hoc,
cao dfmg o Viét Nam kho chép nhan duogc. Trudc
tinh hinh d6, chung toi da nghién ctru va ché tao

thanh cong may phat ham da ning trén nén tang

* Tac gia lién hé chinh.
Email: buiquangbinh@gqnu.edu.vn

vi mach XR2206CP. May phat ham da nang cé
thé tao ra cac tin hiéu chuan nhu: Sin, Tam giac,
Vuong, AM, FM, FSK, dap trng muc dich va yéu
cau str dung trong cac phong thi nghiém & truong
dai hoc.

2. GIOI THIEU VE VI MACH XR2206CP

2.1. So @6 khoi chire ning va cac thong sé k¥
thuat co ban

- XR2206CP la vi mach chuyén dung, c6
kha nang tao ra cac dao dong hinh sin, tam giac,
vuong... c6 d6 chinh xac va do 6n dinh cao. Tan
sb céc tin hiéu & ngo ra duoc déng bo va co thé
duogc didu chinh d& dang trén pham vi rit rong,
trong khi van duy tri d6 méo phi tuyén thap.¢

Vi mach XR2206CP gdm 4 mach dién co
ban: Mach VCO, mach nhan va sta dang song
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sin (Multiplier and Sine shaper), chuyén mach
dong dién (Current switches) va mach khuéch
dai dém. So dd khéi chirc nang cua XR2206CP
duoc cho nhu hinh 1.

Ny
AM Input | 1 15 I
l | Symmetry

2 15 Adjust
Sine/ramp Output | Multiplier |

and
Multiplier Output | 3 {14 I

Sine

Shaper

Waveform
Adjust
- @ =]
Timing E E v
Capacitor C E 1 Sync./square

Output
Timing Resistor Ry |'.l' ———
Current

10 I Reference Bypass
] h ‘_L_:l
Timing Resistor R, 8 — Swidis 9 FSK Input

Hinh 1. So db khdi chirc ning va ky hiéu chan cia
XR 2206CP

- Céc thong sb k¥ thuat co ban (f= 1 kHz,
V.= 12V)®

+ Dai dién ap ngudn cung cap: (10 = 26) V
hodc (5 ++13) V.

+ Cong sudt tiéu tan cuc dai: 750 mW

+ Tro khang ra: 600 Q.

+ Dai tan s6: 0,01 Hz + 1 MHz.

+ D¢ chinh xéc tan sb: + 2%.

+PD06 méo phi tuyén song sin: (0,5 = 1,5)%.
2.2. Nguyén ly phat dao dong

- Mach dao dong diéu khién bang dién ap
VCO: day 1a mdt mach tich phan cho ra dién ap
dang xung tam giac.? c6 tan s6 dugc diéu khién
b::ing dién ap vao VCO. Khi VCO hoat dong, tu
dién dinh thoi C gitra chan 5 va 6 s€ lién tuc nap
va phong dién qua dién tro dinh thoi R nbi véi
chan 7 hoac chan 8. Viéc thay dbi trj sb tu dién
Cvadién tré R lam thay ddi dong dién dinh thoi
vao VCO, tir d6 1am thay ddi tan sd xung tam
gidc & dau ra*? theo cong thirc:

1
f=37C (1)

- Mach nhén va sta dang song sin: Mach
nhan nhan tin hi¢u vao tir ngd ra cua VCO co
dang xung tam giac, sau khi xur ly, tin hi¢u dugc
dua ra chan 3 va chan 2. Khi chan 13 va 14 ha,

cac xung tam giac duoc dua dén ngd ra. Khi
gitra cac chan 13 va 14 ¢o6 di¢n trd vai tram ohm,
mach nhan s€ giéi han dinh cia xung tam giac va
bién ddi chung thanh cac xung hinh sin.?

Hé sb khuéch dai cua cac mach khuéch
dai vi sai trong mach nhan ti 1€ thuan voi dién
ap ¢ chan 1.2 Do vay, bién d6 dién ap ra ¢ chan 2
thay dbi ti 1& voi dién ap ¢ chan 1. Didu nay gitp
cho XR2206CP c6 kha ning didu ché bién do.

