KHAO SAT PAC TRUNG VA KHA NANG UNG DUNG
CUA CAM BIEN GIA TOC MEMS

1. Muc dich

Khao sat cam bién gia téc ché tao theo cong nghé¢ MEMS, trén co sé d6
thuc hién mot bai todn sir dung cam bién gia toc: Bai toan do goc nghiéng va do
rung.

2. Ly thuyét

2.1 Téng quan vé MEMS
Vao thé ky XX, cac thiét bi dién tr dugc tich hop véi sb luong ngdy cang
16n, kich thudc ngay cang nho va chirc ning ngay cang dugc nang cao. Diéu nay
da mang lai su bién ddi sau sic ca vé mit cong nghé 1an x4 hoi. Vao cudi nhirng
nim 50 cta thé ky XX, mot cudc cach mang hod vé cong nghé micro di dién ra va
htra hen mot twong lai cho tit ca cic nganh coéng nghiép. Hé thng vi co dién tir
(Micro ElectroMechanical Systems) viét tit 1a MEMS ciing dd duogc ra doi va phat

trién trong giai doan nay.

Cong nghé vi co d3 va dang tién xa hon nhiéu so véi ngudn gdc cua no 1a
cong nghiép ban dan. MEMS bao gdm nhimg ciu trac vi co, vi sensor, vi chip
hanh va vi dién tr cung dugc tich hgp trén cung mot chip (on chip). Cac linh kién
MEMS thudng duoc cu tao tir silic. Mot thiét bi MEMS thong thudng 13 mot hé
thdng vi co tich hop trén mot chip ma c6 thé két hop nhiing phan co chuyén dong
vO1 nhitng yéu td sinh hoc, hoa hoc, quang hodc dién. Két qua la céac linh kién
MEMS c¢6 thé dap ung véi nhiéu loai 16i vao: hod, anh sang, ap suét, rung dong
van toc va gia tdc...Véi wu thé co thé tao ra nhirng cAu tric co hoc nhé bé tinh té
va nhay cam dac thu, cong ngh¢ vi co hién nay da cho phép tao ra nhiing by cam
bién (sensor), nhitng bo chdp hanh (actuator) dugc Gmg dung rong rii trong cudc
sdng. Cac bo cam bién siéu nho va rat tién ich nay da thay thé cho cac thiét bi do
cii k¥, cong kénh trude ddy. Song cong nghé MEMS mdéi dang & giai doan dau cia

nd va can rat nhiéu nhitng nghién ctru co ban hon, sau hon.



2.2 Co6ng nghé ché tao cac san pham MEMS
Cac san phém MEMS la sy tich hgp vi mach dién tir véi cac linh kién, céac
chi tiét vi co. Mach vi dién tir dugc ché tao trén phién silic do do6 xu hudng chung
1a loi dung toi da vat lidu silic dé ché tao cac linh kién vi co theo nhitng ki thuat
twong tw véi ki thuat 1am mach vi dién i, dién hinh 1a k¥ thuat khic hinh.

Tuy nhién cic linh kién cua mach vi dién tir déu nam trén mit phang
(cong nghé planar nghia 1a phang) con nhiéu linh kién vi co phai thyc hién nhiing
thao tac nhu dich chuyén, rung, quay, day kéo, bom v.v... Do d6 ching khong chi
nam trén mot mat phéng ma c6 mot phén, cO khi hoan toan tach ra khoéi mat
phang. Mit khac cac chi tiét vi co phai 1am bang vat liéu c6 tinh chat thich hop thi
du c6 chi tiét can dan hdi nhu 10 xo, o chi tiét can rat cung, co chi tiét cin mém
déo, ¢ chd can phan xa tdt 4nh sang, co chd can dan dién. May mén 14 trén co s&
silic c6 thé 1am ra mot sb vat licu dép ung dugce nhu cau néi trén, thi dy oxyt silic
(S10,) cach dién, silic da tinh thé (poly - Si) dan dién dugc, nitrit silic (SisNy4) vira
cing vira dan hoi. Ciing c6 thé dung cac phuong phap bbc bay, phun xa dé tao
nhing 16p chit dic biét nhu 16p kim loai phan xa, 16p ap dién, 16p hop kim dan
hoéi v.v...1én bé mit silic roi khic hinh dé chd nay c6 mit phan xa tt dung lam
guong, chd kia c6 14 kim loai dan hoi ding 1am 10 so v.v...

C6 thé ké dén mot s6 phuong phap vé gia cong cac chi tiét co tiéu biéu o
cong ngh¢ MEMS nhu sau:

> Gia cong vi co khdi

Gia cong vi co khdi 13 1ay di mot phan thé tich trong phién vat liéu dé hinh
thanh chi tiét vi co. Goi 1a gia cong nhung thuc ra I ding cac phuong phap hoa, 1y
dé an mon (tAm thyc) tao ra trén phién cac 16 sau, cac ranh, cic chd 16m v.v...nhu

duoc minh hoa trén hinh 1.2.
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Hinh 1.2. Minh hoa cam bién dp sudt vi co khoi
D¢ hinh thanh cac chi ti€t co & phan con lai ¢6 hai cach pho bién:

An moén wét: thuong dung ddi voi cac phién vat lidu 1a silic, thach anh.
Pay 1a qua trinh dung dung dich hoa chit dé dn mon theo nhitng dién tich dinh sin
nhd cac mit na (mask). Cac dung dich hoa chét thuong dung dbi véi silic 1a cac
dung dich axit hodc hon hop cac axit nhu HF, HNO;, CH;COOH, hoic KOH.
Viéc dn mon c6 thé 1a déng hudng (an mon déu nhau theo moi huéng) hodc di

huéng (c6 hudng tinh thé an mon nhanh, c6 huéng cham).

