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St Dung Mét S6 Dung Cu Pién Ti

1.1  Giéi thiéu

C6 rat nhiéu thiét bi va dung cu hd trg, do dac khi lam viéc trong linh vuc dién ti. Trong phan
nay, chiing ta chi tip trung vao mot sb thiét bi co ban va thong dung. D6 13 dong hd do dién, mdy

hién séng tin hi€éu va mdy phat xung tin hiéu.

1.2 Pong ho do dién

Day 1a thiét bi co ban va dugc sit dung nhiéu nhat khi 1am viéc trong linh vuc dién tir. PhS bién
va ré nhat 12 dong hd do loai tuong tu, trén mit dong hd dudc vé san dai do va dong ho st dung
kim chi bdo. Loai thi hai 12 dong ho s6, c6 thém mot sd chiic ning va ting do chinh xdc. Thay vi

chi bao bang kim, ddng ho s6 hién thi gid tri do trén man hinh tinh thé 16ng.

Df}ng ho tuong tu

Ba tinh ning chinh ctia ddng ho 1a do dién trd, do dién 4p mot chiéu (DC) va xoay chiéu (AC), va

do cuong do dong dién.

Do dién tré

Thong thudng ta st dung ma mau dé doc dién trd. Tuy nhién, trong mot sb trudng hop van can
st dung dong hd do dé kiém tra.

Chuyén thang do v& vi tri do dién trd. Kim chi sé nam & vi tri t6i da. Cham hai diu que thit
(Pen & D3) véi nhau. Kim bdo sé& chi vé vi tri tuong ting 0 Q. St dung niim diéu chinh d€ chi sb

ding 0 Q.
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Hinh 1.2 Chap hai kim lai va diéu chinh dé c6 0 Q
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1.2 Pong hd do dién 3

1.1

T&

Hinh 1.4 Kim chi khoang 15

Diéu chinh thang do vé vi tri x4p xi gia tri do. Pong hd do sé cho két qua chinh x4c nhét khi
kim do nam & vi tri gn giita. St dung d6 nhéan & thang do d€ c6 gia tri diing. Vi du, thang do X1
va kim chi 15 nghia la 15 x 1 = 15Q. Néu thang do dit § X1K nghia 1 gia tri do bang 15kQ

Mot s6 chii y:

+ Khong quing, ném, danh roi hodc chén nhiing vat dung khéc 1én trén dong ho do.
+ Khong dé& dong hd do tai noi 4m uét.
+ Khi khong st dung, chuyén thang do khéi vi tri do dién tré hodc vé vi tri tat.

+ Khong dit dong hd do trong viing c6 tif trudng manh
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 Khong d€ pin cii da hét trong dong ho.

Do dién ap va cuong do dong dién

Pong ho c6 thé dudc dung dé€ do gia tri dién 4p xoay chiéu (ACV), dién a4p mot chiéu (DCV),
cudng do dong dién mot chiéu (DCmA). Chuyén thang do vé vi tri tuong ing trudc khi tién hanh
do. Néu do ngudgc chiéu dong dién, kim do sé bi lé&ch ra ngoai vach do do d6 can chd y chiéu

dong dién khi st dung.

Hinh 1.5 Chuyén thang do vé vi tri 2,5 DCV. Poc theo vach chia 250. Sau d6 chia ti 1& véi thang
do 2,5 DCV. Néu doc dudc 120 tuong ting chia ti 1¢ 1a 1,2V.

Hinh 1.6 Néu chon thang 5V thi doc theo vach chia 50 va két qui 2,4V.

Po dién ap xoay chiéu dugc tién hanh khi chuyén nim do v& vi tri do ACV. Tuong tu nhu

do dién 4p DC, khi d6 dién 4p AC ciing can chi y thang do va doc gi4 tri theo thang do da chon.
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Chii y cin trong thi do dién 4p xoay chiéu; kiém tra dudng day va dau ndi; mdi 1an cam mot day
do dé han ché nguy hiém khi diy do bi hd.

Po cudng dé dong dién dugc thuc hién khi mic ndi tiép dong hd vao mach, chinh thang do
vé vi tri do dong dién. Piéu chinh miic do phit hop véi gia tri dang do. Chu ¥ ngudng thang do
d€ tranh chdy chap cau chi bén trong dong ho.

Ngoai ra, mot s6 loai ddng hd mdi c6 thém cic chifc ning b trg nhu do thdong mach, do

LED, do hé sé transistor, . ..

Dong ho so

Ciing gidng nhu dong hd co, dong ho s6 ciing ¢ cac thanh phan chinh 12 mit hién thi, nim
chinh, va que do. Thay vi hién thi bang kim bao va vach chia c6 san, man hinh déng ho s6 cho
phép hién thi nhiéu ky tu dic biét. Diéu ndy giip ngudi dung dé dang doc va nhan biét chinh x4c

gia tri dang do.

Do dién tré

Chuyén nim chinh vé vi tri do dién trd. Pong hd sé hién thi mot trong ba sb: 0.00 , 1 hoic gia
tri thue. Néu dong ho bdo 1 hoidc OL nghia 1a gia tri vugt qua ngudng do, ting ngudng 1én mic

cao hon. Néu hién thi 0.00 hoic x4p xi 0 thi gidm ngudng do xubng.

Hinh 1.7 Do dién tré.
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Do dién ap

Chii y gin day do diing vi tri trudc khi tién hanh do. Day den gian vio COM trong khi diy d6
gin vao mAVQ.

= "~ 200mv Y=
23 ’-'-'-""*.1"-;‘1':\. 2v

\3%20\1'

' 200V

Hinh 1.8 Vi tri do dién 4p mot chiéu.

Khi do dién 4p mot chiéu va xoay chiéu, xoay nim chinh vé ding vi tri. Dic biét than trong

khi tién hanh do cac mach st dung dong dién xoay chiéu.

Hinh 1.10 Vi tri do dién ap xoay chiéu.
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Trong khi do, dién ap can do c6 thé vuot qua ngudng ghi trén nim chinh. Pong ho sé hién thi
s6 1 hoiic OL. Chuyén ngudng do 1én vi tri cao hon dé€ c6 két qua chinh xac. Khi gi4 tri do vuot

ngudng thi dong ho sb it c6 nguy co bi hu héng nhu dong ho co.

Po dong dién

Thang do thong dung 13 200 mA, tuy nhién ddi v6i nhitng mach cong suét cao thi nén dit tai vi
tri 10A. Khi dong dién chay qua dong ho do cao hon thang do dudc st dung, cau chi sé chdy thay

vi hién thi qu4 tai nhu trong céc trudng hop trén.

Hinh 1.11 Po dong dién c6 chi thi chiéu dong dién.

Pdng hd s6 cho phép hién thi dong ngudc chiéu v6i diu “-”. Sau khi st dung dong hd dé do
dong dién, chuyén vé vi tri tat hoic do dién ap d€ tranh 1am chdy cau chi khi vo tinh st dung

khong diing vi tri can do.

Po thong mach

Day c6 thé xem Ia do dién trd gitta hai diém. Néu gid tri dién trd rat thip, chi vai Ohm, thi dong
hd sé bao hiéu bang tiéng kéu. Po thong mach thudng dudc dung dé kiém tra dudng day giita cic

chan linh kién ho#c kiém tra ngan mach tai nhiing chén lién ké.
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Hinh 1.12 Dit niim chinh vé vi tri do thong mach.

Chtic ning nay thudng c6 trén cic dong hd do mdi san xut. Tai vi tri do thong mach sé dugc
d4nh diu bdi mot biéu tuong Am thanh. Cham hai dau day do véi nhau dé kiém tra tin hiéu Am
thanh.

Ngat nguodn dién ctia mach can do trudc khi do thong mach tai bat ky vi tri nao trén mach.

Do kiém tu dién

Tan dung chiic ning dién trd ta c6 thé do kiém tra tu dién. Khi kep hai dau day do vao hai chan
ctia tu dién, dong dién nhé nap cho tu theo chiéu dong dién ctia diy do. Dbi véi tu dién con tot,
khi ddo dau day do, dong dién trong tu dudc xa ra lai va khién dong hd phan tng. Dbi véi dong
hd co, kim chi dién trd s& nhay 1én rdi tif tif quay lai gia tri cao nhat. Néu st dung chiic ning do
thong mach, loa sé kéu trong mot khoang thdi gian ngan.

Chii y: Thong thuong dbi véi dong hd kim thi dong dién tit que den sang que dd. Ngudc lai,
v6i dong ho sb thi dong dién tir que d6 sang que den. Ldi dung tinh ning nay ta c6 thé do kiém

LED va xdc dinh dau A hoic K cta linh kién.

1.3 May phat xung tin hiéu

Function generator c6 nhiém vu cung cép tin hiéu v6i dang séng, bién do va tan sb diéu chinh
dugc. Piéu chinh tin s6 bang nim chinh Frequency va bién do v6i Amplitude. Ngoai ra, néu
cin tin hiéu c6 bién do nhd, st dung chiic ning Attenuation bang nit ATT. C4c nit nay trén mot
s6 mdy c6 thé dugc viét tat.

Mot s6 may phat xung cho phép tao ra dang séng sin, vudng, tam gidc hay thim chi xung

nhiéu, xung c6 dang dic biét. K&t hop cac nit chifc ning nhu diéu chinh d6 rong xung, loai xung
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Hinh 1.13 May phat xung thong dung.

va do 1éch dién 4p ta c6 thé tao ra cic loai xung tin hiéu theo yéu cau. Tan sb tin hiéu tao ra vao

khoang 0,01 Hz cho dén 10 MHz. Bién do dién 4p dinh dinh tif vai mV dén t6i da 20V.

1.4

May hién song tin hiéu

Gidi thiéu

Ciing gidng nhu dong ho do, mdy hién séng (oscilloscope) ciing c6 hai loai 1a tuong tu va sd.

Tuy nhién, tit ca mdy hién séng déu c6 nhiing tinh ning co ban nhu nhau.

Man hinh hién séng - loai cii dung man hinh CRT trong khi loai m&i thuéng 1a man hinh

tinh thé 16ng. N6 c¢6 nhiém vu hién thi tin hiéu theo do thi dién 4p - thoi gian (V/t).

C6 it nhit hai dau do tin hiéu, goi 12 kénh “channel” véi ky hiéu “CH1”, “CH2” kém theo
mdt dau vao tin hiéu kich “EXT TRIG”.

D¢ hién thi tin hiéu trén man hinh, st dung céc niit chon kénh riéng biét “CH1”, “CH2”
hoic hién thi ddng thdi bang “DUAL”. Ngoai ra c6 thé tron hai tin hiéu véi “ADD”.

Céc niit diéu chinh d€ xac dinh loai tin hiéu can do, truc thdi gian va truc bién do tin hiéu.
Vi tri “DC” cho phép do truc tiép tin hiéu, “AC” nghia 12 tin hiéu vao di qua mot tu dién
loc DC va kiém tra muc dat khi dau do khi dit tai “GND”.

Vi khong c6 su dong bo giita tin hiéu can do va tin hiéu hién thi cia mdy hién séng, céc

niit cin chinh tin hiéu dong bd ngoai sé dudc st dung dé hd trd qu4 trinh do dac.
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Ngoai ra, véi nhitng mdy hién séng hién dai, n6 con c6 kha nang Iuu dit liéu thu dudc, thuc

hién tinh todn véi s6 liéu, thong ké giam nhiéu ciing nhu tu dong diéu chinh do tin s6 va bién do

cua tin hiéu.
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Hinh 1.14 M4y hién séng sb va tuong tu.