- Chuyén mach dong dién: dung dé lya
chon di¢n trd dinh thoi trén chan 7 hay chan 8
lam dién tré trong mach nap, phéng cua tu dién
C. Cac chuyén mach dong dién duoc didu khién
bé’lng tin hiéu vao chan 9. O ché d6 phat FSK, tin
hi€u dang xung vudng dua vao chan 9 s€ luan
phién lya chon dién tré dinh thoi & chan 7 va
8 dua vao VCO. O ngd ra trén chan 2, ta nhan
dugc tin hiéu 6 2 tan s6 f, va f, khac nhau®, theo
cac cong thuc:

flz_ fz = — (2)

- Mach khuéch dai dém: nhén tin hiéu ra
tro khang cao & chan 3, bién d6i thanh chinh no,
nhung c6 trd khang thap 600 Q dwa dén chéan 2.

3. THIET KE VA THI CONG MAY PHAT
HAM DA NANG

3.1. Thiét ké h¢ thong

Yéu cau: May phat ham da nang tao ra cac
tin hiéu dang: Sin, Tam giac, Vuong, AM, FM,
FSK. Dai tan s6 tin hiéu ra diéu chinh duoc tir
300 Hz + 300 kHz, hién thi trén man hinh LCD.
Bién d6 dién ap cac dang song co ban diéu chinh
duoc dén 5V, dong dién ra dén 50 mA. Do méo
hai song sin toan dai dudi 5%.

Tir yéu cau dit ra, chung t6i di xay dung
so d6 khéi cua hé thdng nhu sau:

Hién thj

Khuéch dai

Dao dong - Suy gidm

—> Output

11111

Ngudn DC

Hinh 2. So d6 khéi hé thong méay phat ham
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- Khéi dao dong: dung XR2206CP tao ra
céc dang song co ban va song diéu ché 6 tan sb
diéu chinh duoc theo yéu ciu.

- Khéi khuéch dai - suy giam: dung cac vi
mach thuét toan khuéch dai dién ap tin hiéu 1én
mirc yéu ciu, sau d6 phan 4p dé suy giam theo
nhu cau st dung.

- Khéi hién thi: dung vi diéu khién dém sb
xung trong mot don vi thoi gian, hién thi thanh
tan s6 trén man hinh LCD 16x2.

- Khéi ngudn DC: tao ra cac dién ap ludng
cyc dbi xtng £5V va £15V.

3.2. Thiét ké va thir nghi¢m cac khoi chinh
3.2.1. Khéi dao dong

So d6 mach dién chi tiét ciia khdi phat dao

dong cho nhu hinh 3.

9
AM o B
Input
Ram VRs
1 16
sV =
o 15
VR,
VR; 3 VRs
14
sw
—a PEY I
5V
2V - XR 2206CP L
5 - -5V
—=
Ry
11
10
o b—= FSK

Input I

Hinh 3. So do chi tiét mach phat dao dong dung
XR2206CP

- Chan 1: nbi véi dién tré R, = 22 kQ
voi mass (0V). Tu dién C,,, = 1 pF d€ nhén tin
hi¢u diéu ché & ché do phat AM. Céc gia tri R,
va C,, dugc chon dé dam bao phan luong tin
hiéu diéu ché di vao chan 1 & ché d6 phat AM,
ddng thoi van gitt 6n dinh ¢ ché d6 phat song
sin, tam giac.

- Chéan 2: dua tin hi¢u ra c6 dang: sin, tam
giac, AM, FM, FSK

- Chan 3: dua tin hiéu ra tuong tu nhu
chan 2 nhung c6 trd khang ra cao. Diéu nay, cho
phép tao mach khir dién ap 1éch khong ngd ra va
diéu chinh bién d¢ dién ap. Chiét 4p VR, = 1 MQ
ding dé diéu chinh muc dién ap bu léch khong

(Offset DC Voltage) ngd vao. Chiét ap VR, =50k
ding r& mach tin hiéu xudng 0V, gitp diéu chinh
bién d6 dién ap ra ¢ chan 2.

- Chan 4: ni véi ngudn Ve =15 V. Qua
thir nghiém, chung t6i chon nguon cung cap mot
chiéu ludng cuc dbi xtng Ve =45V dé vira
dam bao tin hi€u ra d6i xung qua muc 0V,
vira dam bao tin hiéu c6 do 6n dinh cao va
méo hai thap.

- Chan 5 va 6: ndi thong bdi tu dién dinh
thoi C.