An mon khé: in mon kho bang cach cho khi hoic hoi hod chét tac dung
thuong 14 ¢ nhié¢t do cao. Hinh dang, dién tich hd dn mon duge xac dinh theo mit
na (mask) dit 1én bé mat phién vat liéu. Dé ting cudng téc do an mon c6 thé dung
song dién tir (RF) kich thich phan ing hoac dung dién thé dé tang tdc do ion tirc 1a

tang toc do cac vién dan ban pha.
» Gia cong vi co bé mat

Thi du dé trén phién silic can tao ra mot dam da tinh thé silic mot dau cd

dinh, mot dau tu do c6 thé 1am theo céac giai doan sau:

- Tao ra 16p oxyt silic trén phién silic.

- Dung mit na 1 khoét (theo cach khic hinh) dién tich dé sau nay gin
vao day dau c¢b dinh cia dam.

- Phu 1én toan bd mot 16p da tinh thé silic roi ding mat na 2 dé khic hinh
khoét di 16p silic da tinh thé, chi chira lai mot dam.

- Nhung toan bd vao mdt loai axit dé hoa tan hét SiO, (nhung khong hoa

tan silic) ta c6 dugc dam da tinh thé mot dau bam vao phién silic, mot dau tu do.
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Trong thi du trén c6 nhitng 16p ché tao ra nhu 16p SiO, chi ¢6 vai tro trong mot

giai doan gia cong, sau d6 lai hoa tan dé loai bo. Ngudi ta goi d6 14 16p hi sinh.
> Han

Pé tao ra cac chi tiét vi co phuic tap, sau, kin nhu 6ng dan, bé ngam... co
thé thuc hién viéc gia cong ¢ hai phién roi han Gp hai mat gia cong lai v6i nhau.
Tao mdt cai hd trén bé mat mot phién bé‘mg cach an mon thong thuong roi han 1én
trén phién d6 mot phién khac dé day hé lai. Goi 1a han nhung thyc ra 1a ép nhiét
tryc tiép hai phién lai hoic dung thém mot 16p 16t dé ting cuong su két dinh.

> Gia cong bing tia laze

Co thé dung tia laze dé tao ra nhitng chi tiét vi co theo kiéu khoét 1an luot,
diéu khién tryc tiép. Tuy nhién cach gia cong nay rat cham, khong gia cong dong
loat dugc. Vi vy ¢ cong nghé MEMS cach gia cong bang laze thuong chi ding dé
lam khuon. Laze dung 13 laze eximo méi dit manh va vat liéu dé gia cong thuong
1a chét déo, polymer.

» Liga

LIGA 1a tir ghép cac chir ddu cua Lithgraphie Galvanofruning und
Abformung, tiéng Duc nghia la khéc hinh, ma dién va lam khuon. Day 1a ky thuat
tao ra cac hé vi co ba chiéu chu khong phai 1a hai chiéu nhu & cac cach khic hinh

binh thuong.



O LIGA nguoi ta dung chum tia X cyc manh nén cé thé di sau vao chat
cam dén hang milimet. Chat cam thudng ding thudc loai acrylic viét tat 1a
PMMA. Thong qua nhiing chd bi khoét thing trén khuon, tia X chiéu vao 16p cam
theo nhitng di¢n tich nhat dinh, 1am bién chit chat cam c6 tia X chiéu dén s& bi
hoa tan. Vi trong k¥ thuat LIGA ngudi ta thudng dung 16p chat cam day, va tia X
manh nén tia X c6 thé di sau vao 16p chat cam dén hang tram, thAm chi hang nghin
micromet nhd d6 sau khi nhung vao dung dich, nhitng chd chit cam bi hoa tan di
c6 thé rat sau, hinh khic thuc sy 1a ba chiéu chir khong phai 1a hai chiéu nhu &

quang khic thong thuong.

2.3 ng dung cuia cac cam bién MEMS

Tuy rang MEMS méi ra doi chua lau nhung da c6 rat nhidu Gng dung gop

phan khong nhé vao sy phat trién doi sbng x4 hoi.
% Céac tng dung phd cap:

Céc tng dung phd cdp nhit hién nay cua cong ngh¢ MEMS trong cac nganh

cong nghiép c6 thé tom tat nhu sau:

Sensor ap suat: Kiém tra ty 1¢ nhién li¢u va céc chic nang do dac khac khac

trong 0to, thiét bj do huyét ap va cac tmg dung dan dung khéc.