St dung may hién song

Day do tin hiéu c6 gan kem kep tiép dat. Khi do tin hiéu phai kep tiép dat trong mach dé€ c6 thé
doc chinh x4c mufc tin hiéu dang do. Ngoai ra, trén tay cam ctia ddy do c6 niit diéu chinh khuéch
dai mic do do véi thang “X1” va “X10”. D€ hién thi chinh xdc muc tin hiéu thi chinh nit khuéch

dai ve “X1”.
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Quan sat trén man hinh hién thi ciia may hién séng, tin hiéu sé dudc vé ra theo dang do thi
V/t. Trén man hinh thudng vé san cic 6 chia theo truc tung va truc hoanh. C6 thé diéu chinh niit

LEVEL d¢€ gitip hién thi dang séng 6n dinh.

Truc tung

Truc tung hién thi bién do dién 4p cta tin hiéu dang dudc do. Vi du dit “VOLTS/DIV” tai
10mV/div nghia I khi tin hiéu thay d6i 10mV thi dudng hién thi tin hiéu sé dudc di chuyén theo

truc tung mot 6 chia.

 Chon kénh “CH1”. Kep dau do vao dau ra ciia may phat xung. Quan sat thay ddi trén man
hinh khi diéu chinh niit “POSITION” va niit “VOLTS/DIV”. Ghi lai thay d6i va riit ra két

luén vé chuc nang cua cac bude via dieu chinh.

 Chon kénh “CH2”. Lip lai cdc quan sat va ghi chép nhu tién hanh véi kénh “CH1” vita

lam.
» Thii chon cac niit chifc ning khéc (néu c6) dé€ hién thi tin hiéu theo truc tung (trong viing
Vertical menu).
Truc hoanh

Truc hoanh hién thi bién thdi gian cda tin hiéu. Vi du, dit “TIME/DIV” tai lus/div nghia 1a mot

0 chia theo truc hoanh tuong tng véi lus.

* V6i tin hiéu dang hién thi, diéu chinh “POSITION” r6i niit “SEC/DIV” hoic “TIME/DIV”.

Quan sat sy thay d6i cia dang tin hiéu.

+ Thit chon céc niit chiic ning khac (néu c6) d€ hién thi tin hiéu theo truc tung (horizontal

menu).
* Ghi lai thay d6i va riit ra nhan xét vé chiic ning clia cic budc vira diéu chinh.

Trén may hi€n song thudng c6 mot dau ra tin hiéu mau (2 Vpp, 1 KHz). Stt dung tin hiéu
mau nay dé cin chuin lai thiét bi. Kep diy do vao dau cung cip tin hiéu mau va quan sat. St

dung nit Swp. Var dé hiéu chinh tin hiéu hién thi trén man hinh cho ding theo mau.



12 St Dung Mot S6 Dung Cu Pién Tir

Kich thich dong bd

My hién séng sé& chd tin hiéu dang can do dat mot gia tri hodic dang tin hiéu nhét dinh truéc khi
tién hanh do va hién thi. Qu4 trinh do va hién thi lip lai mdi khi tin hiéu can do dat ngudng da
dinh.

Viéc st dung cac chifc ning ctia kich thich dong bo (trigger) doi hdi kinh nghiém ctia ngudi
st dung sau mdt qua trinh 1am viéc v6i mdy hién séng. Ddi v6i nhitng mach va dang tin hiéu don

gian, viéc st dung kich thich dong bd 13 khong can thiét.



2

Nhén Biét Va Poc Gia Tri Mot S6 Linh

Kién Pién Tu

2.1 Giéi thiéu

Dé c6 thé 1am viéc v6i mach dién ti, nhan biét va doc dudc gia tri clia linh kién can st dung 1a
mot yéu cau rt quan trong. Hién nay su da dang va phiic tap clia cac mach dién tif ting, s6 luong
va ching loai linh kién ngay cang nhiéu. Trong phan nay, ching ta chi tp trung vao mot s linh

kién thong dung nhit.

2.2 PDién tro

Day 1a linh kién phd bién nhét trong cic mach dién tir. Dién trd c6 gia tri khong ddi va c6 nhiém
vu cd ban la giGi han dong dién chay qua mach. N6 1a mot trong nhting linh kién thu dong, nghia

la chi ti€u thu nang lugng.

Loai dién tro

Dién tré dudc chia lam hai loai dua trén cach thic st dung trén mach in: loai han xuyén 16 (PTH)
va loai han bé mit (SMD).
Dién tré c6 thé dudc ché tao bdi nhiéu loai vat liéu khac nhau. Dién trd duge déng goi theo

nhiéu phuong thtc, tif d6 tao ra nhiéu hinh dang va dudc dung vao nhiéu muc dich khéac nhau.
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Resistor Arrays

LDR (Special Resistor)

Poc gia tri

Cach thong dung nhét dé biét gid tri dién trd 12 sit dung dong hd do. Tuy nhién, trong trudng hop
khong c6 ddng hd do thi c6 thé doc gid tri bang ma ghi trén than dién tré nhu minh hoa trong
Hinh 2.2.

D6i v6i dién tré dung ma mau, hai ddi mau dau tién thé hién gid tri thap phan cta dién trd.
D4i mau thi ba 13 s6 nhan thap phan va dii mau cubi cung 1a sai sb ctia dién trd. Mot s6 dién tré
¢6 nim dai mau, cach doc ciing tuong tu nhung ba dai dau tién thé hién gid tri thay vi hai dai.

Déi v6i dién trd SMD thi phéi phu thudc vao kich thudc va loai dién trd. Néu dién trg chi c6
d4nh sb thi nhiéu kha ning chiing st dung ma E24. Hai chit s6 du thé hién gid tri va chil s6 cudi
1a s6 nhan. Vi du dién tr§ ghi 204 nghia 14 20 x 10* = 200kQ

Ma E24 ciing thudng dudc st dung trén cic loai bién trd. Ngoai ra, ngudi ta con danh sb dién
tré SMD theo ma E96. Pi v6i loai ma nay, tot nhit nén st dung bang tra gia tri vi n6 rat khé
nhd.

Mot chii y khi 1am viéc véi dién trd d6 1a cong sut cia mach. D6i véi nhitng mach cé cong
suat 16n, dién tré st dung can phai dap ung dugc cong suat da dinh. Cac loai dién trd cong suit

thudng c6 kich thudc 16n va cach danh sb gid tri riéng.
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4-Band-Code
2%, 9%, 10% 560k 0 +5%
[ 1 [ Ml 1 [ |
| i - |
COLOR 1*T BAND | 2%F BAND | 3%° BAND | MULTIPLIER | TOLERANCE
Black ]

Brown

IR N [ '-I. N [ 1]
0.1%, 0.25%, 0.5%, 1% 2370 1%

9-Band-Code

Hinh 2.2 Poc gid tri dién trd bing ma mau
2.3 Tu dién

Cung v6i dién trd va cudn cam, tu dién 12 mot trong nhiing linh kién thu dong co ban nhit. Tu
dién v6i kha ning luu gitt nang luong khién né rét dic biét. Gan nhu mach dién nao ciing c6 su
xuat hién ctda tu dién, né thudng dudc st dung dé€ luu gitt ning luong, &n dinh ngudn va trong

cac mach loc tin hiéu.

Cac loai tu dién

C6 rat nhiéu loai tu dién khac nhau, ching dudc st dung trong nhiéu loai mach tily tinh ning.
Loai tu dién phd bién nhat 1a tu gdbm. N6 ¢6 kich thude va dién dung nhd, it khi vuct qua 10 uF.
Tuy nhién, tu gdm c6 gid thanh ré va tinh ning tdt nhét trong céac loai tu dién. Cach doc tu dudc

minh hoa trong Hinh 2.4.
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CAPACITORS
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Suppressor Three Solid Chip  Surface Mount Radial Ceramic
Capacitor Terminal Tantalum Ceramic Capacitor

Capacitor Capacitor Capacitor
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]
Polyester  Polypropylene Memory Trimmer Polystyrene
Capacitor Capacitor Back-up Capacitor Capacitor
Capacitor

Hinh 2.3 Cac loai tu dién

Tu héa 12 loai tu dién phd bién thi hai sau tu gbm. Tén goi khic clia tu héa 1a tu phan cuc vi
n6 c6 chan “+” va “-” ri€ng biét, thuong thi chan “+” dai hon chéan con lai. Gia tri cia tu dién
dudgc ghi truc tiép trén than tu.

Khi sit dung phai dic biét chii y dén phan cuc cho tu héa. Khi gin sai cuc sé khién tu héa nd
va gdy ngan mach. Tu héa c6 thé st dung & dién ap 16n, c6 dién dung cao, tuy nhién diém bat 16

1a tu hoa ludn c6 dong ro.
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CODE Tolerance
+0.25pF
+5% 102K = 1,000pF @ 10%
+10%
£20% Ist Significant Digit
+0.5pF 2nd Significant Digil
+80% / -20% Multiplicr

Tolerance

NODEX-0D

Number Multiple By (Additional #
of Zeros)
None (0)
10 (1)
100 (2)
1000 (3)
10000(4)
100000 (5)
1000000 (6)

s WN~=O

Hinh 2.4 Poc tu gbm theo ba s6 v6i hé s6 nhan. Chd y don vi 1a pF.

Siéu tu dién 12 loai linh kién méi xuit hién. Pién dung ctia tu c6 thé dat vai F, diéu ma cong
nghé tu dién cii khong thé dat dugc.

Nhiém vu chinh ctia siéu tu dién la lvu gitt ning luong, kha giébng nhu pin. Tuy ring siéu tu
dién khong thé luu git nhiéu ning luong nhu pin, né lai c6 téc dd xa cao hon va thdi gian séng
lau hon.

Ngoai cdc loai tu dién thong dung trén, con c6 mot sd loai tu dién khac véi tinh ning dic biét

va it khi dugc st dung.

2.4 Cuodn cam

Gibng nhu tu dién, gia tri va dic tinh dudc ghi truc tiép trén hau hét cac loai cudn cam. Thong
thudng ma trén cudn cam dugc ghi theo thi tu: gia tri (mH hoidc uH), sai s6 va gidi han dong
dién. Dbi véi loai ma chi ¢6 ba chit s6 thi hai chit s6 dau thé hién gid tri, chit s6 cubi 1a sb nhan.
Két qua lay don vi theo uH.