- Chéan 7: ndi véi dién tré dinh thoi R,
xudng ngudn Vie=-5V

Theo nguyén Iy vi mach XR2206CP, tin s6
cua dao dong tam giac & VCO phu thudc vao tri
sb cua tu dién C va dién tré R, theo cong thirc (1).
Voi yéu cAu vé tan sb ra, dé thuan tién cho su
dung, chung toi chia thanh 3 dai tan s hep: dai 1
(300 Hz + 3 kHz), dai 2 (3 kHz + 30 kHz), dai 3
(30 kHz + 300 kHz).

O déi 1, chon C=C, = 0,1 pF:
+Khif =300 Hz,
1

Rymax = = = 33,33 kQ
tmax = ¢ . .C, 300.0,1.10-°
+Khi f,_ =3 kHz,
1 1
=3,33kQ

R i = =
tmin =g Cy 3000.0,1.10-6

=> R, thay d6i trong khoang 3,3 kQ +
33,33 kQ.

+ Do tan s6 & cac dai 2 va 3 lan luot gap
10 va 100 1an tan s6 ¢ dai 1 nén véi ciing khoang
bién doi cta R, céc tu dién C, va C, lan lugt 1a
0,01 pF va 0,001 pF.

+bigntro R, =1 kQvaC,, =1 uF dung
dé tiép nhan tin hiéu diéu ché & ché do phat tin
hiéu FM.

- Chan 9: tiép nhan tin hiéu diéu ché & ché
do6 diéu ché FSK.

- Chan 8: ni véi bién tré VR, = 50 kQ va
nbi véi ngudn Vee=-5V. Bién tro VR, dung dé
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thay d6i dién tré dinh thoi R, diéu chinh tan sb
khoa dich tan f, & ché do FSK.

- Chan 11: day la collector h¢ cua transistor
& tang ra (hinh 1). Viéc ni chan 11 véi dién tro
kéo Ién (pull-up resistor) R, = 10 kQ lén ngudn
+5 'V, tao cho ngd ra chan 11 ¢6 dang xung vudng
khi transistor dong, ngit.

- Chan 12: nbi nguén V.= -5 V.

- Chén 13 va 14: néi qua bién tré VR, =
500 Q nbi tiép véi chuyén mach SW. Khi SW
dong, tin hi¢u ra chan 2 la song sin. Khi SW
ngat, tin hiéu ra 1 song tam giac. Bién tro VR,
dung diéu chinh dang song sin dé it méo nht.

- Chan 15 va 16: Chiét 4p VR, = 20 kQ
dung dé diéu chinh tinh déi xtmg hinh hoc cta
song hinh sin, tam giac.

3.2.2. Khoi khuéch dai - suy gidm

Khéi khuéch dai - suy giam co nhiém
vu khuéch dai tin hiéu 1én dat mic yéu cau. Dé
thyc hién nhiém vy d6, ching t6i chon vi mach
TL082%, ¢6 2 bd khuéch dai thuat toan (OA). So
d6 chi tiét mach khuéch dai - suy giam duogc cho
nhu hinh 4.

Tir chdn 2 va 11
(XR2206)

TLO82 =0Ax 2

VR,

-15v

Hinh 4. So @6 mach khuéch dai - suy giam

- Pé khuéch dai tin hiéu dat mirc yéu clu,
ching t6i ding khuéch dai thuat todn OA mic
kiéu khuéch dai thudn, c6 hé s6 khuéch dai dién
ap K =11. H¢ s6 khuéch dai mach khuéch dai
thuén tinh theo:!

K=1+ 2 3)

Chon R, = 10 kQ = > R, = 100 kQ. Chiét
ap VR, = 10 kQ dung dé dicu chinh bu di¢n ap
léch khong ¢ ngd ra cho may phat, con R, = 1 MQ
gitp giam anh hudng cua mach bu léch khong
dén mach khuéch dai OA..

- Bé diéu chinh bién do tin hiéu ra theo
nhu cau str dung, chiing t6i ding OA, mic kiéu
khuéch dai lap, diéu chinh dién ap bang chiét ap
VR, = 10 kQ. Mach thuét toan OA, vura 13p lai
dién ap ngd vao, vira tao tré khang ra thap cho
hé théng.

3.2.3. Khoi hién thi
Khdi hién thi gdm: mach tao xung vudng
don cuc va mach dém tan - hién thi LCD.

- Mach tao xung vudéng don cuc: dung vi
mach LM393, gdm 2 mach so sanh tuong tu, bién
d6i xung vudng ludng cuc ddi xtng tir chan 11
ctia XR2206CP dua dén thanh xung vudéng don
cuc, cung cap cho mach dém tan sb (Hinh 5).