Sensor gia tc va gyroscope: Tai khi trong 6td, thiét bi dinh huéng cho tén lira
va cac phuong tién van tai.

Hién thi: Cac man hinh d6 phan giai cao dung céc vi guong cho céc thiét bi
dién tur .

DPau phun muyc: Hang trim triéu chip phun muc mot nim cho cac may in laser
den tring va mau.

Céc sensor hoa hoc: Cho cac muc dich y té va y sinh hoc.

Chuyén mach cho thong tin quang soi: Internet, truyén hinh va théng tin giai

rong dung cap quang.
Vi van: Céc hé sac ké khi cuc nho sir dung cac day vi van.

Chuyén mach di¢n co: Cac vi role trong cac rng dung mdt chiéu, xoay chiéu

va vo tuyeén.



2.4 Vicam bién gia téc
Cam bién gia toc 1a mot thiét bi dung dé do gia tdc.

Cam bién vi co la mot loai cam bién dugc ché tao theo cong nghé vi co. No

chinh 1a mot trong nhitng san pham phong pht va da dang nhat ctia céng nghé
MEMS.

Analeg Anolog Cilgttal
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Hinh 2.1. So d6 mét hé do gia téc

Cam bién vi co ngdy cang nhanh hon, nhay hon, nhe hon, ré hon va c6 do tin
cdy cao chua timg c6 so v6i cac cam bién ché tao theo cong nghé dién tir trude
day. Trong dé tai nay ching ta dic biét quan tdm dén kha ning tng dung cta cam

bién gia toc vi co dién tir.

Cam bién gia tdc ché tao theo cong ngh¢ vi co dién tir c6 hai loai 1a cam
bién kiéu tu va cam bién kiéu ap trd. Trong nhiéu ung dung viéc lya chon cam
bién kiéu tu hay kiéu ap trd 1a rit quan trong. Cam bién kiéu ap trd c6 wu diém 1a
cong nghé cau tao rat don gian. Tuy nhién nhuoc diém cua né 1a hoat dong phu
thudc nhiéu vao su thay doi nhiét do va c6 do nhay kém hon cam bién kiéu tu. Cac
cam bién kiéu tu c6 do nhay cao hon, it bi phy thudc vao nhi¢t do, it bi nhiéu va
mat mat nang luong. Tuy nhién ching c6 nhugc diém 1a mach dién tu phtrc tap

hon. Hién nay cam bién gia toc kiéu tu duoc tng dung §




. Ung dung cia cam bién gia toc

Cam bién gia téc vi co da nhanh chong thay thé cac loai cam bién gia toc

thong thuong trudce ddy trong nhiéu tng dung. Mot vai nhitng Gng dung dién
hinhcua cdm bién gia toc vi co.

Cam bién goc Roll —Pitch
Dinh hudéng 3D trong khong gian

Phét hién va cham : nhitng thong tin vé gia tdc, van toc va do dich chuyén giup

phan bié¢t sy va cham va vi¢c khong xay ra va cham
Do va diéu khién murc rung
biéu khién va dy doan kha nang lam viéc cua may moc, thiét bi

Do mot s6 thong so sinh hoc trong co thé con nguoi

2.4.1 Nguyén tic hoat dong

e Tu dién phing

e

Hinh 2.3. Ty dién phang

E_ECV ox ox 2 0x
c--4 g = 2% c-2
g-90 C 14
Trong do:



g l1a khoang cach gifra hai ban ty di¢n
& 1a @ dich chuyén ctia hai ban tu
C la dién dung cua tu dién

E 1a nang lugng hay dién truong gitra hai ban tu

k 1 hang s6 dan hoi
FM 1a hé s6 pham chat
e Giatdc
Gia tfc\ké |;'gla tdc
Truc cam bién X |
A = Acos
o 1a(§%c léch
theo truc x

Gia toc 1a su thay ddi cua van toc theo thoi gian. Van tdc dén luot no lai do
su thay d6i ciia do dich chuyén theo thodi gian. Luc trong truong 1a nguyén nhan

giy ra gia toc roi ty do va gia tbc nay bang 9.81 m/s* (1g).

o Gia tdc thudng duogc tinh théng qua luc gy ra gia tbe d6 vi luc lién hé voi gia

téc theo cong thirc F = ma.
O d6 F 1a luc gay ra gia toc, m 1a khéi luong, a 1a gia tdc.
Luc ¢6 don vi 1a N, m c6 don vi 1a gam (g), a ¢6 don vi 1a .m/s’

Cac thiét bi dung dé do gia tdc phai xac dinh dugc gia tri cua luc tic dung
1&n mét khoi vat thé da biét trudc.
o Mot cach tiép can khac dé tinh toan gia toc d6 1a : Gia toc 13 dao ham cua van

tdc theo thoi gian. Van tdc lai 1a dao ham cua do dich chuyén theo thoi gian.
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nhu sau

Theo dinh luat II Newton
>F=ma

Tcosb -mg=0

T = mg/cosO

Tsin® = ma
Tacoa=gtgb

24.2

ma = TsinA

Nguyén tac hoat dong cua vi cam bién gia toc kiéu tu

Viéc do gia téc thong qua cam bién gia toc MEMS [1] ¢6 thé dugc mo ta

nhd mot so do trén hinh v& 4 nhu mot hé gom mot khoi lwong m va mot 16 xo.
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Hinh 4. Hé khoi lwong — 16 xo duwoc sir dung dé do gia toc
Khi hé quy chiéu duoc gia tdc, gia tbe ndy dugc truyén cho khdi m théng qua
16 xo0. Lo xo0 gidn ra va d¢ dich chuyén nay dugc xac dinh bd1 mgt cdm bién do
dich chuyén.