Ngoai ra, mot sb loai cudn cam nho lai st dung ma mau gidng nhu dién trd. Két qua liy don

vi theo uH.
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mH15k

16mH +- 10% 470pH 2.34

F30pH
100uH +- 5%

(a) Céc loai cudén cam

(b) Cach doc cudn cadm theo ma

Hinh 2.5 Nhan biét va doc cudn cam

Resultis in pH

S

MULTIPLIER TOLERANCE
+ 20%

Military + 1%

Military + 2%

4-BAND-CODE

Military + 3%
10,000 Military + 4%
White 8 8
Mone Military + 20%
Gold 0.1/ Mil. Dec. PL Both + 5%
Silver 0.0 Bath £ 10%
MILITARY-CODE 8.8uH £ 10%

\ Military Identifier (Silver)

Hinh 2.6 Cach doc cudn cam theo vach mau

2.5 Diode

Nhiém vu chinh ctia diot (diode) 12 ki€ém so4t chiéu dong dién. N6 dugc cau thanh bdi mébi ndi
ban din P-N va chi cho phép dong dién chiy theo mot huéng nhét dinh. Diode ly tudng hoat
dong nhu mot khéa dién véi dién 4p thuan dat ngudng OV. Tuy nhién, trén thuc té, dién ap dit

vao diode can vugt qua mot ngudng nhét dinh trudc khi diode c6 thé hoat dong.
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Thong thudng, diode c6 dién dp phan cuc thuin vao khoang 0,6 dén 1V hoic nhd hon tuy
loai vt liéu ché tao. C6 rit nhiéu loai diode khac nhau, phd bién nhét 1a diode tin hiéu. Chiing c6
dién ap phan cuc kha cao va dong tai thip, chi vai trim mA. Loai thif hai 12 diode chinh luu véi

dién ap phan cuc cao va dong tai trong khoang vai A.

IR LEDs

light emmmg d:odes photodiodes transient voltage
- supression diodes
\ —"—_ : S

™ constant current

zener diodes diode

step recovery

diodes  gyperbarrier
shocklﬂ diode diode
.., — i
nunnel diodes 7

pmmcomacl
' diode
tor diodes
.?. varaetor dio PIN diodes /

a' i ? " b
% ? LASER diodes ,‘\; vaccum diode
> - . E silicon controtiea} ,‘: @ peltier diodes

gunn diode crystal diode avalanche diode ST

shotrkev dmde

Hinh 2.7 Céac loai diode

Ngoai ra, con c6 cac loai diode khac nhu diode phat quang (LED), diode Schottky trong cac

mach tin hiéu nhd va tan so cao, diode Zener trong cac mach tham chiéu dién ap, diode quang

Anode Cathode
(+) D I (=)

dién, ...

i\../

Hinh 2.8 Nhén biét phan cuc cia diode thudng bang vach mau trén than linh kién.

C6 hai cach do ki€m tra diode thudng:
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+ Dbi v6i dong hd do c6 chidc ning do diode, dit que do vao hai dau diode sé doc dudc gia

tri dién 4ap phan cuc khi diode con hoat dong tot.

« Dbi v6i dong ho thudng, st dung chiic ning do dién trd. Diode phan cuc thuin s& cé gid tri

dién trd thip trong khi phan cuc ngugc thi gid tri dién trd rat 16n.

Khi nam 16 cich do diode va phuong thiic hoat dong ctia dong hd dang sit dung, chiing ta c6

thé dé dang st dung kién thiic nay dé€ do transistor.

2.6 Transistor thuong (BJT)

La thanh phan quan trong nhét trong tit ca cac mach dién tir. N6 c6 thé dudc st dung nhu cong
tac dién tif, trong cidc mach khuéch dai, mach k¥ thuat s, .... Bén trong nhiing vi mach tich hgp

12 hang nghin, tham chi hang ti transistor két ndi lai.

C
E \
E \)

B \ \

Hinh 2.9 Ciu tao va biéu tugng clia transistor

C6 thé thiy, cAu tao co ban ciia transistor nhu hai diode gin lai véi nhau. D€ c6 thé st dung
transistor ding cong ning thi phai tham khéo tai liéu hudng dan cua tiing loai mot. Tuy nhién,
trong qud trinh 1am viéc, khi can ki€ém tra ddm bdo transistor con hoat dong t6t thi c6 thé sit dung
ddng hd do.

Hién nay c6 rat nhiéu loai transistor v6i ciu tao va tinh niing khac nhau. Quy trinh do thi sau
day dugc dung cho mot sb loai transistor thong dung dé x4c dinh loai PNP hay NPN con hoat
dong hay khong.

P6i v6i ddng ho tuong tu, st dung chifc ning do dién trd. Gia sit kep dau do (COM - day

den) ctia dong ho vao chan B clia transistor, diu do con lai (day dd) 1an lugt kep vao tiing chan



2.7 Transistor truong FET 21

clia transistor. M6i 1an kep dau do vao tiing chan, ta sé doc dudc gid tri dién trd. Néu gid tri thip
nghia 13 phan cuc thuin, con khi gi4 tri dién tr§ do dudc rat cao nghia 1a dang phan cuc ngudc.

Do ngugc hai que do ctia dong ho va tién hanh do tuong tu. Khi biét dudc chiéu dong dién
ctia que do, ta sé xdc dinh dudc loai mbi nbi P-N hoiic N-P tir d6 biét dudc transistor ¢ ciu tao
PNP hay NPN tuong ting. Transistor bi hong khi cdc mbi nbi P-N bi danh thiing din dén gid tri
doc dudgc trén dong hd khi d4o hai que do 13 nhu nhau.

Déi v6i dong ho sd, st dung chiic ning do diode. Khi phan cuc thuén, ta s& doc dudc gid tri
dién ap phan cuc qua tung cap chan cia transistor. Thong thudng, dién ap phan cuc trén cap chan
E-B sé€ cao hon cap C-B.

Ngoai ra, mot s6 dong ho con ¢6 sin chiic ning kiém tra transistor. Tai vi tri gin nim chinh
ché do do, mot hang 16 dudc danh dAu B-C-E. Tay loai dong ho do, khi cim transistor theo ding
vi tri chin sé c6 bdo hiéu nhu kim chi vé gi4 tri Afe hoic hién thi s6 trén man hinh. Khi sai chan

hoic linh kién hdng, dong ho sé khong c6 bao hiéu hoic kim vuot thang do.

Hinh 2.10 Do kiém tra transistor loai PNP. Di véi loai NPN, dong ho sé bdo thong s6 ngudc lai.

2.7 Transistor truong FET

JFET

C6 thé chia transistor thanh hai nhém dua trén nguyén tac hoat dong: BJT va FET. Trong khi
BIT dugc diéu khién bang dong dién thi FET dugc diéu khién bang dién ap. Khi BJT hoat dong,
hat tai bao gdm c4 16 tréng va electron. Mdi loai FET chi c6 mot loai hat tai chd yéu, electron dbi

v6i n-FET va 16 trong dbi vé6i p-FET.
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JFET 12 linh kién don gidn v6i chi mot mbi ndi P-N va hai dau S-D c6 thé hodn d6i cho nhau.
Do vay, viéc do kiém tra ciing kha don gian. St dung chiic ning do thong mach (dién trd) cua

dong hd.

N-channel transistor

gate —E| N

Solrce t

drain

source

physical diagram

Bath meters show non-continuity
thigh resistance) through gate-
channel junction.

N-channel transistor

drain

gate :—E| N

source f

source

physical diagram

Bath meters show continuity (low
resistance) through gate-channel
Junction.

Hinh 2.12 Po ki€m tra JFET kénh n: phan cuc thuin

« N&i tit cac chan cta JFET va xa dién tich.

* Kep day do vao tling cip chan cta JFET, lan lugt 1a G-D va G-S
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* Vi chi c6 mdt mbi ndi P-N, gia tri do dugc gidng nhu do diode.

Déi v6i JFET kénh p, tién hanh do nhu trén nhung dao vi tri cip day do cia dong ho.

MOSFET

La linh kién nén tang cho cich mach dién ti s6. PE c6 thé kiém tra MOSFET, tlly vao loai dong

hd ma diéu chinh phuong phép.

Dé kiém tra MOSFET kénh n va st dung dong ho c6 chic ning do thong mach:

 Chu y x4 tinh dién khi tiép xiic v6i ho linh kién MOS.

+ Dung ngén tay tiép xiic dong thdi vao chan Céng va Ngudn (Gate - Source) dé loai bo dién

tich trén c4c chan. Trong cdc budc tiép theo, khong cham vao bat ky phan kim loai nao

trén linh kién.

 Kep day do “-” vao chan Ngudn (Source), diy do “+” vao chan Mang (Drain). MOSFET

tot thi dong ho khong kéu va bao dién trd 16n. Néu dong ho bdo thong mach nghia 12 linh

kién da hong.

[T3R2]

» Tiép theo, kep day do

ddng ho bao thong mach nghia 1a linh kién da héng. Binh thudng, dong ho sé bdo gia tri

dién tré 16n.

* Cubi cling, bd tréng chan Céng, kep diy do “+” vao chan Mang va diy do “-” vao chan

Ngudn. Khi MOSFET tét thi dong ho sé bdo thong mach, gia tri dién trd rat thip vi liic

nay chan Cong da dugc tich dién.

Déi v6i MOSFET kénh p, lip lai cac budc nhu trén nhung hodn déi vi tri day do “+” v

N oee 9

vao chan Nguodn va day do “+” vao chan Cong. Nhu trén, néu
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"
T¥T T4&T
N

)

]

)
oSN/ W

JFET MOSFET

enhancement
mode

—@ o

MOSFET enhanced

weithout bulk (hody terminall shown

Drain D
G M-channel
Source 5
5 S
G F-channel
D D
MOSFET
depletion
mocie

Hinh 2.13 Biéu tugng ctia céc loai transistor trudng.
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St Dung Mach Thu Nghiém

3.1 Giéi thiéu

Mach thi nghiém (breadboard) 12 mdt cong cu co ban can c6 khi hoc dién tir. Trudc kia, ngudi ta
phai han va ndi diy qua céc linh kién d€ tao ra mach dién tii. Viéc ny tré nén rét phic tap va ton
thoi gian dic biét khi phdi 4p dung cho cdc mach 16n, nhiéu linh kién.

Viéc stt dung breadboard da tao ra mot bude dot phd trong viéc ché tao mach thii nghiém.
Trong giai doan cua linh kién dén dién ti, nhiing ngudi yéu thich dién ti thudng dung thét lam
banh mi d€ gan béng dién tit 1én trén, tif d6 tén goi breadboard ra doi. Khi linh kién dién tit tré

nén nho va dé st dung hon, tén goi breadboard van con duge st dung nhu mot thoi quen.

Hinh 3.1 Mach thtt nghiém
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Khi thit mach dién ti trén breadboard, ta khong phai han. Cac linh kién dugc gan Ién
breadboard cho phép thit nghiém cac mach tif don gian cho dén phic tap. Dic biét, khi phai lam
viéc v6i cac IC méi hodc thit nghiém nhiéu tinh ning ctia mach, breadboard cho phép thay déi va

diéu chinh nhanh ma khong phéi lam lai mach in.

3.2 Céhu tao cia Breadboard

Thanh dan dién

Bén duéi breadboard thudng c6 mot 16p keo dan. Khi 16t bd 16p keo dan, ta sé thdy cac thanh

kim loai din dién dit song song tuong ting vdi vi tri ¢6 thé cam linh kién phia trén.

Hinh 3.2 Hai mat trén va duéi

Nhiing thanh kim loai nay dugc ché tao v6i mot chudi cc kep lién nhau gidp gitt chan linh
kién hoic ddy din khi dudc cidm vao breadboard. Nhu vdy, mdi hang lién mach trén breadboard

dudc ndi véi nhau. Chinh giita breadboard c6 mot rinh sau ngin cch hai nira.

