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LOT NOI PAU
Gi4o trinh “Thiét k& mach in” duoc bién soan dya trén tai liéu “PCB Design
Using OrCAD Capture and Layout” va kinh nghiém thyc té cua tac gia nham muc dich
cung cap cho sinh vién nhitng kién thirc co ban vé thiét ké so d6 mach in trong linh vuc
ky thuat dién-dién tir. Noi dung gio trinh gigi thidu vé cau tao vat ly, quy trinh thiét ké
va san xuat bo mach in, gigi thiéu nhitng t6 chirc va cac tiéu chuan cong nghiép trong
linh vuc thiét ké mach in. Tai liéu ndy st dung phan mém OrCAD phién ban 9.2 dé mé
ta c4c thao tac trong qua trinh thiét ké trén nhirng vi du cu thé gitp cac ban sinh vién d&
dang tham khao va thyc tap cac ky nang sir dung phan mém.
Noi dung gi4o trinh gém 8 chwong va cac phan phu luc:
Chuong 1: Gi6i thiéu vé ciu tao vat ly ctia bo mach in va chirc nang caa phan mém
hd tro thiét ké.
Chuong 2: Trinh bay tong quat vé cac budc trong quy trinh thiét ké mach in.
Chuong 3: Hudng dan cach thiét 1ap Project va gidi thiéu cac cdng cu co ban trong
OrCAD Layout.
Chuong 4: Giéi thiéu céc t6 chic va cac tieu chuan thiét ké mach in trong cong
nghiép.
Chuong 5: Trinh bay chi tiét vé quy trinh Iap rap, cach thac han linh kién, quy udc
vé khoang cach giira cac linh kién va nguyén tic thiét ké footprint.
Chuong 6: Huéng dan sir dung céc cong cu thiét ké so dd mach nguyén ly trong
OrCAD Capture.
Chuong 7: Huéng dan st dung céc cdng cu thiét ké so ¢6 mach in trong OrCAD
Layout.
Chuong 8: Vi du minh hoa
Phu luc A: Danh sach tén viét tit dang dong goi linh kién va thu vién footprint
tuong (ng trong layout
Phu luc B: So d6 mach nguyén Iy tham khao
Phu luc C: Hudng dan cai dat phan mém orcad 9.2
Phu luc D: Dia chi méot s co s& san xuat mach in
Phu luc E: Huéng dan thi céng bo mach in mot 16p
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CHUONG 1: GIOI THIEU

1.1 Phan mém hd tro thiét ké va OrCAD

Thuat ngi phan mém hd tro ki thuat (CAE: Computer Aided-Engineering) dugc dinh
nghia 14 cac phan mém dugc st dung dé hd trg trong thiét ké ky thuat tir viéc xay dung ban
V&, phan tich dén cong doan san xuit. Phan mém hd tro thiét ké (CAD: Computer-Aided-
Design) 1a mot dang ciia CAE duoc sir dung dé xay dung ban vé thiét ké cua hé thong. Phan
mém CAD duoc xay dung riéng cho nganh cong nghiép dién tar duoc goi 1a ECAD
(Electronic CAD) hoic EDA (Electronic Design Automation). Nhitng cong cu phan mém
nay lam giam chi phi va thoi gian phat trién san pham bai vi cac phan mém cho phép mo
phong va phan tich cac thiét ké trudc khi san xuat thir nghiém. Dé c6 thé dua vao san xuat
cac thiét ké phai dat duoc nhitng yéu cau dit ra trong qua trinh xay dung ban v&, md phong
va phan tich trén phan mém. Nhitng phan mém duoc str dung dé hd tro trong cong doan san
xuat duoc goi 1a CAM (Computer-Aided-Manufacturing). Cong cu CAM st dung cac phan
mém va dit liéu dugc tao ra bai CAE dé diéu khién cac may san xuat tu dong chuyén céc
thiét ké thanh céac san pham cu thé.

Trong linh vuc thiét ké mach in hién nay ciing c6 nhiéu phan mém hd tro thiét ké nhu
OrCAD, Allegro, Altium, Eagle, Proteus... mdi phan mém lai ¢6 nhimg wu diém, nhuoc
diém riéng va viéc chon lya sir dung phan mém nao phu thudc vao sé thich cia nguoi sir
dung va yéu cau tir nha san xuat mach in. Phan mém OrCAD phién ban 9.2 dugc tac gia sir
dung dé minh hoa cho céc vi du trong tai liéu nay.

OrCAD/Cadence chtra va quan Iy nhiéu phan mém CAD/CAM h tro trong linh vuc
cdng nghiép dién tir bao gém cac phan mém nhu Capture, PSpice va Layout. Cac phan
mém nay chay doc lap nhung c6 thé tao ra cac file lién két vai nhau. Ngoai ra phan mém
OrCAD con c6 thé lién két véi cac cong cu CAD/CAM khac nhu GerbTool, SPECCTRA
hoac Allegro.

Trong d6 Capture 1a thanh phan trung tam va l1a cong cu EDA quan trong. Capture
chua cac thu vién linh kién dugc ding dé vé so d6 mach nguyén 1y doc 1ap hodc so do mach
ding dé lién két véi PSpice, Layout hoac ca hai phan mém nay. Vai tro cua Capture duoc
mo ta nhu trong Hinh 1.1. Cac chan (Pin) ciia mot linh kién trong Capture c6 thé duoc lién
két vai cac chan cia md hinh linh kién trong PSpice va hinh dang chan thyc té (footprint)
trong Layout.

PSpice la cong cu CAE chira cac md hinh toan hoc duoc sur dung cho viéc md phong.
Phan mém Layout la mot cong cu CAD duoc sir dung dé chuyén doi so d6 mach nguyén ly
sang so dd mach in thyc té. File netlist duoc sir dung dé lién két cac linh kién trong so d6
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mach nguyén ly vai mé hinh linh kién trong PSpice va footprint linh kién trong Layout.
Ngoai ra dé trg thanh mot cong cu CAD, phan mém Layout con ¢6 chire ning giéng nhu 1a
phan mém ngoai vi cua cdng cu CAM bang cach tao ra dir liéu dé cac cong cu khac hoat
dong trong qua trinh san xuat mach in (PCB: Printed Circuit Board) vi du nhu GerbTool...
Bang cach két hop ba cdng cu Capture, PSpice va Layout trong mot goi phan mém, OrCAD
duoc xem 1a mot cdng cu manh dé hd trg viéc thiét ké so ¢6 mach nguyén ly, kiém tra va
xay dung so dd mach in.

A'Part
————————————— |
: Q Model |
a | (electrical/mathematical .
EE characteristics) Pin 1
| &
| - o ] -+ |
= = = =
©
?J: | _g Symbol |
5 | (E (schematic appearance) w
- |
| B & £ &
Pin 4
| 3 Footprint |
| & (physical interface)
= I

—_—— — —_— —_— —_— —_— —_— —_——_— —_——

Hinh 1.1 Cdu tgo cua linh kién trong Capture [1]

Yéu t6 quan trong dé thiét ké va san xuat thanh cong mot du an do6 chinh 1a phai hiéu
rd yéu cau cua tirng PCB va biét cach sir dung cac cong cu dé dap ang nhitng yéu cau nay.
1.2 Quy trinh gia cbng mach in

Dé hiéu rd hon muc tiéu ciia gi4o trinh nay ching ta can nidm duoc quy trinh gia cong
va san xuat mach in. Bo mach in (PCB) bao gdm hai phan chinh, tim bo (16p nén) va dudng
mach in (dudng mach dong). TAm bo (substrate) tao ra mot 16p nén dé gin linh kién
(component/part) va cac duong mach dong (copper trace), dong thoi tao ra 16p cach dién
giita cac linh kién, thuong duoc 1am bang chat liéu soi thuy tinh khong chay FR4. Ngoai ra
con duoc 1am bang teflon, ceramic va polyme dic biét.

1.2.1 Lép 18i mach in va cach siap xép cac lép

Trong qué trinh san xuit, PCB ban dau 1a mot tim bo (goi 1a C-stage) duoc phu boi
c4c 16p dong nhu trong Hinh 1.2. Céc 16p dong nay duoc dan I&n tam bo, do day cua I6p
ddng nay duoc tinh bang don vi 0z/ft? (ounces/foot?). Trong d6 1 0z/ft? twong dwong véi
1.2-1.4 mils (0.0012—0.0014 inch). Théng thuong thi ching ta bé qua khong doc “/f2” ma
chi tham chiéu vao don vi 0z. M6t tim bo c6 thé dugc pha 18n mét hoic hai 16p dong.



Bo mach in nhiéu 16p c6 cau tao tir mot hoac nhiéu tim bo trong d6 mdi tim bo ¢6
thé dugc phu mét 16p hoic ca hai 16p dong goi 1a 18i. Cac 16p 161 nay duoc dan lai vai nhau

nhu trong Hinh 1.3, gitta cac I18i nay 1a Iop soi thay tinh tim nhya (Prepreg: pre-
impregnated) goi la B-stage. Sau khi sap xép cé4c 16p nay dugc ghép lai véi nhau bang cach

ép va sy kho.

FR4

Substrate
(laminate)

Copper
cladding

—>

Hinh 1.2 Bo mach in 2 lop [1]

Core {

C-stage laminate

Prepreg {

B-stage laminate

Copper
cladding

Core {

C-stage laminate

Hinh 1.3 Ghép néi céc I6p 16i [1]

C6 3 céch sap xép 16i khi san xuat bo mach in nhiéu Iép. Hinh 1.4 trinh bay 2 trong
s6 3 phuong phap sap xép vai vi du bo mach gdm 4 I6p dudng mach in va 2 16p ngudn.
Hinh 1.4 (a) trinh bay céach sip xép 3 16p 18i va hai 16p prepreg, trong khi d6 Hinh 1.4 (b)
ciing biéu dién cach sip xép bo mach 6 16p nhung tir 2 16p 161 dé tao ra 4 16p dudng mach
in bén trong (inner layer) va 2 16p bén ngoai (outer layer) 1a cac tAm 14 dong.

Clad — — — — — Top
Core
Clad e INNeri
Prepre
Clad pes GND plane
Core
Clad PWR plane
Prepreg
Clad == |nner2

s Bottom

(b)

F0|| — — — — Top

Prepreg

Clad == == |nneri

Clad GND plane
Prepreg

Clad PWR plane

Clad == == Inner2
Prepreg

Hinh 1.4 Hai cach thizc sdp xép cho bo mach in 6 I6p [1]
(a) Nhiéu 16i véi 16p bén ngoai dwoc phi dong

(b) Nhiéu 16i véi 16p ngoai cung 1a cac tdm ld dong



Lép duong mach in (routing layer) trong Hinh 1.4 duoc biéu dién bang cac duong dut
nét va 2 16p ngudn duogc biéu dién bang dudng thang lién tuc. Vi cac 16p bén ngoai sau do
s& duoc dua qua cong doan dn mon va cac tam 1a déng (Foil) thi ¢6 gia thanh ré hon so véi
cac 16p pha ddng (Clad) do d6 phuong phéap sap xép céac 16p nhu trong Hinh 1.4 (b) duoc
su dung rong rai hon.

Cach sap xép thr ba sir dung nhiéu k§y thuat khac nhau duoc dung dé san xuat cac bo
mach c6 d6 phirc tap cao. Hinh 1.5 trinh bay cach sap xép trong bo mach nhiéu 16p thudng
gap bao gom maot 18i 4 16p duoc xép & gitra sau d6 thém vao hai 16p ngoai cung (I6p TOP
va [6p BOTTOM). Céc ky thuat khac duoc sir dung dé tao ra céc loai I8 via nhu via xuyén
I6p (through via), via ngam (buried via), via mu (blind via) va cac 16 khoan (noplated hole).
Pién trg va tu dién ciing ¢ thé duogc tich hop bén trong tim bo.

Top Plated

solder through -hole Plasma Paste filled Unplated
mask (through-via) micro-via micro-via hole
% Blmd) (Blind) i
I —
Top
bqu up (Buried)
(Core) (Buried via)
Std
core (Prepre
Stack up preg)
(Core)
Bottom
build- Up (Buried)
? I
(B\md)
Bottom Laser
solder micro-via

mask
Hinh 1.5 Céch sdp xép cac lép trong bo mach in nhiéu 16p [1]
1.2.2 Quy trinh san xuat mach in
Cac duong mach dong (copper trace) va Pad trén cac bo mach in dwoc tao ra bang
céch tach bo céc 16p ddng khdng can thiét ra khoi bo mach. C6 hai phuwong phéap thuong
dung dé loai bo céc 16p dong nay d6 13 phuong phap dn mon kim loai sir dung axit long va
phuong phap phay co khi. Phuong phap dn mon bang axit dugc sir dung phd bién hon khi
san xuat bo mach véi sb luong 16n vi cé thé gia cong nhiéu bo mach cung mét thoi diém.
Nhuge diém caa phuong phap dn mon axit 1 sir dung hda chat nguy hiém va phai bo sung
thudng xuyén, hda chat nay cé thé dugc tai sir dung hoic bo di. Phuong phap phay co khi
thuong duoc &p dung cho viéc san xuat sé lugng nho va cac bo mach chay thir nghiém. Cho
du phuong phéap nao duoc st dung thi cling phai tao ra mot ban d6 dudng mach dong dang
6. Muc dich cua cac phan mém hd tro thiét ké (CAD) nhu OrCAD Layout 13 tao ra cac
ban do nay.



1.2.3 Ky thuat in va an mon hoa hec

Viéc chon lya cac 16p ddng can tach ra khoi bo mach trong qua trinh dn mon yéu cau
phai loai bo cac 16p ddng khong mong mudn va giir lai cac 16p ddng can thiét khoi tac dong
cua chit an mon. Céc 16p dong nay duoc cach ly khoi chat An mon nhd vao 16p polyme goi
la 16p pht ngin can anh sang (photoresist) dwgc phu 18n bé mit bo dong nhu trong Hinh
1.6. Lop can quang nay dugc phu 1én bo dong theo hinh dang cac bo mach bang ky thuat
in goi la photolithography. Cac dudng mach in dugc phu 16p can quang sé& bao vé 16p dong
bén dudi khoi chat n mon va phoi ra cac 16p dong can duoc loai bé.

Resist

Cu Substrate

Hinh 1.6 Bo mach déng véi lép phi can quang [1]

Ky thuat in 16p can quang gdém hai budc, phoi sang bang tia cuc tim (UV: ultraviolet)
va rira anh trong bé chat héa hoc. C6 hai loai 16p pha can quang d6 13 16p can duong
(positive reseist) va lop can am (negative resist) nhu trong Hinh 1.7. Khi phoi 16p can duong
dudi tia cyc tim thi 16p pha polyme nay sé& bi v va cé thé tach ra khoi 16p dong, nguoc lai
thi 16p can am lai dugc bao vé dudi anh sang cua tia cuc tim.

M3t na in dugc sir dung dé phoi cac thanh phan mong muédn caa I6p can quang. Mat
na la mot tim phim hoic thuy tinh chuyén dung c6 mau trang va den, cac dudong mach in
(trace) va Pad dugc in trén mat na nay. C4c mat na duoc sir dung lai nhiéu lan d6i khi duoc
ché tao trén thuy tinh thay vi trén tim phim.

Mat na dugc dat 1én trén 16p can quang nhu trong Hinh 1.8 va dugc phoi dudi anh
séng tia cuc tim. Vung mau den ngin can tia cyc tim va viing mau trang (trong suét) cho
tia cuc tim tac dong vao 16p can quang, do d6 hinh anh bo mach duoc in 1€n 16p can quang.
MJi 16p cta bo mach in sir dung mot mat na riéng biét. Phan mém OrCAD Layout tao ra
dir liéu dé may in 1am ra cac mit na nay.



(a)

Hinh 1.7 Mat ng in (a) Mat ng duong (b) Mat ng am [1]

R

Hinh 1.8 Mat na duong duoc dat 1én lép phu can quang [1]

Mot phuong phap khac dé phoi 16p can quang d6 1a str dung may in laser dé in truc
tiép duong mach Ién I6p can quang, day 1a k§ thuat moi duoc goi la LDI (laser direct
imaging), ky thuat nay cé wu diém la khdng can su dung mit na.

Sau khi 16p can quang duoc phoi sang thi bo mach dwogc rira trong héa chat goi 12

cong doan rira bo. O cong doan nay thi 16p can duong s& bi v& va duoc tach ra trong khi d6
I6p can &m s& duoc gitr lai dudi 4nh sang cua tia cuc tim. Chat rira thong thuong ddi voi
I6p can duong la NaOH (natri hydroxide) va 16p can am la Na2COs (natri carbonate). Khi
dugc phoi sang va rira xong thi hinh anh bo mach in duoc tao béi I6p can quang nam lai
trén 16p ddng nhu Hinh 1.9.

Hinh 1.9 Ldp can quang trén bo dong sau khi qua céng doan rira [1]



Budc tiép theo bo mach duoc dua vao dung dich axit in mon FeCls hoic Na»S20s.
Dung dich dn mon khong anh huang 1én 16p can quang ma tac dong Ién 16p dong va loai
bo I6p dong nay ra khoi tim bo nhu trong Hinh 1.10.

Hinh 1.10 Ldp dong khong can thiét duwroc logi bé ra khdi tam bo [1]
Khi 16p polyme can quang duoc rira sach thi dudng mach ddng cudi cung c6 duoc
nhu trong Hinh 1.11.

Hinh 1.11 Puwong mach dong va pad sau khi qua céng doan an mon va tay bé 16p
can quang [1]

1.2.4 Ky thuat phay co khi

Nhu da duoc trinh bay ¢ phan trén phay co khi ciing 1a mot cach dé tao ra cac duong
mach in. Dé phay bo mach in, mdy CNC (computer numerical control) dwoc 1ap trinh véi
dir liéu dau vao 1a ban do dang sb ciia bo mach in va may CNC sé& bao mon cac duong mach
ddng khong can thiét. Nhig duong mach ddng khong sir dung c6 thé dugc loai bo hoan
toan nhu trong Hinh 1.11 hoic chi loai bo mot phan du dé cach ly dudng mach dong véi
pad nhu trong Hinh 1.12. Cach nay s€ lam giam thoi gian gia cong nhung lai gay anh huong
dén tro khang cia duong mach.



Hinh 1.12 Pwong mach dong sau khi qua céng doan phay co khi [1]
1.3 Chire niing ciia OrCAD Layout trong quy trinh thiét ké mach in
Phan mém OrCAD Layout duoc sir dung dé thiét ké PCB bang céch tao ra file md ta
dang sb cac 16p mach in cho méy in bo va may CNC dé san xuat mach in. Trong mét bo
mach in ¢ nhiéu 16p mach riéng biét nhu 16p dudng mach dong & 16p trén (top), 16p dudi
(bottom) va céac 16p bén trong nhu 16p kich thuéc 16 khoan (drill hole sizes), 16p vi tri
(locations), 16p phu tranh oxy hda (soldermasks), 16p tén linh kién (silk screens), 16p phu
chi (solder paste), 16p duong bao linh kién (part placement) va l6p kich thudc bo (board
dimensions). Tat ca cac 16p nay khong dugc mo ta nhu nhau trong Layout, mot s6 16p xuat
hién khi thao tac trén phan mém s& xuat hién trén bo mach thuc té trong khi d6 mét sé 16p
s& khong xuat hién trén bo ma chi quan sat duoc trén phan mém. Céac 16p duoc nhin thay
trén bo mach thuc té 1a 16p duong bao bo mach in (board outline), 16p dudng mach in déng
(routed copper), 16p tén linh kién (silk screens), 16p phu chi (solder paste) va l6p huéng dan
Iip rép linh kién. Nhiing 16p khéng nhin thiy dugc d6 1a 16p bé mit bo ddng, 16p 16 khoan,
va l6p phu tranh oxy hda. Hinh 1.13 cho thay céc 16p dudng mach in (vi du nhu 16p trén,
I6p dudi va 16p bén trong) khi quan sat trén phan mém Layout. Lép nén co6 mau den, cac
duong mach in va pad trén mdi 16p duoc thé hién theo cac mau sic khac nhau dé d& dang
quan sat.

Hinh 1.13 Ldp dwong mach in [1]



Hinh 1.14 (a) va (b) thé hién sy khac nhau gitta 16p bé mat bo dong vat Iy cé via tan
nhiét va su thé hién bo ddng nay trong phan mém Layout. Trong Hinh 1.14 (b) 16p nén mau
den d6 chinh 1a bé mit bo dong va nhiing viing mau vang l1a Iép dong duoc bi loai bo.

Hinh 1.14 (a) Bé mdt bo dong c6 via tan nhiét thuec té, (b) Bé mdt bo dong quan sat trong
phan mém Layout [1]

Hinh 1.15 (a) trinh bay I6p phu tranh oxy hoa véi céc 16 trong cho phép chi han tac
dong Ién cac pad khi gan linh kién va Hinh 1.15 (b) thé hién 16p phi ndy khi quan sat trén
phan mém Layout.

(@)

Hinh 1.15 Lép phu tranh oxy hda quan sat trong thuc té va trén phan mém Layput [1]
Hinh 1.16 1a mét vi du vé ky hiéu 16p kich thuéc 16 khoan va tén linh kién trong
Layout. Nhitng hinh tron mau dé dam la vi tri va kich thuéc 16 khoan, nhirng ky hiéu cé
mau do twoi hon duoc sir dung dé ma hoa vé kich thudc 16 khoan duoce quy wdc trong bang
nhu Hinh 1.17. Nhitng dudng mau trang chinh 12 16p duong bao linh kién nhu dugc trinh
bay o trén.



Hinh 1.16 Bo mach in véi 16p Ky hiéu quy wore kich thuéc 16 khoan va 16p dwong bao linh
kién quan sat trén phan mém Layout [1]

Hinh 1.17 Bdng ky hiéu, kich thuréc va sé lirong 16 khoan [1]
1.4 Pinh dang file trong Layout
1.4.1 Pinh dang file . MAX

Khi thiét ké bo mach trén phan mém Layout, file thiét ké s& dugc may tinh luu trit V6
tén file c6 phan ma rong .MAX. Khi bo mach di hoan chinh va chuan bi dua vao san xuat
phan mém Layout s& xir ly file thiét ké va chuyén déi file nay cho phu hop vai dinh dang
cua may CNC hodc may in. Nhirng file nay goi la file Gerber.

1.4.2 File hau xw ly (Gerber)

Qua trinh hau xtr Iy tao ra file Gerber riéng biét cho tirng 16p bo nhu da dé cap ¢ trén.
Phan mém Layout c6 thé xuit ra hon 30 file khac nhau dé mé ta cac théng sé k¥ thuat cua
PCB. Vi du vé céc file nay véi phan mé rong va chirc nang duoc trinh bay trong Bang 1.1,
mét sé file con lai s& duoc thao luan & cac chuong tiép theo.

1.4.3 File valép lap rap linh kién

Phan mém Layout tao ra file théng sé k¥ thuat cua cac 16p nhung mot sé file nay
khong st dung cho viéc san xuat PCB ma dugc dung cho viéc lap rap linh kién tu dong Ién
PCB. Pau tién 12 16p phu chi (solder paste), 16p nay duoc st dung dé ghép ndi mit na chon
vi tri pha chi cho cac pad trén bo mach in tir @6 cac linh kién duoc han tu dong vao bo
mach. Laop phu chi nay chi co ¢ 16p trén (.SPT) va 16p dudi (.SPB) cua bo mach in. Thir hai
la 16p 1ap rép linh kién, file nay chira cac thong tin dugc st dung cho may lap rép linh kién
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tu dong (pick-and-place machines) nhu 1a thong tin vé loai linh kién, vi tri va hudng dat
cua linh kién trén PCB. Gidng nhu 16p phu chéng oxy héa (soldermask), chi c6 mét 16p lap
rap linh kién cho mat trén (LAST) va 16p lap rap linh kién cho mat dudi ((ASB).
Bang 1.1 C4c file Gerber tgo ra bgi phan mém Layout [1]
Tén file va phan mo rong Chtrc nang
BoardName .AST Top side assembly (mit lp rap linh kién 16p trén)
BoardName .SPT Top side solder paste (mat phu chi 16p trén)
BoardName .SST Top side silk screen (tén linh kién 16p trén)
BoardName .SMT Top side soldermask (mit phu chong oxy héa 16p trén)

BoardName .TOP Top side copper (usually routing) (mat dong 16p trén)

BoardName .IN1 Inner layer 1 (routing or plane) (I65p mach in s 1)
BoardName .IN2 Inner layer 2 (routing or plane) (I65p mach in s6 2)
BoardName .Inx Inner layer x (routing or plane) (I6p mach in thir n)
BoardName .PWR Power layer (a plane layer) (16p nguon)
BoardName .GND Ground layer (a plane layer) (I6p mass)

BoardName .BOT Bottom side copper (usually routing) (mit dong l6p dudi)
BoardName .SMB Bottom side soldermask (mat pha chong oxy héa I6p dudi)
BoardName .SSB Bottom side silk screen (tén linh kién 16p duéi)
BoardName .SPB Bottom side solder paste (mat phu chi 16p dudi)
BoardName .ASB Bottom side assembly (mat lap rap linh kién 16p dudi)
BoardName .DRD Board outline info (I6p duong bao bo mach in)
Throughhole .tap Drill information (I¢p kich thudc 16 khoan chan linh kién)

CAU HOI ON TAP:

1. Céc thanh phan chinh cua bo mach in 13 gi?

2. Hay cho biét cac chat lidu cach dién thuong sir dung 1am 16p nén dé gan linh kién
va cac duong mach la gi?

3. Hay trinh bay 3 cach sip xép 16p 16i khi san xuat bo mach in nhiéu 16p?

4. Do day lép dong duge tinh theo don vi gi?

5. Hay cho biét cac phuong phap dung dé tach bo nhitng 16p ddng khong can thiét ra
khoi bo mach in 1a gi? Uu nhuoc diém cua ting phuwong phap?
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2.1

CHUONG 2: QUY TRINH THIET KE MACH IN

Giéi thiéu chung

Noi dung chuong nay gidi thiéu cac bude co ban dé xay dung so dd mach nguyén Iy

bang phan mém Capture sau d6 chuyén so dd mach nguyén 1y sang so d6 mach in trén phan
mém Layout. Cac buéc thuc hién bao gdom:
M¢& phan mém Capture va thiét 1ap Project bang cach sir dung PC Board Wizard
V& so 6 mach nguyén ly st dung OrCAD Capture

Str dung Capture dé tao file netlist véi phan mé rong .MNL duoc sir dung cho Layout
M¢ Layout va chon file tiéu chuan cong nghé PCB (file c6 phan mé rong .TCH)
Luu Project Layout v6i phan mé rong .MAX

Str dung phan mém Layout dé chuyén file netlist véi phan ma rong .MNL sang file

1.

IR

7.
8.
9.
10. Xuat céc file ky thuat dé san xuat mach in

MAX
Vé duong bao bo mach in

Sip xép linh kién bén trong dudng bao bo mach in

Vé cac duong mach in

2.2 Thiét ké so dd mach nguyén ly véi Capture
2.2.1 Tao project moi
Trudéc khi tién hanh viéc gia cong bo mach in, chling ta can phai c6 mot mach dién dé
thue hién viéc thiét k& mach in. Ching ta sir dung phan mém Capture dé vé so ¢6 mach
nguyén ly.

Programs (1)
Capture
Control Panel (6)
5 View devices and printers
%2 Device Manager
[ Find and fix audio recording problems
[ Record steps to repreduce a problem
How to add new hardware
=n Update device drivers
Files (2)
[:’} Complete-PCB-Design-Using-OrCad-Capture-and-Layout
g Complete PCB design using OrCAD Capture and PCE editor

- See more results

[ capturd % | | Shutdown | » |
L ——— |

Search
Everywhere

capii

ﬁ Capture

Hinh 2.1 Khdi déng phan mém Capture trong Windows 7 va Windows 8
Sau khi m¢ phan mém Capture, giao dién phan mém xuét hién ching ta chon menu
File>New>Project nhu Hinh 2.2.
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File | View Edit Options Window Help

| New v Project.. 3 ala|ae| vefs)w|@|z=] 5] = 2]
Open 3 Design
Save Ctrl+S Wireryy
S VHDL File
Text File

Print Preview...
Print... Ctrl+P
Print Setup...

Import Design...
Export Design...

Hinh 2.2 Tqo Project méi trong phan mém Capture
Hop thoai New Project xuit hién, ching ta nhap tén Project, chon muc PC Board
Wizard. Tai muc Location ching ta chon duong dan dé luu trix Project, néu khéng Project
s& duoc luu ty dong vao duong dan mac dinh va ching ta phai nhd dé c6 thé mo Project
nay khi can sau do 1a chon OK.

S e

B 5 o el S0

J

D:AHOANG ANHWrduing Robet

Hinh 2.3 Hgp thogi New Project
Hop thoai PCB Project Wizard xuat hién nhu trong Hinh 2.4, hop thoai nay cho phép
chung ta thém cac thu vién can thiét vao Project. Ching ta c6 thé kéo thanh cuon dé tim
cac thu vién nay sau d6 chon Add hoic chon Remove néu nhu ching ta muén bé cac thu
vién nay ra va chon Finish dé hoan tat viéc thiét lap cho Project.
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PCB Project Wizard [

Select the PCB Part symbol
libraries that you wish to include

in your project. Lse these librares
Arithmetic.olb - capsym olb
ATOD.OLE — Digcrete olb
BusDriverTransceiveralb | = Add ==

Connector.olb

Courter.olb

DRAM.OLE << Remove
BlectroMechanical .olb
FIFO.OLE =

[T

Finish | Cancel | Help |

Hinh 2.4 Hop thoai PCB Project Wizard

Cira s6 Project Manager sé& xuat hién & goc trén, phia bén trai man hinh cua phan mém
Capture nhu trong Hinh 2.5, ddng thoi cira s6 Schematic s& tu dong mé ra. Néu khong
ching ta c6 thé mé bang cach click chudt vao biéu twong dau “+” tai projectname.dsn, tiép
theo 14 tai thu muc Schematic va chon Page 1. Néu nhu khong nhin thay cac du “chdm”
trén trang v& ctia ban diéu nay co nghia 1a chtrc ning hién thi ludi (grid) trang vé da bi tat.
Chng ta c6 thé mo chuc ning nay bang cach chon cong cu B (Snap to grid), biéu tuong
cdng cu nay s& ¢ mau xam néu nhu chira ning hién thi luéi trang v& duoc bat.

%] Orcad Capture
File Design Edit View Tools Accessories Options Window Help

D[s(a| 8| [B[@] <[] o slalalel vl el s 2
E Arduino.... [~ |[ESm] || BD /- (SCHEMATICL : PAGEL) Snap To grid
PCE : i T -

3 File IE{, Hierarch_l,l]

[0 Design Resources
=-BE= Marduino.dsn
. BB SCHEMATICL

R P GE 1 X

. [#-C3 Design Cache
F-C3 Library

...... £ Outputs

...... £0 Referenced Projects

Hinh 2.5 Vi du vé mét New Project

Chuay:

Thanh cong cu bén trén tai cua s6 phan mém Capture sé thay doi néu nhu chung ta
chon thao tac trén Project Manager hoic thao tac trén Schematic Page. Néu nhu chung ta
muén str dung chiic nang cua cac thanh cong cu nay dé thao tac trén Project Manager hoac
Schematic Page thi ching ta phai chon cho céc ctra s6 nay tich cuc bang cach click chuot
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vao cira s6 1am viéc. Cac cira s6 1am viéc nay sé thay doi mau sic khi duoc chon tich cuc
thay vi c6 mau xam.
2.2.2 Sap xép linh kién
2.2.2.1 Lay linh kién ra trang vé

Dé c6 thé 1y cac linh kién ra trang v&, ta phai chon dé cira s6 Schematic Page tich
cuc sau d6 chon cdng cu Place Part trong thanh c6ng cu hodc nhan vao nit cdng cu Place
Part nhu trong Hinh 2.6 hoac nhan phim P trén ban phim. Hop thoai Place Part xuat hién
nhu trong Hinh 2.7. Trong muc Libraries ching ta c6 thé chon mét hozc nhiéu thu vién
bang céch click chudt vao tén thu vién hoic giit phim Ctrl+click chudt hoic Ctrl+A dé chon
tat ca cac thu vién c6 trong muc Libraries. Sau d6 nhap tén linh kién can lay vao muc Part
hoic c6 thé chon linh kién trong ctra s6 Part List bang cach xem truéc hinh dang linh kién
& cira SO Preview.

%] Orcad Capture o
File Edit View |Place| Macro Accessories Options Window Help
olEldl & Part... Shift+P
— Wire Shift+W
: B = *
& Arduino.... || Bus Shift+ B EF—H I EI@ El
PCH : : : j
Junction Shift+] Pl =
1 ace part
O3 Fie |5, Bus Entry Shift+E
(-0 Design Net Alias... Shift+N 1
COEER A n
- Power... Shift+F 3
Ground... Shift+G %
Off-Page Connector... Gyn
Hierarchical Block... &
[::I Outputy Hierarchical Port... |
iwnlZ0 Referen ) _ _ —
Hierarchical Pin... i

Hinh 2.6 Cbng cu Place Part

Place Part @
=
T

Cancel
Part List:
- Add Library...
R-PACK/DISCRETE
R-PACKF/DISCRETE Rermaove Library
R10-4PDT/DISCRETE
R10-DPDT/CISCRETE Part Search...
R10-E1%22 BK/DISCRETE
R10-E1X252/DISCRETE
R10-ET=2+700/DISCRETE
R10-E1<4-v2 BK/DISCRETE - Help
RINF 14 7ONMISCRETE
Libraries: Graphic
G (+ Mormal
L R?