Theo dinh luat Hooke, luc kéo khéi luong m ti 16 v6i d6 bién dang cua 1o xo F
= kx, v6i k 1a hé s6 ti 1¢ hay d6 cimg ciia 16 xo, x 14 khoang dich chuyén so voi
vi tri can bang. Theo dinh luat II Newton, trong h¢ quy ch1eu quén tinh dung
yén, lyc F nay cung cap cho khéi luong m c6 mét gia tdc a theo cong thic F =
ma. Tai vi trf cAn bang ta ¢ F = ma = kx.

Hé thdng co thé duoc mé ta bai phwong trinh vi phan sau:

d’x  pdx e p

m ext
dt’ dt
vo1 D 1a hé s6 ma sat.

=m*a

Do do, chiing ta thu dugc a = fox trong h¢ quy chiéu quan tinh ding yén..
m

Nhu vay, dé do gia toc ta chi can do khoang dich chuyén x. Bé do khoang dich
chuyén nay, nguoi ta co thé sur dung thudc tinh di¢n cua tu dién c6 hai ban cuc

song song khoang cach giita hai ban tu ¢ thé thay d6i duoc (hinh 6)

CA CH.

Hinh 5 M6 hinh mét tu dién don (bén trdi) va hai tu noi tiép nhau (bén phdi).

A 5 LN \ k 7. \ M A A \ A
bién dung cua tu dién don la C=—, vd&i k 1a hang s6 phu thudc vao thudc
X9

tinh cia moi trudng nam giita hai ban tu. Néu biét k, dién dung cua ty dién C ta c6
thé tinh duoc x,. Ciing trong hinh 3, néu ban tu nam gitta C, va Cg dich chuyén

mot khodng la x thi

CA: > CB: (1)
X—X

hay c6 thé viét lai 1a:

10



C,=C-2_ c,=c-2_ (2
X, + X X, —X
do do
1 1
AC:CA—CB:cx{ - } 3)
Xg+X X,—X

Véi khoang x dich chuyén nho, phuong trinh trén c6 thé rat gon thanh:
2
AC~C=E (4
Xo
Nhu vay, néu gén khdi lugng m cua cam bién vao ban tu nam gitra h¢ hai ty
dién ndi tiep thi cé thé xac dinh dugc do dich chuyén cua n6 dudi tac dung cua luc
F, tic 1a x&c dinh duogc gia toc thong qua viéc xac dinh gia tri AC.

3. Dung cu va thiét bi thwe nghiém

3.1. M ta cam bién
3.1.1 Gidi thiéu chung
Hai loai cam bién gia toc dugc str dung pho bién trong cac tmg dung hién

nay la cam bién kiéu tu va kiéu ép tro.

Hinh 3.1. Cam bién gia téc ADXL202

o Cam bién gia téc duoc str dung trong dé tai nay 12 mot cam bién gia toe
hai chiéu kiéu tu cho phép xac dinh mot cach doc 1ap cac gia tde theo

cac phuong truc toa do X va Y.

11



o Cam bién nady c6 hai loai 161 ra d6 1a 161 ra s6 (d0 rong xung 161 ra ti 1€

véi1 gia toc) va 101 ra tuong ty (muc dién ap tuong tu 161 ra ti 1€ vdi gia

tdc).

o Cam bién c6 thé dugc st dung dé do ca gia toc tinh( vi du nhu gia toc

trong truong) tmg dung lam sensor do d nghiéng va gia tbc dong (vi du

nhu do rung) ing dung lam sensor do dg rung.

o Dai do 1a trong khoang +2g véi g 1a gia tdc trong trudng.

3.1.2. So' dé chéin

Chéan Tén Mo ta chirc nang
1 NC No connect
2 Vep Test point
3 ST Self Test
4 COM Common
5 T2 NG6i véi Rset dé dat T2
6 NC No connect
7 COM Common
8 NC No connect
9 Yout Ldi ra s6 kénh Y
10 Xout Ldi ra s6 kénh X
11 YHilt L6i ra twong ty kénh Y
12 Xfilt L6i ra twong tu kénh X

12



13 Voo +3V dén +5.25V

14 Voo +3V dén +5.25V
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Hinh 3.2 So d6 chan ciia ADXL202

3.1.3. Nguyén ly hoat dong ciia ADXL202

Nguyén ly hoat dong cia ADXL 202 dugc chi ra nhu ¢ hinh 3.3.

ADXL202 1a hé théng do gia téc hai kénh dugc tich hop hoan toan trén mét chip
(on-chip).