Puong cip nguon

Dbi véi cac breadboard thong dung, bén canh cic hang 16 d& gan linh kién 1a dudng cip ngudn
chay doc breadboard. Putng cip ngudn thudng cé hai dii song song, c6 thé dudc danh diu bing

mau hoic ky hién +,- d€ tién di day cip nguon.
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Hinh 3.3 Thanh kim loai dugc thao ra khoi breadboard
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Hinh 3.4 Puong ding cho cip nguodn chay doc theo mach
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Hai dudng cAp ngudn & hai phia ctia mach khong dudc nbi v6i nhau. Dbi v6i breadboard 16n,

dudng cAp ngudn bi ngit & chinh giita. Do vy, khi sit dung ta phai chi dong ndi day dé dam bao

nguodn dién.
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Gan linh kién

Nhu da biét, chinh gitta breadboard c6 mot dudng ngin véi nhiém vu tach riéng hai phan. N6
dudc dung dé€ gin chan IC loai DIP. Ngoai ra, mot sé breadboard con dudc danh sb va ky tu.
Chiing gitip viéc gan linh kién dugc dé dang hon. Mot sb breadboard con c6 céc diém gan day
ngudn, chan n6i mach véi nhiéu mau sic khac nhau. Ching thudng dudce dung cho cac mach 16n

va phuc tap.

Ravine for
DIPICs

i - ¥ - *
-L: ) - L =% - - - -

& # £ & - * - ™ -
= i - - - % = i &

% * - - v -

-

- - - % - w

" - - . - . -
- *

- - £l

Hinh 3.5 Gan IC chinh giita mach d€ ngin cach hai hang chan

3.3 Xay dung mach

So do nguyén ly

Viéc dau tién 12 vé so dd nguyén ly. N6 cho phép ngudi doc hiu va c6 thé tu 1am lai mach khi
cin thiét. Mdi linh kién c6 mot biéu tugng khac nhau. Ta c6 thé vé bang tay hoic bang cac phan
mém vé mach. Dua trén so dd nguyén ly, linh kién sé dudc chon va gén 1én breadboard.

Vi du ta thuc hién mdt mach déng mé den bang cong tic don gian. Ngudn DC 5V dudc st

dung, dén LED va dién trg c6 gid tri tuong ing cing mot cong tac.
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END

Hinh 3.6 So d6 nguyén ly minh hoa
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Hinh 3.7 Thuc hién cam linh kién 1én mach

Thuc hién mach

V6i su phat trién ctia mdy tinh va phin mém mo phong, ta ¢6 thé mod phong mach bang cac phan
mém chuyén dung ma khong can phai dung dén breadboard. Tuy nhién, thuc t& lam mach trén
breadboard sé gitip ta hiu hon vé mach dién ti va rit ra nhiing kinh nghiém quan trong cho viéc

lam mach in.
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4.1 Gii thiéu

Phan mém vé mach dudc st dung dé hd trg qua trinh 1am mach in. Hién nay c6 rit nhiéu phan
mém hd trg 1am mach in, tif phiic tap dén don gian, tif mién phi dén tra tién tiy mic do. Tuy
nhién, d6i véi miic do don gian thi EAGLE 1a mot phan mém phil hop.

N6 c6 thé cai dit trén cac hé diéu hanh khac nhau nhu: Windows, Mac, va Linux. Déng thot,
dung lugng cai dit kha nhd gon, chua dén 200MB véi bd cai dit khodng 25MB. Trong khi cic
phan mém khac c6 thé 1én dén vai GB.

EAGLE c6 hai phién ban, mién phi va trd phi. Trong gi6i han cta nhiing mach in hai 16p pho
thong, st dung phién ban mién phi 1a dii. Ngoai ra, cong dong st dung EAGLE khd 16n va c6
nhiéu hd trg 14n nhau kh4 hiéu qua.

Tuy vy, EAGLE ciing c6 mot sd bt 16i nhu khong c6 thuat ton tu di day cao cap, khong c6

mo phong mach va ché do nhin 3D.

4.2 Cai diat phan mém

EAGLE la m6t san phidm ctia Cadsoft (http://www.autodesk.com). Tuy theo nhu ciu st dung, tai
phién ban phu hop va tién hanh cai dit nhu nhitng phan mém thong dung khac.
V6i phién ban mién phi, kich thudc mach in cho phép 1a 10x8cm, vita di cho nhiitng mach

dién thong thudng. N6 cho phép chay tbi da hai 16p mach in.
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EAGLE 6.4.0 Setup

EAGLE License

If you have received a license file, please select "Use license file” below.

If you have gotten a Freemium code from
https fhvnw  element-14, com feagle-freemium, select Use Freemium code”,

Otherwise you can run EAGLE as Freeware.

To do the licensing when you start EAGLE for the first time, select "Don't license now™,

) Use license file @ Run as Freeware

) Use Freemium code () Don't license now

[ Mext H Cancel I

Hinh 4.1 Phién ban mién phi dudc Iwa chon khi cai dit

Bang diéu khién chinh

Sau khi cai dat, md EAGLE Ién ta s€ c6 mdt Control panel nhu Hinh 4.2. Tai day cho phép truy

cap céc tinh niing clia phan mém nhu:
* Libraries - thu vién chia cac linh kién, loai chan cam, ...

* Design rules - cic luit dinh kiém tra mach. Phu thudc vao yéu ciu cia titng don vi san

xuat mach in ma phai diéu chinh céc luat nay.

« User Language Programs (ULPs) - cho phép tién hanh cic tidc vu mot cach tu dong dua

trén chuong trinh viét bdi ngudi dung.
* Scripts - cdc doan ma chuong trinh dudc ding dé thay ddi giao dién
* CAM jobs - dugc st dung trong qua trinh tao tap tin gerber ctia mach in hoan thién.

* Projects - noi chia dung cdc thanh phan clia chuong trinh 1am viéc nhu so dd nguyén 1y,

thiét ké mach in. Tt ca dudc g6i gon trong cac thu muc.

B6 sung thu vién linh kién

EAGLE chiia rat nhiéu thu vién linh kién cho phép ngudi dung lua chon trong qu4 trinh thiét

ké mach in. Tuy nhién, ngudi ding c6 thé Iya chon st dung mdt géi thu vién dudc sang loc bdi
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Hinh 4.2 Ctia s6 lam viéc chinh

Sparkfun. N6 chi bao gdm cac thanh phan can thiét, dung luong thap va thudng xuyén dudc cap

nhat. Ngoai ra, ngudi dung c6 thé bd sung goéi thu vién ctia riéng minh.

4 Control Panel - EAGLE 640 Light o Directories L
Fim Wiew | Ophom | Window Help
r{—n] Lrares SEAGLEDR Wi
e WECIDnes., EAGLE
Libsraries Backup.. Design RAubes NG iy
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din cta cic thu vién. Néu stt dung Mac, Linux thi dung dau “:

Hinh 4.3 B sung thu vién

Tai Control panel cia EAGLE, chon “Options" — “Directories".

B& sung duong din dén thu muc chifa thu vién méi. St dung dau *;” dé tach biét dudng

6,9

Sau khi bd sung, tai muc Libraries sé thay hai thu vién. Néu khong mubn st dung thu vién

miic dinh ctia EAGLE, kich phai chudt 1én thu muc gbc /br r6i chon “Use none” nhu Hinh

4.4. Thong thuong ta gitt nguyén khong can thay d6i.

Kich chudt phai 1én thu vién mdi bS sung va chon “Use all”. Chi y cac chAm xanh bén

canh thu vién da dudc chon 1a d€ bao hiéu né dang dudc sit dung.
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4 Control Panel - EAGLE 6.4.0 Light

Eile View Options Window Help
Mame Description
4 Libraries

> (2 lbr FETTC

» [ SparkFun-Eag|. New Felder
> Design Rules . -
> User Language Pragrar ECitDScnpoy
> Seripts Use all
» CAM Jobs =
» Projects Use none

Search in folder

C\Program Files (xB6)\EAGLE-6.4.0Nbr

Libraries

The component libraries supplied with EAGLE have been
compiled with great care as an additional service to you, our
customer. However, the large number of available components
and suppliers of these compaonents means that the occasional
discrepancy is unavoidable. Please note, therefore, that
Cadsoft takes no responsibility for the complete accuracy of
information induded in library files.

Additional new libraries, that have not yet been offidally
released, can be found on CadSoft's internet site at the
download section of http:/ [ www.cadsoftusa.com.

Use the ADD command in the Schematic Editor or Layout
Editor window to search for a certain device or package!

Information about defining your own libraries can be found in
the file library.bet in the doc directory.

Hinh 4.4 Thu muc linh kién

Name
B silirovirte,.
B silirocxcd Jor

B alire-xcvlbr
B retexibr
& slog.lbr

4 |4 SparkFun-Eagl...
& LilyPad-We...
& sparkFun-..,
& sparcFun-...
B Spadkfun-...
B SparkFun-...
& SpadeFun-...
BB SpadkFun-..,

4 Control Panel - EAGLE 6.4.0 Light
File Wiew Options Window Help

Description =

» MILIME Virtes VS
* MILINKOn-Systern Progr..,

& wlirc-wclBv,. *

o ILINK Virtex?-E 18 W F...
* Tetex Power MOS FETs,..
* Tilog Z80 Microproces...

SparkFun Electronics’ p...
SparkFun Electronics’ p...
SparkFun Electronics’ ..
SparkFun Electronics’ p..
SparkFun Electronics’ p..
SparkFun Electronics’ p.. -

C\Wsershjirn lindblem) Dropbe! Wk Eagle\ b\ SparkFun-Esgle Libranes-master

[E=EE—

Hinh 4.5 Thu muc linh kién md&i

4.3 Mo chuong trinh

EAGLE sau khi cai dit c6 sin mot sd chuong trinh vi du. Tai Control panel ctia EAGLE, chon

“Project” — “example” — chudt phai 1én chuong trinh quan tim — “Open project”. Hai ciia s6

l1am viéc méi sé dudc md ra: mot chifa so d6 nguyén 1y, mot chiia thiét ké mach in tuong tng.

Chu y: Khong dugc tat ctta s6 vé s¢ do nguyén ly hoac mach in vi ching lién Kkét véi

nhau.

Néu déng mot trong hai ctia s& 1am viéc, cac thay di trén mach tiép theo sé& khong dudc

dong bd héa din dén 16i. D& mé lai ctia s6 bi dong, chon Switch to board/schematic trén thanh

cong cu.