LM393 OV,

Tir chan 11
(XR2206)

Mach
dém tan

Hinh 5. So ¢ mach tao xung vudng don cuc

- Mach dém tan s6 va hién thi: Mach dém
tan s dung vi xir 1y PIC 16F877A, lap trinh
bang ngdn ngit C v6i thach anh tao xung nhip
tan s6 4 MHz. Két qua xir Iy dugc hién thi thanh
s6 do tan s tin hiéu ra trén man hinh LCD 16x2
c6 tich hop san bo vi diéu khién HD44780.

RST 5 v
axol L= 2 e
sw
o 3
1our

Hinh 6. So dd mach dém tan va hién thi

3.3. Thi cong, lip rap mach dién va déng voé

Trinh ty cac cong doan thi cong may phat
ham VLQ300 (Hinh 7) nhu sau:

- Thiét ké mach in bang phan mém OrCAD
Layout Plus (mach dao dong, mach khuéch dai -
suy giam, mach tao xung vuong don cuc va
mach ngudn DC) va phan mém Altium Designer
(mach dém tan va hién thi).
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- In so @ mach in 1én phip dong.

- Rira mach in.

- Han linh kién l1én mach in.

- Lép rap bang diéu khién gom:

+ Man hinh LCD.

+ 2 chuyén mach xoay: chuyén mach chon
dai tan (Frequency Range) va chuyén mach chon
chure nang (Function).

+ 2 nam diéu khién tan sd f, (I nim didu
khién tho, 1 nim diéu khién tinh).

+ 2 nim diéu khién bién do song (1 nim
khuéch dai, 1 num suy giam).

+ Cac ngd vao AM, FM, FSK cung véi 1
nim diéu khién tan s6 f;

- bong vo: Vo kim loai ¢6 kich thude:
210 mm (W) x 100 mm (H) x 180 mm (D).

3

Hinh 7. May phat ham da nang VLQ300
4. KIEM NGHIEM VA THAO LUAN
4.1. Két qua kiém nghi¢m
4.1.1. Ché dé khéng tai
Céc thong s song phat ra:
- Tan sb: 283 Hz +295,2 kHz
- Bién d6 song (f=1 kHz):
+ Song hinh sin: 50 mV_+194V_

+Song tam giac: 70 mV +26,4V

+ Séng vudng ludng cuc dbi xing:
552mV_+270V

pp pp

+ Song vudng don cuc: 4,96 v

- 6 chinh x4c tan sd cua mach hién thi:
+0,05%.

- P6 méo hai téng cong (THD):

THD < 2,72% (theo cach do cua Gary
David va Ralph Jones.* ®°).

- Po dbc suon xung vudng (f = 1 kHz):
Rise time: 920 ns, Fall time: 210 ns

- Tro khang ra: ~ 100 Q

- Dong dién ra cuc dai: 60 mA (theo
datasheet ciia TL082)’.

oD 24-01:(,'1'8 8119 W U m W MEASURE |
Rise Time
1:279.0us
2:chan_off

MOCID \ o v I8V OB
W2Seus WCHI EDGE J/ 2
SBdnl

W 24-0ct’18 @130 Trigh ;IO
Rise Time
1:382.0us —
2chan of f

4 Voo
. 4U

Hinh 8. Do bién d¢ song: sin, vudng, tam giac
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4.1.2. Ché dé cé tai

@ 23-0c0°10 13199 Trigy ;L [TEIEIEID

Tai thir 1a mach khuéch dai ding transistor
C1815 méc CE (Hinh 11). Tin hiéu vao hinh sin.

Channel 2

-Tansb =1 kHz,

+ Khi khong tdi: Bién d6: U = 1,00 Vo
Do méo hai tong cong: THD = 1,05%
+ Khi ¢6 tai: Bién do: U = 0,984 v,
Do méo hai tong cong: THD = 1,46%

S 24-0c0'18 941 Trigh S

Hinh 11. Mach di¢n thtr tdi cho may phat ham VLQ300

- Tan s6 f= 10 kHz
+ Khi khong tai: Bién do: U = 1,00 v,
Do méo hai tong cong: THD = 1,53%
+ Khi ¢6 tai: Biéndo: U = 1,00 Vpp