ADXL 202 dugc ché tao theo nguyén tic vi co bé mit va theo nguyén tic do gia
tdc co vong phan hoi (open-loop).

Trén mdi kénh, tin hiéu 16i ra dugc chuyén doi tir twong tu thanh tin hiéu s6 qua
mot b DCM (duty cycle modulated).

13




+2.00 to +5.25V

100 ohm

- :
Dty ® Out
coc ) Cyecle ﬁ uP
-T" IModulator t
(DCM) =
—C'ZI r

Hinh 6. So' d6 nguyén Iy ciia ADXL202
Tin hi€u tuong tw X ;, va Y, dugc dua qua hai tu loc C va C,.

Gia tri cta hai tu ndy thudng duoc chon bang nhau va trong khoang 0.47uF.

Gia tri cua tu dién quyét dinh dai tin ma tin hiéu tuong tu 16i ra hoat dong.

Tin hidurasd 1a X,, va ¥, (c6 d6 rong xung ti 1¢ véi gia toc & 16i vao).
I-I— Tz —I-I
e I
T
Afg) =(TUT2 —0.5H25%
0g = 507 DUTY CYCLE
T2 = Rigg125M4
Dai tan Gia tri tu
Tin hi¢u tuong ty dugc cho qua mat
10Hz 0.47uF mach loc RC (mach loc théng dai) ¢o
tac dung nang cao do phan giai va giip
50Hz 0.1uF chong nhiéu chong pho.

14




100Hz 0.05uF
200Hz 0.27uF
500Hz 0.01pF
S5kHz 0.001pF

ADXL 202 c6 14 chén 16i ra. Dién tré Rset dit d6 rong xung 161 ra PWM (T2).

T2 R2
M OouT
Ims 125KQ c
0
2ms 250KQ Ml ek
E
5ms 625KQ Yeur "
10ms 1.25MQ

Tin hiéu s0 101 ra dugc dém boi1 bo dém cua vi di€u khién

3.1.4. Khdo sat tin hiéu loi vao theo tin hiéu so 1oi ra
Do su phu thudce gitra s6 xung thu dugc tir by d€m vao goc nghiéng cua cam bién

so vO1 phuong trong truong, ta thu dugc mot dang tin hi¢u diéu hoa hinh sin nhu
minh hoa trong hinh 3.
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Do rang xung
4000

Pmax 3500

3000
Offset

2500

Fmin 2000

1500 | i | i i | i
0 50 100 180 200 250 300 350
Goc nghieng

Hinh 8 Pé thi biéu dién sw phu thuoc do rong xung vao goc nghiéng

Viéc dém thoi gian kéo dai xung tir 16 ra sd cua cam bién gia toc MEMS
duogc thyc hién bai vi diéu khién Basic Stamp[2].

Béng thuc nghiém st dung mot thiét bi chuan gboc va phﬁn mém nhung viét
trén chip hién thi s6 xung ta thyc hién khao sat trong dai do tir 1° dén 360° (xem
phu luc 1), ta thu dugc phuong trinh nhu trén.

Pt = ASin(a, + @) + Offset (*)

Trong do:

P 1a s6 xung tai thoi diém t

a,1a goc nghiéng twong tng véi xung Py

P._—-P_ . \ . A C .2
A= % vO1 Phax va Py 1a s6 xung cuc dai va cuc tieu do dugce

@ goc nghiéng ban dau(trén d6 thi hinh 6 goc nghiéng ban dau ¢ =0)

min

P__—-P_ P +P . ... A , \ . .
Offset = P+ D&% i — M 5 i 1a d6 1éch ban dau cua hinh sin so véi

gbc 0.

Phuong trinh trén 1a co s& cho viéc tinh toan goc nghiéng dua trén 161 ra s
ctia cam bién gia toc.

Thanh phan chinh ctia bai thi nghiém gdm

16



1 May rung

1 bé ga sensor co6 chia d§
2 Cam bién gia toc ADXL.202
Board mach: di€u khién may rung, nhan cac tin hi€u tir cdm bién gia toc, xir

ly roi truyén vé PC theo 1énh nhan duoc tir PC.

So dd khdi cua hé do nhu sau:

Ban
quay [)

Sensorl

Xout

A 4

Yout

A 4

May i Sensor2
rung

Y

Loc thong cao |

\ 4

A 4

M0 ta hoat dong:

Loc thong cao >

Vi diéu khién
ATMEGA
8535

ADC1 ADC2

A A

RS232

J L

2
\\

\Q

Sensorl ga trén dia quay, goc nghiéng cua sensor 1 so vdi phuong gia tde
trong trudng g (phuong thing dung) dugc chinh boi kim xoay. Cac 101 ra do
rong xung X, va Yo dua vao vi diéu khién dé do do rong xung ctia moi kénh.

17



Sensor2 gan trén may rung (1a mot loa tram cong suat vira), khi loa rung s&
tac dong gia toc 1én 2 truc X va Y cua sensor2. Cac 16i ra dién ap cua sensor
dugc loc thong cao roi qua bo khuyech dai va dich mirc mot chiéu trude khi
dua vao ADCI va ADC2 cua vi diéu khién ATMEGAS535.