Fackaging <VaIUE>

Partz per Pkg: 1

Type: Homogeneous

Hinh 2.7 Hgp thoai Place Part
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Trong muc Libraries ching ta thay chi c6 3 thu vién (CAPSYM, DISCRETE va
CONNECTOR) day cling chinh la nhitng thu vién ma ching ta da thém vao khi tao Project
mai véi PCB Project Wizard.
2.2.2.2 Thém thw vién linh kién vao Project

Dé c6 thé thém cac thu vién khac vao muc Libraries ching ta c6 thé thuc hién ngay
tir khi tao Project méi véi PCB Project Wizard hoic chon nit cong cu Add Library. Cira sb
Browse File xuit hién, tai ctira so6 Look in ching ta phai chi duong dan dén thu muc chira
cac thue vién linh kién cua phin mém, thong thuwong la C:\Program
Files\Orcad\Capture\Library, chon cac thu vién can thiét hodc c6 thé chon tat ca cac thu
vién nhu trong Hinh 2.8.

Browse File [&J
Look in: | Library j I‘j‘ '
MName ‘ Date modified o

Oldlibs 1/17/2014 10:37 AM
Amplifier 4/24/2000 4:45 PM
Arithmetic 4/25/2000 2:06 PM
ATOD 4/25/2000 2:06 PM
BusDriverTransceiver 4/25/2000 2:08 PM -

4 I 3
Fiename:  ["Amplfierolb” "Arthmetic.olb” "ATOD.OLE" "B
Files of type:  |Capture Library(" olb) | Cancel

I” Open as read-only

Hinh 2.8 Thém thur vién linh kién

2.2.2.3 Pat linh kién vao trang vé

Sau khi tim duoc linh kién thich hgp ching ta chon OK va quay tro lai trang vé. Luc
nay linh kién dugc chon s& dugc dinh vao vi tri caa con tro chudt. Ching ta c6 thé chon vi
tri thich hop sau d6 click chudt trai dé dat linh kién nay trén trang vé nhu Hinh 2.9, chi $6
cua linh kién s& duoc ting tu dong va bat dau 1a 1 (R1). Loai linh kién nay lai tiép tuc duoc
dinh vao con tro dé nguoi sir dung dé dang lay ra tiép cac linh kién cing loai. Khi hoan
thanh viéc 14y linh kién ching ta c6 thé click chuot phai chon End Mode hoic nhan phim
ESC dé thoat khoi chirc nang nay.

Pé thay d6i huéng cua linh kién ching ta click chudt chon linh kién can thay doi (linh
kién duoc chon s& chuyén thanh mau do), tiép theo click chudt phai va chon chiic ning
Rotate hoac nhan phim R trén ban phim.
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/ - (SCHEMATICI : PAGEL) =R =
3 T = j
M1
I Rl
>R End Mode
} } Mirror Horizentally
N
Zoom Out
GoTo..
L ;I_‘

Hinh 2.9 Dat linh kién 1én trang vé

2.2.3 Két ndi mach nguyén ly
Pé két ndi so ¢6 mach nguyén ly ching ta chon cong cu Place wire nhu trong Hinh

2.10 hodc nhan phim W trén ban phim. Con tré chuét s& chuyén sang hinh dang chit thap
“+”_MJi linh kién s& c6 cac chan (lead) dé két ndi vai cac linh kién khéc, vi tri néi day co

ky hiéu 1a & hinh vudng & mdi chan linh kién. Dé két néi cac linh kién véi nhau ching ta
click chudt vao vi tri ndi day caa chan linh kién can két néi, sau dé tha chuét tu do, di
chuyén dén vi tri ndi day cua chan linh kién tiép theo va click chuot dé tao két ndi. Con tro
chuot sé tiép tuc hoat dong & chirc nang ndi day dé chling ta tao duong day ndi dén cac linh
kién khac. Néu mudn két thiic chire ning nbi day ching ta click phai chudt chon End Mode

hoac nhan phim ESC.

%] Orcad Capture = L
File Edit View M Macro  Accessories  Options  Window  Help
Ol dl & Part... Shift+P
— Wire Shift+W
B8 Arduino.. Bus Shift+B [x]
FCE Junction Shift+)  JAGEL) =0 E=R i
£ Fie |5, Bus Entry Shift+E : * j :
E-C3 Desig ) . |PlaceW|re
Ry Met Alias... Shift+M 1
Power... Shift+F 4
Ground... Shift+G A
Off-Page Connector... i
Hierarchical Block... L
Hierarchical Port... g
Hierarchical Pin... il

tao duoc file netlist.

Hinh 2.10 Co6ng cu Place Wire

Céc két ndi thanh cong khi nhitng 6 vudng ¢ dau mdi chan linh kién bién mat, néu
nhu khong bat chie niang hién thj lugi trang vé nhu da dé cap o phan trén, ching ta s& gap
kho khian khi xac dinh vi tri ndi day caa chan linh kién diéu nay s& gay ra 16i va khong thé
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B /- (SCHEMATICL : PAGEL) =8 E=R =)
- B I

VCC
@

Két néi thanh céng |::>c Q1

- NPN BCE
O ™

% R3  Két ndi sai vi tri ndi day

R

Chua két ndi |::>

=

[«] | ﬁ

Hinh 2.11 Két néi mach nguyén Iy gizza cac linh kién véi nhau

2.2.4 Tao file Layout netlist trong Capture

Khi nhitng két ndi gitra cac linh kién hoan tat thi budc tiép theo d6 chinh 14 tao file
netlist (file vin ban c6 dinh dang ma ASSCII mé ta mach dién). Cé nhiéu loai file netlist
khac nhau nhung ching ta s& tao ra file Layout netlist. Chon ctra s6 1am viéc Project
Manager, click chudt vao projectname.dsn néu nhu chung ta dang thao tac trén ctra s6
Schematic Page thi thanh cong cu s& bi an di. Néu khdng nhin thay ctra s6 Project Manager
ching ta phai Restore hoic Minimize ctra s6 Schematic Page. Sau d6 chon Tools>Create
Netlist nhu Hinh 2.12.

ﬂor\cad Capture
File Design Edit View | Tools | Accessories Options Window Help
Q|E;"’|ﬂ| @ | Annotate...

Back Annotate...

slals] vimrlafnlel o = 2|

. _Create netlist
[ Arduino... E“E Update Properties... E1)
PCE ' .

= Design Rules Check...
O File l 'Ei. Hierarch}l]
-0 Design Resource Create Metlist...
Cross Reference...
00 Libray Bill of Materials... VCC
[0 Outputs
.2 Referenced Proje Export Properties...

Import Properties...

Generate Part... R‘I
I R
Hinh 2.12 Cbng cu tqo file Netlist
Hop thoai Create Netlist xuat hién, chon Tab Layout nhu trong Hinh 2.13, sau d6 chon
don vi do 13 inch hodc milimet, tai thoi diém nay ching ta khdng chon chirc ning Run ECO
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to Layout, chirc ning nay s& duoc trinh bay trong phan tiép theo. G muc Netlist File ching

ta c6 thé nhap duong dan dé luu file netlist va chon Finish dé hoan tat viéc tao file netlist.
Create Netlist “

EDIF 200 | PSpice | SFICE | VHDL | Verlog Layout |INF | Other |

PCB Footprint
Combined property string
{PCB Footprint}

Options
[ Run ECO to Layout
(+ User Properties are in inches
" User Properties are in millimeters
Netlist File:
IC:\USERS\LE HOANG ANH\GOOGLE DRIVENTHIET KE MACH IN\PROJEC Browse.

0K Cancel | Help ‘

Hinh 2.13 Thiét ldp don vi va dwrong dan cho file netlist
Phan mém Capture sé tao ra file netlist véi phan mé rong .MNL trong thu muc Output
va mot file bao céo két qua trong cira s6 Session log. Néu viéc thiét ké mach nguyén ly co
15i thi khdng thé tao dugc file netlist va céc 18i nay dugc hién thi trong Session log. Sau khi
hoan tat viéc tao file netlist ching ta co thé tit cira s6 phan mém Capture nhung chiing ta
nén ma song song ca Capture va Layout diéu nay cho phép ching ta ¢ thé xem lai so d6
mach nguyén ly néu can thiét khi dang thao tac trén phan mém Layout.

B ARDUL. [ = |[& |[ == B Session Log =N =

PCE e 1T 2o T 4 5o

03 File ] Ei. Hierarch_l,ll
H-C3 Design Resources
=

Aarduino.dsn

* Create Netlist

Netlist Format: LAYOUT

Design Name: C\USERS\LE HOANG ANH\GOOGLE DRIVENTHIET KE MACH INVPI
Processing complete with no errors

Done

£ >

Hinh 2.14 Bé&o céo két qud tao file netlist
2.3 Thiét ké so' @6 mach in véi Layout
2.3.1 Lién két file netlist véi Layout
Ching ta sir dung file netlist d4 tao ra tir phan mém Capture dé thiét ké so do mach in
bang cach khai dong phan mém Layout nhu Hinh 2.15.
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Programs (2)

Layout
ﬁ Layout SmartRoute Calibrate

Control Panel (11)
l.@.' Optimize visual display
:‘: Manage wireless networks
& Change keyboards or other input methods
& Change the date, time, or number format
& Change the way currency is displayed
& Change the way dates and lists are displayed

Files (19) Search
E’} Complete-PCB-Design-Using-OrCad-Capture-and-Layout

¥ typeb style 2 wing screw cone point_ai Everywhere
¥ typeb style 2 wing screw cup point_ai
- L Lay@
¥ typeb style 2 wing screw dog point_ai
¥ typeb style 2 wing screw flat point_ai

Layout
- See more results ﬁ .

| layout % || Shutdown | » | {4 Layout SmartRoute Calibrate

Hinh 2.15 Khdi dong phan mém Layout trong Windows 7 va Windowns 8
Tiép theo chiing ta tao file mai bang cach chon menu File>New hoic chon biéu twgng
Open new board nhu trong Hinh 2.16.

File | View Tools Help File Wiew Tools Help
New ok 2
Open... Open new board
Import 3
Export 4
Recent File
Exit

Hinh 2.16 Tqo file méi trong phan mén Layout

Hop thoai Load Template File xuét hién yéu cau ching ta phai chon file dinh dang
cong nghé bo mach in mau. Cac file dinh dang c6ng nghé bo mach in mau nay duogc luu
trong thu muc cai dat phan mém OrCAD (C:\Program Files\Orcad\Layout\Data). Ching ta
chon file DEFAULT.TCH va chon niit Open nhu Hinh 2.17, mét sé file cong nghé bo
mach in khac chiing ta s& d& cap trong phan tiép theo.

Hop thoai Load Netlist Source xuat hién yéu cau ching ta chon file netlist da tao ra &
phan Capture. Ching ta chon dudng dan chua file netlist thich hop rdi chon Open.

Hop thoai Save File As xuét hién yéu cau ching ta nhap duong dan va tén file véi
phan mé rong .MAX. Thong thuong phan mém Layout s& tw dong luru véi tén file va dudng
dan tring vai tén cua file netlist. Chang ta c6 thé chon duong dan va tén file .MAX méi
sau d6 luu lai bang cach chon nat Save.
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Lo Template File | = | Lo Netlist Scurce. | = |

Save File As EX|
Savein: | Project example =l & cf B~
Mame : Date medified Ty

Mo items match your search.

£ *>

Filename:  [ARDUING MAX Save |
Save as type: |an'd ("max) ﬂ Cancel

Hinh 2.17 Hgp thoai Load Template File, Load Netlist Source va Save File As

Tiép theo hop thoai Automatic ECO Utility xuat hién, day Ia chic niang tu dong kiém
tra viéc gan cac footprint cho linh kién. Néu nhu c6 bat ky linh kién nao chua dwoc géan
footprint phan mém Layout s& hién thi hop thoai yéu cau gan footprint cho linh kién Link
Footprint to Component nhu Hinh 2.18. Hau hét cac linh kién trong file Capture ma ching
ta d3 tao ¢ phan trén chua duoc gan footprint, chling ta sé& tim hiéu cach gan footprint cho
linh kién khi thiét ké so dd mach nguyén ly véi Capture & chuong 6. Chiing ta doc thdng
bao trong hop thoai Link Footprint to Component dé biét duoc linh kién nao can dugc gan
footprint (vi du nhu trong Hinh 2.18 d6 1a R1).

] Automatic ECO Utility = B

File A [original design file): CYUSERS\LE HOANG ANH\GOOGLE DRIVEATHIET KE MACH IN\PROJECT EXAMPLEMARDUINO. MAX
File B [new netlist]: CAUSERS\LE HOANG ANH\GOOGLE DRIVE\THIET KE MACH IN\PROJECT EXAMPLEVARDUINO.MNL
Report file: CAUSERSILE HOANG ANHAGOOGLE DRIVEATHIET KE MACH IN\PROJECT EXAMPLEVARDUINO.LIS

Error file: CAUSERS\LE HOANG ANHAGOOGLE DRIVEATHIET KE MACH INVPROJECT EXAMPLEWWRDUING.ERR

Reading File B: completed.

Extracting footprints: completed.

P

pping p
Merging comp : A

Link Footprint to Component H

n - - n A . - AutoECO cannot find a footprint for component R1
Tén linh kién can gan footprint E>

from part name R.

Please choose one of the options below:

| Link existing footprint to component ... |

Create or modify footprint library ... ‘

Defer remaining edits until completion ... ‘

0K | Help | Cancel ‘

Hinh 2.18 Hgp thoai Automatic ECO Utility va Link Footprint to Component
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Trong hop thoai Link Footprint to Component chung ta cé 3 lya chon:
1. Link existing footprint to component ...

Néu chon muc nay ching ta s& gan linh kién voi footprint sén co trong thu vién.
2. Create or modify footprint to library ...

Néu chon muc nay thi cira s6 tao footprint méi s& xuat hién cho phép ching ta tao méi
rdi gan footprint nay cho linh kién.

3. Defer remaining edits until completion ...

Néu chon muc nay ching ta s& bo qua va dé phan mém ty dong gan footprint cho linh
kién.

Thong thuong ching ta chon muc 1 dé tién hanh viéc gan footprint ¢ san trong thu
vién cho linh kién. Phan mém Layout s& luu lai viéc gan footprint cho cac linh kién va bo
qua budéc nay trong céc lan kiém tra sau.

MJi loai linh kién s& c6 cac thu vién footprint khac nhau nhung tai thoi diém nay
chung ta khéng quan tam dén viéc gan chinh xéac footprint nao cho linh kién vi ching ta chi
méi thao luan vé cac bude co ban cua quy trinh thiét ké mach in.

Footprint for R
Libraries
JUMPER A Add
LavouT 4
LCON100T
PC104
FCI
PCONTO0T | | e

Footprinks

JUMPER100
JUMPER1000
JUMPER1100
JUMPER1200
JUMPER200
JUMPER 300
JUMPER400

JUMPERS00
JUMFEREOD
JUMPER700 Ok
JUMPERE00

JUMPERS00

Help ‘ Cancel

Hinh 2.19 Gan footprint cho linh kién trong thur vién c6 san
Sau khi hoan tat viéc chon footprint cho céc linh kién ching ta s& vao ctra s6 moi
truong thiét ké mach in nhu Hinh 2.20, tai day ching ta s& nhin thay footprint linh kién, 16p
phu chéng oxy hda, toa d6 vi tri dat cac linh kién, dudng ndi mach nguyén Iy, bang ky hiéu
thuéc 16 khoan, goc toa do trang V&. ..

22



Hinh 2.20 Cura sé thiét ké mach in trong phan mém Layout

Chuing ta s& thao luan k§ hon vé cac dbi tugng nay trong nhirng chuong tiép theo con
bay gid ching ta sé& tap trung vao viéc tao duong bao bo mach, sap xép linh kién va vé
duong mach in.

ChU y rang trén thanh Windows Task Bar bén duéi man hinh s& c¢6 hai tng dung
Layout chay cung ltc, mot cira so 1a giao dién Blank (tréng) caa phan mém Layout, cia s6
con lai 1a Design Window va chling ta s& thao tac chii yéu trén cia s6 nay.

Dé cd thé quan sat tot hon ching ta c¢6 thé sir dung chirc ning phong to, thu nho, dich
chuyén man hinh theo cac hudng. Dé phong to hoic thu nhé man hinh ching ta dat con tro
tai vi tri can quan séat chon biéu twong cong cu Zoom in, Zoom out, Zoom all hoic c6 thé
st dung phim | dé phong to, phim O dé thu nho va phim C dé quan sét tai vi tri trung tam
ctia bo mach in. Ngoai ra con mot sé chirc ning quan sat khac ching ta c6 thé tham khao
thém trong thanh cong cu View nhu Hinh 2.21.
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Layout -- CAUSERS\CD-DTO001NGOOGLE DRIVEYTHIET KE MACH INYPROUECT EXAMPLEVARDUING.MAX
File Edit | View | Tool Options Aute Window Help

BlBIl  oesion S o ] O | e | E A i
R’m Density Graph D ]~

Preview

High Centrast Pericd

Clear Sereen Backspace

Redraw Home

Query Window... Q
Database Spreadsheets... »

Zoom All (Fit) Shift+ Home
Zoom Center £
Zoom In I
Zoom Out Q
Zoom Previcus

Zoom DRC/Route Box B

Select Layer...

Visible< »Invisible

Hinh 2.21 Cbng cu View trong Layout

2.3.2 Tao dwong bao bo mach in

Tiép theo 1a budc tao dudng bao bo mach in. Pau tién ching ta can tit chic ning
Design Rule Check (DRC) bang céch click chudt vao biéu twong Online DRC dé an di
khung kiém tra I5i hodc giéi han dién tich v& dudong mach in (khung duong dat nét mau
trang), l4c nay biéu tuong DRC s& 4n di nhu trong Hinh 2.22. Ciing ¢6 mét biéu tuogng DRC
khac % nhung chte ning nay dung dé kiém tra 13i thiét ké trudc khi g file cho nha san
Xuét mach in.

Layout -- CAUSERSNCD-DTO00NGOOGLE DRIVEVTHIET KE MACH INVPRCJECT EXAMPLEVARDUING.MAX

5l > |#1E) M81515] QW QI TIz o) EEE

 [-300 ¥ [1900 G100 |[ToP

Online DRC
|

:"'""'..: Design - Compeonent Tool (DRC OFF)

Hinh 2.22 Cb6ng cu Online DRC
Néu khong tat chirc ning Online DRC chiing ta s& khdng thé sap xép linh kién hoac
vé dudng mach in ra bén ngoai khung duong thang dut nét mau trang.

Dé tao duong bao bo mach in chling ta chon cdng cu Obstacle, sau d6 click chudt phai
chon New, tiép tuc click phai chugt 1an tha hai va chon Properties. Hop thoai Edit Obstacle
xuat hién nhu Hinh 2.24, trong muc Obstacle Type chon Board Outline, muc Obstacle
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Layer chon Global Layer va nhap kich thuée d6 rong duong bao bo mach trong muc Width
(vil du: 50 mil) va chon OK.

Layout -- CAUSERSA\CD-DTO00INGCOGLE DRIVENTHIET KE MACH INVPROJECT EXAMPLEVARDUING. MAX
File Edit View Tool Options Auto Window Help

el |8/ E| E|2|2)0| of=|ofE |0 el 24 By 1]

X 900 v [1850 Gl2s |[LTop | ~|

Design - Obstacle Tocol (DRC OFF)

End Command

Any Angle Corners ¥
Undo u

Hinh 2.23 Co6ng cu vé dirong bao bo mach in Obstacle
Bay gid con tro s& chuyén sang dang chir thap “+”. Ching ta bat dau vé duong bao bo
mach in bang cach click chuét tai vi tri goc toa do sau do tha chuét tu do roi di chuyén dén
vi tri s6 2 click chuét, 1ap lai thao tac nay cho vi tri s6 3 va 4 nhu trong Hinh 2.25.

Edit Obstacle o

Obstacle Name | |

Obstacle Type
|B|:|ard outline ﬂ

YWidth
0.

Obstacle Layer
|Global Lavyer j

Copper Pour Rules

[ | zeder |

Mote: Use Pin Tool command 'Toggle Copper Pour Seed'
to set copper pour seedpoints
u r

Net Attachment [ for none]: - ~|

-

| Comp Attachment.. |

Help Cancel

Hinh 2.24 Hgp thoai Edit Obstacle
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(&) Layout -- CAUSERS\CD-DTO001\GOOGLE DRIVENTHIET KE MACH INVPROJECT EXAMPLEVARDUINO.MAX
File Edit View Tool Options Auto Window Help

2=n <N E| el _I_I_II__I_I_I _I_I_I _I_I ] 2]
X[1300 v |25 |G [25

[ Design - Obstacle Tool (DRC OFF) | = e

Hinh 2.25 Vé dwong bao bo mach in
2.3.3 Sap xép footprint
Cac linh kién khi xuét hién trong cira s6 Layout thuong duoc dit & phia bén trai géc
toa d0 va s& uu tién sap xép cac linh kién gan nhau theo loai va sb tht tu, do d6 sé& rat kho
dé ching ta quan sat két ni giita cac linh kién nay. Bé co thé chon va di chuyén cac
footprint chung ta st dung cdng cu Component nhu trong Hinh 2.26, click chudt vao
footprint can sap xép, tha chudt ty do sau d6 di chuyén chudt dén vi tri mong mudn bén

trong duong bao bo mach in, click chuét 1an nita dé ¢ dinh vi tri footprint. Sau khi footprint
c4c linh kién da duoc sap xép chlng ta tién hanh vé cac duong mach in.

File Edit View Teoocl Options Aute Window Help

==m »HE B 220 alWo|RITN ] sl 2l a2 2w

X |-300 Y [3600 G [100 |_umpunent Tool J

Hinh 2.26 C6ng cu sap xép footprint
2.3.4 Vé dwdng mach in

C6 hai cach dé tién hanh vé duong mach in, ching ta cé thé vé dudng mach in ty dong
hoic c6 thé sir dung cong cu v& duong mach in bang tay.

Pé vé& dudng mach in tu dong ching ta chon menu Auto>Autoroute>Board phan mém
Layout s& tu dong chon dudng mach in va 16p vé tét nhat dé ndi cac duong mach in nay.
Tay thudc vao viéc sap xép cac footprint, kich thudc dudng bao va do phic tap cua cac
duong mach in ma phan mém Layout s& chon sb lugng cac 16p khac nhau dé thyuc hién.

C6 4 cong cu v& duong mach in bang tay d6 1a Auto Path Route, Shove Track, Edit
Segment va Add/Edit Route. Phan mém Layout cho phép v& mach in 1én dén 16 Iop, viéc
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thiét 1ap thong sé k§ thuat cho céc 16p ciing nhu gidi thiéu vé chirc nang ctia cac cong cu
nay sé& duoc trinh bay trong cac chuong tiép theo.

Layout -- C:A\USERS\CD-DT0001\GOOGLE DRIVE\THIET KE MACH IN\PROJECT EXAMPLEVARDUINO.MAX
File Edit View Tool Options Window Help
S| Bl X|ME| BBl reresn =
|§ ||] W |3|]|]|] | Place 3 :l

m Design - Compenent Tool (DRC Unplace 4

2

Fanout
Autoroute Board
Unroute DRC/Route Box

Design Rule Check... CEE

Remove Violations Halt Autoroute

Cleanup Design... Resume Routing

Rename Components
Back Annotate

Run Post Processor

Create Reports...

Hinh 2.27 C6ng cu vé mach in tw déng va vé mach in bang tay

2.3.5 T6i wu hoa dwong mach in

Dé c6 thé loai bo cac 16i khdng mong muén tao ra trong qué trinh v& mach in ching
ta chon chirc nang Auto>Clean up Design va chon cac d6i tugng can loai bo trong hop thoai
Clean up Design. Phan mém s& kiém tra cac 15i v& duong mach in nhu 1a dudong mach in
khong nam trén lugi (off-grid), dudng mach in tao ra cac géc nhon (acute angle), 18i pad,
c4c via nam chong 1&n nhau (overlapping via). Néu nhu chiing ta khong mubn phan mém
Kiém tra va thay d6i bat ky duong mach in nao ching ta c6 thé dung chic nang khéa bang
cach nhan va gitr phim Ctrl dong thoi click chudt vao duong mach can khéa. Sau d6 click
chudt phai va chon Lock.

Cleanup Routing

Miter 90 degree corners
Eliminate acute angles

<A

Optimize vertices
Optimize shared tracks
Optimize shared vias
Optimize pad exits

EURE U

Select All Clear All

Override locked tracks

Cleanup Database

[~ Remove Unused Padstacks
[~ Remove Unused Footprints
[~ Remove Unused Nets

oK | Help | Cancel |

Hinh 2.28 Hgp thogi Clean up Design
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CAU HOI ON TAP:
1. Hay trinh bay cac budc co ban dé xay dung so dd mach nguyén Iy, so d6 mach in
trén phan mém OrCAD Capture va Layout?
2. Hay cho biét cdng cu nao dugc sir dung dé vé cac dudng két ndi trong so dd mach
nguyén ly?
3. Két ndi gitra cac chan cua linh kién dugc xem 14 thanh cong khi nao?
4. Nhém cong cu dung dé vé duong mach in bang tay gdm nhitng cong cu nao?
5. Hay cho biét 3 lra chon trong hop thoai Link Footprint to Component ¢d ¥ nghia
gi?
1. Link existing footprint to component ...
2. Create or modify footprint to library ...

3. Defer remaining edits until completion ...
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CHUONG 3: CAU TRUC CUA MOT PROJECT VA CAC CONG
CU TRONG LAYOUT

3.1 Thiét lap project
3.1.1 CAu tric caa project

Khi chang ta thiét 1ap mot Project bang cach chon File>New>Project ching ta s& c6
5 lya chon d6 1a Project, Design, Library, VHDL hoac la Text. Cac chirc ning ma chung ta
thuong chon dé 1am viéc d6 chinh 14 Project va Library, chiing ta s& thao luan nhiéu hon vé
hai chtc nang nay trong tai liéu. File VHDL duoc st dung trong linh viec mé phong phan
cung, file Text don gian la dang file van ban dugc dung cho viéc ghi ch.

Trong hop thoai New Project s¢€ ¢6 4 chirc nang cho phép chung ta chon lya Analog
or Mixed-Signal A/D, PC Board Wizard, Programmable Logic Wizard va Schematic. Churc
ning Analog or Mixed-Signal A/D duoc st dung dé md phong mach dién analog hoic
digital trén phan mém PSpice. Ching ta da str dung chirc ning PC Board Wizard cho viéc
thiét ké PCB. Chirc ning Programmable Logic Wizard duoc str dung vai céc linh kién 1ap
trinh va ching ta sé khong thao luan trong tai liéu nay con Schematic la chire nang co ban
duogc sir dung dé tao ra cac so d6 mach nguyén ly véi ky hiéu cua céc linh kién.

[ ARDUING (Restored) (R... | = || & |[m23]

PCB

E3 File | %8, Hisrarchy |
=~ Design Resources
[L] Marduino.dsn
5@ SCH
B e
E|Cl Desialﬁ c
CAP
CAP NP
CONZ
LED
LM7805/TO_0
: R

L. =3 TitleBlocko
.0 Library
...... C1 Outputs
...... £ Referenced Projects

EMATICL

666000

4 T 3

Hinh 3.1 Cita sé Project manager
Trong cira s6 Project manager nhu Hinh 3.1 chiing ta s& thay rang mdi Project s& ¢6 3
thu muc Design Resources, Outputs va Referenced Projects. Tai thoi diém ban dau khi moi
tao Project thi 2 thu muc Outputs va Referenced Projects sé khong cé dir li¢u. Thu muc
Design Resources chtra file thiét ké va Library. Mot Project chi ¢ thé chita mot ban thiét
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ké nhung lai 6 thé chira thuy myc phu trong d6 chara nhiéu dit liéu khac nhau. Thu muc
Library chtra duong dan dén cac thu vién dugc sir dung trong thiét ké. File thiét ké chua it
nhat mot thu muc Schematic va mot thu muc Design Cache. Mot file thiét ké c6 thé chua
nhiéu thu muc Schematic, trong mdi thu muc Schematic cé thé cé nhiéu trang vé (Page).
Thu muc Design Cache Iuu trit cac loai linh kién duogc sir dung trong bang thiét ké. Néu
nhu ching ta chinh sira mot linh Kién nao d6 trén trang v&, phan mém Capture s& copy va
Iuu trit linh kién d3 chinh sira d6 vao trong Design Cache dé ching ta c6 thé dé dang lay ra
trang v&. Mot thiét ké voi mot thu muc Schematic va mot hoic nhiéu trang vé (Schematic
page), cac trang nay duoc lién két vai nhau bai ky hiéu két thic trang (off page) thi goi 1a
thiét ké don tang (flat design). Mot thiét ké vai nhiéu thu muc Schematic va nhiéu trang vé
hodc chtra nhiéu khdi két néi da tang (hierarchical blocks) thi goi 1a thiét ké da tang.

3.1.2 Thuw vién linh kién (Library)

Dé c6 thé Iy linh kién ra trang v& chling ta sir dung céng cu Place Part. Sau khi hop
thoai Place Part xuat hién ching ta s& nhap tén linh kién (bang tién anh) vao muc Part nhu
trong Hinh 3.2, hinh dang linh kién s& xuat hién ¢ ctra s6 Preview dé ching ta cé thé kiém
tra trudc khi mang ra trang veé.

Cha y:

Thong thudng khi cai dat phan mém lan dau cac thu vién linh kién trong muc Libraries
s& khong c6 do d6 chung ta khong thé tim thay linh kién khi nhap tén vao muc Part. Bé
thém thu vién linh kién chung ta chon nat cong cu Add Library. Hop thoai Browse File
Xuat hién, thong thuong phan mém s& ty dong tré dén duong dan chira cac thu vién hoic
cac thu vién nay duoc chta trong thu muc cai dat phan mém OrCAD (C:\Program
Files\Orcad\Capture\Library).

Dé c6 thé tim kiém linh kién dé dang ching ta nén thém tat ca thu vién vao phan mém
bang cach click chudt chon mét thu vién bat ky sau d6 nhan phim Ctrl+A va nhan nt Open
dé két thic viéc Add Library. Pdng thoi tai muc Libraries ching ta phai chon tat ca thu
vién nhu trong Hinh 3.2, cac thu vién dugc chon s& c6 mau xanh. Nhu vay ching ta cd thé
tim kiém bat ky linh kién nao c6 trong cac thu vién ciia phan mém.

Dé loai bo thu vién khong sir dung ching ta chon thu vién sau d6 nhan nit cong cu
Remove Library. NUt cong cu Part Search cho phép chung ta tim thu vién chaa linh kién,
khi str dung chirc ning nay phan mém yéu cau phai nhap chinh xac tén linh kién.
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Place Part ES
=
i
- »
Cancel ] i
Part List: Q Browse File o £
0v411134/DISCRETE - Add Library... . ; = B
VA1 234/DISCRETE Lookin: | ). Library | £F Ev
AYATT1334/DISCRETE Remove Library - - L
OYB11134/DISCRETE Narne Date modified
SEEH%gﬂg:gEEEE Part Search...  lec 1/17/2014 10:37 AM
AVE11233/DISCRETE J leeelibs 1/17/2014 10:37 AM
UX2T30FS/50/MISC2 | Oldlibs 1/17/2014 10:37 AM
R-PACK MMIGCRETE - Help ®] Amplifier 4/24/2000 4:45 PM
. B Arithmetic 4/25/2000 2:06 PM ~
Graphic =
* Mommal ‘ U L
. R? o |
. < =
Packaging Value Files of type: |Ca|:|ture Librany(*.alb) ﬂ Cancel
Parts per Pkg: 1
[™ Open as read-only
Type: Homageneous

Hinh 3.2 Thw vién linh kién
3.2 MJi trwong va cong cu thiét ké mach in trong Layout
3.2.1 File dinh dang tiéu chuan k¥ thuat (Board technology files)

Khi bat dau thao tac trén phan mém Layout, ching ta phai chon file tiéu chuan k¥
thuat véi phan mé rong . TCH (technology template) trudc khi ma file netlist c6 phan ma
rong .MNL. Ching ta thuong sir dung file mac dinh (default) nhung chiing ta c6 thé chon
21 file ky thuat khac nhau. File tiéu chuan ky thuat thiét 1ap cac thdng s6 nhu s6 16p mach
in cho phép, kich thudc Pad va 16 khoan, don vi do...File tiéu chuan default duoc thiét lap
1a bo mach in nhiéu 16p cip do A. Theo tiéu chuan cua Hiép hoi bo mach in (IPC: Institute
for Printed Circuits) thi c6 tat ca 3 cip d6 14 A, B va C. Cip d6 A 1a bo mach duoc thiét ké
VGi mire 6 phuc tap (complexity) thong thuong. Trong tiéu chuan IPC-2221A chira cac
quy dinh cho phép trong san xuat mach in (SFAs: standard fabrication allowances). Phan
mém Layout st dung c4c tiéu chuan nay dé thiét 1ap cac duong mach in co s va khoang
cach gitra cac duong mach.

Vi du nhu & tiéu chuan cap d6 A, phan mém Layout cho phép chi ¢ duy nhat mot
duong mach in di qua gitra hai chan cua IC (integrated circuit) dang xuyén 16, kich thudc
Pad 12 62 mil (0,062 inh), kich thuéc 13 khoan chan IC 13 38 mil d6 phan giai luéi vé duong
mach in va pad 1a 25 mil, d¢ phan giai ludi dat linh kién la 100 mil, khoang céch gitra cac
duong mach in 1a 12 mil. Céc file tiéu chuan k§ thuat sir dung cho bo mach & cap d6 B va
C cho phép 2 va 3 duong mach in twong wng véi hai cip do nay di qua gitra hai chan linh
kién, do d6 kich thuéc cua Pad s& nho lai dé ting khoang tréng cho cac dudng mach in di
qua. Mot sé file tiéu chuan k¥ thuat duoc mé ta nhu trong Bang 3.1.
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Bang 3.1 CAc file tiéu chuan ky thugt [1]

Technology Application Design complexity
Default Typical non-RF frequency FR4-type boards using A

surface mount and/or through-hole components
1BET_ANY Same as Default, one trace between IC pins A
2BET_SMT Similar to Default but geared toward surface mount B

boards as the routing parameters are more compact
2BET _THR Through-hole boards, two traces between IC pins B
3BET_ANY High-density mixed package boards, three traces C

between IC pins
Tutor Used with the Layout tutorial A

Sau khi chon file tiéu chuan ky thuat phan mém Layout s& yéu cau mé file netlist véi
phan m& rong .MNL ma chung ta da tao trong Capture. Phan mém Layout s& thém céc
thong tin va luu file mach in véi phan ma rong .MAX, file .MAX nay s& chira cac thong
tin nhu kich thudc bo mach, vi tri dat cac linh kién, kich thudc va vi tri cac duong mach
in...