EAGLE cho phép ngudi diing tily bién mot s cai dit dé thuan 1di trong khi 1am viéc. Nhiing

thao tac nay c6 thé dé dang tim thiy trén céc trang mang hd trg ctia cong dong st dung EAGLE.
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F 5
4 Control Panel - EAGLE 6.4.0 Light == X
File View Options Window Help
Mame = Description Arduino Mega 2560 Reference Board
> Libraries Libraries The Arduino Mega 2560 is a microcontroller
> Design Rules Design Rules board based on the ATmega2560. It has 54
» User Language Programs User Language Programs digital input/output pins (af which 14 can be
» Scri Script Fil used as PWM outputs), 16 analog inputs, 4
cripts cript Files UARTs (hardware serial ports), a 16 MHz
> CAM Jobs CAM Processor Jobs crystal osdllator, a USB connection, a pawer
4 Projects jack, an ICSP header, and a reset button, It
X | contains everything needed to support the
1 eagle microcontroller; simply connect it to a computer
4 {3 examples Examples Folder with a USE cable or power it with a AC-to-DC
(B8 ardui A A MM ACEA D fero adapter or battery to get started. The Mega is
4 arduino 5 Open Project == compatible with most shields designed for the
E Arduino_MEGA.. Arduino Duemilanove or Diecmila.
B Arduino_MEGA.] New < o
> ] elektro Electri... €€ WrW.artuine.cc
4 53 hexapod Rename oject
E hexapod.brd Copy
B hexapod.sch Delete
g iﬁ Itspice Edit Description
» 8 singlesided ingle...
> | tutorial Usze all Tutor..
C:\Program Files (x86)\EAGLE-6.4.0 Use none
" Search in folder

Hinh 4.6 M& mot chuong trinh c6 san

y___ 4
F/B Annotation has been severed!
I;I
L

o
T o]

Hinh 4.7 Lbi khi mot ctia sd bi dong

4.4 Tao thiét ké méi

V& so dd nguyén ly mach 1a bu6c dau tién trong quy trinh thiét k& mach in. Dua trén so dd nguyén
ly, linh kién dugc sap xép va day dan ducc két ndi. Mot so do nguyén ly ro rang, chinh x4c sé

gitip viéc thiét k& mach in trén thuc t& dugc thuan 1gi va dé dang sira 16i.

Vé s¢ do nguyén ly

Khéi dong chuong trinh EAGLE, tai ctia s6 Control panel, chon “Projects” — “New project”.
bat tén cho chuong trinh mdi tao ra.
Thu muc mdi dudc tao ra sé& chiia cic tap tin so do nguyén Iy va ban vé mach in. Kich chuot

phai vao thu muc méi tao, chon “New” — “Schematic”.
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TR SLIPL FHEs

- CAM Jobs CAM Processor Jobs

4 Projects

1 eagle !
- ] examples New Folder : Folder

Mew Project
Edit Descripticn
Ll=e all

Hinh 4.8 Tao thiét ké méi

TR SLITPL THES
- CAM Jobs CAM Processor Jobs
4 Projects
4 3 eagle
4 Bare Bones Arduinn @ Fepty Project
© ] examp Close Project mples Folder
New * Schematic
Bename Eoard
Copy Library
Delete CAM Job
Fdit Necrnntinn

Hinh 4.9 So d6 nguyén ly

Lua chon va st dung linh kién

St dung cong cu ADD d&€ mé chiic ning tim kiém trong thu vién linh kién c6 sin. Lua chon linh
kién dong thoi kiém tra loai chan linh kién phit hop. Chii y bd sung ky tu diic biét “*” vao trudc
va sau linh kién can tim kiém d€ c6 cac két qua lién quan. Vi du, tim vi xd ly *atmega328*, nhan
OK dé chon linh kién hodc Cancel dé€ bo Iua chon.

Ngoai ra, néu ta biét linh kién can diing nim & thu vién nao thi c6 thé quay lai ctia s8 chinh
(Control Panel) cuia chuong trinh va tim theo Libraries.

Budc 1: Chon kich thude khung lam viéc

Tao khung lam viéc gitip thiét ké gon gang va dé t3 chiic hon. Thong thudng chon khung
lam viéc ¢d trang A4 hoic Letter theo ki€u My. Vi du, trong thu vién SparkFun chon FRAME-
LETTER. Nhéin OK dé€ tiép tuc.

Sau khi Iya chon diing thanh phan can thiét, n6 sé dudc treo theo con trd chudt. D€ dit linh
kién, thanh phan da chon thi nhin chu6t trai. Sau do, ctia s6 ADD vin mé dé ban chon linh kién
tiép theo. Sau khi két thiic, nhan ESC hai lan d€ thoat.

Budc 2: Luu
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-

[ ADD EY
Marme : Description
4 SparkFun-DigitallC SparkFun Electronics’ preferr..
ATMEGA3ZEP_PDIP uC used in the Arduino ﬁgggﬂggggggg
ATMEGA32EP_PDIP_EZ uC used in the Arduino —
ATMEGA328_SMT 32-Pin Atmega328 part G000 00008000
== - — 10mm
= 0.5in
uC used in the Arduino -
32kb flash, 1k EEPROM, 2k SRAM 3
This is the through-hole version of this chip.
Pads Smds Description [¥] Preview | Attribute Value
Search ¥ *atmega3zs® -
Attributes E3¥ -
[ oK ] l Drop ] [ Cancel

Hinh 4.10 Vi du tim kiém linh kién

[ oo “
| Hame Description
4 SparkFun-Aesthetics SparkFun Electronics’ prefec.,
FRAME-LEDGER Schematic Frame
FRAME-LETTER Schematic Frame
FRAME-A3 Sehematic Frame
- |
o — b Iin
Schematic Frame E

Standand B.5x11 US Letter frame

Parkcane: TREATTVE COMMOMS

JPaks [ Smds | Desopbion [ Preview Attribute Value
Caarch B "fame~ -
Attributes B -

Hinh 4.11 Khung lam viéc

Luu mach vao thu muc da dinh trén may tinh. Chu y, luu thuong xuyén trong qua trinh vé
mach d€ tranh bi mat phan viéc da tao. Tap tin sé c6 dudi .sch.

Budée 3: Thém nguon dién

Ngudn dién sé nam trong thu vién Sparkfun-Aesthetics hoic Power. Chon VCC va GND.

Cic linh kién khdc sé ndm trong thu vién tucng ing nhu tu dién Capacitors, ddu ndi Connectors,

Nén gom cdc thanh phan linh kién ngudn vé mot géc clia khung 1am viéc. St dung cong cu
Move khi can dé di chuyén linh kién. Chu y dit trd chuot 1én diu “+” danh diu diém gbc cia

linh kién khi can tic dong.
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-
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Hinh 4.12 Phan ngudn dién

Budc 4: Vi xtt Iy va cdc thanh phan khac

Vi du tao ra mot mach dién st dung vi xit Iy Atmega328. Cac thanh phan c6 thé tham khao
theo Bang 4.1.

Chii y: Linh kién c6 thé nam trong cdc thu vién khéc tén goi. Trong vi du nay ta dung linh
kién xuyén 16 (PTH), chiing thudng dudc danh diu v6i chan c6 mau xanh trong khi linh kién dén
(SMD) thuong c6 mau do.

Trude khi dit linh kién vao khung lam viéc, kich chuot phai dé€ xoay linh kién cho phu hop.
Trén thanh cong cu cling c6 sin cdc nit hd trg xoay linh kién. Bd tri tit c4 cdc thanh phan cho

tuong xding trén khung lam viéc.

Linh kién Thu vién Tén SO lugng
Atmega328P DigitalIC Atmega328P-PDIP 1
bién tré Resistors Resistorpth-1/4W 4
Smm LED LED LED5Smm 3
Tu dién Capacitors Cappth 1
Nguon Aesthetics Vee GND 4
Chan noi Connectors MO081x08 1
bau nap chuong trinh | Connectors AVR-SPI-PRG-6PTH 1
Dau nap 6 chin Connectors | Arduino-Serial-Programpth 1
Nguodn Aesthetics Vee GND 2

Bang 4.1 Linh kién chinh
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- :3;1' :'-‘:Z i
fiie loliag
FoE o

Hinh 4.13 B0 sung linh kién

Budc 5: B§ sung dau ndi
Cic dau nbi thuong dudc dung dé két ndi cac mach v6i nhau hodic cAp/nhan tin hiéu ra/tli cac

thanh phan ngoai vi khac.

K&t ndi linh kién
Cong cu dudc st dung dé két ndi day 1a NET. Chi y cong cu WIRE dung dé ké duvng thang.
Pi day két nbi

St dung chudt lua chon cong cu NET, kich chon chan linh kién can di day r6i kéo dén vi tri tiép

theo. Pudng day mac dinh c6 mau xanh.
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: BareBonesfrduinag

Hinh 4.14 Khung 1am viéc va céc thanh phan

Not This—»:7: WIRE

Hinh 4.15 Két ndi linh kién bang NET

Néu hai hodc nhiéu day ndi lai véi nhau, diém két ndi sé tao ra mot chim tron dam dé€ danh

déu vi tri. Néu cdc day cat nhau nhung khong ndi, diém cét giita cac day sé khong dude danh dau.

Tao nhan cho duong day

P6i véi mach 16n, phiic tap, viée di day qua tit ca cac chan sé trd nén chong chéo va dé sai sot.
Do vy, ta sé tao nhan cho cac dudng day dé giam thiu viéc di ddy. Nhitng dau dy c6 cuing nhin
sé dudc hiéu 1a ndi véi nhau.

Pau tién, theo vi du trén, sit dung dau ndi sau day. Tai tiing chan cta dau ndi, vé mot doan
day ngan van biang cong cu NET. Kéo diy ra mot doan vita phéi, kich chudt trai hai 1an lién tiép

dé ngat day, nhin ESC d€ thoat cong cu vé day.
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Sheets & x||0.linch(1.169) | |

Vol

A Ja R e

POWER_JACKPTH _

C1

/N
J1

an GND GND

Hinh 4.16 V& day két n6i

JP2

(a) Tao dau day (b) Gan nhan cho day

Hinh 4.17 Day cung nhan sé dugc xem la ndi v6i nhau

Tiép theo, dung cong cu NAME dé€ dit tén cho tiing day. Thay tén cii (do chuong trinh tu tao
ra) bang tén mdi theo yéu ciu.

Sau dé dit nhan cho diy bang cong cu LABEL. Kich chon cong cu rdi kich chon day vira
ddi tén, nhan mdi sé hién ra theo tén da dit. Kich chudt dé dit nhan 1én day da chon.

Thuc hién cac thao tdc trén cho tit ca cac day can dit nhan. Mbi khi thao tac dit nhan cho
dudng day ngudn (VCC, GND) thi chuong trinh s& hién thi cinh bdo. Bé qua canh bdo néu ta
chu dinh dat nhan cho ding duong day.

Sau khi dit nhin cho céc dau ndi, phan day con lai dudc ndi tai chan vi x 1y tuong tng.



4.4 Tao thiét ké méi 41

VCC

J2

Miso Mso [T ~57 +s
4

sck sck 35X <4 [mosi yos|
RESETRESET 50 5 | oND
—O O

AVR_SPI_PRG 6PTH

GND
Hinh 4.18 Lam gon so d6 nguyén ly bang nhan

: U1
Q@—]C PC6(/RESET) CO(ADCO) 1

TUTLU

—~— GND
< 1 GND

ATR AT /A AAAAR PO

Hinh 4.19 Tét ca cic day can dung phai dugc ndi

Mot s6 thu thuét

MB&i linh kién déu c6 hai thanh phan stia ddi dudc, d6 12 tén va gid tri. Tén linh kién (name) nhu
R1, R2, LED3,.... C6 thé st dung cong cu NAME dé€ déi tén linh kién.

Bén canh do, gi4 tri linh kién (value) thé hién dic tinh gia tri cta linh kién. Dling cong cu
VALUE d€ thay d6i gid tri linh kién cho phut hgp. Céc thong s6 nhu tén va gia tri linh kién rét

quan trong dé tdng hop danh sich linh kién trén mach.
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Sau khi vé xong sd dd nguyén ly, c6 thé kiém tra tinh két nbi ctia cac dudng day bang cach st
dung cong cu SHOW. Kich chon cong cu rdi chon dudng day, nhitng diy ndi véi nhau sé dudc
lam ndi bat trén so do.