Vi diéu khién ATMEGAS535 két ndi RS232 véi PC, toc do bound 57600.
Dung PC giri cac 1énh do vé VDK dé thuc hién 2 phép do:

Byte Hudng Y nghia

0x01 PC-> MP Yéu cau gui gia tri d§ rong xung
cua Xout va Yout VeE.

0x02 PC->MP Yéu gui gia tri ADCI va ADC2
VeE.

Céc gid tri Xou, You, ADC1, ADC2 vi diéu khién guri vé PC déu 1a 2 byte
Byte thap trudc, byte cao sau. Do d6 gia tri PC nhan duogc la:
Byte thap + 256*byte cao
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4. Phan Thyc hanh

4.1 Khao sat cam bién ap gia téc

4.1.1 Dung dao dong ky khdo sat 16i ra d¢ réng xung ciia ADXL202
e Cip ngudn cho mach: Néi cac chét +5V, -5V, GND tir board POWER SUPPLY

vao board xtir ly ATMEGAS8535
e Dit sensorl gia toc 1én ga chia do
e Datkimchi0°

Dung dao dong ky quan sat xung 16i ra trén cac chdt Xyl va Youl, d0 rong xung cta
moi kénh tuong ing voi gia tdc trong truong tac dung vao sensor theo truc X va Y.

> Yéu cau:

Thay doi goc nghiéng a cua sensor bang cach quay kim chi, ding dao dong ky quan
sat va do do rong xung tuong ing ctia moi 101 ra X,y va Yoy 161 ghi vao bang dudi

day:

Goéce 10 20 30 40 45 50 60 70
nghiéng
(d9)

80

90

Dx(%)

Dy(%)

Tan s
(Hz)

Tiwr bang trén rat ra nhan xét:
e Tai cac gia tri goc dac biét: 0°, 45° va 90°
e Nhan xét gi vé gia toc trong truong g voi cac gia tri a, va ay

4.1.2 Po goc nghiéng chinh xdac dung may tinh

Van cép ngudn cho board mach nhu phan 4.1.1
Dit sensorl gia tdc 1én ga chia do

N6i céc chot Your vOi Yin, Xous v6i Xin

Chay Tubor C trén PC

Mo file DOGOC.cpp c6 san trong thu muc BIN
Chay thur chuong trinh

Sinh vién doc hiéu chuong trinh rdi xtr 1y két qua nhan dugc. Thay doi goc nghiéng

cua kim chi roi ghi vao bang dudi day:

Goce 10 20 30 40 45 50 60 70
nghiéng
(d9)

80

90

Dx(%)
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Dy(%)

Tan sb
(Hz)

Chu y rang cong thic 1y thuyét nha san xuét sensor dua ra:
Ag=(D-0.5)/12.5% (2)
D: d6 rong xung
Khoéng hoan toan dung. Dé thu dugc két qua chinh xéc phai ¢ phép cin chuan.
Cu thé nhu sau:
e Cian chuén cho kénh X:
Chinh kim chi 90 2 A =1 (g), thu dugc D1
Chinh kim chi 270 = A =-1 (g), thu dugc D2
Gia st ham A, phu thudc tuyén tinh theo D: A, =a*D + b
T D1 va D2 tinh ra ngay duogc cc hé s a va b.
e Cian chuén cho kénh Y:
Tuong tu kénh X, sinh vién ty suy nghi.
> Yéu cau:
Sinh vién tim céc gia tri ay, by, ay, by cdn chuén cho cac kénh X va Y. Tt d6
xac dinh gdc nghiéng o cta sensor theo cong thirc:
tan(a) = Ay/A
A, va Ay la cac gia tdc theo truc XvayY

4.1.3 Dimg vén ké khdo sat 16i ra dién dp ciia cam bién:
e Vin cip ngudn cho board mach nhu phan 4.1.1
e Dit sensorl gia toc 1én ga chia do
e Dait kim chi 0°
Dung von ké mot chiéu do dién ap 16i ra trén cac chét Xeil va Y1, dién ap trén mdi
kénh twong tng vai gia toc trong truong tac dung vao sensor theo truc X va Y.
> Yéu cau:
Thay doi goc nghiéng a cua sensor bang cach quay kim chi, ding von ké do dién ap
twong rng cua mdi 16i ra Xoyel va Yoyl rdi ghi vao bang dudi day:

Goce 10 20 30 40 45 50 60 70 80 90
nghiéng
(d9)

Vx(V)

Vy(V)