3.2.2 Tinh nang tw dong chon footprint (AutoECO)

Sau khi luu cac thong tin co ban cia mot file mai, tinh nang AutoECO (automatic
engineering change order) trong phan mém Layout s& xuat hién yéu cau ching ta chon
footprint tir thu vién cho cac linh kién duoc liét ké trong file .MNL.

Cha y:

Tir lc bat dau thiét ké mach so dd nguyén 1y trén Capture cho dén khi chuyén sang
thiét ké so @6 mach in trén Layout, phan mém s& tao ra gan 40 file khac nhau dé mé ta day
du céc thong tin vé ban thiét ké. Néu nhu ching ta lwu nhiéu Project vao ciing mét thu muc
thi s& rat khé dé quan ly céc file nay, vi vay ching ta nén luu mdi Project vao mét thu muyc
khéc nhau.

Néu nhu céc linh kién khong duoc gan footprint trong qué trinh vé so dd nguyén Iy &
Capture hoac cac linh kién nay khong dugc gan footprint trong phan mém Layout thi tinh
nang AutoECO s& mao hop thoai Link Footprint to Component véi 3 lya chon nhu trong
Hinh 3.3, y nghia cua tirng chon lya nay da duoc trinh bay ¢ chuong 2 muc 2.3.1.

32



Link Footprint to Component N x|

AutoECO cannot find the footprint X for component C1.

Please choose one of the options below:

Link existing footprint to component ... |

Create or modify footprint library ...

Defer remaining edits until completion ... |

OK | Help | Cancell

Hinh 3.3 Hgp thogi yéu cdu gan footprint cho linh kién

Khi chon lya footprint cho cac linh kién xong phan mém s& luu lai théng tin nay va
tu dong géan footprint cho cac linh kién clng loai trong c4c Project tiép theo. Ching ta c6
thé loai bo viéc gan tu dong nay bang cach cha dong gan footprint cho linh kién khi thiét
ké trén Capture trudc khi tao file netlist .MNL. Néu khdng thuc hién viéc gan trude khi tao
file netlist phan mém sé& ty dong géan cac footprint mac dinh cho linhh kién sau d6 ching ta
c6 thé thay doi céc footprint ndy trong trong qua trinh thiét ké trén Layout hozic Capture.

Néu nhu chon chirc nang tht hai Create or modify footprint library cira s6 Library
Editor s& ty dong ma ra cho phép chiing ta chinh sira mot footprint c6 san hoic tao mot
footprint méi. Sau khi luu footprint chung ta c6 thé déng cira so Footprint Editor va quay
trg lai tinh nang AutoECO véi ba chon lya nhu ban dau. Tuy nhién tai thoi diém nay ching
ta s& chon chirc nang thir nhat Link existing footprint to component dé gan footprint cé san
trong thur vién cho céc linh kién ma tinh ning AutoECO yéu cau.

Néu chon chirc nang thit ba Defer remaining edits until completion thi tinh ning
AutoECO s& bo qua viéc chon footprint cho linh kién hién tai va tiép tuc tim footprint cho
cac linh kién con lai trong file netlist .MNL. Néu nhu tat ca céac linh kién khong tim thay
footprint thi tinh ning AutoECO s& bao 16i, két thic, khdng tao ra bo mach in va ching ta
phai thyuc hién lai toan bo qua trinh nay.

Khi ma tinh ning AutoECO két thic véi viéc gan day du footprint cho céc linh kién
trong mach so @6 nguyén ly phan mém Layout s& mé cira s6 Design window. Céc linh kién
s& duoc tu dong dat trén trang vé ¢ phia bén trai cua goc toa do va dugc ndi véi nhau bang
cac dudng mau vang goi 1a “rat’s nest”. Tir day chung ta c6 thé vé duong bao bo mach, sap
xép cac linh kién, v& cac duong mach in va tao cac file hau xtr 1y. Bé c6 thé thyuc hién cac
nhiém vu nay mét cach thuan thuc ching ta can biét cach sir dung cac cong cu trong phan
mém Layout.
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3.2.3 Giao dién chwong trinh va cira so thiét ké (Session Frame va Design
Window)

Khi phan mém Layout dugc kich hoat cira s6 giao dién phian mém s& xuat hién nhu
trong Hinh 3.4 (a). Sau khi lién két véi file netlist . MNL va tinh ning AutoECO két thc,
file mach in .MAX duoc tao ra thi cira s6 thiét ké (Design window) s& xuit hién nhu trong

Hinh 3.4 (b).
(a) (b)

T Orcad Layout - Dema Edition T Layout - Demo Edition — C\ORCAD\ORCAD_10.S_DEMO\TOOLS\PROECTS\TESTI\
Fle Yaw Toos Hep File Edt Yew Tod Optiors Auto Widow Help

|l XINIE| B 2]S|0| QIS OIRITIN S = ul[Z
[ ]

x aon Y 550 G 25

Hinh 3.4 Giao dién chirong trinh va cira sé thiét ké
Sau khi ctra s6 Design Window xuat hién chiing ta c6 thé déng ctra s6 giao dién chinh
ctiia phan mém, chi mé duy nhat ctra s6 Design Window. Nhung tot nhat chiing ta nén mo

ca hai cira so nay bai vi cira s6 giao dién chinh cho phép phan mém giao tiép véi cac tng
dung khac nhu Capture. Chiing ta khong nén mé nhiéu cira s Design Window ciing mot
lGc boi vi chiing ta co thé tao ra nhitng thay d6i khéng mong muén trén cac cira s6 khac khi
dang thao tac.

3.2.3.1 Giao dién chwong trinh (Session Frame)

Tir menu File trong cira s6 giao dién chinh caa chuong trinh chiing ta c6 thé tao mot
thiét ké mai hozic ma mot thiét ké c6 sin tir mot phan mém khéac nhu PADS, Protel. .., menu
Tool trén thanh céng cu cho phép ching ta truy cap vao céc file khoi tao trong Layout
(LSESSION.ini) dé thay d6i cac thiét lap cua ung dung va thu vién footprint (Library
Manager), tir 46 chiing ta c6 thé tao ra cac footprint va cac thu vién footprint linh kién riéng.
Ngoai ra menu Tool con cho phép lién két véi cac ung dung khac nhu Orcad Capture va
Gerber Tool.
3.2.3.2 Cira so thiét ké (Design Window)

Ctra s thiét ké Design Window 1a méi trudng dé thyc hién viéc thiét ké bo mach in.
Tir cira SO Ny ching ta s& sir dung cac cong cu dé sap xép, thay doi, chinh st footprint va
V& cac duong mach in...C6 khoang 200 tac vu ¢ thé thuc hién tir cac cdng cu trong cira s6
thiét ké nay.
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3.2.4 Thanh cdng cu (Tool bar)

Céc cong cu trong thanh Tool bar dugc chia thanh 4 nhém chirc nang nhu trong Hinh
3.5 bao gém 11 cong cu danh cho céc chirc ning thong thudng (general project tools) nhu
mé file, luu file, zoom. .., nhom thtr hai gdm 6 cong cu danh cho viéc chon déi turgng thao
tac (object selection tools) nhu chon linh kién, chon tén linh kién, chon duong ndi mach
nguyén 1y..., nhém thir ba gdm 4 cong cu v& mach in bang tay (manual routing tools) va
cudi cung 1a 5 cdng cu dé thiét 1ap méi trudng v& mach in (environmental control tools).

General project tools Environmental control tools
sElml x|#E| =220 Qlw|@|BT |2 kf=l=] ZH| Al ¢
Object selection tools Manual routing tools

Hinh 3.5 Thanh cong cu Tool bar

3.2.4.1 Cong cu danh cho cac chire nang thong thwong (General project tools)

Open File

Gidng nhu cong cung Open File trong Window, cdng cu nay dung dé mo mot project
vé6i phan mé rong .MAX, file thong sé ki thuat (TCH, .TPL), file thu vién footprint...
Cong cu nay ciing c6 thé ma bang cach chon File>Open.

Save Project

Cong cu nay duoc dung dé luu file véi phan maé rong .MAX hién hanh. Ching ta cé
thé str dung cong cu nay bang cach chon File>Save hoic chon Save As dé luu file hién tai
v6i mot tén khac, thu muc khac hoic c6 thé dung dé luu cac file thudc tinh cua project.

Library Manager

Cong cu Library Manager dugc sir dung dé chinh sira va tao mai cac footprint, hinh
dang va kich thudc cua Pad.

Delete

Cong cu nay duoc ding dé x6a cac ddi tugng trong cira so thiét ké, néu nhu ching ta
khong chon bat ky dbi twong nao thi cdng cu nay sé bi an di. Chiing ta c¢6 thé st dung phim
Delete trén ban phim cho chirc niang nay. Khi x6a cac ddi tugng quan trong phan mém
Layout s& hoi lai dé chic chin rang ching ta c6 muén xdéa hay khong.
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Find

Khi chon chic niang Find hop thoai Find Coordinate or Reference Designator xuat
hién chlng ta c6 thé nhap tén linh kién, Pad hoic mot toa do vi tri bat ky cong cu nay s di
chuyén con tro vé ding vi tri can quan sat.

Edit

Chon mot d6i tugng trong cira s6 thiét ké nhu linh kién hozc duong mach in... sau d6
chon chirc ning Edit thi hop thoai Edit Properties xuat hién cho phép chung ta thay ddi cac
thuoc tinh cua déi twong.

View Spreadsheets

Cong cu View Spreadsheets dugc sir dung rat nhiéu trong phan mém Layout dé tac
dong dén cac tham sé thiét lap trang vé. COng cu nay cho phép thiét 1ap va hién thi nhiéu
thong sé cung mot thoi diém.

Query

Ctra s6 Query duoc sir dung két hop véi cac cong cu trong nhém Object Selection
tools dé xem thudc tinh cua cac ddi twong. Cira s6 Query duoc md bang cach click chuot
vao cong cu Query sau d6 chon mét céng cu trong nhdm Object Selection tools roi tac dong
1én déi twong trén trang vé, cac thudc tinh cua ddi twong duoc hién thi trén cira s6 nhu Hinh
3.6. Ngoai ra ctra s6 Query con dugc st dung dé tim ddi twong trong trang vé bang cach
dua con tro vao cira so click chudt phai chon Find/Goto sau d6 nhap tén ddi twong vi du
nhu R (resistor) hodc C (capacitor)...Ctra 6 Query s& hién thi thudc tinh lién quan dén cac
doi tugng nay.

123 Component “LI1"

Location [-1800,2500]
Insertion location [-1800,2500]

Comp t height undefined
Package "LM7805/TO_2"
Footprint "'7805_U1"

Part Name "LM7805/T0O_2"

alue "LM7805/TO"
tir: VALUE = LM7805/TO

'U1.1" Net "NOD5 49"
'U1.2" Net "GND"
'U1.3" Net '"vCC"

Place outline Obstacle "U1"
Free track Obstacle "'62"
Footprint Name Text "'42"

Hinh 3.6 Cira sé Query
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3.2.4.2 Cong cu chon dbi twong thao tac (Object selection tools)

Component

Diy 1a cong cu rit manh véi nhiéu chirc ning dwoc sir dung dé thao tac véi cac
footprint. Chirc ning co ban cua cdng cu nay |a chon lua, di chuyén, chinh sira va x6a
footprint. Ngoai ra cong cu nay con c6 nhiéu chire ning khac vi du nhu néu ching ta khéng
chon bt ky linh kién (footprint) ndo va click phai chuét thi cac chirc ning ciia céng cu nay
Xut hién trong menu pop-up nhu trong Hinh 3.7 (a) hoic néu ching ta chon mét footprint
nao dé va click chudt phai thi cac chirc ning khac ctia cdng cu nay sé& xuét hién nhu trong

Hinh 3.7 (b).
(a) (b)
End Command End Command
New... Properties... Ctr+E
Queue For Placement Sopy Setins
o Delete Chrl4+3%
Select any. .. Alt+5
Place... Shove ]
Select Next N Matrix Place
Minimize Connections M Swap Chrl4+W
Undo u Rotate R
Opposite T
Alternate Footprint. ..
Make K
Break Ctrl+K
Lock L
Fix
Select Next N
Minimize Connections M
Move OnJOfF
Undo U

Hinh 3.7 Céc chitc nang cua cong cu Component [1]
(a) Khéng chon footprint
(b) C6 chon footprint

Pin

Chtic ning co ban cua cdng cu nay la ding dé chon, di chuyén, chinh sira va x6a mot
chan nao d6 trong footprint. Gidng nhu cong cu Component, cong cu nay ciing ¢ nhiéu
chie nang khac nhau néu chiing ta chon hozc khong chon chan cua footprint khi click chudt
phai. Cong cu nay thuong duoc sir dung dé chinh sira footprint trong Library Manager.
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Obstacles

Cong cu nay duoc sir dung dé V&, chon, di chuyén, chinh sira, copy va x6a cac duong
giai han (obstacle) pham vi dat linh kién va pham vi vé cac duong mach in. Thong thuong
cac duong Qidi han nay la duong bao linh Kién, duong gigi han bo mach in, vung phua
dong. ..

Pé di chuyén ma khong 1am thay ddi kich thuéc duong bao ching ta nhan phim
Ctlt+click chudt trai vao dudng bao sau d6 tha phim Ctrl, click va gitr chuot trai roi di
chuyén dudng bao dén vj tri méi mong muén.

Pé thay dbi kich thudc duong bao ching ta click chudt trai vao ting canh sau d6 di
chuyén dén cac vi tri mong mudn réi click chudt dé cb dinh cac canh cua dudng bao. Ngoai
ra ching ta cd thé click chudt phai dé chon mot s chirc ning mé rong khac cua cdng cu
nay.

Text

Cong cu nay dung dé chon, di chuyén, chinh stra, copy va x6a chudi ky tu trén trang
vé&. Chling ta cé thé chon cong cu nay sau d6 str dung phim Insert dé chén chudi ky tu 18n
trang vé hoac sir dung phim Ctrl+C dé copy va dung Ctrl+V dé dan chudi ky tu.

Connection

Cong cu nay duoc st dung dé tao ra cac duong mach nguyén Iy ma trong Capture
khong c6 hoic thiéu. Ching ta c6 thé sir dung cdng cu nay dé tao va xoda cac dudng mach
nguyeén ly truc tiép trong Layout.

Error maker selection

Cong cu nay cho phép ching ta chon 15i, tim vi tri va xac dinh thong tin vé 13i tao ra
trong qua trinh thiét ké mach in sau khi sir dung céng cu kiém tra 16i DRC.
3.2.4.3 Cong cu thiét 1ap méi trwong vé mach in (environmental control tools)

Color Settings

Cong cu nay dung dé thiét 1ap mau cho cac dbi twong trong trang vé nhu tén footprint,
duong bao, 16p...Cong cu nay ciing duoc sir dung dé thiét 1ap cho cac 16p hién thi hoic an
di.

Online Design Rule Check (DRC)

Chtre nang ctia cong cu nay la ngan ngura viéc dat linh kién va vé duong mach in bén
ngoai khu vuc cho phép.
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Reconnect Mode

Cong cu nay co chirc nang an di cac duong mach nguyén ly gitp ching ta dé dang
quan sét trong qué trinh thiét ké.

Refresh

Cong cu nay co chic nang hién thi lai cac duong mach in bi nhoe trong qua trinh vé
va ndi lai cac duong mach nguyén 1y sao cho d6 dai cac duong nay 1a ngin nhét.

Project DRC

Cong cu nay cho phép phan mém kiém tra toan bo thiét ké theo cac tiéu chuan dugc
thiét lap trong hop thoai Check Design Rule.
3.2.4.4 Cong cu vé mach in bang tay (manual routing tools)

Add/Edit Route Mode

Chlng ta sir dung céng cu Add/Edit Route Mode dé tao cac duong mach in tir duong
ndi mach nguyén Iy hoac chinh sira cac duong mach in c6 san.

Edit Segment Mode

Chtic ning co ban cua cong cu Edit Segment Mode 1 di chuyén cac doan va cac goc
ctiia duong mach in ¢6 sin. Ching ta c6 thé sir dung cong cu Edit Segment Mode dé vé
duong mach in cho cac duong mach nguyén 1y nhu cong cu Add/Edit Route Mode.
3.2.4.5 Toa d9 con tré, lwéi dat linh Kién va Iép mach in hién hanh

Phia bén duéi thanh Tool bar 14 thanh hién thi toa d6 con tro, d6 phan giai ludi dat
linh kién va menu drop down hién thi I6p mach in hién hanh nhu Hinh 3.8. Toa do con tro
dugc x4c dinh theo don vi m3c dinh Mil va lién quan dén vi tri géc toa do cua bo. Ludi dat
linh kién thé hién d6 linh hoat khi ching ta sdp xép footprint Ién bo mach, gia tri lugi cang
nho thi viéc sap xép vi tri dat cang dé diéu khién. Menu hién thi Iép mach in hién hanh cho
phép ching ta chon 16p mach in dé thao tac hoic c6 thé an di khi can quan sét cac 16p con
lai.

(a) (b)
X 150 Y 650 G 100 | i_Toe ] ~|

Hinh 3.8 (a) Toa do con tré (X, Y) va do phan giai luoi (G)
(b) Menu hién thi 16p mach in hién hanh
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CAU HOI ON TAP:

1.
2.
3.

CAu tric cua mot Project gdm bao nhiéu thu muc?

Hay cho biét duong dan chua thu vién linh Kién thuong duoc thiét 1ap o dau?
Hay trinh bay cach thirc dé c6 thé tim kiém linh Kkién trong thu vién phan mém
nhanh nhat?

4. File tiéu chuan ky thuat véi phan mé rong .TCH duoc st dung dé lam gi?

Thanh cdng cu chinh cua phan mém OrCAD Layout duoc chia thanh 4 nhom
chtrc nang khac nhau do6 1a cdc nhom nao?
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CHUONG 4: CAC TIEU CHUAN THIET KE MACH IN TRONG
CONG NGHIEP

4.1 Céc to chirc tiéu chuan

Khi bat dau thiét ké mot PCB chung ta thuong dua ra cac yéu cau vé kich thudc, hinh
dang bo mach, vi tri dit linh kién, cach thic sap xép céc 16p mach in, khoang céch va do
rong cua cac duong mach in... day chinh 1a cac cau hoi dung duge dit ra dé ching ta tién
hanh thiét ké nhung van dé quan trong 1 ai s& 13 nguoi tra 1o cac cau hoi nay.

C6 rat nhiéu tiéu chuan lién quan dén viéc thiét ké mach in. Mot sb to chic thiét 1ap
c4c tiéu chuan nhu 1 cac hudng dan, quy tac céng nhan tham chi 1a diéu luat trong linh vuc
thiét ké mach in nhu Institute for Printed Circuits (IPC-Association Connecting Electronics
Industries), day 1a t6 chirc thuong mai toan cau bao gom hon 2300 cong ty thanh vién. To
chtrc nay duoc thanh lap tir cac thanh vién hoat dong trong linh vuc cdng nghiép nhu ky su
thiét ké, nha san xuét bo, cong ty lip rap linh kién, céng ty san xuat linh kién va cac t6 chic
san xuat thiét bj. Ngoai ra con rat nhiéu t6 chirc khac ciing dua ra cac tiéu chuan ky thuat
nhu Electronic Industries Alliance (EIA), International Engineering Consortium (IEC),
Joint Electron Device Engineering Council (JEDEC), Military Standards, American
National Standards Institute (ANSI), Institute of Electrical and Electronics Engineers
(IEEE)...

4.2 Phan loai mach in
Cach thuc thiét ké mot PCB phu thudc vao nhiéu yéu té nhu 1a cong dung cua bo
mach, mirc 46 phuic tap trong thiét ké va kha ning ché tao, tiéu chuan cho phép caa nha san
xuat, loai linh kién va céng nghé ché tao. Viéc phan loai tiéu chuan dwoc xay dung dé hd
trg cac nha thiét ké, nha san xuat va khach hang trao doi thdng tin véi nhau. Cac phan loai
bao gdm phan loai theo tng dung, kha ning san xuat va loai cau tric.
4.2.1 Phan loai theo &ng dung
Thong thuong cac PCB ¢ mot trong ba cap do ang dung. Theo cac tiéu chuan caa to
chtc IPC thi vat liéu ang dung va muac do sai sé duge xac dinh theo cac mac. Mac ung
dung duoc dua trén cac yéu td nhu 1a su thay doi cho phép do day 16p dong, sai sb vi tri,
sai s6 kich thudc 16 khoan...gdm cac 16p nhu sau:
e L6p 1: Cac san pham dién tir gia dung nhu ti vi, may choi game, may tinh c4 nhan.
e L&p 2: Cac san pham dién tir chuy@n dung bao gém cac san pham thwong mai va
quan sy ¢4 cac chirc nang dic biét nhu giao tiép, phdi hop cac khéi va hé théng cam
bién, cac san pham doi hoi kha nang tinh toan 1on.
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Lép 3: Cac san pham thuong mai va quan su doi hoi do tin cay cao trong nhiéu diéu

kién méi trudng khac nhau nhu cac thiét bi y té va hé thong vii khi.

4.2.2 Phan loai theo kha ning san xuat

Puoc phan chia theo 3 mirc do khac nhau vé kha ning san xuat:

Cép do A, cac thiét ké thong thuong - Do phuc tap thap
Cép do B, céc thiét ké trung binh - Do phuc tap tiéu chuén

Cép do C, céc thiét ké cao cap - Po phuc tap cao

4.2.3 Phan loai theo cau tric

Phan loai theo c4u trac duoc xac dinh dua vao sb lwong céc 16p (mot 16p, hai 16p hoic

nhiéu 16p) va theo loai via dugc st dung dé két ndi cac 1op. Theo tiéu chuan caa IPC thi c6
6 loai bo dugc ché tao do la:

Loai 1: Bo mach in mét 16p

Loai 2: Bo mach in hai lop

Loai 3: Bo mach in nhiéu I6p khéng c6 via mu (blind via) va via ngam (buried via)
Loai 4: Bo mach in nhiéu I6p c¢6 via mu (blind via) va via ngam (buried via)

Loai 5: Bo mach in nhiéu I6p 16i kim loai khéng c6 via mu (blind via) va via ngam
(buried via)

Loai 6: Bo mach in nhiéu 16p 18i kim loai c6 via mi (blind via) va via ngam (buried
via)

MJi loai PCB ¢ thé duoc xac dinh bai 16p sip xép phu, 16p ndy miéu ta chi tiét cach

sap xép céc linh kién trén bo mach. Cac 16p phu nay bao gom:

Lép phu A, chi c6 linh kién dang xuyén 16 (THD: through-hole devices)

L6p phu B, chi ¢o linh kién dan (SMD: surface-mounted devices)

L&p phu C, hén hop linh kién dan va linh kién xuyén 16 dang don gian

Lop phu X, linh kién dan hodc xuyén 16 phuc tap, khoang cach nho, linh kién dang
dong go1 BGA

Lép phu Y, linh kién dan hodc xuyén 16 phuc tap, khoang céach siéu nhd, linh kién
dang dong goi chip-scale

Lép phu Z, linh kién dan hodc xuyén 16 phuc tap, khoang cach nho, linh kién dang
dong goi flip-scale
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4.3 Céc tiéu chuén ché tao

Khong c6 mét quy trinh ché tao ndo 12 hoan hao, moi tquy trinh déu cé gii han va
viéc ché tao PCB ciing nhu vay. C4c sai sb thiét ké bao gém vj tri va duong kinh 15 khoan,
I6p phu dong va qua trinh dn mon, d6 phan giai cua 16p phu chéng oxy hoa. Sai sb gia cong
bo mach in tr& nén quan trong hon khi sé lugng 16p, do rong duong mach in ting 1én va
khoang céach giam xudng. Ldi sai sé cé thé sinh ra trong timg giai doan san xuat mach in
va dan dén viéc tao ra bo mach in khong dat yéu cau.

Biét dwoc giGi han san xuat c6 ¥ nghia quan trong vi nhu vay ching ta cd thé thiét ké
bo mach phu hop véi kha ning ctua nha san xuat. Bai vi tuy thiét ké cua chung ta dat duoc
c4c tiéu chuan hién tai nhung mdi nha san xuat bo mach lai c6 nhiing kha ning khac nhau.
4.4 Kich thuéc va sai s6 bo mach in
4.4.1 Kich thwéc bang mach in tiéu chuan

Theo IPC bang mach in tiéu chuan (standard panel) c6 16 kich thudc khac nhau dugc
ky hiéu bang chir va sd, cac théng sé nay thé hién kich thudc cia bo mach theo phuong x
va phuong y. Cac kich c¢& dugc ky hiéu tir A1-D4 nhu duoc trinh bay trong Bang 4.1

Bang 4.1 Kich thwéc bang mach in tiéu chuan [1]

Number
Letter 1 2 3 4
A 24X 32 24xX6.7 24x%X102 24 %138
B 47 X 3.2 47 %X 6.7 47 xX10.2 47 X 13.8
C 7.1 %X 3.2 7.1 x6.7 7.1x%X10.2 7.1 X13.8
D 95x 32 95x6.7 95x102 95x13.8

Sizes are given in inches.

Chung ta can biét kich thudc cua bang mach in tiéu chuan dé c6 thé giam chi phi gia
cdng khi chu dong thiét ké cac bo mach c6 kich thudc phi hop véi cac kich thudce chuan
hoic c6 thé ghép nhiéu bo mach trén ciing mot bang mach tiéu chuan. Cha y néu linh kién
duogc rap tuy dong biang may thi ching ta can biét gisi han vé kich thudc dé tranh truong
hop khong thé rap linh kién 1én bo do kich thuéc bo qua nho hodc qué 16n.

4.4.2 Dién tich ga va hiéu suit sir dung bo mach in

Khi cac nha san xuit gia cong bo mach ho can khoan cac 15 bén ngoai dudng bao bo
mach dé c6 thé cb dinh bo mach vao may gia céng, phan dién tich dé khoan cac 16 nay goi
la dién tich g4 (tooling area). Dién tich nay yéu cau khoang 0.375-1.5 inch, khoang céch
nay dugc do tir canh duong bao bo mach dén duodng gisi han cua bang mach tiéu chuan
(theo tiéu chuan IPC-D-322). Khi dat nhiéu thiét ké trén cling mot bang mach thi khoang
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cach t6i thiéu gitr hai dudng bao bo mach cua céc thiét ké thuong 1a 0.1-0.5 inch, muc dich
1a dé c6 thé sir dung t6i da bang mach in.

Hau hét céc van dé trén déu duoc nha san xuat bo mach xt 1y thay cho nguoi thiét ké
nhung néu ching ta nam duoc cac van dé néu trén thi ching ta co6 thé téi wu viéc sap xép
linh kién va giam chi phi san xuat.

4.4.3 Po day tiéu chuan bo mach in

Nhu di trinh bay trong chwong 1, PCB duoc ciu tao tir viéc ghép mot hoic nhiéu 16i
Vi céc 16p soi thuy tinh tim nhya do d6 do day caa bo mach in phu thudc vao sb luong
cac 16p ndy. Bang 4.2 trinh bay cac d6 day tiéu chuan caa bo mach trong céng nghiép.

Bang 4.2 P¢ day tiéu chudn bo mach in [1]

Inches Mils Millimeters
0.020 20 0.51

0.030 30 0.76

0.040 40 1.02

0.062 62 1.6

0.093 93 2.4

0.125 125 3.2

0.250 250 6.4

0.500 500 12.7

4.5 Pwong mach dong va sai s6 An mon

Khi tién hanh an mon kim loai thay vi st dung phuong phéap phay thi cac canh cia
duong mach déng khdng phang hoan toan nhu mét birc tuong thang ding. Su gb ghé xuat
hién do do phan giai han ché ciia mat na, xay ra do su luu thong cua axit va bong bong khi
trong qua trinh an mon. Hinh 4.1 cho thiy duong mach in c6 dang hinh thang, 16p dong &
phia dudi mat na ngan chat dn mon bi loai bo, hién twong nay duong goi 1a An mon ngugc
(etchback hozc undercutting). Do rong duong mach in ¢ phan day hinh thang sé bang Vi
d6 rong cua mat na va kich thudc nay sé duoc str dung dé tinh toan khi c6 yéu cau.

Copper trace Etch resist
— W —> /

<+— Etchback

«—W—p

FR4

Hinh 4.1 D¢ réng dwong mach in va hiéu ing an mon nguoc [1]
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Theo tiéu chuan IPC thi sai s6 d6 rong dudong mach in dugc cho phép tir +0.4 mil -
+0.6 mil trén 1% oz. Nguoi thiét ké can nim duoc sy thay doi vé do rong dudng mach in
dé cd thé tinh toan duoc tro khang va kha niang chiu dong. Di véi cac thiét ké thong thuong
thi d6 rong dudng mach in duogc tinh toan theo kinh nghiém thyc té. Theo tiéu chuan IPC-
2221A d6 rong nho nhat va khoang céch giira cac duong mach in 1a 3.9 mil. Mdi nha san
xuat bo mach lai c6 sai s6 vé d6 rong va khoang cach riéng ciia minh, thong thuong gia tri
nay 1a 4 mil - 8 mil, tét nhat 1a ching ta nén lién lac dé co thé biét duoc kha ning ciia cac
nha san xuat trude khi tién hanh gia cong.

4.6 Kich thwéc 1§ khoan tiéu chuan

L3 khoan duoc khoan trén bo mach in bang nhiéu ki thuat khac nhau nhu str dung
mili khoan xo0dn, miii phay, khoan laser va plasma. P9 chinh xac vé vi tri, kich thudc va toc
d6 khoan la céc yéu t6 dugc quan tam. Nguoi thiét ké bo can phai biét kich thudc 16 khoan
cho tirng chan linh Kién (padstack). Kich thuéc tiéu chuan ciia miii khoan duoc quy dinh
trong tiéu chuan ANSI B19.11M. Tuy nhién khdng phai nha san xuat bo mach nao ciing
khoan tét ca cac kich thuéc 16 khoan nay. Khi ching ta c6 mot 16 khoan c6 kich thudc dac
biét thi chiing ta nén thay doi kich thudc nay cho phl hop véi kha nang ctia nha san xuat.
Ddi véi céac 16 khoan c¢6 kich thudc nhé gan bang kich thudc 16 khoan c6 san thi nha san
Xuat s& chon kich thuéc 16 khoan kich thudc 16 khoan ¢é sian nay dé dam bao rang cac 15
khoan nay khong nho hon 16 khoan theo thiét ké, nhu vay ching ta méi cé thé lap rap duoc
linh kién 1én bo. Nhung viéc nay s& anh huong dén do6 rong vong giai nhiét tai cac chan linh
kign.

CAU HOI ON TAP:
1. Cac phan loai chinh cua bo mach in la gi?
2. Hay trinh bay kich thudc cac bang mach in tiéu chuan?
3. Hay trinh cho biét cac thong s6 d6 day tiéu chuan cia bo mach in?
4. Dién tich can thiét ¢é ga bo mach in vao may gia cong la bao nhiéu?
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CHUONG 5: QUY TRINH SAN XUAT BO MACH

5.1 Quy trinh ldp rap linh kién

Bo mach in sau khi gia céng c6 thé duoc Iap rap linh kién tha céng hoic lap rap tu
d6ng bang may. Céach thuc 1ap rap phu thudc vao phan 16p céng nghé linh kién (gom cac
16p tir A-Z nhu d3 trinh bay trong chuong 4) va sb lugng bo I4p rap linh kién cing mot thoi
diém. Mot sé cong ty thuc hién ca viéc san xuat bo mach in va Iap rap linh kién nhung sb
khac chi thuc hién mét trong hai cong viéc trén. Céach thie Iap rap linh kién déng vai tro
quan trong trong viéc sap xép linh kién trén PCB bai vi viéc sap xép nay anh huong dén
khoang cach va hudng cua cac linh kién trong qua trinh han.

5.1.1 Lap rap linh kién thi cong

Viéc lap réap linh kién thu cong thuong duoc sir dung cho cac bo mach ché tao thi
nghiém véi sé luong it hoac lap rap trude cac linh kién dic biét chuan bi cho cong doan lap
rap ty dong. Céach thic lap rap linh kién thu céng co thé duoc sir dung cho ca cong nghé
linh kién dan (SMT: surface-mount technology) va linh kién dang xuyén 16 (THT: through-
hole technology). Béi véi cac bo mach c6 sb lugng it thi mot day chuyén cé thé c6 nhiéu
cdng nhan lip rap, trong d6 mdi ngudi s& chuyén lap rap mot loai linh kién. Cong doan lap
rap linh kién cd thé dugc gian doan nhiéu lan dé thuc hién viéc kiém tra. C6 thé két hop
cong doan lap rap va han linh kién tha cong hoic han ty dong.

Viéc lap rép linh kién thi cong c6 thé 1a mot cong viéc nham chan. Huéng va vi tri
dat linh kién thdng nhat s& gitp cho cng viéc lap rap tro nén dé dang hon. Vi du nhu huéng
cuc tinh cua linh kién (diode, tu dién...) cuing chiéu nhau hoac vi tri chan s6 1 caa tat ca IC
(integrated circuits) duoc dit theo cling mot hudéng cé thé 1am giam sai sot va tang hiéu
Xuat lap rap.

5.1.2 Lap rap linh kién tu dong

Viéc lap rap tu dong hién nay dugc sir dung cho ca linh kién dan va linh kién xuyén
15. May rép linh kién duoc lap trinh dé ty dong lay linh kién tir trong cudn hoic thing chua
sau do6 dat linh kién 1én PCB dung hudng va vi tri. Toc d6 rap linh kién xuyén 16 c6 thé dat
tir 20.000-40.000 linh kién trén mét gio (CPH: components per hour). Dit liéu vé vi tri dat
cua linh kién 1ap trinh cho cac may lap rap tu dong duoc cung cap trong file Gerber tao ra
boi phan mém Layout hodc mot phan mém CAM khac.