Mot cach khic d€ kiém tra tinh két ndi 1a tam thdi di chuyén linh kién ra mot bén. Nhiing
dudng day ndi vao linh kién s& bi bé cong nhung vin ddm bao két nbi. Trong khi d6, néu day nao
khong bi kéo theo linh kién nghia 1a két nbi gitta ching khong ton tai.

Déi v6i nhitng day vé sai, bi d& 1én nhau thi st dung cong cu DELETE dé€ x6a di vé lai.

Ngoai ra, EAGLE con c¢6 mot s6 cong cu khac dé hd trg qud trinh vé so do nguyén 1y. Trong
gi6i han ctia phan vé mach don gian chiing sé khong dudc trinh bay thém. Ngudi doc c6 thé dé

dang tim hiéu sau hon sau khi da 1am quen véi chuong trinh.

|ERERERE!

Er BareBonesArdulng

Hinh 4.20 Hoan thién so dd nguyén 1y

4.5 Thuc hién mach in

Mach in 12 noi hién thuc héa so dd nguyén ly. Trong khi thiét k& mach in, cdc cong viéc cu thé

phéi dugc tinh todn nhu loai linh kién, vi tri cu thé, vat liéu mach in, . ... Sau khi hoan tit so d
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Mau Tén16p | SO cualdp | Tinh nang
bo Top 1 Ldp dong trén cung
Xanh duong | Bottom 16 L6p dong dudi cung
Xanh 14 Pads 17 DPiém dong hd dé han
Xanh 14 Vias 18 L6 nho phu dong, két noi hai 16p mach in.
Vang xam Unrouted 19 Day tin hi€u chua dudc vé trén mach in
Trang xam | Dimension 20 Puodng bién ciia mach
Trang tPlace 21 Silkscreen mat trén cung
Vang bPlace 22 Silkscreen mdt dudi cung
Xam tOrigins 23 Ldp trén cung dat linh kién
Xam bOrigins 24 Ldp dudi cung dat linh kién
Xam tStop 29 L6p trén cung khong cho phép phu chat han
Xam bStop 30 L6p dudi khong phu chat han
Xam Holes 45 Khu vuc 10 khoan b trong, khong lién két
Vang xam tDocu 51 Chi dung cho minh hoa

Bang 4.2 Danh sach céc 16p can chi y khi vé& mach in

nguyén ly, kich chon niit Generate/Switch to Board trén thanh cong cu dé€ chuyén sang phan thiét

ke mach in.

T ——— |

SR RN AR B8 ¥ -

Hinh 4.21 Linh kién tuong tng trén ban thiét ké mach in

MGt s6 chi ¥ khi sit dung chweng trinh

EAGLE cho phép vé nhiéu 16p mach in khac nhau. Cac 16p c6 tinh ning tuong tu dudc danh
dau bi“mg mau nhu nhau. D& bat hoidc tit mot 16p nao do trén mach in, st dung cong cu Layer

Settings.
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Trong khi 1am viéc vdi chuong trinh vé mach in, cdc thanh phan c6 thé bi chong 14n 1én nhau.
Vi du nhu hai diy dan & hai 16p mach in khac nhau c6 thé dit chéo qua nhau. Khi mudn chon
day dén tai khu vuc bi chdng chéo 1én nhau, ta phai kich chon chudt trdi hai 1an d€ xac nhan day
dudc chon. Hoic kich chudt trai mot 1an roi chuyén qua day phia sau bang cach kich chudt phai

mot lan.

Sap xép mach in

Vi ly do kinh té, ngudi ta thuong cb gang sap xép linh kién dé tao mach in c6 kich thuéc cang
nhd cang tot.

Trong khi sip xép mach in, trén phan 1am viéc nén hién thi mang luéi d€ tién 1am viéc. St
dung nut cong cu GRID d€ thay d6i gid tri mang Iu6i phit hgp. Thong thudng thang do dudc dit
san 1a inch, ta c6 thé ddi sang mm néu cin. Mdi khi thay d6i vi tri linh kién, ching sé dudc sap
xép bam theo lu6i. Khi mubn thay ddi vi tri linh kién mot cach chi tiét, nhdn ALT trén ban phim

trong khi di chuyén linh kién.

& orid [z
Display Style
@ On off Dots @ Lines
Size: 0.0 inch v |[ Finest |
Multiple: 1
Alt: 0,005 inch v |[ Finest |
Default | OK | | Cancel |

Hinh 4.22 Chon chi tiét cho lué6i hién thi

St dung cong cu MOVE dé sap xép lai vi tri linh kién. Vi tri linh kién trén mach c6 tic dong

rt 16n dén cac budc tiép theo. Mot s6 chi y khi sap xép linh kién:
+ Khong xép chong linh kién - giita c4c linh kién can mot khoang trong nhit dinh d€ tranh

ngan mach.

* Giam thiéu cac dudng bdo két ndi chong 1én nhau - mdi dudng két ndi sau nay s& 1a mot
dudng trén mach in. Khi can thay d6i vi tri linh kién, nhan niit RATSNEST dé€ kiém tra

cac dudng két ndi.

« Dit linh kién tity theo yéu cau - mot s6 linh kién c6 yéu cau dic biét khi dit trén mach in.

Tuén thii nhitng yéu cau ctia thiét ké mach dé dat két qua tbi uu.
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Hinh 4.23 Sap xép mach in trong vi du theo hinh

Piéu chinh kich thuéc mach

| 20 Dimension v| _I,--"' AT /7~ 4 5 Radius: 0 - F" Width: 0,008 - Sty.rle:|cuntinunus -

Hinh 4.24 Cong cu vé duong bién cho mach

Sau khi sap xép linh kién. St dung cong cu WIRE dé vé khung vién mach in. Chon 16p can
thao tic 1a 20 Dimension. Do rong dudng day thudng 1a 0.008". Bat dau tai diém gbc ctia ctia s&

lam viéc, vé mot hinh chit nhat bao quanh linh kién.

Di day mach in

Day 1a phan thd vi nhét khi thiét ké mach in. Ching ta sé chuyén céc day bao két ndi thanh dudng
day trén mach in. Chud y khong dé cdc dudng tin hiéu trén ciing mot 16p mach in chong chéo 1én

nhau.

Cong cu di day

St dung cong cu ROUTE dé€ di day. Chu y su khdc biét gitta cac cong cu WIRE, NET va
ROUTE.
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Hinh 4.25 Vé dudng bién cho mach

Width

Width: ool -

Layer | Bend Style

B -|ar~rrerrr5a T

Via Settings

nll.ﬁ Diameter: aubn = Orlk 0,02 =

Radus: 0 - E F

Hinh 4.26 Thanh cong cu va cai dat

* Layer - d6i v6i mach in hai 16p, chon dudng day di bang 16p top (1) hoiic bottom (16).

* Bend style - thong thuong st dung loai bé goc 45°

Width - d6 rong dudng diay dong, thong thudng dit 0.01 inch, khong nén nhé hon 0.007

inch. Po rong dudng day 16n khi can tai dong dién c6 cudng do cao.
* Via Options - lua chon hinh dang, kich thudc va 16 khoan khi can thiét.

Sau céc budc diéu chinh, kich chudt chon dudng bao két ndi, bat dau tir chan linh kién. bi
day theo hudng da da chon, két thic qua trinh tai dau day con lai. Trong qua trinh di day, kich
chuot trdi tai cdc vi tri can c¢d dinh duong day.

Chd y tranh di ddy chong 14n, dé Ién céc thanh phan khic trong mach. Ddi véi cac dudng day
& hai 16p khéc nhau thi c6 thé di chéo qua nhau. Céc day & cing mot I6p phai cach nhau mot
khoang t6i thiéu bang do rong mot dudng day dang vé, néu khong phai tuan thi theo yéu cau cta

nha san xuat mach in.
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Hinh 4.27 Bi day tao duong mach

Tao Vias

Vias cho phép lién két cac dudng ddy & nhitng 16p mach khac nhau. Trong khi di mach, néu
can chay day qua 16p khac, kich chuot trai d& gan diy xudng mach. Ddi sang 16p khac bang cach
chon tai thanh cong cu hoic kich chudt gitta d€ d6i 16p. EAGLE sé tu dit Vias tai vi tri doi gitta

cac 16p mach in.

Hinh 4.28 Tao Vias dé tranh chong day

Trong qua trinh vé mach, khi can xé6a dudng day bi 16i, sit dung cong cu RIPUP. Chon cong

cu rdi kich chudt 1én dudng day da vé sé khién né trd lai thanh dudng bao két ndi.
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Tu dong chay mach

Néu mudn tiét kiém thai gian thi c6 thé tin dung cong cu ty dong chay mach Autorouter. Chon
cong cu roi nhin OK. Néu khong thich, nhan Undo d€ tra lai mach ci.

Khong phai lic ndo Autorouter ciing c6 thé giai quyét viéc chay mach nhu mong doi. Khi
can thiét, st dung cdc cai dit Optimize c6 sin ctia cdng cu Autorouter hodc didu chinh bang tay

nhu trén.

o accuer ey MM -

General | Follow-me | Busses | Route I Optimize 1 | Optimize 2 | Optimize3 | Optimize4 |

Preferred Directions — Routing Grid 50

Via Shape [Round

]

16 Bottom [~ =]

[ Load... ][Saveas... ]

[ OK ][ Select H Cancel ]

Hinh 4.29 Chay day tu dong véi Autorouter

Kiém tra loi

Déi v6i nhitng mach phiic tap can dugc san xut tai nha mdy, cong viéc quan trong trude khi gii
thiét k& mach in di 12 kiém tra 16i. Pau tién 12 kiém tra s6t day, kich chon RATSNEST va xem
thong béo sd day bi sot.

Design Rule Check

Mot khi tit ci cac day bao két ndi da dudc cb dinh trén mach in, buée tiép theo 1a ki€m tra
16i thiét k&. Nhéin chu6t chon DRC trén thanh cong cu.

Céc cai diat nham muc dich kiém tra khoang cach an toan giita cac day, d6 rong ctia day, 16
khoan, .... C6 thé sit dung bo cai dit c6 san hoic diéu chinh theo yéu ciu c4 nhan. Sau d6 nhin
Check d€ kiém tra toan bd mach.

Néu c6 16i, bang thong bao DRC sé cho biét cu thé vi tri can diéu chinh.

» Clearance - 16i bao duong ddy qui gan nhau hodic gan cédc thanh phan khéc. Di chuyén, kéo

dan dudng mach dé€ ddm bao khoang cich can thiét.
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Ble | Leyers | Clearsnce | Distance | Sizes | Resting | Shepes | Supply | Masks | Misc

EAGLE Design Rules

The default Design Rules have baen sat ta eover & wide range of apphcations, Yeur particulsr design may have different recLirements, so plesss make the
necessary adjustments and save your qustamized desgn rues under 3 new name.

Echit Desseription...
Liaad, Save a8
Check Select Cancel Aaply

Hinh 4.30 Kiém tra 15i thiét k& véi DRC

» Overlap - cdc dudng mach bi chdng 14n 1én nhau. Tach biét cac dudng mach tranh ngin

mach.

+ Dimension - linh kién hodc dudng mach d€ 1én dudng bién ctia mach. Di chuyén vao trong

d€ tranh bi cat khi mach in dudc ché tao.