Do méo hai tong cong: THD = 1,78%
e - Tan s6 f= 100 kHz
' B + Khi khong tai: Bién do: U, = 1,00V _
Do méo hai tong cong: THD =2,48%
+ Khi ¢6 tai: Bién do: U = 1,00 Vpp
Do méo hai tong cong: THD = 2,48%

i

M2.5us

MAIN
CH1 =1V CHZ ~ Seamy
e 26-0ct’10 15142 Trigd L FIINTE

11-Dec’18 7138 Trigh i JEIFNENT
b
Vavg
1:272m0
2ichan of f
Vpp
1:25.20

Hinh 12. Do & ché d6 c6 tai véi tin hiéu dang sin tai

Hinh 10. Méo céac dang song: sin, vudng, tam gidc tan sb 1 kHz
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(Po bang may hién song k¥ thuat sb Gwinstek
GDS 2062, c6 @ chinh xac £2%, '° tai phong
thi nghiém Khoa Vat ly, Truong Dai hoc
Quy Nhon).

4.2. Thao luan

- Tan s6 cuc dai chi dat xép xi 295 kHz la
do & tan s6 nay, dién dung ky sinh lam tang tri
s6 dién dung dinh thoi C, ddn dén lam giam tan
s6 dao dong ra.

- O khoang tan s 180 kHz + 295 kHz,
song tam gic bi “tron dinh” va giam do tuyén
tinh, song hinh sin xuét hién “mau nhon” tai dinh
lam méo dang song. Nguyén nhan 1a do phan tir
chuyén mach dong dién trong XR2206CP c6 thoi
gian chuyén mach 16n, téc d6 dap tmg khong du
nhanh so v6i chu ky song ra.

- Tir tan s6 150 kHz tro 1én, séng vudng
bét dau bi bién dang ¢ dinh duéi. Cac dinh xung
kém bang phang. Két qua nay duoc coi 1a do gisi
han vé dai tin cua cac vi mach XR2206CP va
TLOS82.

- Bién d6 séng sin giam nhe tir tan s6 10
kHz va bit dau giam manh tir tan s6 150 kHz.
Dén tan s6 295,2 kHz, bién do song chi con 9,44
Vo Diéu nay 1a do anh hudng cua cé}c diff:n dung
ky sinh ¢ ngd ra cta cac vi mach ¢ tan so cao.

- O ché d6 mang tai (trd khang vao khoang
8,8 kQ), tin hiéu sin & tan sb 1 kHz co bién do
giam nhe (gidm 1,6%), d0 méo hai tdng nhe (1én
muc 1,46%) so voi khi khong tai. Trong khi do,
& cac tan s6 10 kHz va 100 kHz, khong thay co
sut giam muc bién d9 va do méo hai c6 tang lén
nhung khong vugt qua mirc yéu cau d6 méo toan
dai so vdi khi khong tai. Su khac biét ¢ day la
khong dang ké, cho thay kha ning chiu tai cua
may kha tot.

- Mic du con mot sd han ché vé cac
thong s6 ky thuat nhu dd néu, may phat ham
da nang thiét ké va thi cong trén co s¢ vi mach
XR2206CP, vé co ban, da dat dugc cac yéu cau
k¥ thuat dé ra. Nho st dung céc linh kién san c6
trén thi truong Viét Nam nén san pham co gia
thanh thap, chi bang 1/4 so voi san pham ciing
loai trén thi truong. Pay dugc coi 1a mot trong
nhitng vu diém ciia may phat.

5. KET LUAN

Vimach XR2206CP la vi mach chtrc nang,
chuyén ding dé tao ra cac dao dong co ban véi
d6 chinh x4c va 6n dinh tan sd rat cao, d6 méo
hai thip. Dang séng & ngd ra c6 thé duoc diéu
tan, diéu bién va diéu ché sé theo phuong thirc
khoa dich tan. Tan sb dao dong co ban co thé
duogc diéu khién trén mot dai rong. Bién do dao
dong ngd ra c6 thé dugc diéu chinh kha 1on. Trén
co sO nghién ctru cac tinh nang ctia XR2206CP,
chung t6i da thiét ké va ché tao thanh cong may
phat ham tao ra cac dang song nhu: sin, tam giac,
vuong (d6i ximg hodc khong dbi ximg), AM,
FM, FSK c6 tan s diéu chinh dugc tir 300 Hz +
300 kHz, bién dd diéu chinh tir 30 mV + 10 V,
dd méo hai song sin dudi 2,72%. Tu thanh cong
nay, chiing toi s& tiép tuc nghién ctru, hoan thién
va nang cap hé théng dé mo rong dai tan sb va
nang cao cong sudt ciia tin hi¢u ra.
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