Céc linh kién xuyén 16 thuong dugc ghép lai véi nhau va duoc dong goi theo dang
cudn bang cach dan cac chan lai véi nhau. Loai linh kién nay thuong duoc dat ¢ 16p trén
cia bo mach va dugc han theo phuong phap han dang song (cac phuong phap han linh kién
s& duoc trinh bay trong phan noi dung tiép theo). Trinh ty lap rap tu dong linh kién dang
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xuyén 15 s& bat dau vai linh kién dang chan cam xuyén truc (axial-leaded devices), tiép theo
1a linh kién dang chan cdm hinh tru (radial-leaded devices), cudi ciing 1a cac linh kién c6
dang dac biét.

Hinh 5.1 Linh kién chan cam dang xuyén truc va chan cam hinh try

Cac linh kién dan thudong duoc dong goi theo dang dng (tubes), khay ma tran (matrix
trays), bang cudn (tape and reel) hoic dang khdi. Cac linh kién nay cé thé duoc dan trén
mét hoic ca hai mat cia PCB. Ban dau 16p phu chi (solder paste) duoc in 1én cac pad can
han cia PCB. Tiép theo céc linh kién duoc gin 1én bo tam thoi bang may te dong (pick-
and-place machine) va duoc dua qua 10 say dé 16p phu chi tai céc chan linh kién ndng chay,
sau d6 chi s& dugc 1am nguoi va céc linh kién duoc han cang 1én bo. Linh kién dan c6 thé
duogc gan Ién bo vai toc do tir 10.000-100.000 con trén gio (CPH).

Khi c6 linh kién dan trén ca hai mat caa PCB hoic hon hop giira linh kién dan va linh
kién xuyén 15 thi phuong phap han dang sy va dang séng (reflow—wave soldering) sé dugc
st dung dé han linh kién. Ban dau linh kién dan trén 16p Top s& duoc gan 1én bo va duoc
han bang phuong phéap say. Tiép theo linh kién xuyén 15 trén 16p Top s& dugc gan lén bo
bang céach bé céc chan linh kién ¢ 16p Bottom nhu Hinh 5.4 hodc dan linh kién 1én 16p Top
hoic dua vao sy ma sat giira chan linh kién va 16 khoan. Bo mach duoc lat lai, may sé& tu
dong dan keo vao cac vi tri linh kién & 16p Bottom. Sau do6 cac linh kién dan ¢ I6p Bottom
dugc gan 1én bo bang phuong phap thu cong hoac tu dong tai cac vi tri vira dugc dan keo
(glue dots) trude do, 16p keo nay s& giit cac linh kién dinh trén bo cho dén khi cac linh kién
nay duoc han 1én bo hoan chinh. Tiép theo bo mach dugc dua qua 16 sdy dé lam kho 16p
keo, sau d6 dua qua cong doan han dang séng dé han linh kién xuyén 15 va linh kién dan &
I6p Bottom.
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Hinh 5.2 Linh kién ddn déng géi dang ong (tubes), khay ma trdn (matrix trays), bing
cuon (tape and reel)

Hinh 5.3 May lap rap linh kién tir déng quy md nhé (pick-and-place machine)

Néu bo ¢ linh kién dan ¢ ca hai mat bo thi phwong phép han say duoc sir dung. Cac
linh kién dan & 16p Top s& duoc gén 18n bo bang 16p pha chi ¢ nhiét do cao, sau d6 bo duoc
dua qua 16 sdy. Khi ma cac linh kién & 16p Top da dugc ¢ dinh thi bo mach s& duoc lat lai
va cac linh kién ¢ 16p Bottom s& duoc gan 1én bo ¢ nhiét d6 thap hon dé tranh l1am roi cac
linh kién ¢ 16p Top da dugc han trude do.

Component Side

Component

Pad
Lead Solder Side

Hinh 5.4 Linh kién xuyén 14 dwoc gan 1&n bo bang céch bé chan
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5.2 Quy trinh han linh kién

Linh kién dugc han 1&n bo mach dé tao ra cac két ndi dan dién giita chan linh kién va
cac dudng mach in. B cac méi han dat yéu cau thi chi han phai néng chay va tao thanh
mét 16p két ndi gitra chan linh kién va bo mach in. D& bao vé cac méi han khoi bi oxy hoa,
bo mach sau khi han linh kién hoan chinh sé dugc ma nickel hoac palladi.

5.2.1 Han linh kién thi cong

Phuong phap han thu céng duoc sir dung rong rdi cho nhiéu tng dung nhu 1ap rap
hoan chinh linh kién trén PCB, stra chira va thay thé linh kién. C6 nhiéu cong cu hd tro cho
viéc han thu céng nhu 13 may kho (hot-air pencil), mé han (soldering iron)...Ngoai téc do
han cham, gigi han 1on nhét ciia phuong phap han thu cong d6 1a 1am ting kha nang phong
tinh dién va gay ra hién tuong qua nhiét tai vi tri han gita linh kién va PCB.

5.2.2 Han linh kién dang song (Wave soldering)

Bo mach duoc gan 1én bang tai va duoc say trude khi dua vao han nhu trong Hinh 5.5
va Hinh 5.6. Bang tai s& di chuyén bo mach ngang qua bé chi néng chay vai cac gon song
thang dtimg do d6 chi ¢6 chi han tai cac chan linh kién & I6p Bottom nong chay. Phuong
phap nay co thé sir dung cho ca hai dang linh kién dan va xuyén 15 con phuong phap sy
chi thich hop ddi vai linh kién dan. Céc linh kién dan nho hoic cé4c tu tantalum cd thé gap
van dé khi bang tai di chuyén bo mach qua cac gon song. Pi véi cac linh kién dan nho 16p
keo dung dé dan tam linh kién 1én bo c6 thé Ién hon cac Pad do d6 chi han khdng thé tiép
xuc hodc tng suat nhiét do cé thé 1am hong linh kién dan 16n.

Déi vai cac linh kién dan ¢ 16p Bottom ngudi thiét ké can biét chiéu di chuyén caa bo
mach qua cac gon song khi han linh kién. Linh kién c6 thé duoc dat giéng nhu trong Hinh
5.7, cac linh kién nho khong bi che boi cac linh kién I6n hon ¢é méi han ¢ cac linh kién
nho dat yéu cau va khong néi tat cac chan cua IC. Viéc néi tat cac chan linh kién xay ra do
khoang céch qua nhé giita cac chan caa linh kién dan. Van dé nay thuong xay ra doi Voi
hai chan cudi cuing cua IC khi di chuyén bo ngang qua cac gon song, phan chi thira c6 xu
hudng s& dinh va néi hai chan cudi lai véi nhau. Dé giai quyét van dé nay cac Pad gom chi
(solder thieves) thuong duoc thém vao sau chan cudi ciing cua IC dang SMD dé kéo luong
chi thtra ra khoi céac chan IC nhu trong Hinh 5.7. Kich thudc cia Pad gom chi 16n hon mot
chat so véi kich thudc Pad cac chan caa IC dong thoi khoang cach giira Pad gom chi va
Pad cubi cing ciia IC ciing 16n hon so véi khoang cach gitra hai chan cua IC.
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SMD Direction of board travel

(previously =
reflow soldered) THD Solder
i l joints
&’— e 1
SMD il Solder wave

(wave soldered)

Molten solder

Hinh 5.5 Phwong phdp han linh kién dang s6ng véi goc nhin theo hinh chiéu canh [1]

Board traveling into wave

SMD
(previously DIP
reflow soldered
Conveyor ) ¢ THD

mechanism l Holding

fixture

Molten solder

Hinh 5.6 Phuwrong phap han linh kién dang séng véi goc nhin theo hinh chiéu ding [1]

Direction of board travel] ——3»

Solder

thieves

I~ D D

Hinh 5.7 Huong dat cua linh ki¢n dan khi han dgng séng [1]
5.2.3 Han linh kién dang say
Han linh kién dang sy thuong st dung déi vai cac linh kién dan nhung ciing c6 thé
st dung dé han cho céac linh kién dang xuyén 15. Quy trinh han linh kién dang siy duoc
trinh bay nhu trong Hinh 5.8.
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Hinh 5.8 Quy trinh han linh kién dang sdy [1]

Lép pha chi (solder paste) bao gom chi va chat 1am chay dué6i dang keo dinh, duoc in
lén bo mach. Céc linh kién dugc gan I&n bo bing may sao cho chan cua céc linh kién s&
nam trén 16p pha chi ndy. Bo mach duogc dit 1én bing tai dwa vao 10 say khi nhiét do ting
Ién chat 1am chay chi s& hoat dong. Stc cang bé mit cua Iép chi néng chay c6 khuynh
huéng tu sap xép cac linh kién. Tuy nhién néu céc linh kién khong duogc sap xép dang vi
tri va nhiét o ndng chay tai cac chan khong ting 1én cing lac thi linh kién c6 thé bi nghiéng
va chi két ndi vao bo bang mét chan.

5.3 Vi tri dit va hwéng caa linh kién

Mot bo mach hoan chinh bao gém tim bo, cac linh kién va cac cong két ndi vao bo.
Nguoi thiét ké bo mach can phai biét cach sip xép sao cho viéc lap rap cac linh kién dé
dang va phai hinh dung dugc bo mach sau khi hoan chinh s& nhu thé nao.

Cau trdc cua bo (phan loai theo tng dung, kha ning san xuat), cdng nghé linh kién
(linh kién dan hoac xuyén 18) va phudng phap han linh kién (han dang song, han dang siy)
dong vai tro quan trong dén khong gian va viéc sap xép linh kién trén bo.

Vi tri va hudng dat phu thuoc vao loai linh Kién, phuong phap 1ap rap (thu cong, tu
dong) va cac yéu cau vé k¥ thuat dién... cac yéu té nay khdng lam cho bo mach chay tét
hon nhung s& gilp cho viéc lap rap, kiém tra va sira chita dé dang hon.

Mot s6 hudng dan vé vi tri va huéng dat caa linh kién:

1. Cac linh kién phai duoc sap xép gon gang, co trat tu va khoang cach déu nhau.

2. Canh cua cac linh kién phai duoc sip xép song song véi canh dudng bao caa bo
mach in.

3. Néu duoc han ty dong thi cac linh kién dang xuyén I8 phai duoc xép trén cling mot

16p.
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4. Néu bo mach c6 ca linh kién dan va xuyén 16 duoc xép trén ca hai 16p thi viéc lap
rap linh kién c6 thé duoc chia ra thanh nhiéu giai doan, viéc nay c6 thé 1am ting chi
phi gia cdng, tang sai s6t va lam cho viéc gia cong tré nén khé khan hon.

5. Khéng dit cac chip c¢6 chan cam plastic (PLCC) hoic tu tantalum 16n ¢ 16p Bottom
vi cac linh kién nay ¢ thé bi hong do nhiét do cao.

6. Nén sir dung do phan giai cua ludi v& 13 100 mil (2.5 mm), d6i véi céc chan linh
kién khong theo tiéu chuan thi cé thé sir dung do phan giai 1a 2 mil (0.05 mm) theo
tiéu chuan IPC-2221A.

7. Do phan giai lugi danh cho cac bo mach cé kiém tra chiu tai 12 0.1 inch (2.54 mm)

8. Hudng cua céc linh kién c6 phan chia cuc tinh nhu tu dién va diode nén dugc sip
théng nhat trén toan bo mach dé thuan loi cho viéc kiém tra va do dac.

9. Can thém vao cac diém toa do chuan (toan cuc va cuc bod) trén bo mach dé hd tro
cho cac may rép linh kién tu dong c6 sur dung cong nghé xir ly anh.

10. Nén sap xép cac dau két ndi (connectors) ¢ phia canh ngan hon ctia bo mach khi st
dung phuong phap han ty dong.

11. Nén danh ra phan dién tich can thiét ¢ cac canh bo dé co thé ga bo vao may rép linh
kién va diéu tiét khi phan ctng thay doi.

12.D4i véi cac linh kién c6 khéi luong 16n hon 5g/chan thi linh kién nay nén ¢6 gia do
co khi gén 1én bo d& phong truong hop linh kién sé& bi roi ra khi bi rung dong.

13. Quan ly nhiét do khi han va khi mach hoat dong can dugc chi y trong qué trinh thiét
ké bo mach.

14. Khi hai van dé cling xay ra, can wu tién chu y dén van dé vé mit dién hon 1a vé co
khi.

15.Déi véi cac bo mach c6 ca tin hiéu trong tu (analog) va sb (digital) thi cac linh kién
nén duoc tach riéng dé giam anh huoéng cua tin hiéu nhidu chuyén mach trén bo
analog. Mach cong suat 16n phai dwoc cach ly véi mach céng suat nhé va mach nhidu

thap.
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5.4 Khoang céch téi thiéu giira cac linh kién bé tri trén PCB

Bang 5.1 Khodng céch toi thiéu giiza cac linh kién dang xuyén 16 chan cam xuyén truc

[1]

Parameter Mils Millimeters Layout default
Side to PCB a=75 a=19 Depends on pad
edge 1 to track space setting.
(@) Mo DRC error occurs as
_l_nil long as place outline
End to PCB ' does not cross the center
edge - b =90 b=229 of the board outline.
End to end 100 2.54 DRC error occurs if place
I-ﬁ-ﬂ outlines overlap.
Side to side 100 2.54 DRC error occurs if place
When body I ' outlines overlap.
diameters are -
<2100 mils
(2.54 mm)
Side to side a =70+ 1D, a= 178+ 1D, DRC error occurs if place
When outlines overlap.
Dy = Dy = 100 mils
b =10+ D)+ b=0.25+ 1D+
02 302

Side to end
When one or more
body diameters

are =100 mils

(a and b =100 mills
minimum)
95+ 1D,

(aand b =2.54mm
minimum)
2.41+ 1D,

DRC error occurs if place
outlines overlap.

Bang 5.2 Khodng cach tai thiéu giiza cac linh kién dang xuyén 16 chan cam hinh try [1]

Parameter

Mils

Millimeters

Layout default

PCB edge

Others parts

r = % the diameter of the device or

r= 60 mills (1.52 mm).

S the height, whichever is greater, AND

r = % the diameter of the device or
S the height, whichever s greater.

No DRC error occurs as long
as place outline does not
cross the center of the
board outline.

DRC error occurs if place
outlines overlap.
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Bang 5.3 Khodng céch toi thiéu giiza cac IC dang chan cam xuyén 16 [1]

Parameter Mils Millimeters Layout default

Side to PCB edge a=100 a= 254 Depends on pad to track spacing
setting. No DRC error occurs as
long as place outline does not cross
the center of the board outline.

End to edge b=175 b=191

End to end 200 5.08 No DRC error occurs as long as
place outlines do not overlap.
Could violate IPC standard and not
cause DRC error.

Side to side 100 2.54

Bang 5.4 Khodng céch toi thiéu giza IC va cac linh kién roi dang chan cam xuyén 16 [1]

Parameter Mils Millimeters  Layout default

a (b, = 100) 115+ 1Dy 2.91+ 1Dy No set rule. DRC error
occurs if place
outlines overlap.

b (D < 100) 200 5.08
c(D<100) 100 2.54
d (D; > 100) 40+ 1Dy 1.02+ 1D,

Bang 5.5 Khodng céch tai thiéu giiza 16 khoan va day jumper [1]

Parameter Mils Millimeters Layout default

Hole to hole (a) So as not to violate pad spacing rules.  DRC error occurs if pad-to-pad
(Plated or nonplated) (b) So that residual laminate is =20 mils spacing rules are violated.

(0. 5mm) between holes.

Jumper wires
(any direction)

100 2.54 DRC error occurs if pad-to-pad
spacing rules are violated.
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Bang 5.6 Khodng céach toi thiéu giiza cac linh kién roi dgng chan dan [1]

Parameter Mils Millimeters Layout DRC
Side to PCB 60 1.5 DRC error occurs if space
edge and/or from pad to edge of board
end to PCB edge outline is less than pad to track
spacing rule or if place outline
crosses center of board outline.

End to end and/
or side to side

Size 0803 or larger Spacing determined by relationship

20 050 of place outline to pads and body.
DRC error occurs if place outlines
overlap. Layout's default pad-to-pad

Smaller than 0603 spacing for many footprints is
12 0.30 30 mils (0.76 mm).

Pad to via 20 0.50 DRC error occurs if distance
between edge of pads is less than
pad-to-pad spacing rule.

Bang 5.7 Khoang cach toi thiéu gisra cac IC dan [1]

Parameter Mils Millimeters Layout default

Component side to
PCB edge and/
or end to PCB edge

60 1.5 DRC error occurs if space from
pad to edge of board outline
is less that pad to track spacing
rule or if place outline crosses
center of board outline.

End to end (body) 20 0.50 Spacing determined by relationship
of place outline to pads and body.
DRC error occurs if place outlines
overlap. Layout’s default pad-to-pad
spacing for many footprints is
30 mils (0.76 mm).but end-to-end
(body) spacing is 0.

Side to side
(pad to pad)

5.5 Thiét ké footprint va padstack theo yéu cau san xuat

Phan mém Layout chira rat nhiéu footprint sin c6 tuy nhién doi luc ching ta ciing phai
tao riéng mot sé footprint cho cac yéu cau cu thé ma thu vién khong cé. Viéc thiét ké
footprint cho cé4c linh kién déan va linh kién xuyén 15 ciing c6 nhiéu diém khéac nhau. Mot
fooprint trong Layout bao gdm hinh dang tirng chan linh kién (padstack), tén linh kién (silk-
screen) va duong bao linh kién (outline).
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5.5.1 Mau footprint linh kién dan (SMD: Surface-Mounted Devices)

Khi thiét k& mot bo mach néu ching ta can mot footprint khong c6 sén trong thu vién
Layout thi chding ta phai thuc hién nhiéu budc dé c6 thé tao duoc mét footprint linh kién
méi. Néu nhu linh kién can tao c¢é hinh dang gan gidng vai footprint c6 sin nhung khéc sb
chan thi ching ta cd thé chinh stra va luu lai voi tén goi méi, c6 thé thém chan, thay doi
kich thuéc dudng bao va 16p tén linh kién. DBé tao footprint méi ching ta can théng sb ki
thuat tir nha san xuét linh kién dé tham khao cac goi y vé hinh dang va kich thudc fooprint
nhu dugc mo ta trong Hinh 5.9.

5.00 (0.1968) ) ) ‘
—® 280(0.1890) (0.1890) - Dimension: Units
L Max: mm (inches)
- H H ﬂ H i Min: mm (inches)
5
4.00 (0.1574) | 6.20 (0.2440)
3.80 (0.1497) I 4 5.80 (0.2284)
HEHH »
_H “_
1.27 (0.0500)
BSC
0.51 (0.0201) —»] [—
0.31 (0.0122) 1.27 (0.0500)
0.40 (0.0157)

Hinh 5.9 Théng sé ky thudt vé kich thuéc va hinh dang cua linh kién [1]
Tir thdng s6 ky thuat ciia nha san xuat linh kién ching ta c6 thé xac dinh kich thudc
chiéu rong, chiéu cao cua Pad va khoang cach giita cac Pad dé tao footprint mai trong
Layout nhu trong Hinh 5.10.

Place
outline

(Hp)

4 »
< P

(Sg)

Hinh 5.10 Cdc kich thuoéc cua footprint [1]
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Trong do:
W,: chiéu rong Pad
Hp: chiéu cao Pad
S, khoang céch giira hai tam cua Pad theo chiéu cao
Sg: khoang cach giira hai tam cua Pad theo chiéu rong
5.5.2 Thiét ké padstack cho linh kién dan
Mot padstack dat yéu cau 1a padstack tao ra dwoc lién két tt gitra chan linh kién va
PCB. Cac padstack nay phai cho phép co su thay d6i vé kich thudc linh kién, sai s6 san
xuat PCB, sai s6 vj tri dit va dic tinh ky thuat cia méi han. Cac loai linh kién xuyén 15
thudng c6 kich thudc 16n nén co thé bo qua céac sai s6 nay nhung dbi vai linh kién dan thi
sai s6 nay thuong nho hon. Nhu trong Hinh 5.11 thi kich thudc padstack can phai 16n hon
kich thudc chan linh kién dé chi c6 thé lién két hai dbi twong nay lai véi nhau bang chi han.
Trong d6 J; duge xac dinh la khoang cach tir mép cua Pad dén diém dau chan linh kién, J,
la khoang céach tir mép ciia Pad dén diém cudi chan linh kién, /¢ 1a khoang cach tir canh cua
Pad dén canh caa chan linh kién. Cac gia tri cua J;, J,; va Js phu thudc vao loai va mat do
linh kién duoc cung cap trong Bang 5.8, 5.9 va 5.10.
Pé thiét ké padstack trong Layout chiing ta can biét duoc thong sé ki thuat vé chiéu
rong padstack W, chiéu cao Hp dé co thé dién vao hop thoai thiét lap kich thudc cua
padstack nhu trong Hinh 5.12.

(a)

Toe
solder fillet
. yz Side

“u golder fillets

X
solder fillet *1 |+
)

(J7) (Jy) (J

Hinh 5.11 Padstack linh ki¢n dan [1]
(a) G6c nhin theo hinh chiéu ding
(b) G6c nhin theo hinh chiéu canh
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Bdng 5.8 Gia tri khodng cach J; theo loai linh kién va mdr do [1]

Nominal density

Package type Mils Millimeters
Gull wing (S0QG) 14 0.35
Jlead (S0J) 14 0.35
Chip components (0603 and larger) 14 0.35
Chip components (smaller than 0603) 4 0.10
Small outline (SO) 12 0.30
Tantalum capacitors 6 0.15
Leadless chip carrier 22 0.55
MELF 16 0.40
Butt joints 31 0.80

Bang 5.9 Gia tri khodng cach J, theo logi linh kién va mdr do [1]

Nominal density

Package type Mils Millimeters
Gull wing (SOG) 14 0.35
Jlead (S0J) -8 —-0.20
Small outline (SO) 0 0.00
Chip components (all) -2 —0.05
Tantalum capacitors 20 0.50
MELF 4 0.10
Leadless chip carrier 6 0.15
Butt joints 31 0.80

Bang 5.10 Gia tri khoang céch J¢ theo logi linh kién va mdt do [1]

Nominal density

Package type Mils Millimeters
Gull wing (SOG) (pitch greater than 0.625mm) 1 0.03
Jlead (50)) 1 0.03
Gull wing (SOG) (pitch less than 0.625mm) —1 —0.02
Chip components (0603 and larger) 0 0.00
Chip components (smaller than 0603) 0 0.00
MELF 2 0.05
Small outline (S0O) -2 —0.04
Tantalum capacitors -2 —0.05
Leadless chip carrier -2 —0.05

Butt joints 8 0.20




.1 Padstacks

Padstack or Pad Pad Pad X Y
Layer Name Shape Width Height Offset Offset
T1

TOP Round 62 62 0 1
BOTTOM Round 62 62 0 1
PLANE Round 70 70 0 1
INNER Round 62 62 0 1
SMTOP Round 67 67 0 1
SMBOT Round 67 67 0 1
SPTOP Undefined 1 0 0 1
SPBOT Undefined 1 0 0 1
S5TOP Undefined 1] 0 0 0

Hinh 5.12 Cuta sé thiét ldp kich thuéc padstack

Sau khi thiét ké xong ching ta can dit cac padstack ndy vao céc vi tri chinh xac dé
hoan thanh viéc thiét ké footprint.
5.5.3 Mau footprint linh kién xuyén 16
Cac linh kién xuyén 15 thuong cé dang chan cam xuyén tam hoic chan cam hinh try.

Mot vi du vé tu dién c6 chan cam dang hinh tru duoc mé ta nhu trong Hinh 5.13. Thiét ké
footprint cho loai linh kién nay dugc xac dinh can than tir cau tric caa linh kién. Cac
padstack duoc dat tai vi tri trung véi cac chan cua linh kién. Vi tri dat cua cac padstack phu
thudc vao do dai than linh kién va hinh dang chan. Khoang céch tdi thiéu cua cac padstack
duoc xac dinh theo cong thirc:
Lp=Lg+n.D, + 2L,z

Trong do:

Lp: khoang céch giira hai Pad (tir tim dén tam)

Lg: chiéu dai than linh kién

D, : duong kinh chén linh kién

L, z: chiéu dai chan linh kién tir than dén vi tri udn cong

n: 1a hé s6 phu thudc vao duong kinh chan linh kién theo Bang 5.11

Bang 5.11 Hé sé dwong kinh chan linh kién

Lead diameter n
D, = 31 (mils) 3
D, = (0.8 mm)

31 <D, <47 (mils) 4
0.8< D = 1.2(mm)

47 < D, (mils) 5
1.2 < D, (mm)

(5.1)
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Hinh 5.13 (a) Linh kién chan cam dang tru
(b) Footprint linh kién chan cam hinh tru trong Layout
( (b)

a)
Lg Component
L Place outline
"‘ LE _L outline (Silkscreen)  Wg

Hinh 5.14 (a) Cac tham sé kich thuréc cua linh kién chan cam dang xuyén truc
(b) Footprint linh kién chan cam dang xuyén tryuc trong Layout
5.5.4 Thiét ké padstack cho linh kién dang xuyén 18
Khi thiét ké padstack cho linh kién dang xuyén 15 chling ta can chu y dén ty I¢ gitia
kich thudc 16 khoan va duong kinh chan linh kién, ty ¢ gitta do day cua bo va 16 khoan
(aspect ratio), bé rong cua vong khuyén dong bao quanh 15 khoan (annular ring), khoang
cach giira bé mat Pad va mat phang cua 16p, cudi cing la kha niang ctia nha san xuat.
5.5.4.1 Ty I¢ giira kich thudc 16 khoan va dwong kinh chan linh kién
Kich thuéc 16 khoan phai du 16n dé chan linh kién c6 thé truot qua dé dang nhung
khong nén quéa rong vi nhu vay sé& tao ra hién tugng mao dan Iam chay chi trong qué trinh
han. Kich thuéc 16 khoan duoc tinh theo cong thuc:
Dy=(D, + 2T»)k (5.2)
Trong d6: Dy duodng kinh thuéc 16 khoan

D, : duong kinh chan linh kién
Tp: do day cua 16p ddng (néu khdng biét c6 thé chon Tp=1 mil)

k: hé sb sai s6 (k =1.5-3.5, thong thudng chon k=1.5)
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5.5.4.2 Bé rong ciia vong khuyén dong bao quanh 16 khoan (annular ring width)

Sau khi xac dinh kich thuéc 15 khoan thi buéc tiép theo 1a xac dinh kich thuéc cua
Pad. Hiéu sé giira kich thuéc 16 khoan va kich thuéc Pad 1a kich thuéc vong khuyén. Day
chinh 12 16p d6ng dung dé han linh kién vao bo mach. Kich thudc Pad cang 16n thi méi han
cang 16n nhung kich thuéc Pad qua Ion s& khong can thiét vi nhu vay nhiét d6 han phai cao.
Kich thuéc Pad nho s& tao ra mdi han khong chic chéin. Kich thuée Pad dugc tinh toan theo

cong thuec:

Trong do:

Dp=a+2b+c
Dp: duong kinh Pad

a: kich thuéc 16 khoan hoan chinh a=Dy — 2Tp
b: kich thudc vong khuyén nho nhat theo Bang 5.12

c: tiéu chuan san xuat cho phép theo Bang 5.13

> e D,
—A
, !
h 4
p. [ & )
A

Hinh 5.15 Théng s thiét Idp Pad cho linh kién xuyén 16
Bang 5.12 Kich thuréc nhé nhat cia vong khuyén

Internal External
Mils 1 2
Millimeters 0.025 0.05

Bang 5.13 Tiéu chuan sdn xudt cho phép

Level A LevelB LevelC
Mils 16 10 8
Millimeters 0.40 0.25 0.20

(5.3)
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CAU HOI ON TAP:

1.

Hay cho biét cac phuong phap 1ap rap linh kién?

2. Céach thirc dong goi linh kién dan va linh kién xuyén 156 gdm nhitng dang nao?
3. Hay cho biét tc @0 lap rap tu dong cua linh kién dan va linh kién xuyén 15 1a

bao nhiéu?

Hay trinh bay cac phuong phap han linh kién va cho biét cac phuong phap
nay thuong dugc stir dung trong cac trudng hop nao?

Hay néu cac chd y can thiét vé vi tri va huéng dat linh kién trén bo mach?
Hay cho biét khoang cach téi thiéu cua cac dang linh kién khi dit trén bo
mach in?

Hay cho biét cach xac dinh ty Ié gitta kich thudc 16 khoan va dudng kinh chan
linh kién?

Hay trinh bay cach xac dinh bé rong cua vong khuyén ddng bao quanh 15
khoan ?
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CHUONG 6: THIET KE SOPO MACH NGUYEN LY VOI
ORCAD CAPTURE

6.1 Cong cu vé so' @0 mach nguyén Iy
Dé thiét ké so do mach nguyén ly chiing ta st dung cac cong cu nhu trong Hinh 6.1

K|D|—L|m|'|_| + | 4|P$R|‘1£E'|E|GP| |<<|:||—><| \.|§/|EQ| :)|ﬁﬂ|

Hinh 6.1 Cac cong cu vé so' do mach nguyén Iy
Chlng ta can tao mot project méi nhu da trinh bay trong muc 2.2.1 dé cé thé thyc
hanh cé&c céng cu nay trén cira s6 Schematic Page [2].
6.1.1 Select

NERON R RN R

Hinh 6.2 Céng cu Slect

Cong cu Select dung dé tac dong Ién cac ddi twong trong so & mach nguyén Iy nhu
chon, di chuyén, copy, chinh stra, thay ddi thugc tinh va xda.
6.1.2 Place part

xfo] |+ Al [s(E|or]e < x| ~[v[Olo] D] Al

Place part

Hinh 6.3 Cdng cu Place part

Cong cu Place Part dung dé lay linh kién tir thu vién ra cira s6 trang v&. Khi ching ta
click vao cong cu nay hoic nhan phim “P” thi hop thoai Place part xuat hién nhu Hinh 6.4.
Dé chon linh kién ching ta c6 thé nhap tén linh kién can tim (bang tiéng anh) vao muc Part.
Néu c6 linh kién twong ¢ng thi hinh linh kién d6 s& xuét hién ¢ cira s6 bén dudi va thu vién
chira linh kién ciing duoc chi ra & muc Part list. Dé ting kha nang tim linh kién ching ta
can thém thu vién linh kién vao muc Libraries bang cach click chudt vao nat Add Library,
hop thoai Browse file xuat hién nhu trong Hinh 6.5 cho phép chiing ta chon céc thu vién
linh kién can thém vao. Tén va ky hiéu ciia mét sb linh kién co ban duoc trinh bay trong
Bang 6.1.
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Place Part rz|
o
|RESISTOR

Cancel
Part List:
RESARR_BR_8/50 ~ Add Library...
RESARR_BS_8/50
RESARR_IS_10/50 Fiemove Library
RESARR_IS_2/5M
RESARR_IS_2/50 |C:'I,PROGRAM FILES\ORCADVCAPT
RESARR_IS_4/5M —

RESARRA_IS_8/50

RFSISTNR FPACK > w
Libraries: Graphic
D esign Cache + Momal
r R?
Fackaging <Va|ue>
Parts per Pkg 1
__ B

Type: Homogeneous

Hinh 6.4 Hgp thoai Place part

Browse File @

Laak in: | |9 Library j ﬁ{ v
Clec E BusDriverTransceiver E ElectroMechanical E
I Ieeelbs ] capsym E|FIFO k]
ICholdibs E Conneckar E Filker E
@ Amplifier E Counter E FPaA E
@ Arithrmetic E Discrete E Gate E
=] aToD | oRaM =] Latch El
£

Filez of type: |Ea|:|ture Library(* olb) j Cancel

i

[ Open as read-only

Hinh 6.5 Hgp thoai Browse file

Ch y:

Ching ta c6 thé chon mét thu vién bang cach click chudt vao tén thu vién rdi nhan
Open hoic chon tat ca cac thu vién bang cach nhan phim Ctrl+A.

Dé ting kha ning tim kiém linh kién ching ta can chon tat ca thu vién trong cira s6
Libraries sau d6 nhap tén linh kién can tim vao muc Part, linh kién can tim s& xuét hién
trong ctra s6 Preview nhu trong Hinh 6.6.

Mot s linh kién khi 14y ra trang v& can chinh sira lai cho phi hop véi yéu cau sir
dung. Céch thirc dé thay d6i vé hinh dang, sb chan, thuoc tinh chan... s& duoc trinh bay
trong muc 6.2.
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Place Part E

e
A
Cancel
Part List:
A Add Library. ..
R-PACK/DISCRETE B
R-PACK?/DISCRETE Femaove Librany
R10-4PDT/DISCRETE
R10-DPDT/DISCRETE Part Search...
R10-E1:242 5KADISCRETE
R10-E1%2452/DISCRETE
R10-ET%24700/D1SCRETE B
R10-E1:4-2 BK/DISCRETE = Help
BAN-F14A7NNNISTRETE ==
Libraries: Graphic
AMPLIFIER * Mamnal
: s R?

Packaging <Value>

Partz per Pkg: 1

Type: Homogeneaous

Hinh 6.6 Cua sé Preview
6.1.3 Place wire

FUR
o

GHO
=

K|ﬁﬁE'L| +| A

3| e[ e[| | ]O0]of D] A

Flace wire

Hinh 6.7 Cbng cu Place wire

Cong cu Place wire duoc su dung dé vé két ndi nguyén ly gitra cac linh kién. Vi tri
két ndi duoc ky hiéu 1a cac hinh vuéng & dau chan linh kién nhu trong Hinh 6.8. Khi céc
linh kién duoc Iy ra ctra s6 trang vé& thi cac linh Kién nay chua dugc két ndi véi nhau. Dé
vé duong két ndi gitra céc chan linh kién ching ta chon cdng cu Place wire hozc phim “W”
sau d6 di chuyén con tro dén vi tri két ndi caa linh kién, click chudt dé bat dau néi day. Tha
chuot ty do va di chuyén con tro dén vi tri két ndi cua linh kién tiép theo click chuot dé tao
két ndi. Click phai chudt chon End Mode hozic nhan phim Escape dé thoat khoi chic ning
ndi day.