Y - .
\

Hinh 4.31 DRC bdo 16i

Hoan thién mach

Copper Pours (d§ dong) 1a mot thao tac bd sung nhung dem lai nhiéu tdc dong tich cuc cho
mach in. Thong thudng, d6 dong dung cho dudng cip ngudén GND.

Pau tién chon cong cu POLYGON, chon 16p mach in muén d& dong, dit Isolate khoang
0.012 inch dé€ tao khodng tich biét ving d6 dong va cic dudng tin hiéu khac.
[ P e e L « [Er wanco - [f)d O o () (M)l oo o012 < spoongi cos - Rk

Hinh 4.32 V& POLYGON bao phi viing can dé dong

St dung cong cu vé dudng thiang doc theo dudng bién ctia mach d€ tao thanh mot viing khép
kin. Két n6i ving vira dudc vé v6i duong tin hiéu bang cong cu NAME. Chon dudng vita vé
xong, dit tén 12 “GND”. Nhan nit RATSNEST, viing d6 dong sé phii 1én cac khoang tréng va

lién két v6i duong ngudn “GND”.
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Déi v6i mach in hai mit, két ndi dudng “GND” ctia hai mit v6i nhau r6i thuc hién d6 dong
cho mat con lai.

Silkscreen c6 thé dugc dung d€ gitip mach in nhin ro rang hon. Diéu nay dic biét quan trong
dbi véi nhitng mach 16n, phic tap. Tuy nhién, d6i v6i nhitng mach thong thudng, khong nht thiét
phai thém Silkscreen.

Tao Gerbers 1a diéu bit budc dé nhitng nha mdy san xuat mach in c6 thé hiéu dugc thiét ké
ctia khach hang. Stt dung CAM Processor dé tao ra cic tap tin Gerbers theo yéu cau clia nha sén

xut mach in. Néu thuc hién tu 1am mach in thi khong can thiét phai tao ra céc tip tin Gerbers.

0" o
(F o
O] 0l
) 0
O 0.
O o
o 0
O a
D

\_/

(a) Mach sau khi d6 dong (b) Mach vi du thuc té vé6i 16p bao vé mau xanh

Hinh 4.33 Hoan thién mach
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Thuc Hién Mach Thuc Té

5.1 Gii thiéu

Trudce kia, cdc nha mdy va co s ché tao mach in thudng khong nhan 1am mach in véi quy mo
nho 1€. Do vay, nhitng ngudi yéu thich dién ti thudng phai tu 1am mach in tai nha. Hién nay, trén
thi thudng c6 kha nhiéu cong ty nhan lam mach v6i quy md nhé véi gid thanh kh4 canh tranh.
Tuy nhién, tu khac mach in 1a mot k§ ning can cé ciia bat ky ngudi lam dién ti nao tif nghiép
du dén chuyén nghiép. N6 cho phép ta tao ra mot mach in thit nghiém trong thdi gian ngan. Quy
trinh ty khac mach in kha don gian dbi véi nhitng mach in khong c6 thiét ké phic tap. Pong thoi
ta c6 thé chii dong kiém sodt ca quy trinh, tlf viéc tao ra nhiing chi tiét dic trung, cat mach theo

hinh dang tuy y cling nhu stt dung vat liéu dac thu.

5.2 Quy trinh tu khac mach in

Nhu da biét, mach in thuong dudc lam bang FR4 vé6i 16p dong phii mot hoic hai mit. DE khic
mach in, ta c6 thé st dung mdy khiac CNC nhung cich don gian va thong dung nhét 1a ding héa

cht.

Ve mach

Sau khi da c6 thiét ké nhu mong ddi, cach don gidn nhét dé chuén bi cho viéc khac mach in 1a vé
bang tay. St dung con va vai dé chui sach bé mit ban mach dong trude khi sit dung. Dua trén ban
vé mach in di c6, diing but 16ng loai khong x6a dudc va vé lai dudng mach theo thiét ké.

Céch thif hai 12 in thiét ké 1én trén mot to gidy bong. Sau d6 dit né 1én trén ban mach dong va

gia nhiét d&€ chuyén muc in ti gidy sang bé miit mach dong. Nén st dung mdy in laser muc den
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Hinh 5.1 V& mach bang biit

va c6 thé dung ban ui (ban 13) v6i miic nhiét cao nhit trong vong 30 dén 60 gidy. Sau khi mach in
nguoi di, g5 bd to gidy va kiém tra két qua. D6i v6i nhitng dudng diy manh hodc diém bi md, st

dung buit vé de¢ 1én d€ dam bao dudng mach rd nét.

Hinh 5.2 In mach 1én gidy bong roi chuyén qua tim mach dong

Khac mach bang hoéa chét

Nhiéu loai héa chét c6 thé dudc sit dung dé khac mach in. Thong dung nhét 13 FeCl3, bot mau
vang sam, huit nudc cao, c6 tinh an mon cao, it doc nhung ré tién va dé mua. D€ ddm béo an toan,

stt dung ging tay, deo kinh bao vé mit va khong dung trong dung cu chita dung thuc pham.



5.2 Quy trinh tu khic mach in 53

Hinh 5.3 Ngiam mach da vé vao trong dung dich héa chét

Trong qua trinh ngdm mach, ding que nhua khudy nhe dung dich d€ ddy nhanh téc do khac
va do dong déu. Qua trinh két thiic khi quan sat thay viing dong khong dudc vé bi khac ra hét
khdi mach. Liy mach ra khéi dung dich, riia sach b??mg nudc sau do chui bﬁng con hoic acetone.

Phai ddm bdo dudng mach béng, sach khong con héa chét du thira.

Hinh 5.4 Héa chét in mon viing dong khong dudgc vé

Hoan tht

Tuy tling loai linh kién, néu diing linh kién khoan 16 thi phai chii y dén do rong 16 khoan. Trong

khi d6, st dung linh kién ddn can dam bio dudng mach khong bi dinh vé6i nhau.
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Hinh 5.5 Lau rita mach sau khi ngdm héa chét

Hinh 5.6 Khoan 16 theo vi tri chan linh kién

Trén thuc t&, mach in con dudc ché tao v6i nhiéu loai 16p nén khac nhau. Tuy theo diéu kién

cu thé, ngudi ta st dung nhiing phuong phap khic mach in khac nhau.

5.3 Han linh kién lén mach

Han linh kién 1én mach in 12 mot k¥ thuat co ban nhung quan trong d6i v6i nhitng ngudi quan
tam dén linh vuc dién ti. Bt ci ai cling c6 thé hoc va thiét ké dién ti, nhung lam chi k¥ ning

han mach s€ 1a buéc dém giup nhitng ngudi yéu thich dién ti dat dugc nhiing thanh tyu mdi.
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Trong tai liéu nay, chung ta sé di qua cac budc co ban ctia ky thuat han linh kién xuyén 16
nhu céc cong cu can thiét, k§ thuit co ban. Chung ta ciing sé 1am quen v6i ki thuat sita mbi han
va cung cip céc thd thuit ki€ém tra mach can thiét. K§ thuat han linh kién trén bé mit sé dudc

trinh bay trong mot phan khéc.

5.4 Machin PCB

Trudc kia, cac linh kién dién tif dudc ndi véi nhau bang day boc cach dién. Chiing rat phic tap va
dé bi dodn mach do céch dién kém hoic 130 héa. Qua thdi gian, khi linh kién dién tif phat trién
va gid thanh giam xudng, cdc nha san xuit da tim ra cach ché tao mach dién don gin va ré tién

hon, d6 chinh la mach in (Printed Circuit Board - PCB).

]

aavo ~dvam

Hinh 5.7 Mach dién ndi bing day rdi

Trén mach in 14 cac dudng diy va diém han dé ndi nhiéu di€ém véi nhau. Ching c6 nhiém vu
cung cAp dudng tin hiéu va ngudn dién cho céc linh kién dién ti & trén mach. Chat han dugc lam
bing kim loai, c6 nhiém vu két nbi dién giita cac diém dudc han. Pong thdi chit han con c6 tic

dung nhu mot loai keo d€ cb dinh linh kién.

Cau truc cua mach in

Mach in dugc ciu tao bdi nhiéu 16p vat liéu ghép chong 1én nhau. Vit liéu nén thudng 1a soi thiiy
tinh, ching tif 1au dugc biét dén véi tén goi FR4. N6 gitdp mach in c6 do ciing va diy can thiét.

Ngoai ra con c6 loai mach in mém dudc ché tao trén vat liéu nén la nhya déo chiu nhiét.
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Silkscreen

Soldermask

Copper

Substrate (FR4)

Hinh 5.8 CAu triic mach in hai 16p

Mach in c6 nhiéu d6 day khac nhau tily muc dich st dung. Thong thudng mach in day 1,6mm.
Céc loai mach in ré tién khic thudng khong st dung FR4 va sinh ra mui rat kh6 chiu khi han. Vi
st dung vat liéu ré tién, nhiing loai mach nay c6 tinh chiu nhiét kém va dé bi bong tréc, chay

xém va sinh ra khéi khi bi han trong thdi gian dai.

e s assvessme e
T NWNANEIHD 43008

Hinh 5.9 Mach 1am sdn gia ré

L6p thit hai trén mach in 12 dong dat mong. P6i v6i mach in hai mit, 16p dong dudc gan trén

hai mit ctia 16p nén. Trong cdng nghiép, ngudi ta c6 thé tao ra mach in 16 16p.
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Ldp bao vé
Bén trén 16p dong c6 mot 16p bao vé (soldermask) va thudng c6 mau xanh 14 cdy, hodc dd, tring
tiy y. Nhiém vu ctia 16p nay 1a cach dién cho 16p dong. Pong thoi gitip ngudi ding han linh kién

ding vi tri va khong bi han dinh céc diém gan nhau.

(a) Lép bao vé (b) L6p minh hoa

Hinh 5.10 C4c I16p hd tr¢ mach in

L6p minh hoa

N6 dudc in 1én trén 16p bao vé. Lép minh hoa (silkscreen) bd sung céc chi tiét giai thich nhu ky
tu, chit s6 va biéu tugng cho phép ngudi dung dé lap rap linh kién ciing nhu nam bat nguyén ly

mach.

Mot s6 thuat ngix
Trong qua trinh lam mach in, chiing ta c6 thé bat gip mot sb thuét ngit nhu sau:
* Annular ring - viing kim loai bao quanh mot 16 khoan da dudc phi chét han.

* Drill hit - di€ém can khoan 18. D6 chinh xac ctia diém khoan 16 12 mot trong nhiing cach

danh gid chat lugng mach in.

* Finger - vung kim loai khong dugc phu bao vé chay doc theo mach in. Day thuong la noi

dugc dung dé ndi cac mach in v6i nhau.

* Mouse bites - mdt loat cac 16 khoan dugc dit gin nhau nham lam yéu mach in tai ving sé

dugdc bé rdi sau khi ché tao.
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* Pad - vung kim loai khong dugc phu bao vé, noi s€ dat cac linh kién dién tu.

* Panel - tAim mach in 16n chifa nhiéu mach nhd. Piéu nay gitip viéc ché tao dugc don gian

va hiéu qua kinh té cao hon.

* Paste stencil - tim kim loai hodic nhira mong dudgc dit trén mach in d€ danh dau khu vuc sé

dudc d6 chat han trong khi ché tao mach in.
* Pick-and-place - quy trinh dat linh kién 1&én mach in.