Tir bang trén rut ra nhan xét:
e Tai cac gia tri goc dac biét: 0°, 45" va 90°
e Hinh nhu dién 4p mdi kénh ty 1¢ tuyén tinh véi sina hodc cosa ??
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4.1.4 Po tan sé rung :
Van cép ngudn cho board mach nhu phan 4.1.1
Gin sensor 2 1én may rung
DPua tin hi¢u tir signal generator vao Power Amplifier
Nbi céc chot Y vO1 Yiin, Xan Vo1 X¢in
Vin bién trg vé vi tri 5 Hz
Chay Tubor C trén PC
M file DORUNG.cpp c6 san trong thu myc BIN
e Chay thur chuong trinh
Chinh tin hiéu 1a séng sine 50Hz, dung dao dong ky dé dit bién d6 khoang 100mV.
Sinh vién doc hiéu chwong trinh rdi xir 1y két qua nhan duoc.
> Yéucau
e V& ra dang song trén man hinh cia 2 kénh X va Y.
e Tinh tin sb cua tin hiéu thu dugc.
e Thay d6i tan sd, bién do, dang song ctia tin hiéu vao. Hiy quan sat cac két qua
thu duoc, rit ra cac nhan xét.
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Phu luc

Giao tiép giita may tinh va vi diéu khién dugc thyc hién bang phuong thirc truyén
thong ndi tiép theo chuan RS 232.
Ly thuyét vé truyén thong ndi tiép d duogc trinh bay rat k§ trong céc gido trinh vé ciu
tric may tinh, sinh vién co thé tham khao. Trong tai li€u nay chi nhéc lai mot s6 kién
thirc dé gitp sinh vién c6 thé thuc hién giao tiép dugc véi vi didu khién qua cong COM.

Céc chan cua cong noi tiep:

‘IC)E:: G o o |vidtit Tén diy dii

‘Pin 2 ‘Pin 3 ‘TD ‘Transmit Data

‘Pin 3 ‘Pin 2 ‘RD ‘Receive Data

‘Pin 4 ‘Pin 7 ‘RTS ‘Request To Send
’Pin 5 ’Pin 8 ’CTS ‘Clear To Send

Pin 6 Pin 6 IDSR Data Set Ready

‘Pin 7 ‘Pin 5 ‘SG ‘Signal Ground

‘Pin 8 ‘Pin 1 ‘CD ‘Carrier Detect

’Pin 20 ’Pin 4 ’DTR ‘Data Terminal Ready
‘Pin 22 ‘Pin 9 ‘RI ‘Ring Indicator

Table 1 : D Type 9 Pin and D Type 25 Pin Connectors

So d6 két no1 gitra hai thiét bi dau cuoi

J I I D25 L@
3 2 TD RD 3 2
z 3 RD « D 2 !
5 7 S0 F ¥ b
4 20 ITE DTRE 0 4
& A LER H EDSR & &
! 3 co cD 3 !
7 4 RT3 ETA 4 T
2 5 ] CTa 5 3

Pia chi cong ndi tiép
Trong may tinh c6 khong phai chi mot cong nbi tiép. Tuy timg phan cing cua may
tinh ma cong COM c6 dia chi xac dinh. Thong thuong ta st dung 2 cong COM1

va COM2. Dja chi ciia mot s6 COM khéc cho dudi day.

Pia chi co s6 IRQ
ICOM 1 3F8 4
(COM 2 2F8 3
(COM 3 3E8 4
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[COM 4 2E8 3 |

Table 3 : Standard Port Addresses

Chuong trinh viét bang ngon nglt C dudi day cho ta dia chi co s& cua cac cong
com mong muon.

#include <stdio.h>

#include <dos.h>

CONST Max = 10;

void main (void)

{

unsigned int far *ptraddr; /* Pointer to location of Port Addresses
*/

unsigned int address; /* Address of Port */

int a;

ptraddr=(unsigned int far *)0x00000400;

for (a = 0; a < Max; a++)
{
address = *ptraddr;
if (address == 0)
printf ("No port found for COM%d \n",a+l);

else
printf ("Address assigned to COM%d is
%$Xh\n", a+1,address) ;
*ptraddr++;

}
}

Cadc thanh ghi st dung va dia chi cua chung dugc dua ra
& bang sau

Dia chi co' s DLAB [Read/Write |Viét tit [Tén goi
‘20 |Write ‘- ‘Transmitter Holding Buffer
+0 =0  |Read - Receiver Buffer
‘21 |Read/Write ‘- ‘Divisor Latch Low Byte
+1 ‘20 |Read/Write ’IER ‘Interrupt Enable Register
’Zl |Remﬂ“ﬁhe’- HﬁvmorLawh}ﬁghByw
49 ‘- |Read ‘IIR ‘Interrupt Identification Register
‘- |Write ‘FCR ‘FIFO Control Register
|+ 3 ‘— |Read/Write ’LCR ‘Line Control Register
|+ 4 ’- |Read/Write ’MCR ’Modem Control Register
|+ 5 ‘- |Read ‘LSR ‘Line Status Register
|+ 6 ‘- |Read ‘MSR ‘Modem Status Register
|+ 7 ‘— |Read/Write ’— ‘Scratch Register
DLAB
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Bit DLAB la bit thir 7 trong thanh ghi diéu khién duong truyén. Khi bit nay dugc dit
bang 1 thi 2 thanh ghi: thanh ghi c¢6 dia chi bang dia chi co s¢ va thanh ghi c6 dia chi
béng dia chi co s¢ +1 s€ luu trir gia tri s6 chia xac dinh toc do truyén thong (téc do baud)
ctia cong ndi tiép (thanh ghi co dia chi 13 dia chi co s& luu byte thap, thanh ghi co dia chi
= dia chi co 8¢ +1 luu byte cao). Bing cach thiét 1ap gia tri cho 2 thanh ghi nay, ta c6 thé
¢ tde do truyén mong mudn. Bang dudi ddy 1a mot sd gia tri thuong ding.