Cha y: Trudc khi thuc hién viéc két ndi cac linh kién ching ta nén sip xép céc linh
kién cho hop ly.
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Bang 6.1 Ky hiéu va tén mét so linh kién co ban

Ky hiéu Tén linh kién Ky hiéu Tén linh kién
R14 R . SWl.O&. - 4
PP bién tro o5 oo NUt nhan

SW PUSHBUTTON

SW9 SW MAG-SPDT

c13 Tu phan cuc _p—=o Cong tac
o—o0
_DI_ A A R12 L-I' POT - A )
T B Tu khong phan cuc ) G- Bien tro
o 'D'Oij Diode D—{{ 06 e Transistor NPN
DD_liNLE_Bﬂ LED D—{ O ce Transistor PNP
B D1
G
BRIDGE RELAY SPDT [ 15 -
. N 30l
4 -1 Diode cau L @f“—ﬂ Ro le
o2k
T1
Ll 6_ _a 14 r
AR Cuon day g % Bien the
INDUCTOR A A
TRANSFORMER
Sxa | o le | =
oz '(I?RIAC Diac D} &R Triac
o o
\-L‘[l M.‘[l © U23A
W} 1so1 o3I,
f \a Opto E‘_2/> - Op-Amp
OPEI\"O ISOLA?’OR-A <

OPAMP SINGLE SUPPLY
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LED
4
PORTLEFT-L[ & o o] HEN BLE

[ Chua két ndi ]

4L

PORTLEFT-L[ »————

[ DPi két ndi ]

Hinh 6.9 Chura thyec hién néi day va néi day thanh cong
6.1.4 Place junction

K|I>|—L|&|'LE /||P$“|'5_£P|@|<:|P| |<<c||—><| \.|2,'/||:||<::.| :)|ﬂ|

Place junckion

Hinh 6.10 Cbng cu Place junction
Trong vé mach nguyén ly nhiing duong mach giao nhau ma khéng c6 ky hiéu
“junction” thi cac dudng két ndi nay doc lap véi nhau.
Dé tao hoic bo két ndi gitta nhitng dudng mach giao nhau ching ta st dung céng cu
Place junction. Sau khi chon cdng cu nay ching ta click chudt vao vi tri can tao két ndi
hoic bo két ndi nhu trong Hinh 6.11.
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g

[ R1 khong két ndi véi R2 va R3 ] VEC [ R1 c6 két ndi voi R2 va R3 ]

WL o1 WEC 01

LED LED
R3 e R2 “u
R R
Ri R Ri R
PORTLEFT-L[ > o BCE PORTLEFT-L[ > o BbE
Fii Fis
R R

'
w

Hinh 6.11 Chuc nang cua cdng cu Place junction
6.1.5 Place Bus

x| 1 [ 2] + [ 4] [E]e]F«|x] ~[o]O[o]D]Al

Hinh 6.12 Cbng cu Place bus
Theo so dd mach nguyén ly & Hinh 6.13, chan 13 cua IC Ul 7447 ddng thoi dugc ndi
vao chan 2 cua IC U2 74HC573 va chan 2 cua IC U3 74HC573, cac chan con lai nhu 12,
11, 10, 9, 15, 14 cua IC U1 ciing duoc két ndi twong ty. Nhu vay s& gay ra kho khan va dé
nham l1an khi doc so d6 mach nguyén ly. Bé don gian hoa mach nguyén ly ching ta c6 thé
sir dung cdng cu nay dé vé duong bus thay thé cho cac duang két nbi song song nhau nhu
Hinh 6.14.

Ut 7447 UZ T4HCSETS Uz T4HCETS
E—? oo A 3 % Do o g = % oo oo g -
G— O B3 o ol = rm ] o 7=
G—e— 02 £ Mo 5| D2 0z = 5 02 e
B—— 03 g § D2 03 5= 03 03 =

3 | = EMs 7| O¢ 04 g B 7 04 Q4 g £
E— E 74 g | D5 05 7= e 05 =
E— i 5| 6 06 (5= g Db 06 (5=
G—— BIfRBO B—— 07 o7 2| G—— o7 o7 2

e U E o 11 E
E—— OE E—— OE

Hinh 6.13 CA4c linh kién duwroc két néi bang cong cu Place wire tqo ra nhiéu dirong két noi
song song gdy khé khén cho viéc Kiém tra so do mach nguyén ly
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U1 7447 Uz T4HCETZ Uz T4HCET:

s— oo o G o o —o o Hie
E— 01 BT E— D1 o 7= E— 01 o1 =
E—p{ D2 L@ E—g D2 0z = E—p D2 T .
=— 03 Lfg——= B D3 0F o B3 03 [qa=
5 | = ErF = G— 04 04 = E—— D¢ 04 3=
E—F L Era= E—pg D4 Qs 5= E—p D4 05 5=
B G ——+d E—pg O 08 7= E—pj D& 08 5=
E—" BIFRBO G—— o7 oy B EG—— o7 oy =l

1 |—= 1| =

B LE ELE

G—— 0E E—— 0E

Hinh 6.14 DPuwong bus thay thé cdc dwrong két néi song song

Cong cu Place bus duoc st dung gidng nhu cong cu Place wire, sau khi chon cong cu
ching ta click chudt dé xac dinh vi tri bat dau caa duong bus, tha chuét tu do va di chuyén
chudt dén céc vi tri can thiét sau do click chuot lan nita dé tao cac duong gép khic theo yéu
cau.

Tiép theo ta phai str dung cdng cu Place bus entry dé tao cac nhanh két néi vao bus
nhu Hinh 6.16.
6.1.6 Place bus entry

5o |s || 4§ A] || Ef e[ Fo] <o ix] > v O] o] D] A

——
Hinh 6.15 Cbng cu Place bus entry

L 747 Q Uz T4HCETE U3 T4HCATE

e— oo a8 .’k —{mw  wHi=e — o ow =
E—— D1 B E—5 ot N - E—3 01 T -
E— D2 @ o E—F D2 0z (= B—g D2 0z (=
E— O3 oy —= B0 03 e B—eDF 03 [
- ETE |3—-|,.D4 04 g = |3—?I:lﬁi 04 g El
E—f LT ERg @ E—g 05 05 = B—p | D5 05 =
E— G——= E—pg D6 o6 5= E—pg| D6 08 (5=
E—"— BI/RED E—— o7 ar £l E—— 7 or 2l

1| — 1 |—

- IE = 1E

E—-—0E EF—— 0E

Hinh 6.16 Nhanh két néi cac day dan vao bus
Pé xoay cac nhanh két ndi 1én bus cho pht hop ching ta click chudt phai chon Rotate
hoic sir dung phim tat “R* trén ban phim.
Tiép theo chling ta str dung cdng cu Place wire dé ndi cac nhanh vao chan cac IC nhu
Hinh 6.17.
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U1 Fedr Uz T4HCST U3 T4HCETS

=— oo s oo w Hi—= Hoo a0 He—=
E—— D B3 e o1 7= rml) o 7=
E—e D2 ol i §| Dz 0 = 502 e
B—— D2 L § 02 03 = £ 02 03 (=
3 | = Els 7104 04 g £l 71 04 04 g £
E— L E g g | 05 05 45—+ 5| 05 05 =
E—] E g 06 o6 5= 5 06 s 5=
E—— BI/RED B—— D7 o7 a B—— D7 o7 a

E E

E—— 0E E—— 0E

Hinh 6.17 C6éng cu Place wire dwoc sir dung dé néi cac chan linh kién vao bus

Dé xac dinh chinh xac cac chan nao dugc ndi véi nhau chiing ta phai dit tén cac nhanh
két ndi bang cdng cu Place net alias.
6.1.7 Place net alias

% o)1+ | Al |eles| oo« fix] ~[o0]o] 5] Al

Place net alias
Hinh 6.18 Co6ng cu Place net alias
Sau khi chon c6ng cu thi hop thoai Place net alias xuat hién, ching ta nhap tén vao
ctra s6 Alias, chon mau, chon géc quay, chon Font chit, ¢& chit phi hop, sau d6 chon OK
dé tro lai cra s6 V& mach nguyén ly.

Place Met Alias

&
| Cancel
Help
Colar Fiotation
O || T (@ (e Cow
Fant
Change... | Usze Default| Arial 7 [default)

Hinh 6.19 Hgp thoai Place net alias
Tiép theo chiing ta di chuyén tén cac nhanh dén vj tri thich hop rdi click chudt dé hoan
tat viéc dat tén cho nhanh. Cac nhanh c6 tén tring nhau thi duoc két ndi véi nhau.
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Sau khi dat tén cac nhanh chung ta phai dat tén bus, twong tu nhu trén ta cling str dung
cdng cu Place net alias dé dat tén cho bus nhu Hinh 6.20. Néu khong dit tén thi khi kiém
tra phan mém sé& bao 15i “Bus has no name”.

Cha y: tén bus phai c6 dang: name[x..y] hoac name[x:y] hoac name[x-y]

Vi du: DATAJ0..7] ; ADD[0:7] ; CONTROL[0-7]

Ui 7447 Uz T4HCET: U3 7T4HCET:
oo 3 - - oo wHi= - oo wHi=
E— D1 B Y = T ol ol e T ol ol e
E— D2 L Hp o T oz oo e T oz oo e
B— D3 o 0: o 2 0: o =

g E E ; 5 o E ; 5
3 ElHE F F rill A T F 7|04 ey
E— 1L Efq T T os o5 e T os o5 e
B & o |06 06 o o 06 06 e
=—" BI/RBD E—D0r o a E—or o a
A —e—— A —e——
0E 0E 0E OE

Hinh 6.20 Pat tén cho dwong bus
6.1.8 Place power, Place ground

% o[0T+ | ]

3| o] <o x| ~J¥]OI[o] O] A

Place power

Hinh 6.21 Co6ng cu Place power

[ o7 |||+ ] A%

3| ar[#] e[| ~J¥|O0]o] O] 4

Place ground
Hinh 6.22 Cbng cu Place ground
Cong cu Place power, Place ground ding dé chon ky hiéu ngudn va mass nhu Hinh
6.23. Pé co day du cac ky hiéu nguon va mass sau khi chon hai céng cu nay ching ta phai
thém thu vién CAPSYM vao phan mém.,
Chu y: Nhiing ky hiéu gidng nhau dugc hiéu 1a két néi voi nhau. Do d6 trong so dd
mach nguyén 1y c6 thé cé nhiéu loai ky hiéu ngudn va mass khéac nhau.

GND @ = 7 <%
Voo, "u"%l: WCC_ARR QW WCC_BAR

Hinh 6.23 Céc ky hiéu nguon va mass
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6.1.9 Place no connect

n[o]1[w[1]+] 4

FUR
@

GHO
=

E|GP| |<<|: M.|2,'/||:I|O| ::||1'3}1|

—

Flace no connect
Hinh 6.24 Cbng cu Place no connect
Cong cy nay dung dé danh dau loai bo cac chan khong két ndi. Sau khi chon Place no
connect chung ta click chudt vao vi tri cac chan loai bo hoac click chudt vao cac chan da
loai bo dé cho phép két ndi tré lai nhu Hinh 6.25.

W 747 Uz 74HCS?3 U3 74HCS?:
w— oo sl —¢ - Hoo  wiHi—= 2w  wHie
ol N — T o (AR — Ul
#—e 02 LT ] e |02
H— O3 o (TR 3 0 o 3

] E E f 5 B 5
i EMg—T 3 —{ o4 04y |04 04 g
#—| L Eqe—= T {08 08 gy T |05 5=
* 4| ER G g |08 06 5= | D& 08 =
#—— BURBD = W a = W a
e R
0OE e 0OE

-

Hinh 6.25 Bdnh dau céc chan khdng si dung bang céng cu Place no connect
6.1.10 Place port

[w o L[|+ | A2 )|« x| ~ |2 |00 D] 4

Place port
Hinh 6.26 Cbdng cu Place port

I 7447 2 F4HCATZ 113 F4HCETZ
»— oo a3 - - Hoo  wHi—= 7 Il wHI=
O Y - T 4| bl AN - T 4| bl O
H#—e 02 LT T D2 o2 5= ] 5 D2 0 5=
#—— D3 ] 03 k] £l 03 k] =

1] E E [i] - E [i] 5 -
3 | = E 15 T T 7 (a3 vl 4 3 7 04 v} 4
|3_5 LT E 1 6] e} 2 [n]i] 5 3 El (5] 5 [n]3] 5 3 £l
'3—4 G ] (3} w5} 7 El ] [nl3} w3} 7 =
EO—— BI/REC H— O7 a7 = H— O7 a7 =
l: E l} E

Hinh 6.27 Két ngi cac chan si dung cong cu Place wire
O so @6 mach nguyén ly nhu Hinh 6.27 chdng ta thay khi két néi cac chan LE, OE
ctia cac 1C 74HC573 véi nhau ta str dung cong cu Place wire dé két ndi. Nhu vay s& gay
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kho khin trong viéc kiém tra mach nguyén Iy néu cac linh kién nay dat cach xa nhau, ching
ta c6 thé ding cong cu Place port dé vé cac két ndi ndy mot cach don gian hon.

. =PORTBOTH-L 0 »PORTLEFT-R
. =PORTBOTH-R 0 |PORTNO-R
@ PORTLEFT-L

Hinh 6.28 Cac ky hiéu Place port
Sau khi chon cong cu Place port thi hop thoai Place hierarchical port xuat hién, ching

ta c6 thé chon loai port thich hop trong thu vién CAPSYM nhu Hinh 6.29.
[ Place Hierarchical Port @1

Symbal:
PORTLEFT-L

Cancel

FORTEOTH-L/CAPSYM
PORTEOTH-R/CAPS Y Adld Library...
PORTLEFT L/CAPSYM

FORTLEFT-R/CAPSYM FPORTLEFTL | e Librany
PORTNO-L/CAPSTM -

Al

Help

Mame:

PORTLEFT-L

Hinh 6.29 Hgp thogi Place hierarchical port
Dé dat tén port chiing ta double click vao phan chix caa port, sau d6 nhap tén port vao
ctra s6 Value, chon OK dé két thiic. Ngoai ra chiing ta con cd thé thay doi ¢& chit, font chit,
Mau Sic tuy y.
Chu y: Hai ky hiéu port c6 thé khac nhau nhung phan tén caa port giéng nhau thi
duoc hiéu 1a két ndi véi nhau.

U1 7447 U2 T4HCETI U3 F4HCETS
— A 2 2
— o LH—s . oo @0 a= 5 2o a0 i
r— | B T T iy a1 7 = C el @y =
¥—g-| D2 Clqag O 5] £ b2 [ T 5] £ D2 02 g
H——{ D3 Dy £ E 5 U3 @3 = E £ 03 a3 =
3 |= Es T F - D¢ AT F 7|04 AT
B | EMe @ G g | b3 Q5 5o g 5 | b2 @5 8
EI—4 = = 5 | D8 Q8 3 3 5 | DB o] TE'
E—— BIREO 7 o7 = H#—— D7 a7 =
e o e |
OE OE OE OF

Hinh 6.30 Sir dung cong cu Place port d@é két nai cac chan linh kién
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6.1.11 Place text

gl || <lix| ~JvT]o[D] 4

FUFR
o

GHO
=

[ o)1 [1[+] 4

Place text
Hinh 6.31 Cbng cu Place text
Cong cu Place text dung dé chén mot doan vin ban vao so do mach nguyén ly.

Place Text &l

Fower supply
Design by Le Hoang Anh |

Cancel

il

Help

Prezs Chrl + Enter ta start a new line

Color Fatation
CEET -| v a0 Cer oo
Font

Change... ‘ Uss Defaul | Cowrier New 7 [default)

Hinh 6.32 Hgp thoai Place text
Sau khi chon cong cu hop thoai Place text xuat hién nhu Hinh 6.32, chiing ta nhap noi
dung doan vin ban can chén vao cira s6 Place text, ngoai ra chiing ta co thé thay doi font
chit, goc quay va co thé gd doan vin ban bang tiéng Viét nhu Hinh 6.33

Ut Uz
i 4 7 — 11z
¥ ACT ouT [——=<_>anh »*— 0o A3
H—Et ar2 #— D1 B
»—g 02 CHg
GHD H— 3 0y
i l= Eg =
IC1 ALl Eqa =
W—"—RBI B[
= | 4
CBIRBD ——___Janh

=

Leé Hoang Anh

Hinh 6.33 Chen doan van ban vao trang vé
6.1.12 Place line, Place polyline, Place rectangle, Place ellipse, Place arc

% o T[]+ | A2 E9 orfo] <o ix]

Hinh 6.34 Céc cdng cu do hoa
Pay 1a cac cong cu ¢6 chire ning dd hoa gilp ching ta tao ra cac hinh vé& nhu duodng

thang, dudng gap khic, hinh chit nhat, hinh tron va dudng cong nhu trong Hinh 6.35.
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Hinh 6.35 CA&c hinh vé duoc tao bdi cdng cu dé hoa
6.2 Chinh sira linh kién

Dé chinh stra linh kién ching ta st dung cdng cu Select chon linh kién can chinh sira,
click chudt phai chon mét trong cac chirc nang nhu trong Hinh 6.36 [2].

[~ wm _|
A7

b B
s B

= A 0o

1| — Mirror Harizonkally

5| L= ) .

REI - Mirror Vertically

| i  Rotate

Edit Properties, ..
b Edit Part

Wigww Database Part Chrl+D
Link Database Part  Chrl+L

Zoaor In
Zoom Ouk
Go Ta...
Cuk

Copy
Delete

Hinh 6.36 Cac chirc nang chinh swra linh kién
6.2.1 Xoay linh kién (Rotate)

Chon kién can chinh sira, click chudt phai chon Rotate hoic sir dung phim “R” dé
xoay linh kién theo huéng can thiét nhu trong Hinh 6.37. Mdi lan tac dong linh kién s&
xoay mot goc 90°.

6.2.2 Lay d6i xirng linh kién theo phwong ngang (Mirror Horizontally)

Chtre ning Mirror Horizontally duoc sir dung dé 1y d6i xang linh kién theo chiéu

ngang nhu trong Hinh 6.38.

75



i} [nEngngn] T
7447 MNFGWTETET vT W o ol m«T—m
5T oo Erle 7 e piRED2 i
B o B e B 14 |- T s |#= Bzsa
E—F 02 [ = i B—e REL [ & a7
s—8p} e 5|g s34 F .,
i |= Eg ™ Gr&l:l £ g i E . — [aqg

G—p L E e = ju) 03 = &
e L e o z B¢ oz [H—= £

= | 4 oo |Hee EB—3k 0i = |= ooy ooy

CBIRBD a = A

=

T 4 : i tvs
N . C :
Hinh 6.37 Xoay linh ki¢n
6.2.3 Lay déi xirng linh kién theo phwong doc (Mirror Vertically)
Chtic nang Mirror Vertically duoc st dung dé lay di xting linh kién theo chiéu doc
nhu trong Hinh 6.38.

C

-

Mirror Horizontally ] [ Mirror Vertically ]
L u
T447 7447 7447 =)
5— oo aHi= e oo H—= s— oo A iiRBo =
e ) B ST A - v ) B 5 l— T —|ia
S Cp o o |& e - e Chp s S z|& Bs o
03 0= E—o D 03 a = O3 D= =T E a
3 |= Ee o BsE =3 g a3 |= ErE = 6 Ern o
S Ea = B E 5 5 EQqa s Egpw 0y
E—4REl G B Rl a = RBI . B8 =02 o
|4 4| |4 Eawall B3
HBIRe0 =8 =— BI/RB0 VRBD —8  E— A

g
=5 GHD

Hinh 6.38 Churc nang Mirror Horizontally va Mirror Vertically

6.2.4 Chinh sira chan linh kién (Edit part)

Trong thiét ké dé ngudi doc cd thé dé dang kiém tra so ¢ mach nguyén ly thi cac linh
Kién dugc sap xép hoic thay doi vi tri cling nhu thudc tinh cua cac chan khi két néi véi cac
linh kién khac. Dé chinh stra chan linh kién chung ta chon muc Edit part, lic nay cira s6
chinh stra linh Kién dugc ma ra vai cac cong cu nhu Hinh 6.39.
6.2.4.1 Select

Pé tac dong Ién cac chan ta chon cong cu Select.
6.2.4.2 Place IEEE symbol

Dy 1a cong cu dung dé thém céc ky hiéu chan theo tiéu chuan cua té chic IEEE.
6.2.4.3 Place pin, Place pin array

Pé thém tung chan ching ta sir dung céng cu Place pin hoic Place pin array dé thém
mot day chan vao linh kién.

Céc cong cy con lai ¢6 chirc niang d6 hoa nhu da gidi thiéu & phan 6.1.3.
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71 DO A1 [Cﬁngcuchinhsﬁachénlinh]
D1 B
5] 02 < Hg
D3 D5
E
2 F g
RBI G
BiRBO |2
.@
<Value>

Hinh 6.39 Cira sé chinh siza linh ki¢n

6.2.4.4 Chinh stra linh Kkién

a. Thay ddi kich thwéc dwong bao va vi tri chan linh kién
Str dung cbng cu Select, chon duong bao linh kién, click chudt vao vi tri cac géc cua

duong bao, giir va ré chudt dé mé rong hoic thu nho kich thudc linh kién nhu Hinh 6.40.

7B . S EE

T Do &5

_2:D1 B 11

—

B 'gg Lo

: L3

30— E s

—: L E
—2 FrBI 2

L

Vi tri goc
=
s

Hinh 6.40 Thay déi kich thude dwong bao linh kién
Tuong ty nhu trén dé thay doi vi tri cac chan ching ta click va gitr chudt vao chan
linh kién can thay d6i sau d6 di chuyén dén vi tri méi rdi tha chuat.
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b. Thay déi thugc tinh chan linh kign_ , ,
Double click vao chan linh kién can thay doi, khi d6 hop thoai Pin properties xuat
hién nhu Hinh 6.41.

Pin Properties E|
Mame: Shape: | oK |
Line -
Murnber: Tupe: Cance] |
4 | Bidirectional j IUzer Properties. .. |

Width Halp |
[+
[

Hinh 6.41 Hgp thoai Pin properties
Dé thay ddi tén va sb tht tu chan linh kién ching ta nhap tén méi va sé th ty chan
vao muc Name va Number.

Cha y: dé tao ra ky hiéu “déao” giéng chan sé 3 (LT) nhu trong Hinh 6.42 ching ta
phai thém dau “\” theo sau mdi ky tu.

Ly
@ — = T 1 .
g oo [4 13| Lotk Pin Properties E|
2 312 2 b1z oor
B o3 M ame: Shape:
3l C |M |I:Iock j
5 —= 10 LIKNE = Cancel
Rl L MHumber:
A SHORT lwi :
Uzer Properties...
F a5 EER0 LEMGHT
Width
— |14 HEID
&) Fe -
. Bireo r~
=
o
=4 alleEg

Hinh 6.42 Hinh dang cac logi chan theo tiéu chudn IEEE

Pé thay doi hinh dang chan linh kién, chling ta vao muc Shape va chon cac hinh dang
chén thich hop nhu Hinh 6.42.

Tuong ty nhu nhu trén dé chon dic tinh dién cho chan linh kién ching ta vao muyc
Type va chon mét trong sé cac loai thugc tinh cho chan linh lién nhu chan dang 3 trang théi
(3 state), ngd vao (input), ngd ra (output), cuc thu dé ha (open collector), nguén (power). ..
nhu trong Hinh 6.43.
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& . -
}r oo [ 13| CLOCK Pin Properties g]
2 | 12 mor
502 B [ Mame: :
3| cP— Ay |Clock =l
o = (10 LINE Cancel
REI L Humber: Type:
- |4 SHOET
E |-I 3 |Elpen Collector ﬂ IUzer Properties...
7 oals ZER LINGHT 3 Clate
Wwidth idirect
S Fldlntactlonal Help
Il = nEu
BIRED o Open Emitter
% Dutp_ut
i) Pazzive
Power
< alue=gs)

Hinh 6.43 Cac thugc tinh dién cua chan linh kién

ChU y: Sau khi thay doi ching ta phai chon vao muc Pin visible nhu ¢ Hinh 6.41 dé
c6 thé nhinh thay sy thay doi thugc tinh cac chan khi két thic viéc chinh sira.

Sau khi chinh sira linh kién xong, chung ta dong cira s6 Edit part lai nhu Hinh 6.44,
hop thoai Save part instance xuét hién nhu trong Hinh 6.45. Ching ta s& c¢6 3 lya chon
chinh.

e Chon Update current néu chiing ta muén thay d6i duy nhat mét linh kién dang chinh
sira.

e Chon Update all néu chiing ta muén thay déi linh kién dang chinh sira va ca nhitng
linh kién cing loai khac. Vi du nhu trong mach chiing ta ¢4 5 con IC 7447 chlng ta chi can
chinh stra mot con sau d6 chon Update all dé Iuu thay d6i cho tat ca 5 IC nay ma khong can
Iap lai viéc chinh stra.

e Chon Discard néu ban muén bo qua phan chinh sira linh kién.

6.3 Thay ddi kich thwéc trang vé mach nguyén ly

Dé thay dbi kich thudc trang v& mach nguyén Iy ching chon céng cu Option>
Schematic Page Properties>Page size, sau do6 chon kich thudc trang vé thich hgp nhu trong
Hinh 6.45 véi cac kich thuéc tuong tng A-As, B-As, C-A, D-As, E-Aq[2].
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Vi tri dong

cira s6
Edit part

olmimololm>|

w
Y
w
o]

q\

<Value>
Hinh 6.44 Cura so Edit part

Save Part Instance

L2

Page Size |G|dFHamm| Mmelmeml

Hinh 6.46 Hgp thoai thay doi kich thuéc trang vé
6.4 Tao linh kién méi

S6 Iwong linh kién trong cac thu vién c6 sin cua phan mém la giéi han do d6 trong
qué trinh thiét ké ching ta s& phai tu tao ra cac linh kién méi. Tir cira s6 Project manager
chon File>New>Library nhu Hinh 6.47 [2].
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] Orcad Capture a-
Design Edit VYiew Tools Accessories Options Window Help

New 4 Project... —_|
Open 3 Design —
Close Project Library

Save Ctrl+S VHDL File

Save As.. Text File

Archive Project...

Print Preview...
Print... Ctrl+P
Print Setup...

Hinh 6.47 Tqo thu vién chia linh kién moi
Tai thu muc Library trong ctra s6 Project manager xuat hién thu muc con Library1.olb
nhu trong Hinh 6.48.

¥¥%| Orcad Capture - [test]

@ File Design Edit View Tools Accessories Reports Options  Window  Help

D[z|a| 8 &[B|@] <= i Y S e T sl RS R

PCE

2 FiIelE‘{, Hierarchyl
e Design Resources
= Jtest.dsn
- SCHEMATIC L
B racEl
+)- €1 Design Cache
260 Lhea
o ibrare Lol

= Refrnced Projects
Hinh 6.48 Thur vién chira linh kién tao moi

Chon thu vién Library.olb, click chudt phai chon New part. Hop thoai New part
properties xuat hién, ching ta nhap tén linh kién can tao tai muc Name nhu Hinh 6.49 va
chon OK.

Cira s6 tao linh kién méi xuat hién véi cac cong cu tao linh kién da duogc gidi thiéu
nhu & phan chinh sta linh kién muc 6.2.5.5.
Vi du: Tao mai linh kién LED 7 doan

Chlng ta str dung cong cu Place rectangle dé vé duong bao linh kién, cong cu Place
line dé tao ra cac doan, tao chan bang cong cu Place pin hoac Place pin array. Dé thay doi
thudc tinh cac ddi twong ching ta chon ddi tugng, click chudt phai chon Edit properties
hoic double click vao dbi tugng va chon cac thudc tinh thich hop nhu tén, sé th ty, hinh
dang va loai chan nhu di trinh bay trong phan chinh sira linh kién muc 6.2.5.5.
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Hame: |Led 7 doan

Part Reference Prefix: |U

FLCE Footprint: |

[ Create Convert Yiew
Multiple-Part Package

—

Parts per Pkg:
Package Type

(* Homogeneous

" Heterogeneous

Part Murbering
(+ Alphabetic

" Numeric

Cancel
Part Aliazes...
Aftach Implementation...
Help

IV Pin Number Yizsible

D:3HOANG AMHNTEMPLATENLIBRARY3.0LE

Hinh 6.49 Hgp thoai New part properties

Edit Graphic |
Line Style & ‘width: l—‘ - 0k, |
——— | _Caed |
- Help
? =
3 veoo D a g
c
2
8 d
vee D el 10
g
dp 5
<Value>

Hinh 6.50 Tao LED 7 doan

Sau khi tao linh kién xong chiing ta dong ctra s6 tao linh kién va luu linh kién moi
tao vao thu vién. Néu thanh cong tai thu myc Library chlng ta s& nhin thay linh kién vira
tao trong thu vién LIBRARY1.0LB. Néu thu vién LIBRARY1.OLB khong luu tai thu muc
cai dat chuong trinh (C:\Program Files\Orcad\Capture\Library) ma Iuu tai mot thu muc
khac thi duong din luu trix thu vién s& hién thi trong ctra s6 Project manager. Ching ta c6
thé quan sat duoc cac linh kién mai tao trong thu vién LIBRARY 1.0LB nhu Hinh 6.51.

Chu y: Chung ta can biét dwong dan luu trit thu vién chia linh kién vira tao dé c6
thé thém thu vién nay khi sir sung cdng cu Place part thi méi c6 thé lay linh kién vira tao ra
trang vé nguyén ly.
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File Design Edit View Tools Accessories Options Window Help

D|s(d| 8| #[R|@| | Fa7 =
E1100V.opj = e =

FCE

I File lti. Hierarch_l,l]
=3 Design Resources
=-B5 \M0dv.dsn

i Iil Design Cache
-2 Library
{9..|c:\users\CD-DTononDocuments\uamm.owj

...... - LED7 doan
... Library Cache
=-C0 Outputs

t.. 8] Referenced Projects

Hinh 6.51 Puwong ddn lueu trir thu vién chiza linh Kién vira tao

Néu cac linh kién tao méi nay khdng phi hop va ching ta mudn chinh sta trong thur
vién da luu (LIBRARY 1.OLB) chiing ta c6 thé double click vao tén linh kién nay trong thu
muc Library nhu trong Hinh 6.51 dé quay lai ctra s6 tao méi linh kién va chinh stra lai cho
phu hop hon.

Nhung van dé xay ra 1a khi tro lai va lay linh kién nay ra trang vé thi linh kién lai
khong thay doi mic du trong thu vién da chinh stra thanh cong. Do céc linh kién duoc lay
ra trang vé sé& dugc luu trir trong thu muc Design Cache, néu ching ta sir dung nhiing linh
Kién da 13y ra trang v& 1an thtr hai thi phan mém s& ty dong Iy linh kién tir thu muc Design
Cache. DBé giai quyét van dé trén ching ta can cap nhat sy thay doi cua cac linh kién trong
thu muc Design Cache bang céch chon linh kién can cap nhat sau d6 vao menu Design chon
Update Cache nhu trong Hinh 6.52.

6.5 Cac budc thiét 1ap chuan bi cho viéc thiét ké mach in trén Layout
Sau khi hoan thanh tat ca cac két néi, tiép theo 1a cac budc chuan bi dé tao file nestlist
[1]:
e Gan footprint cho tat ca linh kién
e Tao nhém cho cac linh kién ¢ lién hé véi nhau
e Ghichu
e Kiém tra I5i
e Tao file netlist
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File | Design | Edit View Tools Accessories Options Window Help

i[ New Schematic... h‘
— Mew Schematic Page...
New VHDL File... £ 10DV.0pj [E=0E=R =)
New P Fr8
r1: a:ﬂ"cl 3 Fie | % Hierschy |
. -0 Design Resources
Rename... E| MOdwv.dsn
Delete Del El SCHEMATIC1
o @ pacEl
Remove Occurrence Properties E||i| Design Cache
@ MakeReot B[l i B T 7447
...... T BRIDGEO
Replace Cache.. Bl ¢ i i - CAP
UpdateCache Bl e T~ CAP NP
Cleanup Cache ~ Bff| i + 7 ﬁ CON2
...... ¥ GND
...... o LED
------ =ncl) | ED 7 doan
...... o LM7805/TO_2
...... o R
------ B TitleBlockd
...... 2 vee
-3 Library
BB C\Users\CD-DT00
T~ LED 7 doan
23 Library Cache
------ 0 Outputs
------ £ Referenced Projects
4 n 3

Hinh 6.52 Update Cache
6.5.1 Gan fooprint cho linh kién trong Capture

Chung ta gan footprint cho linh kién bang cach double click vao linh kién can gan dé
mé cira sO Properties spreadsheet, tiép theo kéo thanh trugt dé tim muc PCB footprint nhu
Hinh 6.53. Chung ta c6 thé gan footprint cho tat ca linh kién cting mét Ic bang cach chon
tat ca linh kién trong trang vé& (click va giit chudt dé tao 6 hinh vuéng bao tat ca céc linh
kién), sau do click phai chudt chon Edit Properties. Dé ¢ thé chuyén ché do quan sat bang
thudc tinh cua linh kién theo chiéu ngang hoic theo chiéu doc chiing ta click chudt phai vao
goc bén trai phia trén, sau d6 chon Pivot.