* Plane (pour) - khu vuc ddng lién khéi trén mach in thudng dudc ngin cach bang cac duong

mach.
* Reflow - 1am néng chdy chét han dé€ két n6i mach in véi linh kién
* Solder paste - chit han & dang mém dugc d'Zip 1én khu vuc can han ctia mach in.

* Via - 16 trén mach in dugc dung dé két ndi tin hiéu giita cac 16p mach in.

(a) L6 khoan trén mach (b) Phii chat han 1én vi tri can han

Hinh 5.11 Danh diu 16 khoan va vi tri can han

5.5 Han mach in

Han 12 qud trinh két ndi hai tim kim loai véi nhau bang méi han. Khi han linh kién 1én mach in,
ta st dung chét han d€ tao mbi han. Trudc kia, chit han thudng dugc lam bang chi, thiéc va mot
s6 chit phu gia khac. Do vay, theo théi quen ta van goi 1a chit han 13 “ chi han”. Tuy nhién, chi la
mot chit doc dbi v6i con ngudi.

Nim 2006, tiéu chudn RoHS ra doi nham han ché viéc st dung chi trong san xuét va ché tao

san pham dién, dién tir. Chat han do vay ciing dudc loai bo chi khoi thanh phan ciu tao. Hién
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nay, chit han ciu tao chii yéu tit thiéc va mot s6 kim loai khac. Trén bao bi san pham sé& dudc

danh diu RoHS d€ gitip ngudi mua phan biét dudc.

Dé& dam bio chit han khong chi c6 thé thay thé dudc loai chi han truéc diy, ngudi ta phai bo

sung mot 16p 16i chita chét hd trg trong qua trinh san xuit day han. Diéu nay khién cho chit han

khong chi c6 gid thanh cao hon chi han loai cii. Chat han c6 thé dugc ché tao & nhiéu dang khic

nhau nhu day han, théi han va & dang déo.

Dung cu can thiét

Mo han 1a dung cu dau tién can phai c6 trong qua trinh han mach in.

Hinh 5.12 Mo han thong dung

Miii han - day 14 bo phan dugc nung néng va 1am chdy chat han dé két ndi hai bd phan can
han. Hau hét cac mé han cho phép ta thay miii han d€ phit hop méi muc dich st dung khac

nhau. Céc loai mé han ré tién thudng khong c6 kha ning diéu chinh nhiét do.
Hop diéu khién (tuy loai) cho phép ting giam nhiét do.

Chan dé - dung d€ giac mé han trong khi sit dung. Loai phtc tap c6 kha ning cat gidm

nhiét d6 khi dit mo han 1én trong khi loai chan dé thutng chi don gian lam bang sat.

Bui nhiii dong/sit - ding d& chti mii han khi n6 bi bam tap chit. C6 thé sit dung vai 4m
dé chuii miii han nhung n6 sé khién mii han bi thay d6i nhiét d6 dot ngot dan dén giam
tudi tho.

Huit chét han - loai dau tién 12 mot diy dong bén tir cdc soi nho. Dit day hiit chit han 1én

bé mit can loai bé chit han va né s& thim chat han néng chay vao diy. Loai thif hai 1a ng

hiit chit han. Lam néng chdy chét han rdi hiit vao 6ng nhd luc hiit chan khong.
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 Chét tdy mai han va chat rita m6i han - cho phép rtta mii han khi ban va tao ra mdi han

bong dep hon.

* Mot s6 dung cu khic nhu: tay giit mach kém kinh ldp, kim cit, kinh bao h, ...

Hinh 5.13 Cac loai mii han

(b) But chita chit hd trg han
(a) Bui nhui d6ng

Hinh 5.14 Dung cu hd tr¢ han

(a) Day hit chat han (b) Bom huit chit han khi bé linh kién

Hinh 5.15 Dung cu hd tr¢ han
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(a) Chét rita miii han (b) Tay gilt mach in

Hinh 5.16 Dung cu hd trg han
Nhirng chu y khi han
e Cén trong v6i mé han néng.
+ Khi can c6 thé st dung tay giif mach dé tranh mach in di chuyén trong khi han.
» Néu c6 thé diéu chinh nhiét d6 mé han, dit né & khoang 325 —375° C.
+ Khi qua nhiét, chit han sé bdc khéi. Can giam hoic tam thdi tit mé han.

» Tru6c khi han, trong qua trinh gia nhiét cho mé han nén chAm mat it chit han vao dau mé

han dé dé si dung.

* Diém tiép xtc khi han 12 phia bén canh ctia miii han chif khong phai dau mii nhon ctia mé

han.

« Khi han, gia nhiét dong thdi cho ca hai thanh phan can han. Vi du nhu chén dién trd va 16

mach in.
+ Khi chét han tan chdy vita di quanh méi han thi rit ddy chit han ra trude réi mé han ra sau.

+ Mbi han dep khi tao ra hinh chép nhon bao quanh chan linh kién, khong vén cuc, khong

thiéu hoic thira chét han, khong lan ra xung quanh.

* Cach don gian nhét d€ c6 mbi han dep 1a thuc hanh that nhiéu. Trong qu4 trinh 1am viéc ta

s& it ra dudc nhiéu kinh nghiém va rén luyén k¥ ning han.
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A Solder flows around the leg and fills the hole - forming a
volcano-shaped mound of solder

ﬁ:@):)—;b . B Error: Solder balls up on the leg, not connecting the leg to the metal ring.

Solution: Add flux, then touch up with iron.
Don’t: Use the very tip of the iron.

Do: Use the side of the tip of the iron, “The Sweet Spot.”

. N

C Error: Bad Connection (i.e. it doesn't look like a volcano)
Solution: Flux then add solder.

Do: Touch the iron to the component leg and metal ring at the D Error: Bad Connection...and ugly...oh so ugly.
same time. Solution; Flux then add solder.

' L E ErTOr Too much solder connecting adjacent legs (dka a sokder jumpe.
Do: While continuing to hold the iron in contact with the leg and Solution: Wick of excess solder

metal ring, feed solder into the joint.

Don't: Glob the solder straight onto the iron and try to apply the
solder with the iron.

Do: Use a sponge to clean your iron whenever black oxidization
builds up on the tip.

Hinh 5.18 Han linh kién xuyén 16 trén mach in

Lam sach mach in

Trong qu4 trinh st dung chét han khong chia chi, chit hd trg han du thita sé c6 kha ning lam hu
héng mach néu khong dugc tay rita k§. Cach 1am sach don gian nhit 1a ding ban chai danh ring

va coOn tdy rita d€ danh sach mach in sau khi han.
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5.6 Danh sach cac mach vi du

Trong phan nay, sinh vién sé tién hanh lam mach thuc té. Danh sach cdc mach vi du sé dugc cung
cip, mdi sinh vién lua chon mot mach dién ti tuong tu va mot mach dién ti s6 d€ 1am. Quy trinh
1am mach thuc té gdm: vé so dd nguyén ly va mach in trén mdy tinh, st dung breadboard dé thi

nghiém va cudi cling 12 hoan thién mach PCB.
Mot s6 chi y
* Thu ty chan B-C-E cua BJT.

* Vi tri chan cta bién trd.

* Ciéc IC khong c6 hién thi chan ngudn (VCC, GND) nhung sé dudc tu dong ndi véi diy c6
nhin VCC va GND. Trong trudng hop st dung thu vién c6 sin, mdt s6 IC ¢6 ky hiéu chan
nguon dic biét. P& ddm bao khong ndi sét day cip ngudn, kich chudt phéi 1én linh kién va

chon Invoke. Vi du: chan nguon ctia IC 74390 trong Hinh 5.26.

e Cac linh kién dudc gom lai theo thu vién c6 cung tinh nang.
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Hinh 5.19 So d6 mach khuyéch dai dung BJT
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Hinh 5.20 Mach khuyéch dai dung BJT
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> 14 £ a§a a§§ 323
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Hinh 5.21 Mach dao dong da hai dung BJT
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Hinh 5.23 Mach phat xung dung IC 555
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Hinh 5.24 Mach giai ma BCD-thap phan
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Hinh 5.25 Mach giai ma sang LED 7 doan
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File View Options Window Help
MName - Description 74*a47
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i W elementld Libraries from
> T spice ,Be00000
I n 19inch.lbr ® 19-Inch Slot Ex :‘: 1 o=yaLlE
b @ 40t ® CMOS LegicC 331 il
b (@ 4l ® 41 Series Den | B 1 s S 11 eoooooe
b (@ 4sclbr * CMOS LogicC —: = &, |[HE—
v @ 74ac-logic.lbr ® TTL Logic Dev — mres £ [— ;-;‘- Dual In Line Package
> |@ 74tti-din.lbr ® TTL Devices w o |t e
b @ 7sc-eulbr ® TTL Devices, 7 SUALIE
B n Tdac-little-de.lbr ® Single and Dui
[> n Tdx-little-us.lbr ® Single and Dui
= n Tdwoe-us.lbr ® TTL Devices, 7 Device Package Description
[ n 751w lbr & Tooo Series De 7454 ADDDIL1G Dual In Line Package
[» n advanced-test-technolog.. ® Advanced Test
I n agilent-technologies.lbr ® Agilent Techne
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File View Optlons Window Help
MName . Description = | 74*47
B 7oy Quad 2-input | oop 4 even segment DECODER/DRIVER
& 7439 Quad 2-input
:I} Ja+432 4-line to 10-lir| || Source: http:ffwww.ee.washington,edu/stores /DataSheets/74ls/74s47.pdf
7445 BCD to decimi
3 o ey 06000000
(3 7447 ~ BCDtoseven: =Y vaLLE
I 7478 BCD to seven il L e g o
3= 7440 BCD to seven: o B o R e
. : o 10mm
33 74750 Dual 2-wide 2- —: ‘= L | eem—
& 74051 AMND-OR-INVE s T — s Dual In Line Package
3 7454 4-wide AND O . o o U
& 7455 2-wide d-inpur AL
:[,i 74756 FREQUEMCY C
& 74+50 Devide by-N-¢
3= 74760 Duald-inputE | Device Package Description
:I} 74*63 Hex current se 74547 ADDDIL16 Cual In Line Package
2 74764 4-2-3-2 input ,
= 74765 4-2-3-2 input
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F Control Panel - :

File View Options Window Help

Mame . Description | 74*390
:Li Fiioiia s 4—Fo i Dual 4-bit decade and binary COUNTER
I 747354 8-to1 line dat:
& 744356 8-to1 line dat:
& 747365 Hex BUS DRIVE
& 74+366 Hex BUS DRIVE
& 747367 Hex BUS DRIVE b
& 744368 Hex BUS DRNEt A it t
& 74373 Octal D type tr e e SR e
3 744374 Octal D type tr R N
& 74e375 4-bit bistable | i
3= =77 Octal D type F e e
& 747378 Hex D type FLI
& 747379 Quad D typeF
& 747386 Quadruple 2-ii | Device e SN
|2& 747390 —ETETre 74390M ADDDIL16 Dual In Line Package
& 747393 Dual 4-hit dec
= 74700 Dual 4-bit dec
& 74+533 Inverting 8-bit
= 747534 8-bit D type FL
& 747540 Octal BUFFER
'Ii TA*EA1 M~+al RIIEFEFR
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