’Byte cao so chia ’Byte thép sb chia
50 2304 09h 00h
1300 384 01h 80h
600 192 00h (COh
;2400 ;48 ;00h ;30h
4800 24 00h 18h
19600 12 00h 0Ch
;19200 ;6 ;OOh ;06h
38400 3 00h 03h
57600 2 00h 02h
115200 1 00h 01h

Trong bai thyc tip nay, toc do truyén théng dugce str dung 13 9600.

Thanh ghi diéu khién duong truyén: Line Control Register (LCR)

Y nghia cac bit trong thanh ghi dugc cho & bang dudi day.

Bit 7 ‘1 ‘Divisor Latch Access Bit
0 Cho phép cac thanh ghi bd dém nhan, truyén va cho
phép ngat

Bit 6 ‘Set Break Enable

Bits 3, 4|Bit 5 Bit 4 Bit 3 |Parity Select

And 5 ‘X ‘X ‘0 ‘No Parity

0 |0 [1 |odd Parity

‘O ‘1 ‘1 ‘Even Parity

1 |0 |1 |High Parity (Sticky)

‘1 ‘1 ‘1 ‘Low Parity (Sticky)

Bit2 (S bit STOP

0 |1 bit Stop

1 2 bit STOP khi d¢ dai dir liéu 1a 6,7 or 8 bit hodc 1.5
bit STOP khi chiéu dai dix liéu 1a 5 bit.
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Bits 0 Bit I Bit 0 [Xac dinh chiéu dai di lidu
And 1o~ lo |5 Bit

0 |1 |6Bit
1 0 |7Bit
1 |1 [8Bit

Trong bai thyc tip nay, khung truyén c6 dang: 8 bit dir liéu, bit Stop, khong co bit
chén I¢.

Thanh ghi trang thai duong truyén: Line Status Register (LSR)

Y nghia cac bit:
|Bit |Notes
Bit7  |C4 13i ¢ bd dém nhan

|Bit 6 |BC) dém nhan rong

Bit5  |BO dém truyén rdng
|Bit 4 |Break Interrupt
Bit3  [LAi khung truyén
Bit2  [Ldichin ¢

|Bit 1 |Overrun Error

|Bit 0 |Dfr liéu sén sang trong bd dém nhan

Thanh ghi trang thai modem: Modem Status Register (MSR)

|Bit |N0tes

|Bit 7 |Carrier Detect

|Bit 6 |Ring Indicator

|Bit 5 |Data Set Ready

Bit 4 Clear To Send

|Bit 3 |Delta Data Carrier Detect
|Bit 2 |Trailing Edge Ring Indicator
|Bit 1 |Delta Data Set Ready

|Bit 0 |Delta Clear to Send

Thii tuc khéi tao cong truyén thong ndi tiép trén may tinh:
1. Xac dinh toc do baud
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2. Dinh dang khung truyén

outportb (PORT1

3 , 0x80);/* SET DLAB ON */
outportb (PORT1 0

+
+ , 0x03);/* Set Baud rate - Divisor Latch Low Byte */

/* Default 0x03 = 38,400 BPS */
/* 0x01 = 115,200 BPS */
/* 0x02 = 57,600 BPS */
/* 0x06 = 19,200 BPS */

/* 0x0C = 9,600 BPS */

/* 0x18 = 4,800 BPS */

/* 0x30 = 2,400 BPS */
outportb (PORT1 + 1 , 0x00);/* Set Baud rate - Divisor Latch High Byte*/
outportb (PORT1 + 3 , 0x03); /* 8 Bits, No Parity, 1 Stop Bit */

Thu tuc Xuit mot byte ra cong ndi tlep
1. Kiém tra bo dém truyen
2. Néu bo dém truyén rong: viét byte can xuit vao thanh ghi dém truyén

outportb (PORTAddr, ch);} /* Send Char to Serial Port */
Thi tuc doc mot byte tir cong noi tiep:

1. kiém tra c6 dir lidu san sang trong bo dém nhan khong
2. Neéu san sang, doc gia tri ¢ thanh ghi bo dém nhan.

c = inportb (PORTAddr + 5); /* Check to see if char has been*/
/* received. */

if (¢ & 1) {ch = inportb (PORTAddr); /* If so, then get Char */
printf ("%c",ch);} /* Print Char to Screen */

Nhiém vu cta sinh vién: Viét chuong trinh thyc hién:

1. Hién thi 4p suét trong budng ap suét tai thoi diém hién tai

2. Cho ngudng canh bao la 400mmHg va ngudng nguy hiém 1a 450 mmHg. Viét
chuong trinh canh bao khi ap sudt vuot qua ngudng canh bio va md van an toan
khi ap suat vuot qua ngudng nguy hiém.
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