Thay doi bang thudc tinh linh Kién 1a cach don gian va nhanh déi véi cac thiét ké nho
nhung s& khong hiéu qua ddi véi céc thiét ké Ion. Déi voi cac thiét ké 16n thi phuong phap
hiéu qua hon d6 1a tao ra file BOM (Bill of Materials), file nay liét ké tat ca cac footprint
vao trong bang Excel. Bang nay duoc in va st dung dé tham khao trong qué trinh tim
footprint thich hop cho linh kién tir thu vién footprint cua phan mém Layout.
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[Mew Prapenty..| [ apply | [Display...| [Delete Propetty | [ Pivat

] Filter by: | < Current properties »

v][ Help ]

T
| Pivet |Fic1: pacE
C Edit...
Des Delete Property
Gr - .Normal
Display...
Implementation
Imp jon Path
Implementation Type <none>
Location X-Coordinate 200
Location Y-Coordinate 150
Name 100025
Part Reference ]
PCB Footprint
Power Pins Visible
Primitive DEFAULT
Reference ]
Source Library EAHOANG ANHNTEMP
Source Package BRIDGE 0
Source Part BRIDGE_0.Normal
Value BRIDGE

Hinh 6.53 Cira sé Properties spreadsheet cia linh kién

Pé tao file BOM chling ta vao cira s6 Project Manager, chon biéu tuong Design sau
d6 vao menu Tools trén thanh Tool bar chon Bill of Materials nhu trong Hinh 6.54. Trong
hop thoai Bill of Materials thém doan van ban “\tFootprint” vao muc Header va thém doan

“\t/PCB Footprint})” vao muc Combined property string dé hién thi thém muc Footprint
trong file BOM. Chon muc Open in Excel di véi cac phan mém Orcad phién ban cao hon

(vi du OrCAD 10.0 tré 1&n). Ching ta c6 thé dit tén va chon duong dan luu trir file BOM
bang céch click chudt vao muc Browse...va chon OK dé két thic viéc thiét lap.

File Design Edit ‘u"iew|Tuols Accessories  Options  Window Help

o[s|al 8 e

FCB

€1 Fie IEQ_ Hierart:}w]

22
s

[3 3 Outputs

-0 Design Resource

WEL=] oo o]
L.B pad
~.(3 Library

— [ \0dv.dre

i [ \odvamnl
.21 Referenced Projects

Annotate...

Back Annotate...
Update Properties...
Design Rules Check...

Create Metlist...

Cross Reference...

5CHEM.|

Design

Bill of Materials...

Export Properties..,
Import Properties...

Generate Part...

Hinh 6.54 Taqo file BOM
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Bill of materials

Capture Default Layout library:
Reference Value part footprint footprint
11 3-pin CONS5S BCONTQQOT: BLKCON.100/
VHTM1SQS/W.100/5
1, C2 0.17uF  CAPPOL TM_RAD: RAD/.100X.100/
L5.100/.031
C3, ¢4 0.17uF  CAPNP SM.LLB: SMIC_1206
U1 x741 uA741 DIP100/8/ SOG.LLB: SOG.050/8/
W.300/L.450 W@G.244/L.200
R1-R4 Tk R SM.LLB: SM/R_1210

Hinh 6.55 Vi du vé mét file BOM

Pé tim footprint cho linh kién trong thu vién footprint ching ta ma phan mém Layout
sau d6 chon Library Manager tir menu Tools. Chon thu vién chira footprint, chon footprint
can gan cho linh kién, copy (Ctrl+C) tén footprint ndy sau d6 quay lai phan mém Capture.
Pé gan footprint cho linh kién chdng ta chon linh kién trén trang V&, click phai chudt chon
Edit Properties... d& mé bang thugc thuoc tinh cua linh kién. Trong muc PCB Footprint
chdng ta dan (Ctrl+V) tén footprint can gan cho linh kién ma chidng ta da copy trong Library
Manager nhu Hinh 6.57. Chung ta ciing c6 thé gan footprint cho nhiéu linh kién c6 footprint
giong nhau nhu cac dién tré, cac tu dién...clng lic bang céach giit phim Ctrl va chon cac
linh Kién nay sau d6 click chudt phai va chon Edit Properties va copy tén footprint can gan
cho linh kién.

Sau khi gan footprint cho céc linh kién chiing ta c6 thé tao file BOM khac dé kiém tra
xem c0 linh kién nao chua dugc gan footprint hay khong.

File Edit View Tool Options Auto Window Help
=1 = e T Y- =) e o oo o T e
[x 200 [ [200 G 50 <
i Library ManagerAﬁ-’J_J' et B Library - Pin Tool (DRC OFF) 5L
Libraries,
U e— -
DSUBT_HD
ECON1T0T
FBUS
T
Footprints
DIP.100/14/%.3007.700 - & C
DIP.100/1 4JW.300/L.725 O m p
DIP.100/1 4/W.3007L.750
DIP.100/14JW.300/L.775
DIP.10071 4/W. 300/L.800
DIP.100/1 /. 300L.825 : : : :
DIP.100/1 4PW.300/L850 |
DIP.100/16/W.300/L.775
DIP.100/1 6/W.300/L.800
DIP.10071 6/W.300/L.825
DIP.100/16/.300/L.875 & C o m p
DIP.100/1 6/W.300/L.950
DIP.100/18/W.300/L.900
DIP 10071 81w 3001925 DIP.100/16/W.300/L.900
DIP.100/18/W.300/L.950
DIP.100/20/W.300/L.975 & v A L U E
DIP.100/20/.300/L1.000

DIP.100{20/%.300/L1.025
DIP.100{20/¥.300/L1.050
DIP.100{200%.300/L1.075

DIP.100{20A%.300{L1.100 -
DIP.100/20A%.400/L1.000 N “@2‘ N N N
DIP.100{20/%.400{L1.025

DIP.100{20/¥.400/L1.050
DIP.100/221%.300/L1.075
DIP.100{22/%.300{L1.100
DIP.100/227%.300/L1.125
DIP.10022.300{L1.150

Hinh 6.56 Copy tén footprint can gan cho linh kién
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A
SCHEMATICA : PAGE1

Color Default
Designator
Graphic 7415138 Normal
D

Implementation

Implementation Path

Implementation Type <nones=
Location X-Coordinate 340
Location Y-Coordinate 300

Hame INS{1895
Part Referepce 5

Primitive DEFALLT

Reference us
Source Library CACADENCENSPE 16,
Source Pa{:kage T4LE138
Source Part 74L5138 Normal
Value T4L5138

Hinh 6.57 Gan footprint cho linh kién trong Capture
6.5.2 Tao nhom cho céc linh kién c6 lién hé véi nhau

Viéc nhom cac linh kién co lién hé voi nhau trong so d6 mach nguyén Iy cé thé lam
cho viéc sip xép footprint cua cac linh kién dé dang hon trong Layout. Néu khong tao céc
nhom thi sau khi chon footprint & phan AutoECO xong céc linh kién ciing loai s& duoc sap
xép gan nhau trong trang vé&. Céch thtc sip xép nhu vay s& gay kho khin cho viéc vé cac
dudng mach in. Cac linh kién dugc nhém lai véi nhau trong Capture va théng tin vé nhém
duoc xuat qua phan mém Layout thdng qua file .MNL trong qua trinh AutoECO.

Dé thém cac linh kién vao nhém ching ta chon céc linh kién can thém, click chuot
phai chon Edit Properties. Trong bang thugc tinh linh kién tai muc Filter by ching ta chon
Orcad Layout. Tiép theo trong muc COMPGROUP chiing ta click chudt phai chon Edit va
trong hop thoai Edit Property Values ching ta nhap sb tht tu nhém can tao. Sau d6 chon
OK dé két thuc viéc tao nhém cho céc linh kién.

Chung ta c6 thé thém thong tin nhém cua cac linh kién trong file BOM bang céch
thém doan van ban “tCOMPGROUP” vao trong muc Header va “\t{COMPGROUP}” vao
muc Combined Property String.
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[New F'roperty...] [ Apply ] [Displa_l,.l_,] [ Delete Property ] [ Piwvat ]I Filker by | Orcad-Layout - i
A B Cc
SCHEMATICY : PAGE1 SCHEMATICA : PAGE1 SCHEMATICA : PAGE1
Value BRIDGE CAP NP CAP
Reference D1 cz 1
Primitive DEFAULT DEFAULT DEFAULT
Name 100025 {00115 100071
Power Pins Visible r r r
PCB Footprint
D
| COMPGROUP
COMPLOC
COMPLOCKED
COMPROT
COMPSIDE -
FOOTPRINT Edit Property Values @
FPLIST
GATEGROUP COMBEROW
PARTHUM i 1
PARTSHAPE
POWERPIN
Implementation Type <none> [ oK. ] [ [ ]
Implementation
Implementation Path —‘ — =

Hinh 6.58 Tgo nhém cho cac linh kién
6.5.3 Ghi chu (Annotate)

Trong qua trinh v& mach nguyén 1y dé tiét kiém thoi gian chung ta thudng copy
nhitng linh Kién san co trén trang v&, nhu vay sé& c6 nhiéu linh kién tring tén diéu nay gay
kho khin trong viéc kiém tra mach va tao ra 16i néu ching ta st dung cong cu kiém tra 15i
tu dong (DRC:Design rules check). Dé sap xép tht tu cac linh kién tang dan (R1, R2...;
C1, C2...) chdng ta st dung c6ng cu Annotate.

Tir ctra s6 Project manager chlng ta chon trang vé& can ghi chd tht tu linh kién, sau
do6 chon cdng cu Annotate nhu Hinh 6.59.

&/a e [l lals

Hinh 6.59 Cbng cu tao ghi chu Annotate

Hop thoai Annotate xuét hién, trong muc Action ching ta chon Reset part references
to “?” nhu trong Hinh 6.60, tiép theo chon OK dé thay d6i thir tu céc linh kién vé dang
“R?7, “C?”, “U?”... Thdng bao yéu cau ghi cht cho linh kién va Iuu thiét ké lai hay khong
Xuat hién, chiing ta chon OK dé tiép tuc.

Tiép theo chdng ta chon céng cu Annotate mot lan nira, sau d6 chon Incremental
reference update & muc Action va chon OK dé hoan tat viéc tu dong ghi cha cac linh kién
trong trang vé& theo thir tu chi sb tang dan tir trai sang phai va tir trén xubng dudi.
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Scope R
i+ pdate entire design

" Update selection Cancel

Action
' Incremental reference update
" Unconditional reference update
(+ Reset part references to "7
" Add Intersheet References
[ Delete Intersheet References

Help

Mode
" Update Dccurences
(* Ipdate Instances [Prefered)

Phusical Packaaing
Combined property string:

|{\/alue}{80urce Package}

-
[ Donot change the page number

Hinh 6.60 Hgp thoai Annotate
6.5.4 Kiém tra I6i (Design rules check)
Pé kiém tra I5i trén mach nguyén ly ta sir dung cong cu DRC (Design rules check).
Tir ctra s6 Project manager ching ta chon trang vé can kiém tra 16i, chon cong cu Design
rules check nhu trong Hinh 6.61.

IESEEN YRS 2 T TR N ]

|De5ign rules check|

Hinh 6.61 Co6ng cu kiém tra I4i

Hop thoai Design rules check xuat hién gdm hai Tab chinh d6 14 Design rules check
va ERC matrix.

Trong Tab Design rules check & muc Scope (pham vi kiém tra I5i) ching ta chon
Check entire design (kiém tra toan bo thiét ké), muc Action chon Check design rules dé
kiém tra 15i hoac chon Delete existing DRC marker dé x6a céc canh béo 13i trong trang vaé.
O muc Report chiing ta cé thé chon chirc ning tao danh diu cho céc canh bao (Create DRC
markers for warnings), kiém tra két néi st dung cong cu Place port (Check hierarchical port
connections), kiém tra két néi qua trang (Check off-page connector connections), xem file
bao 16i (View output)... va chon duong dan chua file kiém tra I8i trong muc Browse.

Tab ERC matrix cho phép ching ta thiét 1ap bang tay hozc thiét Iap theo mic dinh cac
quy wdc vé 16i va canh bao khi két ndi giita cac chan cua linh kién c6 thugc tinh khac nhau.
Vi dy ching ta cé thé quy udc néu chan loai Output ma két ndi vai Power 13 15i thi ching
ta click chudt vao ma tran chon E (Error) hoic néu chan loai Open collector ma néi voi
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chan Output la canh bao thi click chudt vao ma tran chon W (Warning) nhu Hinh 6.63 hoac
sir dung cac quy udc mac dinh bang cach chon Restore defaults.

Design Rules Check E|

Design Rules Check l ERL Matrix ]

Scope Made

* Check entire design " Use ocourmences

" Check selection & |lse instances [Prefered)
Action

&+ Check design rules
" Delete existing DRC markers

Repart
Iv Create DRC markers for warnings

IV Check hierarchical port connections v Check unconnected nets

I¥ Check off-page connector connections ¥ Check SDT compatibility

¥ Report identical part references Iv Report off-grid ohjects
v Report invalid packaging ¥ Report all net names
I¥ Report hisrarchical ports and off-page connectors

Feport File: v Wigw Dutput

DoADATA\BOARDACAPTURENFIRST.DRC Browse. ..

ak | Cancel | Help |

Hinh 6.62 Hdp thoai Design rules check

Design Rules Check  ERC Matrix }

Input __|
Bidirectional __|__|
Output
Open Collector
Passive
3 State
Open Emitter
Input Port
Bidirectional Port
Output Port
Open Collector Port
Passive Port
3 State Port
Open Emitter Port _|
Power __ |
Unconnected

Restore defaults

Hinh 6.63 Tab ERC matrix
Sau khi kiém tra xong céc 15i va cac canh bao s& xuat hién & cira s6 Session log hoic
xuit hién dudi dang file Notepad néu ta chon muc View Output nhu Hinh 6.64
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=

WARNING [DRCO00E] Met has fewer than tw 4

Checking Off-Page Connections
Checking Pin to Port Connections
Checking for Invalid References
Checking for Duplicate References
Checking for Compatibility with SDT

ERROR [DRCO023] The comment graphic is s
< 5 e

File Edit Format

! FIRST - Notepad

Wiew Help

Checking Pin

Checking for
Checking far

Checking for

ERROR

ERROR

£

[DRCOOZS
[DRCOOLA]

reparting off-Grid ohjects

Reporting Ports

to Port Connections
Invalid rReferences
puplicate References

Compatibility with s0T

The comment graphic is not
SCHEMATICL, PAGEl  (0.10,
User properties exist on an
SCHEMATICL, PAGEL (4.60,

Hinh 6.64 Badng liét ké I4i
Pong thoi trén trang vé nguyén ly xuét hién céc vi tri danh dau 15i (DRC marker),
ching ta c6 thé double click vao céc vi tri 18i nay dé xem thdng tin chi tiét cac 16i nhu Hinh

1 7447 U2 T4HCST3 U3 T4HCST3
— & & &
Tt po B2 2 1 po an H2g 2 1o oo H2a
1 12 B B 3 18 o B 3 18
o B o =1 £l o ol 58
5 B C C 4 17 C 4 L7 5
£ o2 C g T T =| D2 22 g T |02 o2 g
B3 Bla E E 5 |03 @3 g d E 5|03 @3 g
3 | — Eqs F T S| D4 4 [y 2 £ S|4 @4 [y 2
o
LL E D5 [ £l D5 Qs ==
3 14 ] [ g 135 [ 8 13
+ | BBl G 4] 08 @5 5 4| DB @6 3=
B— BIREO |§‘— o7 o7 —=+= 0 a7 —=+=
LE 11 LE LE 11 LE
CE OE OF 0F
DATA0.7]
View DRC Marker

WARNING: [DRCO00S]
Unconnected pin
uz2p7

N

Hinh 6.65 Théng tin chi tiét vé v; tri 16i

6.5.5 Tao file Netlist

Dé c6 thé lién két file mach nguyén ly da thyc hién ¢ phan Capture sang Layout cho

viéc thiét ké mach in chdng ta phai tao file Netlist bang cach chon cong cu Create netlist

trén thanh Tool bar nhu Hinh 6.66.

Hop thoai Create Netlist xuat hién, ching ta chon Tab Layout, chon Run ECO to
Layout, tiép theo chon don vi do la inch hozc milimet cho phi hop véi don vi dugc st dung
trong Layout, chon dudng dan chia file Netlist va chon OK. Néu mach nguyén ly khéng
c6 16i thi file Netlist s& xuat hién & ctra s6 Project manager nhu Hinh 6.68.

&K@ vrfst

I:;H‘s'

Create netlist

Hinh 6.66 Cbng cu tqo file Netlist



EDIF200 | PSpice | SPICE | VHDL | Veriog Lavout | INF | Other |

{WWWWIIIIII

Iv|
g

D:\HOANG ANH\TEMPLATE\EXERCISE.MNL

Hinh 6.67 Hgp thoai tao file Netlist
File Design Edit View Tools Accessories Options Windoew Help

o|s|d| 8| & [BR] 2] =

L=E]

1 File |'E$*= Hierarchyl
[0 Design Resources
E| JAexercise.dsn

| B2 SCHEMATICL
-0 Design Cache
E] Lih[ar_!,r

[0 Outputs
Sexercise.drc

[ Referenced Projects

C ]

Hinh 6.68 Tgo file Netlist thanh cong

CAU HOI ON TAP:
Hay str dung phan mém OrCAD Capture dé vé& cac so dd mach nguyén ly tham khao
trong phan phu luc B véi cac yéu cau sau:
1. Kich thudc trang vé theo kho A (A4).
Sép xép khoang cach gitra céc linh kién hop 1y.
Tao ghi chd chi sb cac linh kién.
Kiém tra 13i tw dong.
Tao file netlist.

o~ o
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CHUONG 7: THIET KE SO PO MACH IN VOI ORCAD
LAYOUT

7.1 Tao file Layout méi

Sau khi m¢ phan mém Layout ching ta chon menu File>New. Cta s6 Layout
(unnamed) va hop thoai Load Template File xuat hién yéu cau chon file dinh dang cong
nghé ché tao nhu di trinh bay trong muc 2.3.1, tai muc Look in ching ta chon file dinh
dang cong nghé DEFAULT.TCH, file nay thuong duoc luu tai thu muc cai dat phan mém
(C:\Program files\Orcad\Layout\Data\DEFAULT.TCH), tiép theo chon Open.

Hop thoai Load Netlist Source xuat hién ching ta nhap duong din thu myc chua file
Netlist dwgc tao & phan Orcad Capture.

Sau khi chon file Netlist hop thoai Save as file xuat hién, ching ta nhap duong dan va
tén file Layout can luu.

Cira s6 Automatic ECO Utility va hop thoai Link footprint component xuat hién, tén
linh kién can gan footprint dugc chi ra trong hop thoai Linh footprint component nhu Hinh
7.1[2]. Tai hop thoai Link footprint component ching ta c6 ba lya chon nhur da trinh bay &
Chuong 2 muc 2.3.1.

Link Footprint to Component [&J

AutoECO cannot find a footprint for component J1
from part name CONZ2.

Please choose one of the options below:

Link existing footprint to component ...

Create or modify footprint library ...

Defer remaining edits until completion ...

oK | Help | Cancel

Hinh 7.1 Hop thoai Link footprint to component
7.1.1 Thuw vién footprint trong Layout
Phan mém Layout sap xép footprint cua céc linh kién theo céng nghé dong géi linh
kién, loai chan va hinh dang linh kién. C6 trén 50 thu vién véi hon 6000 footprint trong
phan mém do d6 s& rat kho dé tim thay footprint mong mudn. Bé viéc tim kiém nay cé hiéu
qua chdng ta can tra 11 duoc 3 cau hoi quan trong sau:
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1. Linh kién nay thuoc loai nao? (linh kién roi (discrete), IC hodc day 1a cac dau két

ndi (connector))

2. Linh kién nay duoc gan 1én bo nhu thé nao? (xuyén 16 (through-hole), dan (solder

mount))

3. Céc chén cua linh kién nay dugc dong goi theo dang nao? (dang “J”, xuyén truc

(axial) hay hinh tru (radial))

Bang 7.1 md ta 50 thu vién footprint trong phan mém Layout duoc phan loai theo
dong goi (package) va cach thire han linh kién 18n bo mach. Bang viéc tra 1i cau hoi tha
nhét chling ta c6 thé gigi han viéc tim kiém & pham vi 1 trong 4 hang cua Bang 7.1. Sau d6
tra loi cau hoi tha 2 dé gisi han viéc tim kiém trong 1 cot. Ching ta c6 thé tim thay thu vién
footprint caa linh kién chinh 13 giao diém giira hang va cot trong bang, mot s6 truong hop
chdng ta can tra 161 cau hoi thir 3 dé cé thé tim thu vién chinh xac hon.

Vi du nhu IC Op-Amp LM741 c6 & ca hai dang dong géi, dang 8 chan xuyén 16 DIP
(dual inline package) va dang 8 chan dan SOIC (small outline integrated circuit). Chdng ta
c6 thé tim thidy footprint cua linh kién nay trong thu vién DIP100T
(DIP.100/8/W.300/L.400) nhung chung ta s& khong tim thiy thu vién hozc footprint c6 tén
la SOIC. Phan mém Layout chtra footprint cua céc linh kién SOIC chan cam c6 hinh dang
canh chim (gull-wing-type) trong thu vién SOG (small outline gull-wing lead) do la
(SOG.050/8/WG.244/1..200).

Bang 7.1

Hinh 7.2 Linh kién chan cam dang “J” va dang gull-wing
Bang 7.2
Bang 7.3
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Bang 7.1 Phan logi thuw vién footprint [1]

Method of attachment to board

Mixed: Mixed:
surface through-hole
Package Surface mount and and copper Copper
type mount through-hole Through-hole area area
Discrete SM.LLB RELAY.LLB TM_AXIAL.LLB
components SIP.LLB TM_CAP_PLLB
TO.LLB TM_CYLND.LLB
VRES.LLB TM_DIODE.LLB
TM_DISC.LLB
TM_RAD.LLB
Integrated BGA.LLB CLCC.LLB DIP10OT.LLB
circuits DIP100B.LLB PLCC.LLB PGA.LLB
SOG.LLB QUAD.LLB
SOJ.LLB QUADEB.LLB
Connectors TELE.LLB BCON1T00T.LLB  DIN.LLB DIMMOQOS0F.LLB
BCON156T.LLE  PCI.LLB ISA.LLB
DCONOSOTLLE  XT.LLB SIMMOSOFLLB
DCONOS85T.LLB SIMM100FLLB
DSUBT.LLE
ECON1TQO0T.LLB
FBUS.LLB
LCON10OQT.LLB
PC104.LLB

PCON100T.LLB
PCON156T.LLB
RELLB
SBUS.LLB
SIMMOSOT.LLB
SIMM100T.LLB
WCONTO0O0T.LLB
ZIGZAG.LLB

Other JUMPER.LLB
TRAINING.LLB

7.1.2 Quy woc dat tén thw vién footprint

Sau khi da tim thay thu vién chira footprint, budc tiép theo 1a chiing ta phai xac dinh
dugc chinh xac footprint can tim cho linh kién véi cac thong s6 nhu sé luong chan, khoang
céch giita cac chan...Quy udc dat tén thudng dugc viét tat theo tén cua cac t6 chic tiéu
chuan nhu IPC, JEDEC hoic EIA. Phan mém Layout st dung mét dinh dang giéng nhau
dé dit tén cho cac footprint. Pé biét thém thdng tin chi tiét vé cac dang dong géi cua linh
kién ching ta c6 thé tham khao & phan phu luc A.

Vi du nhu footprint cta linh kién 24 chan c6 dong goi dang DIP, co hinh dang nhu
Hinh 7.3 1a DIP.100/24/W.300/L1.250 dugc md ta chi tiét nhu trong Hinh 7.4 va 7.5.
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E R L e pe— =
Fle ESt Vew Tod Optirs

Wedow  Help
SR %8 E] BE2]0]0) Q= fF BT 0] sl 26 @2 112
% 100 Y (750 G 50 J e ]

] Libracy Mannger B3Il Ubrary - Pin Tool (ORC OIT).

Librarics

|

[ Add... I Remove I
Footprints
I[DIP.I 0024/ 300/L1.250

BLKCON.100/NHTMI SOAY.10 ~
BLKCON.1 00/VHITM20E/WY.20
BLKCON.100/VHITMZOENY.20
BLKCON.100/VHTM20EAY.20

BLKCON.100/VHITMZOENY.20 & C omp
CON.1S6/VHITMI 5 |
g:‘:o'l‘ulsij Ao PIP,.100/24/MW.300/L1.250

DIP.100/24/W.300/L1.250
DSUBAP.318/TM{15
JUMPERZ00

QUAD.D25/132/WG1.085
QUAD.50M{1 44/\W5G22.00
QUAD.ESM/160/WG30.00
SIMM.050/VS_RIPTTM{72

SIPITMIL.8008 |
|

[ Create New Footprint... |
[ save | Saveas..
[ Dolete Footprim

[

Hinh 7.3 Footprint cua linh kién 24 chdn dong goi dang DIP [1]
Package type

Pin spacing along length of package (in inches)
Number of pins

Pin spacing across width of package (in inches)

Length of body (in inches)

DIP .100 / 24 / W300 / L1.250
Hinh 7.4 Quy woc dat tén footprint [1]
Package type: dang dong goi (DIP, SOG...)
Pin spacing along length of package: khoang cach giita hai chan lién tiép nhau
theo chiéu dai caa linh kién (inch)
Number of pins: s6 lugng chan
Pin spacing across width of package: khoang céch giita hai chan theo chiéu
rong cua linh kién (inch)
Length of body: chiéu dai linh kién (inch)
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| 1.250"

4" L 01100“ 0.300”

Hinh 7.5 Kich thuoc linh kign 24 chan c6 dang dong goi DIP [1]
Vi du tiép theo 1a footprint cua linh kién c6 déng goi dang SOIC duoc dit tén 1a
SOG.050/16/WG.244/L..400 c6 kich thudc thuc té va hinh dang footprint nhu mé ta trong
Hinh 7.6 va 7.7.

0.400"

0.150" 0.244"

koo

Hinh 7.6 Kich thuéc thuc té cua linh kién 16 chan déng géi dang SOIC
(@) (b)

o Pad =0.094 X 0.025"
&Comp ﬂ vo.ozo"
QNN NNSss——— - -

— 0.292" IR

|| 0-I3I|0.075" 0.150"  0.244" 0.187" 0.226" 0.266"
Illllillit DDDDD%DDM

- —»‘ L 0.050"

S 06 050/16/HG 244/L 400
&VALUE

Hinh 7.7 (a) Footprint cua linh ki¢n 16 chan dang SOIC - (b) Gidi han cac kich thudc toi
thiéu [1]
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Khong phai tat ca footprint cua linh kién trong thu vién déu duoc dit tén theo quy wéc
nhu trén. Cac linh kién roi thuong dugc dat theo tén va chire nang cua linh Kién. Vi du nhu
cac dién tro dan duoc dat trong thu vién SM.LLB nhu SM/R_0805 hoac SM/R_1206... tu
dan nhu SM/C_0805 hodc SM/C 1206...Céc transistor dang dan cling dugc dat trong thu
vién SM.LLB véi tén footprint c6 dang SM/SOT23_XXX, trong d6 XXX vi tri vat ly cua
cac chan nhu ECB, BCE..., cic transistor dang xuyén 16 thi duoc dit trong thu vién
TO.LLB va dugc dat tén theo hinh dang dong goi.

7.2 Chinh sira footprint

Khi hop thoai Link footprint to component xuat hién nhu trong Hinh 7.1 néu ching ta
chon myc 2 “Create or modify footprint library” thi ctra s6 Library Manager xuat hién nhu
Hinh 7.9. Cira s6 nay ciing c6 thé mé bang céng cu Library Manager trén thanh Tool bar
nhu trong Hinh 7.8 [2].
0= BT P2 e o e 2 W WA
% |-gs|Library Manager| | I5p [L_TOE | ~|

Hinh 7.8 Céng cu Library Manager
B e ; el
I | B31519] Q1 BT el 2 ] 212)
00 0 o —

(3 CANEL_5 & "& "= " el ll-BlE] o B
Hinh 7.9 Cua sé Library Manager
O ctra s6 Library Manager chiing ta c¢d thé chon céc footprint san c6 trong cac thu
vién sau d6 chinh stra cho phl hop véi linh kién thuc ma chung ta da chon trong thiét ké
mach nguyén ly.

98



Chu y: Ching ta can biét hinh dang, kich thudc, tha ty chan va khoang cach giira cac
chan dé chinh sira hoic tao footprint voi kich thudc chinh xéac thuan lgi cho viéc sap xép
footprint cua linh kién trén bang mach va lap réap linh kién sau khi gia cong mach in.

Vi du dé chinh stra mét footprint sdn c6 cho IC 6n &p LM7805 chiing ta chon thu
vién TO va footprint TO 220AB nhu Hinh 7.10 vi footprint ndy gan giéng vai footpint thuc
té cua IC. St dung cac cong cu dugc trinh bay trong phan tiép theo dé chinh sta footprint
nay cho phl hop vai yéu cau.

7 Layout - D:\DATABOARD\LAY OUTWPOWER SUPPLY 5-12 YDC.MAX

File Edt View Tool Options Window  Help
=1~ ETT 1 3 WP =] e (oo P T %Ijl i FL A
o -

% 100 ¥ G50

i [X|  Library - Pin Tool (DRC OFF)
Libraries

TO -~
TRAINING

[VRES

IWCONT00T

e v

Foolprints
T02204B
1021648
TOZ1BAC
TO21840
ToZ20AA
TO220ANRF1
TO220ANRF2
0Z20ANRFI

TO2Z0AN
TO220ABNFI
TOZ20ABNF2
TOZZ0AC
TO2Z21AA
22222 AB
TOZ25AA
TO225A8
TOZZEAA
T0226A8
Create New Footprint...

Save | Savehs..

Delete Footprint

<
TO22048 [100.0] RAM: 6814K Used, 729448K Available

Hinh 7.10 Chinh sia footprint san cé trong thur vién
7.2.1 Cong cu Text tool

slEnl <8 E| B 2|80 ol DT |7 «feds] 2] &l 2]

x[-100 v [200 G [50 CmoElext Tool— 7 +|
Hinh 7.11 Cbng cu Text

Pé thay d6i tén hodc phan chit cua footprint ching ta chon cong cu Text tool, sau do
duoble click vao phan text can chinh stra thi hop thoai Text edit xuat hién, chon muc Free
va nhap doan text méi vao muc Text string nhu Hinh 7.12.

Ching ta c6 thé thay d6i d6 rong (line width), chiéu cao (text high), géc quay doan
text (rotation), goc quay tirng Ky tu trong doan text (char rot)... c6 thé lat nguoc (mirrorred)
va chon I6p mach in (layer) cho doan text & cA¢c muc bén dudi.

Cha y: Chang ta khdng nén chon 16p cta doan text trung vai 16p cua cia duong mach
in (TOP, BOTTOM...) vi nhu vay s€ s€ gay can tro cho viéc vé cac duong mach in sau nay
thong thuong ching ta chon 16p cho doan text [a SSTOP hoac SSBOT.

Dé quan sat linh kién tét hon trén man hinh chung ta c¢6 thé st dung cdng cu Zoom
trén thanh Tool bar hoic str dung phim tit | (Zoom in), O (Zoom out), C (Zoom center) ...
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Text Edit 3]

Text text338
Type of Text
Text String |LM?BI]5|
+ Free " Custom Properties
" Reference Designator " Package Name
" Component Value " Footprint Name
Text location [-13.95,129.37]
Line Width 8. Text Height 50.
Rotation 0 Char Rot 0
Radius 0. Char Aspect  [1p0
I~ Mirrored
Layer:
SSTOFP hd
0K | Help | Cancel

Hinh 7.12 Hg¢p thoai Text Edit
7.2.2 Cong cu Pin Tool
Dé chinh stra vi tri chan linh kién ching ta st dung cong cu Pin tool nhu trong Hinh
7.13. Click chudt vao chan can thay d6i sau d6 di chuyén chudt dén vi tri mai va click chuot
lan nita dé cb dinh vi tri. Tai vi tri chan s6 1 ching ta thay ky hiéu gdc toa do, phan mén

Orcad hé tro viéc dinh vi, khi ching ta di chuyén chuét thi toa do x, y sé thay ddi theo va
hai théng sb nay dugc hién thi & bén dudi goc trai caa man hinh nhu duoc mé ta trong Hinh
7.14.

J=41= [TENeAS 1 = := PPl =7 e 60 o o o 8 e A

X 100 v [400 G [50 Pin Tool | ~|
Hinh 7.13 Cbng cu Pin tool

Véi hé don vi do mic dinh 12 Mils thi mét budc di chuyén trén man hinh 1a 100 Mils
(= 0.1 inch) thong thuong khoang céch gitra cac chan linh kién, kich thudc caa linh kién. ..
la boi s6 caa 100 (Mils).
7.2.3 Co6ng cu Obstacle Tool

Tiép theo ching ta str dung chon cdng cu Obstacle tool nhu trong Hinh 7.15 dé chinh
stra dudng bao linh kién bang cach click chudt vao dudng bao sau d6 di chuyén duong bao
dén vi tri can thiét click chuét lan nita dé c6 dinh duong bao theo cac géc mong muén.

Trong quéa trinh v& mach in man hinh thudng xuyén bi mat nét dé khac phuc ching ta
cd thé dung cong cu Refresh all, Zoom in, Zoom out hoic phim F5 dé lam ré man hinh.
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Sau khi chinh sira linh kién pht hop ching ta chon Save hoic Save As trong cira s6
Library Manager néu mudn luu lai véi tén va thu vién khac, dé hoan thanh viéc chinh sua
linh Kkién.

| Layout -- D:\DATA\BOARD\LAYOUT\POWER SUPPLY 5-12 VDC.MAX

File Edit View Tool Options window  Help

=2 = e 1) = Pl ] e ) e of S R ) _IJ ] ]
X [100 ¥ 100 |6 50

Fi R

Libraries L

WCON100T
xT

Add... I Remove |

Footprints S o L M 78 0 5 :

[To2204B

TOZ18AB ~
TO218AC
T0218AD
TO220AA
TO2Z0ANRF
TO220AAIRF2
TO220AAIRF3
TO220AB/VF1
TO220AB{VF2
TO220AC
TO221A4
T0221AB
TO225A8
T0225A8
TO226AA
TO226AB

Create TOa d6 Vl tl’l’ con

s | trg trén trang vé
Dele\

T >

[100,-100] RJM: 6814K Used, 74TI66K Available

i untitled - Paint

Hinh 7.14 Gdc toa dé duoc dat tai chan sé 1 va toa do vi tri con tré duwoc hién thi trén
man hinh

i T|E .
X |[-262 v 369 G 50 | [Obstacle Tool -

Hinh 7.15 Cb6ng cu Obstacle tool
7.3 Thay d6i hé don vi do va kich thuéc lwéi trang vé

Pé thay doi hé don vi do chung ta vao Menu Option>System settings, hop thoai
System settings xuét hién ching ta cd thé chon don vi do trong muc Display Units (Mils,
Inch, Microns, Milimeters, Centimeters) [2].

Chiing ta c6 thé thay doi kich thudce ludi trang v& bang cach nhap cac gia tri tiy y vao
muc Grids nhu thay d6i kich thudc ludi dat linh kién (Plcae grid), ludi vé duong mach in
(Routing grid) hodc luéi cho Via (Via grid) nhu trong Hinh 7.16.

Cha y: Gia tri luéi thuong 12 boi s6 hoidc udc sé caa khoang céach giitra cac chan linh
kién dé thuan lgi cho viéc sip xép cac fooprint va vé duong mach in.
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Display Units Grids
@ Mils [m)
" Inches [in]
" Microns [u] Detail grid [X.Y]:
" Millimeters [mm]

" Centimeters [cm] Place grid [x,Y]:

Yisible grid [XY]:

Display Resolution: Routing grid:

1. Via grid:

Rotation

Increment: q0 Snap:

| YWorkspace Settings... |

0K | Help | Cancel

Hinh 7.16 Hdp thoai System Settings

7.4 Tao footprint méi

Trong thiét ké thyc té footprint cia mot sé linh kién s& khong cé san trong thu vién
hoac dé chu dong ching ta c6 thé tu tao ra mot thu vién footprint riéng cho céc linh kién
thuong st dung, nhu vay ching ta s& khéng phai mét thoi gian trong viéc tim kiém footprint
cho linh kién ma c6 thé chon ngay trong thu vién footprint riéng cia minh [2].

Ching ta chon cong cu Library Manager trén thanh Tool bar, ¢ cira s6 Library
Manager chon muyc Create New Footprint dé tao footprint mai.

Create New Footprint EI

Marme of Faotprint |DF'.-'-‘«MF'_LM?4'I

Unitz

* Englizh

" Metric

0k | Help ‘ Cancel |

Hinh 7.17 Hg¢p thoai Create New Footprint

Hop thoai Create New Footprint xuét hién, nhap tén méi vao muc Name of Footprint
va chon OK. Vi du nhu chiing ta can tao footprint cho Op-Amp LM741.

Trén cira s6 Library xuat hién chan Pin sé 1 va tén footprint, goc toa do cua footprint
dugc mic dinh tai chan s 1 nhu trong Hinh 7.19. Footprint caa Op-Amp LM741 gém 8
chan, hai chan trén cung mét day cach nhau 100 (Mils), khoang cach gitra hai ddy chéan la
300 (Mils) nhu Hinh 7.18.
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Physical Dimensions inches (millimeters) unless otherwise noted (Continued)

0.400 MAX
RO.010 TYP
N mm
R0O.025 TYP —/%

KN EX S R

P

0.220  0.310 MAX
0.291 GLASS

0.045 TYp

0.085

0.290 l«— 0.005 GLASS
a.szn A‘—r MIN /_ SEALANT
0.180 = t : / : 0.020
MAX 0.200 || :
VA 0.060
4

T ; 0.150
0.125 MIN
: 0.200

80° £ 4° TYP
0.310 | 0.055 MAX —=| |=—
0.410 '| BOTH ENDS |
U GUS L 0.018 £0.003 TYP

95%£5° TYP K‘/

0012

—

0.100£0.010 TYP JoBA (REV K)

Ceramic Dual-In-Line Package (J)
Order Number LM741J/883
NS Package Number JOBA

Hinh 7.18 Kich thuéc thuc té ciia Op-Amp LM741

;Eiﬂ_JJJ JQIQAEI J_I_QI_M_IHI;I_IA_IJJ k|

 [300 (200 G50 -
a [X|  Library - Pin Tool (DRC OFF)

Libraries

ANH ]
BCOMI00T 1
BCOMISET

cLee ~|

Create New Footprint...

Delete Footprint

" oncad Layour T wnaned) | uvled - Pant (/.:, o 10:08 AN

Hinh 7.19 Tao footprlnt cho I|nh kien Op-Amp LM741
7.4.1 Thém chéan Pin

Pé thém chan Pin chlng ta sir dung cu Pin tool sau d6 di chuyén chudt vao cira so
Library, click chudt phai chon New hoac sir dung phim Insert. L4c nay trén man hinh sé
xuat hién thém mat chan Pin va chan nay dugc gan vao vi tri con tré chudt, di chuyén chan
Pin dén vi tri thich hop roi click chudt dé ¢é dinh vi tri chan Pin nay, sb tha tu chan Pin sé
tu dong tang 1én mdt don vi.

Dua vao kich thudc ludi trang vé (place grid) da thiét 1ap trong phan System Settings,
duoc trinh bay trong muc 7.3 hoic toa do vi tri con trg, chiing ta c¢d thé dat chan Pin cua
footprint nay tai cac vi tri chinh xac theo kich thudc thuc té. Vi du théng sé Place grid
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ching ta thiét lap 1a 50 Mils thi 2 diém mat ludi trén trang vé s& cach nhau 1a 50 Mils nhu
Hinh 7.20.

Chuing ta tiép tuc dat cac chan Pin con lai cua linh kién theo kich thudc thuc té nhu
trong Hinh 7.21 dé két thlic viéc sap xép vj tri cac chan Pin.

&Comp
&Valueiﬁwﬂ

&Pack
QP AMP LM741

Hinh 7.20 Khodng céch giira cac mdt ludi duoc thiép ldp trong System Settings

_I_Il_ _I_I_I _I_I_I_I _I_II—_I_I_I_I R e AN

I [

(-‘I IX| ~Library - Pin Tool (DRC OFF)
Libraries
cLee v & C D m p

am 9999

ANH ~
BCON100T
BCON156T

&Pack

¢ & @741

Delete Footprint
£ >

Create New Footprint...

Hinh 7.21 Sap Xép day du cac chan Op Amp LM741
7.4.2 Vé dwong bao linh kién
Tiép theo chiing ta str dung cdng cu Ostacle tool dé v& duong bao linh kién, ching ta
can vé chinh xéac kich thugc dé co thé sap xép footprint cua cac linh kién hop Iy trén bo
mach in ma khong chdng Ién nhau, thuan loi cho viéc lap rap linh kién sau nay.
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Chu y: Phan mém Orcad Layout cho phép ching ta thiét ké bo mach vai nhiéu 16p,
mdi 16p mach in dugc gan mot mau sic khéac nhau. Do vay ching ta phai chon mau chinh
xac cho duong bao linh kién. Sau khi chon cdng cu Ostacle tool, ching ta click chuot vao
cdng cu Color settings va chon 16p SSTOP (16p s 9, mau trang) nhu Hinh 7.22. Ching ta
cling c6 thé thay d6i mau sac cho cac 16p tly y bang cach chon I6p, click chudt phai chon
mau thich hop hoic cho 16p d6 an di bang cach chon muc Visible<>Invisible hoic nhan
phim “-* nhu mé ta trong Hinh 7.23.

e 55 [ o 0 ) [ o O
— ll?@_h_stacle Tool— | ||9 SoT Color Selttii%]s

Hinh 7.22 Cb6ng cu Obstacle tool va Color settings
.1 Color EI@

Data Color
Background I
[

Default [Global Layer]

Default TOP |

Default BOTTOM I

Default PLANE I
I
I
[ |

Default INNER
Default SMTOP
Default SMBOT
Default SPTOP
Default SPBOT
Default SSTOP
Default S5BOT
Default ASYTOP
Default ASYBOT
Default DRLDWG

Undo u

Visible< > Invisible

[ |
Place outline [Global Layer] I
Place outline TOP I
[ |
[

Place outline BOTTOM
Matrix [Any layer]

Pin name [Any layer]
Highlight [Any layer]
DRC box

Hinh 7.23 Bdng quy woc mau cac lop
Sau khi chung ta chon l6p cho viéc vé duong bao linh kién, thi cac 16p khac trén cua
s6 Design s& bi an di chi c6 duy nhat I6p ma ching ta dang thao tac SSTOP duoc nhin thay.
Do vay trong sudt qué trinh vé dé quan sat 16p nao ching ta phai chon dé 16p d6 & trang
thai tich cuc bang cach click vao menu pull-down nhu Hinh 7.24 dé chon 16p hoic nhan
phim sé thu ty 16p (vi du: 16p TOP 14 phim 1, BOT phim 2...)

105



EF”E Edit View Tool Options Auto Window Help

=11 e F 1 A= PPl =) e Y ) g o 0 e M

i [125 ¥ 675 G 25 -
x | SHT -

Libraries

BCON100T -

BCON156T 2 S5T

BGA 10 SSB

cLCC 11 AST

DCONDSO0T

| Add... I Remove |

‘Foolprims & C D m p

&Va1u9
&Pack

Pe-% LM741

Hinh 7.24 Chon lop vé dirong bao linh kién

Sau khi chon céng cu Obstacle tool va chon I6p SSTOP hoac SSBOT chung ta click
chudt phai chon New, click chudt phai 1an nira chon muc Segment dé vé& cac nét thang, Arc
dé vé duong bao dang hinh tron ...nhu Hinh 7.25. Sau d6 di chuyén chudt dé vé duong bao

hoan chinh cho linh kién nhu Hinh 7.26.

End Coemmand

Properties... Ctrl+E
Copy Ctrl+C
Delete Ctrl+X
Finish

Segment

Exchange Ends
135's and 90's Only

&CDmP
wal®
'?&Pack

J

Hinh 7.25 Thay doi hinh dang dwong bao
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| Layout - (unnamed) - [Library - Obstacle Tool (DRC OFF)]
B File Edit View Tool Options window  Help BEES

2B =|#|E| B 2|20 o o T o] L] 2lH] a2
% [-60 v [350 6 [25
[= x o .

Libraries

ANH ~
BCON100T

BCON156T

BGA

o | e : i&CDmP:
- esee

. .
&Pack |

e 174!

| Create New Footprint... |

| Save I Save As... |

| Delete Footprint |

1 untitled - Paint

Hinh 7.26 Puwong bao linh ki¢n hoan chinh
7.4.3 Thay d6i hinh dang Padstacks
Pad trong Layout dugc goi 1a Padstack. Dé thay doi hinh dang ciia mét Pad ching ta
sir dung c6ng cu Pin tool chon chan pin can thay d6i Pad, click chudt phai chon Properties,
ctra 56 Edit pad xuat hién nhu trong Hinh 7.27, chon hinh dang Pad tai muc Padstack Name.
Vi du: 65R41: Pad hinh tron (Round ), duong kinh 65 mils.
40S24: Pad hinh vudng (Square), kich thuéc 40 mils.

Footprint OP-AMP LM7 41

One Pad

Pad Name: |5

Pad X |3p0.

Padstack Name

padstaclk.
padstaclk.
padstack.

padstaclk

padstack.llb
padstack.llb
padstack.llb
padstack.llb
padstaclk.llb

Help
Hinh 7.27 Hgp thogi Edit Pad
Pé thay d6i hinh dang Pad cho tat ca cac chan cling Itc ching ta vao cong cu View
Spreadsheet chon muc Padstacks nhu Hinh 7.28.
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Hinh 7.28 Cong cu View Spreadsheet

Cira s6 Padstacks xuat hién véi cac théng sé vé hinh dang Pad, kich thuéc Pad cua
linh kién theo tirng I6p mach in. Chang ta phai t6 den ca 3 vung (Pad shape, Pad width, Pad
height) caia I6p mach in can thay doi thudc tinh Pad bang céch giit phim Ctrl+ click chuot
dé chon nhiéu 16p, sau dé click chudt phai chon Properties, hop thoai Edit Padstack xuat
hién, chon hinh dang va nhap gi4 tri kich thudc Pad sau d6 chon OK dé két thuc.

Tay theo s 16p cua bo mach va loai linh kién ma ching ta sé thay d6i thudc tinh caa
Pad theo sb 16p. Vi du ching ta v& bo mach 2 16p va linh kién 1a loai xuyén 13 thi ching ta
chon 16p TOP va BOT dé thay dbi thudc tinh cua Pad nhu Hinh 7.29. Néu linh kién 12 loai
dan thi ching ta chi chon moét lop.

7.4.4 Thay d6i kich thwéc 16 khoan

Tuong tu nhu trén dé thay d6i kich thudc 16 khoan ching ta t6 den muc DRILL, click
chudt phai chon Properties, nhap kich thudc 16 khoan va chon OK dé két thic. Cha y don
vi do hién tai dang thiét 1ap 1a Mils, ching ta cd thé thay doi hé don vi theo Milimet cho
phu hop véi kich thuéce tiéu chuan cua 16 khoan.

Viéc thiét lap chinh xac kich thuéc 16 khoan khi tao footprint mgi dong vai tro quan
trong khi chiing ta xuat file Gerber cho nha san xuat, néu kich thuéc 16 khoan khong dung
thi ching ta khong thé rap linh kién Ién bo mach.

Déi vai cac loai linh kién dan do céc Pad khong khoan 16 nén trong myc DRILL nay
sau khi mo hop thoai Edit padstack, tai muc Pad shape ching ta phai chon Undefined.

Padstacks E]@@
-~
Padstack or Pad Pad Pad X
Layer Name Shape Width Height Offset ¢
T |
TOP L
BOTTOM L
PLANE Round |
INMER Round |
SMTOP Round L
SMBOT Round |
SPTOP Undefined 0 | Append Hot Link L
SPBOT Undefined 1] Copy Laver...
S5TOP Undefined p | Swvetolbrary. I
SSBOT Undefined | U u I
ASYTOP Undefined 0 0 0
ASYBOT Undefined 0 0 0
DRLDWG Round 38 38 0
DRILL Round 38 38 0
COMMENT LAYER Round 38 38 0
SPARE2 Round 38 38 0
SPARE] Round 38 36 0
T2
TOP Square 62 62 0 v
< >

Hinh 7.29 Cua sé Padstacks
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Edit Padstack X

0 Padstacks
2 Padstack Layers
[~ Non-Plated
[ Use For Test Point
I~ Large Thermal Relief
[~ Flood Planes/Pours

Pad Shape
" Round " Oblong
" Square " Rectangle
" Owal " Thermal Relief
" Annular " Undefined
r
Pad Width: Pad Height:

OK | Help | Cancel |

Hinh 7.30 Hgp thoai Edit padstacks

& Layout -- funnamed)

EEX

File Edt Yiew Tool Options ‘indow  Help

= = T = s = e 3 e o O e O .
®laso  ffiso  [os0  |EmE -
-} [%| - Library - Pin Tool (DRC OFF)

Libraries

BCON100T =

BCON156T

BGA

CcLCC b

| Add... I Remove

Footprints

[ create New Footprint.. |

| Save I Save As... |

| Delete Footprint |

M

Hinh 7.31 Footprint cia linh kién sau khi da thay doi hinh dang va kich thwéc Pad

7.4.5 Luu footprint vura tao

Sau khi hoan thanh cic budc tao footprint nhu d trinh bay ¢ phan trén. Tai cira $6
Library Manager chon muc Save As, hop thoai Save footprint As xuat hién, ching ta nhap
duong dan chtra thu vién can luu footprint vira tao tai muc Browse va chon OK.
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Chuing ta c6 thé tao mot thu vién riéng bang cach chon muc Create New Library va
lwu footprint nay vao thu vién vira tao nhu trong Hinh 7.32. Chung ta can nhé dudng dan
chtra thu vién vira tao dé thuan tién cho viéc thém thu vién nay khi st dung.

Save Footprint As... @

Mame of footprint

|E|PAM P_LM741

Mame of library

| j Browse...

| Create Mew Librarny. . |

0k Help Cancel
Hinh 7.32 Hgép thoai Save Footprint As

7.5 V& dwong machin

C6 4 yéu té quan trong khi tién hanh vé& duong mach in cho PCB d6 1a sap xép linh
kién, sap xép cac 16p bo mach in, tu bypass, d6 rong va khoang céch gitta cac dudng mach
in [1].

7.5.1 Nhirng chd y vé dién khi sap xép linh kién trén PCB

Viéc sap xép linh kién phai thoa mén ca yéu cau vé kha ning 1ap rap linh kién va yéu
cau vé k¥ thuat dién. Thong thudng thi hai van dé nay bd tro cho nhau nhung d6i khi hai
yéu cau nay lai xung dot nhau. Khi c6 su xung dot xay ra thi yéu cau vé k¥ thuat dién ludn
duoc uvu tién hon.

Chu y dau tién khi sip xép linh kién trén bo dé thoa yéu cau vé ky thuat dién do 1a
che ning cua mach. Dac biét 1a d6i véi cac bo mach dang twong tu (analog), tin hiéu sé di
vao bo mach, tiép tuc di chuyén trong mach qua nhiéu nhanh don va cudi ciing ra khoi bo
mach. Cac bo mach analog rat nhay véi nhiéu do d6 muc tiéu cua viéc sap xép linh kién dbi
véi loai bo nay 1a 1am sao giam suy hao tin hiéu nho nhét c6 thé bang céach sap xép céc linh
kién gan nhau dé chiéu dai cac duong mach in 1a ngan nhat (tranh tao ra cac dudng mach
zigzag tir canh bén nay dén canh bén kia cia bo mach). Tuy nhién cach sap xép nay cé thé
lam tang kich thudc cua bo mach.

Mach dién tin hiéu dang sé (digital) ciing yéu cau cac linh kién sap xép gan nhau va
cac duong mach in phai ngin nhung do mach tin hiéu sé thuong c6 cac dudng mach song
song nhau, dudng ré nhanh va cac duong bus dit liéu do d6 viéc sap xép cac linh kién gan
nhau la khdng thé. Déi khi cach thirc sap xép tt nhat 1a dat cac linh kién c6 chirc ning lién
quan & gan nhau hozc dat cac linh kién gan nhau dé giam chiéu dai giira cac duong tin hiéu.
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Viéc sap xép lan 1on giita mach tin hiéu analog, digital va mach céng suat cao trén
ciing mot bo mach 1a mét thir thach 16n. i voi truong hop nay thi bo mach phai chia thanh
nhiéu viing nhu trong Hinh 7.33. CAu trdc ctia bo cd thé thay d6i nhung 1y twéng nhat 1a dat
khdi mach c6ng suat cao va nhiu cang gan khoi két ndi (connector) cang tét. Mach analog
va mach digital ciing nén sap xép riéng biét nhau dé giam anh hudéng cua tin hiéu nhiéu
chuyén mach Ién mach analog. Khi phan chia bo mach theo cac ving riéng biét ching ta
can tao ra cAc mit phang ngudn va mass céch ly.

Freguency

or power N
characteristics Analog Digital <

|

Low
(quietest)

Circuit
type

High
(noisiest)

Medium
I
I
I
|

Connector(s)
Hinh 7.33 Phan chia bo mach thanh céc ving riéng biér dé chong nhiéu

7.5.2 Tu Bypass va cach két noi

Tu Bypass dugc sir dung cho hai muc dich chinh d6 13 ndi tin hiéu nhiéu tan sb cao
xudng mass va dong vai trd nhu 13 bo tich trir dién. Do d6 c6 hai cach dé két ndi tu bypass
vé6i chan ngudn. Céch tha nhat 13 vé duong mach in két ndi chan ngudn véi tu bypass truée
khi két néi vai via vao 16p mass nhu trong Hinh 7.34 (a). Cach tha hai 1a vé duong mach
in két ndi chan nguon vai 16p ngudn trude bang cach tao mot via giira chan nguon va tu
bypass nhu trong Hinh 7.34 (b). C6 vé nhu khong c6 gi khac nhau vé mat ki thuat dién
nhung su khac biét s& xay ra khi mach hoat dong & tan sb cao. Cach thirc két ndi tu bypass
nhu trong Hinh 7.34 (a) thuong dugc s dung cho cac mach analog va Hinh 7.34 (b) cho
cac mach digital.
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ground ground
plane plane

Hinh 7.34 Céch thirc két néi tu bypass
7.5.3 Do rong dwong mach in va kha chiu dong
Khi dong dién chay trong day dan s& lam day dan néng lén vai cong suét tiéu tan la
I2R. B6 rong duong mach in cang Ién thi gié tri dién tré cang nho do d6 cong sudt tiéu tan
cang giam. Bé xac dinh duge do rong duong mach in ching ta can xac dinh dugc yéu cau
vé dong dién 16n nhit chay trong dudng mach va do day I6p dong. Po rong dudng mach in

W= (1,1.}1) (k.ATI°'421)1’379 (7.1)

dugc tinh theo phuong trinh sau:

Trong do:
w: 1a d6 rong duong mach in (mil)
h: d6 day 16p ddng (0z/ft?)
I: dong dién chay qua duong mach (A)
k=0,024 dbi vai céc 16p trong, k=0,048 cho cac 16p bén ngoai (Top va Bottom)
AT: D6 chénh léch nhiét d6 16n nhit cua duong mach in va nhiét d6 méi trudng (°C)
Chuing ta c6 thé sir dung biéu do theo tiéu chuan IPC nhu trong Hinh 7.35 va bat ky
file tiéu chuan ky thuat nao trong Layout dé thiét ké cho hau hét cac mach &ng dung tin
hiéu nho. Theo tiéu chuan IPC duoc trinh bay nhu trong Hinh 7.35 thi véi do rong duong
mach in 6 mil c6 thé chiu dugc dong dién khoang 300 mA d6i véi cac 16p bén trong va 600
mA d6i véi cac 16p bén ngoai.
7.5.4 Céc cong cu vé dwong mach in
Sau khi két thic viéc tao file Layout mai va chon footprint cho céc linh kién trong
hop thoai Link footprint to component da trinh bay & muc 7.1 bang céach chon footprint c6
san trong thu vién hoac tao footprint méi nhu da trinh bay, Ilc ndy ctra so6 Design xuét hién
véi footprint cua céc linh kién duoc sap xép trén trang vé nhu Hinh 7.36.

112



—+— Quter layer = Inner layer

y
30 =
| 4
"
— -
0 -
E 25 o
— y
- -~
3 201 -
-
2 e
E .
15 =
3
E - " W '.,4-"
'E 10 x P
= - M.o*"
= .
.._.I _._"4
l".-.. 0*"
5 — _‘_‘H*
- PP
" *0—*"*‘*

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
Trace current (amps)

Hinh 7.35 D¢ réng dwong mach in nhé nhdt doi véi bo mach ¢é dé day 1oz va dé léch
nhiét do la AT = 10°C

# Layout -- D:\DATA\BOARDACAPTUREVPOWER SUPPLY 5-12 ¥DC.MAX

File Edt “ew Tool Options Auto  Window Help

rEIMI 5||;ﬂ|£| EIQI%IEI et oo o e P e M 4 A i .
% [1600 [ (400 G [100
Desig pone ol (DRC O M=
-ﬁl‘d-nzrDH‘n !
(== == |;J
L i e g

[1600.400] RAM: 5242K Used, 679895K Available

Trong cira s6 Design chiing ta c¢é thé quan sat thay céc footprint, cac duong ndi mach
nguyén ly (I6p 0, Global layer, mau vang), khung DRC (duong dut nét) va bang Ky hiéu
(SYM: Symbol), s lwong (QTY: Quantity), kich thuéc 16 khoan (DIAM: Diameter) trong
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bang DRILL CHART. Chling ta sir dung cac cong cu duoc trinh bay trong phan tiép theo
dé v& dudng mach in.
7.5.4.1 Cbng cu Component

Dé co thé di chuyén cac footprint ching ta sir dung cdng cu Component tool, click
chudt chon footprint can thay d6i vi tri, di chuyén footprint dén vi tri thich hop rdi click
chuot 1an nita dé cb dinh vi tri footprint.
==l <|AE| Bl22o| QlM|/oBT]ng] &= a £ a2t

X 1700 v [4300 G [100 [Component Tool 7 |

Hinh 7.37 Co6ng cu Component tool

7.5.4.2 Cbng cu Online DRC

Chuing ta khong thé di chuyén footprint ra khoi khung DRC vi vy ching phai tat
khung DRC nay bang cach click chudt vao cong cu Online DRC nhu trong Hinh 7.38.

c|=2u <8 E| B2|2]0] Qlt|of@ TN e] el 24 8l ¢

X [-1925 v [4500 G [25 [LToP il [DlAls

Hinh 7.38 Cbng cu Online DRC

% Layout -- D:\DATA\BAI_GIANGORCADMLAYOUT\POWER SUPPLY 5-12 VDC.MAX

File Edit View Tool Options Auto Window Help

Sl <8 E| B2)2|0 oW Q| T|ng] a4 alv 2|V .

X [2600 ¥ [-1500 |G [100 M

ONNECT 0 FEX

Hinh 7.39 Si dung cong cu Component dé sdp xép footprint cac linh kién
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7.5.4.3 Cbng cu Reconnect Mode

Trong qué trinh v& dudng mach in hoic sap xép footprint cac duong ndi mach nguyén
ly (mau vang, 16p 0, Global layer) thudng chong 1én nhau gay kho khin cho viéc quan sét,
ching ta c6 thé an di bang cach chon cdng cu Reconnect Mode. Dé quan sat lai cac duong
két ndi mach nguyén 1y sau khi dd an chang ta click chudt chon cong cu nay mét lan nira.

E|=ml =|nEl =250 QW ©/E|T|N 2]

X [-1800 [ [4500 G100  |[L_TOF

Reconnect Mode
|

Hinh 7.40 Cbng cu Reconnect Mode

7.5.4.4 Cong cu Edit Segment Mode

Sau khi sap xép vi tri footprint hop ly chiing ta sir dung céng cu Edit Segment Mode
dé vé duong mach in. Click chudt vao duong mach nguyén 1y sau d6 di chuyén chudt dén
cac vi tri can thiét, click chudt dé cd dinh dudng mach. Tiép tuc thuc hién cho dén khi két
thuc dudng mach in tai vi tri chan cua linh kién tiép theo. Dé x6a duong mach in vira vé ta
click va giit chudt dé tao khung bao phan duong mach in can x6a roi chon phim Delete.

Sau khi chung ta chon c6ng cu Edit Segment Mode, click chu6t phai chon 135 corners
(g6c 135°) hoac 90 corners (goc 90°), curve corners (dudng cong)... dé c6 thé tao ra céc
duong mach in gap khic khac nhau.

s|=nl =6 E| B2 20| oW O@|T|n0] Jfxfal 2l A ¢

% [700 v [3600 G100 | _ToF | ~| Edit Segment Mode
Hinh 7.41 Cong cu Edit Segment Mode
Déi véi cac mach dién analog tan sb cao (high frequency) hoic mach digital téc do
cao (high speed) 16n hon GHz cho dudng mach in c6 do rong 50 Mils va THz déi voi duong
mach in c6 d6 rong 10 Mils, theo ly thuyét chiing ta khéng st dung cac cac duong gap khic

90° ma thay vao d6 1a cac dudng gap khic 135° dé c6 thé kiém soat duoc tré khang cua
cac duong mach in nay.

O -
90° corner N
- Chamfered ,\'a"fc e
corner ™, 1
| #
[
- _’,Jr !
Hinh 7.42 Tréanh si dung cdc dwrong mach in gdp khic 90° trong mach tan sé va toc do

cao
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7.5.5 Thay d6i do rong dwong mach in

Dé thiét lap do rong cho cac duong mach in ching ta chon cong cu View
Spreadsheet>Nets, ctra s6 Nets xuat hién nhu Hinh 7.44 véi gia tri kich thude do rong cua
cac duong mach in. Dé thay ddi kich thudc tat ca cac dudng mach in ching ta double click
vao muc Width (Min Con Max), hop thoai Edit Net xuat hién, chiing ta nhap kich thuée do
réong vao 3 muc Min, Con va Max width, sau d6 chon OK. Chng ta c6 thé chon 3 gi4 tri
nay bing nhau néu nhu khong mudn thay d6i kich thude duong mach khi qua céac vi tri bi
gidi han vé& do rong. Tiép theo ching ta quay lai cira s6 Design va st dung cdng cu Edit
Segment Mode dé v& duong mach in.

.File Edit View Tool Options Autc Window Help

S|ER Z|AE|

Nets

peifeip=] Ne TG (vl o b8 i

Hinh 7.43 Cbng cu View Spreadsheet

EBX

Net
Name

GND

NO1466

NO1486

NO01520

NO1559

NO1616

N02988

NO3180

NET 11

NET 12

VCC_bY

YCC_12v

Width Routing Heconn
Color Min Con Max Enabled | Share | Weight Rule
[ 12 S Yes 50 Std
| 12 IR Yes 50 Std
Yes Yes 50 Std
[ 12 IS Yes 50 Std
I 12 IR Yes 50 Std
Yes Yes 50 Std
I 12 [ Yes 50 Std
I 12 IR Yes 50 Std
I Yes 50 Std
T s Yes 50 Std
I 12 IRE Yes 50 Std
[ 12 s Yes 50 Std

Min Width

Hinh 7.44 Cuia sé Nets

12 Nets

1 7

I OEmmr| [

B0 Comnwidth |59

-
-

Max Width [gp

Width By Layer... | Net Spacing... |
Help Cancel

Hinh 7.45 Hgp thogi Edit Net
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ElEh <IHIE| E|@210] &l olE T8 e adal S ] ¢ .
L T - —
CER

Bl g = e

< >
[3375,500] RAM: 3407K Used, 724594K Available

& ORCAD T Giao trinh Orcad - Mic... | 7 Orcad Layout 2 Layout ~ DH\DATAE... |\ unlitled - Paint
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Hinh 7.46 Vé cdc dirong mach in véi dé rong 50 Mils
7.5.6 Chinh sira, sap xép tén footprint

Chuing ta sir dung cong cu Text tool dé sdp xép, chinh swra, thém tén footprint hoic
doan text vao bo mach in. Sau khi chon céng cu Text tool ching ta click chuét chon tén
linh kién can chinh stra, nhan phim “R” dé xoay, “Delete” dé xo6a. Dé thay d6i noi dung
ching ta double click vao tén linh kién hodc dé thém mai mot doan text thi click chuot phai

chon New. Sau d6 nhap doan text vao va thay doi cac thudc tinh cua doan text nay nhu da
trinh bay trong muc 7.2.1.

= <A E| B 22 0] o TET|n 0 e 2| 3|2 2]

X [175 v [3500 G [25 [roelextTool /7 |

Hinh 7.47 Cbng cu Text tool
Cha y: Sap xép tén linh kién nham muc dich hd tro viéc lap rép linh kién va tra cau

linh kién trong qué trinh stra chira bo mach. Do d6 tén cua céc linh kién duoc sap xép trén
bo phai tudn thu quy udc vé goc quan sat. Tén nhitng linh kién cing loai phai duoc sap xép
cung hudng va cung vi tri (vi du nhu tu 104 trong Hinh 7.48), trén mot I6p thi tén linh Kkién
chi duoc sip xép tdi da 1a theo hai huéng quan sat.
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Hudng quan sat tir dudi 1én trén

2200uF -25V

Huwéng quan sat tir phai sang trai

Hinh 7.48 Sap xép tén linh kién

7.5.7 V& dwong bao bo mach in
Chung ta str dung cdng cu Obstacle tool dé v& dudong bao bo mach in hoic pha mass.
Click chuot phai chon New, click chudt phai mot lAn nira chon Properties, hop thoai Edit
Obstacle xuat hién. Trong muc Obstacle Type chon Board Outline, nhap kich thudc do rong
duong giéi han bo mach trong muc Width, chon Iép Global layer va chon OK dé két thuc
viéc thiét 1ap thudc tinh. Sau d6 v& dudng bao bo mach bang céch click chudt chon diém
bat dau, tha chudt tu do, di chuyén chudt dén vi tri tly v, click chudt dé tao cac duong gap
khic nhu Hinh 7.51.
fudes] 3] 3|v] 2]
X [1300  [v[3350 G |25 |[Obstacle Tool 77777 |
Hinh 7.49 Cbng cu Obstacle tool

Obstacle Name |53

Obstacle Type

|B0ard outline

Width

Obstacle Layer

=

Copper Pour Rules

[ zeder [

Note: Use Pin Tool command 'Toggle Copper Pour Seed’
to set copper pour seedpoints
-

Net Attachment [ for none]: — -

Comp Attachment.. |

Help | Cancel
Hinh 7.50 Hgép thogi Edit Obstacle
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Hinh 7.51 Pwong bao bo mgch in
7.5.8 Pha dong, phi mass

7.5.8.1 Tao vling phi dong

Pé tao ra cac dudng mach co6 do rong Ién nham muc dich ting kha ning chiu dong
ctia dudng mach in chlng ta cé thé sir dung céng cu Obstacle tool, sau d6 mao hop thoai
Edit Obstacle, trong muc Obstacle Type chon Copper area (ving phi dong), nhap kich
thudc, chon 16p TOP hozc BOT tiy thudc vao viéc chlng ta mudn tao ra ving phu dong ¢
I6p ndo, chon tén duong mach can lién két vao ving phu ddng trong muc Net Attachment,
chon OK dé két thic viéc thiét 1ap thudc tinh. Sau d6 click chuét tai vi tri bat dau, di chuyén
chuot dé tao ra duong bao viing phi dong nhu Hinh 7.52, sau d6 nhan phim ESC dé tao ra
c4c vung phi dong nhu trong Hinh 7.53. Chding ta cd thé chinh sira hinh dang duong bao
ctia cac ving phi dong nay bang cach click chudt vao duong bao, di chuyén chudt dén vi
tri can thay d6i hinh dang, click chudt dé cé dinh va nhan phim ESC dé hoan tat viéc chinh
sua.

Chu y: Chirc ning mic dinh cia cong cu Obstacle trong phan mém Layout la vé
duong bao bo mach in (vi du: Obstacle type: Board Outline, Width:50, Obstacle layer:
Global layer...). Pé thay d6i thudc tinh hodc chon chitc niang khac ciia cong cu ndy nhu phu
mass, ving phi dong... ching ta phai click chudt phai chon New, sau d6 click chudt phai
mét lan nita chon Properties, hop thoai Edit Obstacle xuat hién, lic nay ching ta c6 thé
chon chire niang khac hoic nhap cac théng s can thiét.

Hinh 7.52 Vé dwong bao viing phu dong
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Hinh 7.53 Tao cac ving phu dong dé ting kha néng chiu dong cia dwong mach
7.5.8.2 Phu mass

Dé tao ra viing phu dong lién két vao dudng mass caa hé théng nham muc dich chong
nhidu ching ta sir dung chirc niang pha mass bang cach chon Copper pour trong muc
Obstacle Type, chon 16p TOP hoic BOTTOM tuy thudc vao Iép ma ching ta mudn pha
mass, nhap kich thudc do rong ciaa duong bao vung pha mass trong muc Width, nhap gia
tri khoang cach gitra vung phua mass va footprint trong muc Clearance, nhap gia tri dién tich
viing pht mass nho nhat cho phép trong muc Zorder, chon duong mach in can duoc lién
két vao vung pha mass & muc Net Attachment (thong thuong ching ta chon dudng GND),
chon OK dé két thic viéc thiét 1ap va tro lai cira s6 Design.

Click chudt chon vi tri bit dau, giit va di chuyén chudt dé vé hinh dang duong bao
viing can phu mass, théng thudng duong bao viing phit mass nay s& trung véi dudng bao
cua bo mach.

Hinh 7.54 Phu mass dang Solid
Cha y: Bé x6a dudng bao bo mach in, viing phii ddng hozc cac viing phu mass ching
ta chon céng cu Obstacle tool, click va giir chudt tao cac & vubng bao cac viing can xda sau

d6 nhan phim Delete.
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Pé phu mass dang ludi hoic dang duong thang, sau khi chon céng cu Obstacle tool,
ching ta click chuot phai chon New, click chuét phai mot lAn nita chon Properties, chon
Copper pour, nhap d6 rong dudng bao, chon 16p, chon dudng mach in can lién két thong
thuong ching ta chon duong GND. Tiép theo click chudt chon muc Hatch Pattern, hop
thoai Hatch Pattern xuat hién nhu Hinh 7.55. Bé phit mass dang duong thang ching ta chon
Line, phu dang Iudi chon Cross Hatching, phu dang mang chon Solid, sau d6 nhap gia tri
d6 rong ludi (Hatch Grid) va goc nghiéng (Hatch Rotation). Néu nhap gié tri Width 16n ma
Hatch Grid nho thi chiing ta s& khong thay dang pha Line va Cross Hatching xuat hién.

Obstacle Name |53

Obstacle Type
| Copper pour j

Width

Hatch Pattern - d?_l

Hatch Patt
Copper atch Pattern |

" Line * Cross Hatching " Solid

Cle

Hatch Grid 50, Hatch Rotation 30
I Isulatl OK Help | Cancel | | i

Net Attachment [1.. for none]: = |

[ Do Not Fill Beyond Obstacle Edge

Hatch Pattern.. | Comp Attachment.. |

0K | Help ‘ Cancel
Hinh 7.55 Hgp thogi Hatch Pattern
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Hinh 7.56 Phu dang luéi vai Width=10 mil, Hatch Rotation=30°, Hatch Grid=50 mil
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Il‘/r—zy/' N8 7777777777777777 180777,

Hinh 7.57 Phu dang dwong thang véi Width=10 mil, Hatch Rotation=30°, Hatch
Grid=50 mil
7.5.9 Kich thudc 16 khoan (Drill chart)

Kich thudc 15 khoan cua cac chan duoc ky hiéu va théng ké sé lugng trong bang Drill
chart nhu Hinh 7.58. Dé c6 thé quan sat kich thudc 15 khoan cua footprint chiing ta chon
mau hién thi s6 25 DRD, dwa vao ky hiéu & bang Drill chart chiing ta c6 thé biét duoc kich
thuéc 16 khoan cua céc footprint. Ching ta an 16p TOP di dé cé thé quan sat tt hon bang
cach chon 16p TOP (nhan phim 1) tiép theo nhan phim “ —, lGc nay I6p TOP s& tam thoi

an di va thao tac twong tu dé hién thi lai.

DIDGE-CAL

Hinh 7.58 Bdng kich thuéc |6 khoan
7.6 Thiét ké mach in nhiéu lép
Trong thyc té tly theo yéu cau va do phirc tap ma ching ta chon thiét ké mach in mot
I6p hay nhiéu 16p, do han ché vé k¥ thuat cua cac co s& gia cdng mach in nén hién nay
ching ta chi c6 thé thiét k& mach in hai 16p (TOP va BOTTOM). Nhu trong c4c vi du &
phan trén ching ta chi v& duong mach in trén mot I6p (TOP) nhung dbi véi nhitng mach
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phtic tap do s lugng footprint 16n thi chiing ta phai v& mach in hai 16p va st dung céc
jumper bang céch thém via. Bé cac duong mach in khdng bi chong chéo 1én nhau ching ta
nén vé& theo nguyén tiac nhitng duong mach in di theo chiéu doc sé& vé trén 16p TOP con
nhitng duong theo chiéu ngang sé vé trén 16p BOTTOM hoic nguoc lai.
7.6.1 Chon lé6p mach in

Tir so d6 néi mach nguyén ly ching ta chon cong cu Edit Segment Mode, tiép theo
ching ta chon 16p v& duong mach bang céach click chudt vao Menu color drop down chon
I6p can vé& duong mach in theo mau hoic sir dung phim sé thi tu 16p (1: TOP ; 2: BOTTOM
- 23: AST (I6p tén footprint); 25: Drill chart). Sau d6 di chuyén chuét va tao ra cac dudng
mach in trén I6p TOP va BOT tuy y. Thao tac twong tu nhu vay cho viéc vé mach in nhiéu
hon hai 16p.

el >InlE] BSIE10) ol HleIRTIAE) el 21415 2] ]2l
X [3000  [v [5900 G

1 TOFP

Design - Manual Route - Segment Mode (DRC

IN1

7 _SHT

DIODE-CAU

Hinh 7.59 Vé machin 2 lop
7.6.2 Thém via va day jumper
Péi v6i mot s6 bo mach phuc tap, trong qué trinh vé duong mach in néu gap trudng

hop cac dudng mach chong nhau Iic nay ching ta c6 thé sir dung chire ning Add via dé
chuyén duong mach in sang 16p khac dé tiép tuc vé& bang cach click chuét phai chon Add
via va chon lép can vé tiép.
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End Command
Finish

Unroute Segment
Unroute

Unroute Net
Copy

Segment
Exchange Ends
Change Width

Add Free Via
Add Test Point
Lock

Unlock

Tack

Change Via Type
v Snap To Grid

v 45 Comers
90 Corners
Any Angle Corners
Curve Corners

Hinh 7.60 Thém Via

DIODE-CAU

Hinh 7.61 Duong mach in chuyén tir I6p TOP sang Iép BOT bang cach thém Via
7.6.3 Thay d6i hinh dang, kich thwéc Pad caa via

Chung ta thao tac twong tu nhu phan thay doi hinh dang Pad caa chan Pin bang cach
chon View Spreadsheet>Padstack nhung & muc Padstack or Layer Name ching ta phai
chon chinh xac tén Padstack lic nay 12 VIA. Sau d6 chon Properties va thay doi cac thuoc
tinh cua Pad.

124



\o.| Padstacks EI@
Padstack or Pad Pad Pad X Y E

Layer Name Shape Width Height Offset Ofiset

vial )
| PRound | 50 [ 50 | o
BOTTOM [ Rouwnd |51 puimoseei 0
GND Round 75 0
POWER Round 75 New... 1]
INNER1 Round 50 | Delete Ctrl+X 0
INNER2 Round 50 | SelectAny.. Alt+S 0
INNER3 Round 50 Refresh Hot Link 0
INNER4 Round 50 [EEineerdiioebok 0
INNERS Round 50 g:v"eytﬁ:r"a‘% 0
INNERG Round 50 Undo 0 0
INNER?Z Round 50 o u 0
INNERS Round 50 50 0 0
INNERS Round 50 50 0 0
INNER10 Round 50 50 0 0
INNERT1 Round 50 50 0 0
INNER12 Round 50 50 0 0
SMTOP Round 55 55 0 0
SMBOT Round 55 55 0 0
SPTOP Undefined 0 0 0 0
SPBOT Undefined 0 0 0 0
SSTOP Undefined 0 0 0 0
SSBOT Undefined 0 0 0 0
ASYTOP Undefined 0 0 0 0
ASYBOT Undefined 0 0 0 0
DRLDWG Round 28 28 0 0
DRILL Round 28 28 0 0

Hinh 7.62 Thay déi hinh dang va kich thiréc Pad cua Via
7.6.4 Do kich thwéc bo mach in
Pé do kich thuéc thyc té cua bo mach in sau khi hoan thanh ching ta chon Tool>
Demension=>Select Tool. Tiép theo ching ta chon vi bat dau rdi click chudt va di chuyén
chudt ¢ trang thai ty do gia tri kich thudc s& hién thi trén trang vé&. Ching ta c6 thé chon
l6p dé hién thi thudc do nhu Hinh 7.61.

DIODE-CAU

Hinh 7.63 Do kich thwdéc bo mach in
7.6.5 Thay d6i hinh dang con tré
Pé thuan tién cho viéc xac dinh vi tri bat dau va vi tri két thic trén trang v& ching ta
cd thé thay doi hinh dang con tro trén man hinh bang cach nhan phim “ + .
7.6.6 Pinh vi tri géc toa dd
Viéc dinh vi tri goc toa do cta bo mach in dé cé thé ghép nhiéu bo mach trén ciing

mot tdm bo kich thuéc chuan nham giam chi phi gia cong, chidng ta chon
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Tool>Demension>Move Datum, sau d6 di chuyén chudt dén vi tri thich hop rdi click chugt
dé két thlc viéc dinh vi tri goc toa &6 ctia bo mach.

Thay d6i hinh
dang con tré

DIODE-CAU

Goc toa dd

Hinh 7.64 Thay déi hinh dang con tré va vi tri goc toa do
7.7 Chinh sira dwong mach nguyén ly trong Layout
Trong qua trinh thiét ké mach in d6i khi chung ta can thay d6i so ¢6 mach nguyén ly.
Nhu vay chling ta phai quay lai phan Capture dé chinh stra sau d6 tao lai file Netlist va thuc
hién lai tir ddu cac budc thiét ké mach in trén Layout.
Cong cu Connection tool trén thanh Tool Bar trong Layout cho phép ching ta xda
hoac tao mai cac duong mach nguyén ly.
= <|AlE| B 220 owoE T &xlel 214 3> ¢
X [-1200 v [3800 G [100 WCunnemiun TuulE'
Hinh 7.65 Co6ng cu Connection tool
Pé x6a dudng mach nguyén Iy chung ta ciing stir dung cdng cu Connection tool, click
chudt phai chon Delete va chon duong mach nguyén ly can xéa. Khi chon duong mach
nguyén ly can x6a thi mot théng bao xuat hién néu chic chin ban muén xda thi chon OK.
Chu y: Sau khi x6a xong chiing ta phai chon lai chtrc nang Add néu khéng ching ta
cd thé x6a nham nhing duong mach nguyén ly khéng can xoa.
Pé thém cac duong ndi mach nguyén ly ching ta click phai chugt chon Add sau do
click chuét vao chan linh kién can néi va di chuyén dén cac vi tri tiép theo.

7.8 VEé dwong mach in tw dong
Thuec té d6i vai cac tng dung don gian khdng yéu cau cao vé viéc thiét ké duong mach
in chling ta cd thé sir dung cdng cu tu dong tao dudong mach in dé hd tro trong qué trinh
thiét ké [2].
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Pau tién ching ta sip xép vi tri footprint cua cac linh kién hop Iy theo nguyén tac cac
linh kién két ndi véi nhau thi sip xép gan nhau.

Hinh 7.66 Sdap xép footprint linh kién

Tiép theo ching ta st dung c6ng cu Obstacle tool dé v& dudng bao bo mach in nham
muc dich gidi han duong mach in khong cho phép cac duong mach in nay vuot ra khoi
duong bao.

1 Layout -- D:AHOANG ANH\DATA\BAL AORCAD\CAPTURENASTABLE OSCILLATOR LMS55.MAX
File Edit View Tool Opti Auto V

X 20 w0

% Design - Obstacle Tool (D

Feotprints
Packages
Components

Obstacles
Text

Errer Markers
Drills

Apertures

Hinh 7.67 Vé dwong bao bo mach in
Sau d6 chung ta vao cong cu View Spreadsheet chon muc Nets dé thiét l4p kich thudc
cua duong mach in.
 Cung trong cong cu View Spreadsheet chung ta chon muc Strategy...> Route Layer
deé chon so 16p cho phép vé cac duong mach in.
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& Layout -- D\HOANG ANH\DATA\BAT GIANG\ORCADVCAPTUREVASTABLE OSCILLATOR LM555.MAX

File Edit View Tool Options Auto Window Help

0l < B ottt ettt o) 31
|§ | 3250 F |52["] Statistics Route Pass
e

Layers Reoute Spacing

Padstacks

Footprints

Place Pass

Packages
Components
[Mets
Obstacles
Text

Error Markers
Drills

Apertures

Hinh 7.68 Thiét ldap sé l6p vé dirong mach in
Gia st chiing ta can tao ra duong mach in ¢ ca hai I6p TOP va BOTTOM thi chlng
ta chon hai 16p TOP va BOTTOM ¢ tat ca cac phan bang cach boi den cac muc nay o tat
ca cac phan, sau do click chudt phai va chon muc Routing Enable. Ngoai ra ching ta con
c6 thé chon 16p TOP hoic BOTTOM hoic chon thém cac 16p INNER khac néu yéu cau
mach in nhiéu hon hai 16p. Céc 16p sau khi chon thanh céng sé& xuét hién chit “YES” ¢ cot
Enable nhu Hinh 7.67.

Cubi ciing dé v& duong mach in chiing ta chon muc Auto>Autoroute>Board. Luc nay
may tinh sé& ty dong V&, d6i vai cac mach phuc tap thi phai mat nhiéu thoi gian va doi khi
6 nhitng duong mach in may tinh khdng thé vé duoc. Bé x6a cac dudng mach in vira tao
ching ta vao muc Auto>Unroute>Board.

Sau khi v& dudng mach in tu dong ching ta c6 thé sir dung céc cong cu dé chinh sira
duong mach in hoac sap xép lai linh kién cho hop 1y hon.
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SweepfLayer Name | Enabled ] Cost Direction Between
YWin/Comp/Manual
TOP
BOTTOM
INNEHR1 No q
INNERZ No 3 12 Selections
1 $(r)e|;|m|na Route Yes 3 I+ Routing Enabled
BOTTOM Yes 5 [T I | E
INNER1 No 5
INNER? No 5
2 Maze Route O
TOP Yes 5
BOTTOM Yes 5
INNER1 No 5 B
INNER? No 5
3 Next1
TOP 5
BOTTOM Yes 5
INNERT No 5 0K Help Cancel ‘
INNER? No 5
4 Next 2
TOP 50 51 Horz. 1]
BOTTOM 50 49 Vert. i}
INNER1 50 49 Vert, i}
INNER? 50 51 Horz. [1]
5 Next 3
TOP 50 49 Vert. 1]
BOTTOM 50 51 Horz. i}
INNER1 50 51 Horz. i}
INNER?2 50 49 Vert. [1]
6 Special Options i

Hinh 7.69 Hdp thoai Route Layer

iew Tool Options | Aute Window Help

EE 1 P T R
[X[3625 ¥ [2300 | Place ) I i

Design - Obstacle Tool (DRC OFA Unplace

Fanout
Unroute 3 DRC/Route Box

Comp t
Design Rule Check... S s

Remnove Violations Halt Autoroute
Cleanup Design... Resume Reouting

Rename Components
Back Annotate

Run Post Processor
Create Reports...

Hinh 7.70 Vé dwong mach in tu dong
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CAU HOI ON TAP:

Hay st dung phan mém OrCAD Layout dé vé so d6 mach in cac mach nguyén Iy tham
khao trong phan phu luc B véi c4c yéu cau sau:

1. Sép xép day du, hop ly footprint cac linh kién.

2. Tao footprint linh kién méi (néu co).

3. V& duong mach in trén 16p TOP va BOT vai kich thude do rong duwong mach in

la 30 hoac 50 mils.
4. Vé duong bao va phu mass bo mach in.
5. Sap xép tén linh kién.
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CHUONG 8: VI DU MINH HOQA

8.1 Tong quan cac budéc thiét ké

Cho du bo mach cua ban duoc thiét ké véi bat ky muc dich gi thi ban ciing phai thuc
hién cac budc co ban nhu sau:

1. Lap ké hoach va cac budc chuan bj ban dau

(a) V& phac thao cac khéi chirc ning co ban

(b) Thu thap tai liéu k§ thuat lién quan dén cac linh kién trong bo mach (datasheet)

(c) Tim kiém céc dang dong goi (footprint) cua linh kién dwogc st dung trong thiét ké

(d) St dung phan mém OrCAD Capture dé tim kiém céc linh kién duoc sir dung trong
thiét ké. Pi vai cac linh kién khong c6 sin trong thu vién thi ching ta tién hanh tao moi
cac linh kién nay

2. Thiét lap Project trong phan mém OrCAD Capture

(@) V& so do mach nguyén 1y (sip xép va két ndi cac linh kién)

(b) Str dung cbng cu tao ghi chi (Annotate) dé danh chi s6 cac linh kién ty dong

(c) Pam bao rang céc linh kién c6 dong goi gom nhiéu thanh phan dwoc st dung
chinh xé4c (IC cong logic, sé lugng va sb thtr tu cac chan cua linh kién thuc té so véi linh
kién trong Capture)

(d) Pam bao rang cac duong ngudn va mass da dugc két ndi chinh xac

(e) Ghép cac linh kién c6 lién hé véi nhau thanh tirmg nhom dé tao thuan loi cho viéc
sap xép linh kién trong Layout

(f) Thuc hién viéc kiém tra ban thiét ké bang cong cu (DRC: design rule check) dé
xac dinh 15i, chinh sira va thuc hién lai viéc kiém tra cho dén khi khong con 13i nao.

(9) Tao file BOM (bill of materials) dé kiém tra xem c6 footprint no bi thiéu trén
PCB sau khi thiét ké khong?

(h) Tim kiém va gan footprint cho cac linh kién trong thu vién phan mém Layout.
Néu céc linh kién khong cé sin footprint thi chiing ta sir dung datasheet va cac hudng dan
goi y dé tao cac footprint méi bang cach sir dung Layout Library Manager

(i) Tao file netlist (MNL) cho Layout

3. Xac dinh cac yéu cau cta bo mach

(a) Kich thudc va vi tri cac 16 khoan trén bo

(b) Cha y dén viéc sap xép cac linh kién (gigi han vé chiéu cao, phuong phap lap rap)

(c) Yéu cau vé chéng nhiéu va che chin bo mach

(d) Cong nghé gan linh kién (SMT, THT)

(e) Do rong va khoang cach duong mach in
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(f) Yéu cau vé kich thudc cua via va fanout (pad giai nhiét)
(9) Sb luong 16p ngudn, 16p mass va 16p tin higu
4. Xuit file thiét ké sang OrCAD Layout sir dung cong cu AutoECO
(a) Chon file tiéu chuan ky thuat (( TCH)
(b) Chon file netlist (MNL)
(¢) Luu file thiét ké theo dinh dang (MAX)
5. Thuc hién cac budc thiét lap co ban cho bo mach in
(a) Thiét lap vat ly
o Tao duong bao bo mach in st dung céng cu Obstacle
o Pat vi tri cac 16 khoan
o Xac dinh cac linh kién va cac ving han ché v& duong mach in
o Ghi chi kich thudc chiéu rong va chiéu cao cua bo
(b) Sap xép so bo footprint cac linh kién
o Sip xép céc linh kién theo nhom da ghép trude d6
o Kiém tra I5i trong qué trinh sap xép
(c) Thiét lap I6p mach in
Thiét lap 16p ngudn va 16p mass
Thiét lap l6p v& dudng mach in
Két ndi cac duong ngudn va mass vao cac 16p ngudn mass
Xac dinh cac tham sé giai nhiét
Thiét lap céc via theo c4c chirc nang giai nhiét (fanout), via tu do va day nhay
(jumper)
o Strdung cong cu DRC dé kiém tra 15i
(d) Sap xép hoan chinh linh kién
o Pam bao khong vi pham cac yéu cau vé khoang cach (spacing rule)

o O O O O

o Néu c6 phan chia khu vuc trén cac 1op thi phai dam bao viéc sap xép linh kién
phu hop
o Kiém tra huéng cuc tinh caa cac linh kién c6 phan cuc (tu dién, diode...)
6. Str dung cong cu V& dudng mach in bang tay dé vé trude cac duong dic biét va cac
vung gigi han vé mach tu dong
(a) V& tay trude cac dudng mach in c6 yéu cau dic biét
(b) Kiém tra va chinh stra cac 15i xay ra
7. Vé duong mach in tu dong
(a) Thiét 1ap cac thong sb ky thuat cho viéc vé mach tu dong
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(b) V& mach in tu dong
(c) Kiém tra va chinh sira céc 15i xay ra
8. Hoan chinh thiét ké
(@) Kiém tra lai sau khi v& duong mach in
o Cit bo cac goc nhon
o Han ché cac duong mach in dai va song song nhau (I3i cross-talk)
o Vitrivia
o Chinh stra tén footprint
(b) Téi wu bo mach in
o Ve lai cac duong mach in bi I6i
o Kiém tra I3i lan cudi cung bang céng cu DRC
(c) Ddng bo hoa véi Capture (ghi chd tén linh kign)
8.2 Vidu minh hoa vé thiét ké so @ mach in
Vi du nay s& trinh bay cac budc thiét ké so d6 mach in co ban tir viéc thiét ké so dd
mach nguyén 1y trong Capture nhu tim kiém va sap xép cac linh kién trén trang vé, két noi
mach nguyén ly giita cac linh kién, xuat file BOM dé hd trg cho qua trinh thiét ké. Tiép
theo vi du nay sé tiép tuc thiét ké so dd mach in trén Layout va minh hoa c4c yéu cau ky
thuat ciia bo mach in nhu d6 rong duong mach in, khoang cach gitra cac duong mach...
8.2.1 Lap ké hoach va cac bwéc chuan bi ban dau
So d6 mach dugc sir dung cho vi du nhu Hinh 8.1. Truéc khi tién hanh v& mach
nguyén ly ching ta can tao bang danh sach céc linh kién trong mach bao gom ca cac két
ndi (connector). Tim kiém va tai cac tai lidu k¥ thuat (datasheet) lién quan dén cac linh kién
tir website cua nha san xuat. Cong viéc nay gilp tao ra mot bang dit lidu chi tiét vé cac linh
Kién va footprint twong tng nham muc dich gitip nguoi thiét ké co thé chon cac linh kién
va footprint phii hop véi yéu cau cia bo mach. Bang 8.1 1a vi du vé bang dix lidu chi tiét,
trong sudt qua trinh thiét ké ching ta cé thé thém céc théng tin vao bang dé xay dung va to
chic co so dit liéu cho thiét ké. Néu co van dé gi xay ra thi co so dir liéu nay co thé gidp
chlng ta phat hién va chinh sira cac 16i nay.
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h D1 VCC_ 5V
BRIDGE °
Ul LM7805/TO R1 330 D2 P
.
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-~T~ C1 c2 Cc3 T~ C4
2200uF-25v] 104 104 2200uF-25V LED
o
vee_sv vce_sv =
3 3
} R2
< 330
U2 R3 330
b ~ vge sv
7 vee_sv vee_sv VN
DSCHG f 8§ [ o R4 330 H
x 3
—AN\,
s Us g 4 7 us
VR1 1 2 7 3 N 7 8 3
(6] (6] g -
’;50K LMS55 3 T4 [CLKB o QA bo o A2 4 [
ouT CLKA > QB D1 > BT R6 330 rul L]
6 QC |7 D2 C 4o c
J_ THR R7 QD D3 D D
E E
2| o 2330 vee_sv vee_sv = R8 33” ENE -
2 > 741590 G- e w518
. © © 2| 0 741847 R9 330 oP I I
T~ C5 3 313 L— A~ -—
10UF-16V 0| D3 6| R%2 5 | LL e (-]
LED T|\ RESET 7 | R91 4 |BBL R10 330
R swr o R92 BI/RBOZ
5 LA LED7
cé o
0.1uF z
5}

|
R11 o
4K7 =

i
Hinh 8.1 Mach dém 0-9 si dung IC dém 74LS90 va IC gidi md LED 7 doan T4LS47
Bang 8.1 Danh sach cac linh kién va thdng so ky thudt

Ky hiéu Gia tri S6 lwong Cong nghé dong géi Nha san xuét M4 san pham
(Reference) (Value) (Quantity)  (Mounting/Packaging)  (Manufacture) (Part/Number)
C4,C1 2200uF-25V 2 Through-hole, radial lead JWCO 2200uF-25V
C2,C3 104 2 Through-hole, radial lead JWCO 104
C5 10uF-16V 1 Through-hole, radial lead JWCO 10uF-16V
C6 0.1uF 1 Through-hole, radial lead JWCO 0.1uF
D1 BRIDGE 1 KBP (4) SEP KBP206
D3, D2 LED 2 Through-hole, radial lead Havatek HT204GD
J1 9V AC 1 DIP (2) TA-I J-100
R1-R10 330 10 Through-hole, 0-400-in TA-I R1/4W-330R

pin spacing (1/4W)
R11 4K7 1 Through-hole, 0-400-in TA-I R1/4AW-4K7
pin spacing (1/4W)
Swi RESET 1 DIP (2) KAN KANO0611
U1 LM7805/TO 1 TO-220 ST L7805CV
u2 LM555 1 DIP (8) TI NE55P
U3 LED7 1 DIP (10) CEM CEM5161BE
u4 74L.S90 1 DIP (14) Tl 74L.S90
U5 T4LS47 1 DIP (16) TI 74LS47
VR1 50K 1 DIP (3) Panasonic EVND2AA03B14
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8.2.2 Thiét Iap Project trong phan mém OrCAD Capture

Sau khi mé phan mém OrCAD Capture, ching ta vao menu cong cu File chon
New>Project... Tai hop thoai New Project nhap tén project vi du “Count 0-9”, chon muc
PCB Project Wizard va chon duong dan luu trir tai muc Browse. ..

Orcad Capture_ o A o et S

[File] View Edit Options Window Help

Mew r Project...

Open 4 Design

Save Ctrl+5 Library

Save As.. VHDL File
Text File

Print Preview...

Print... Ctrl+P

Print Setup...

Hinh 8.2 Tqo project mgi

New Project

oK | Directories:
e d:%hoang anhitemplate
ICount 03 Cancel | Cancel |
. Create a Mew Pioject Using Help | [£=r HOANG ANH Hel
= TEMPLATE _ te |

£ allego

0 Ceck (e

(£ Fulladd-PSpiceFi

Tip for New Users

The PC Board Wizard is the
quickest way to get started
designing a sustem-level
schematic design

9% ) Progammeble Lozic Wizard
a

" Schematic

Location

Network...

Browse: |

Hinh 8.3 Nhdp tén va dwong dan lieu project
Hop thoai PCB Project Wizard xuat hién cho phép chiing ta thém cac thu vién chta
linh kién c6 trong mach nguyén ly, ching ta c6 thé thém bang cach chon tén thu vién va
click chugt chon Add chon hoic bo qua bang céch chon Finish.

=
oo I~

Select the PCB Part symbol

libraries that you wish to include

in your project.
Misc3.olb -
MiscLinear.olb
MiscMemory.olb
MiscPower.olb
MuxDecoder.olb
QP Amp olb
PassiveFilter.olb
PLD.OLB -

nAARE S

Use these libraries

capsym.olb
Discrete.olb

|§| << Remaove

Hinh 8.4 Thém thw vién linh kién vao project
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8.2.3 Vé so dd mach nguyén ly véi Capture
8.2.3.1 Sap xép linh kién

Truéc khi thyc hién viéc lay va dat linh kién Ién trang vé ching ta phai dam bao ludi
dat linh kién (placing grid) phai dugc ma vi néu linh kién khong dat trén luéi thi ching ta
khong thé vé duong nbi mach nguyén 1y dén cac chan cua linh kién. Ching ta click chuot
chon cong cu Snap to grid trén thanh menu chinh. Néu cong cu nay ¢ trang thai “mau trang”
thi chirc ning dat linh Kién trén ludi dang dugc mé va mau do nghia 13 dang tat.

alalale] viv|el==[5] =~ 2|

Snap To grid

Hinh 8.5 Céng cu Snap to grid
Pé c6 thé lay va dat linh kién Ién trang vé ching ta str dung cong cu Place part sau
d6 chon muc Add Libraries dé thém céac thu vién linh kién con lai nhu Hinh 8.6 gilp cho
viéc tim kiém linh kién hiéu qua hon.

Place Part 2 Browse File I@
Pt oK Look in: | J Library j e B
. Cares] MNarme ° Date modified Type o
F"IGDIE#ISEI S S— Tec 7/17/2014 11:35 AM _ File folder
R g MR | Teeelibs /17/201411:35 AM_ File folder 3
Egﬁﬁgj&lggﬂﬁﬂg Remaove Library . Oldlibs 7/17/201411:35 AM  File folder
1B4ACIISCRETE Part Search. 8| Amplifier.olb 4/24/2000 4:45 PM  OrCAD Capture 9.
1544C-470072N0/DISCRETE 8| Arithmetic.olb 4/25/2000 2:06 PM OrCAD Capture 8.
1644 C-7ABERER/DISCRETE " 9 1 T
1544C-T/DISCRETE |E|ATOD.OLB 4/25/2000 2:06 PM OrCAD Capture 9.
1544C-T1038Z/DISCRETE i Help BusDriverTransceiver.olb 4/25/2000 2:08 PM OrCAD Capture 9.
L capsym.alb 5/2/200012:03 PM  OrCAD Capture9.
i Graphic Connector.olb 4/25/2000 207 PM OrCAD Capture 9.
fe Counter.olb 4/25/2000 2:06 PM  OrCAD Capture 9.
- Discrete.olb 4/25/2000 2:08 PM  OrCAD Capture8. -
] e v
Fackaging
Parts per Pka: 1 File name |"Arnplrf|er_olb" "Anthmetic olb™ "ATOD.OLE" "BusDriverTransceiver ol Open |
Files of type: | Capture Library(" olb) | Cancel
Type:
Sk [ Open as read-only

Hinh 8.6 Thém thi vién tim kiém linh kién vao project

Danh sé&ch céc linh kién st dung trong mach duoc liét ké trong Bang 8.2. Trong do
LED 7 doan la linh kién khong c6 san trong thu vién do d6 chiing ta phai tao mai. Viéc tao
méi linh kién c6 thé duoc thuc hién trude khi tién hanh v& nguyén ly hoic ¢ thé thuc hién
trong lic v&. Bé tao méi LED 7 doan ching ta c6 thé tham khao hudng dan tao linh kién
mai & chuong 6 muc 6.4.

Nhéng cha y khi tién hanh vé se dé mach nguyén 1y:

e Nén vé& mach theo trinh tu tir trai sang phai va tir trén xuéng dudi

e Khong lay tat ca linh kién ra trang vé& ma ching ta nén lay linh kién va vé theo ting
khéi chirc nang ctia mach.
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e Céc linh kién duoc b tri trén trang vé& phai dam bao can ddi vé khoang cach gita
cac linh kién

e Céc ghi chd va tén linh kién phai rd rang khong duoc dat chong 1én nhau
Bang 8.2 Bdng danh sdch tén va thu vién chira cac linh kién duoc sir dung trong project

Ky hiéu Giatri Tén linh kién Thu vién

(Reference)  (Value) (Capture part) (Capture Library)

C4,C1 2200uF-25Vv CAP CAPTURE\LIBRARY\DISCRETE.OLB
C2,C3 104 CAP NP CAPTURE\LIBRARY\DISCRETE.OLB
C5 10uF-16V CAP CAPTURE\LIBRARY\DISCRETE.OLB
C6 0.1uF CAP CAPTURE\LIBRARY\DISCRETE.OLB
D1 BRIDGE BRIDGE CAPTURE\LIBRARY\DISCRETE.OLB
D3, D2 LED LED CAPTURE\LIBRARY\DISCRETE.OLB

J1 9V AC CON2 CAPTURE\LIBRARY\CONNECTOR.OLB
R1-R10 330 R CAPTURE\LIBRARY\DISCRETE.OLB
R11 4K7 R CAPTURE\LIBRARY\DISCRETE.OLB
SwWi1 RESET SW PUSHBUTTON CAPTURE\LIBRARY\DISCRETE.OLB
Ul LM7805/TO L7805/T0220 CAPTURE\LIBRARY\REGULATOR.OLB
u2 LM555 NE555 CAPTURE\LIBRARY\MISCLINEAR.OLB
U3 LED7 Khong c6 san Chung ta phai tao mai linh kién nay

u4 74L.S90 74L.S90 CAPTURE\LIBRARY\COUNTER.OLB
U5 741847 74L547 CAPTURE\LIBRARY\MUXDECODER.OLB
VR1 50K POT CAPTURE\LIBRARY\DISCRETE.OLB

Sau khi lay linh kién ra trang v& ching ta c6 thé xoay, lay ddi xtng hoac chinh sira
kich thuéc, vi tri chan theo hudng dan & chwong 6 muc 6.2 cho phd hop véi yéu cau sap
Xép.

8.2.4 Két n6i mach nguyén ly

Pé v& dudng ndi mach nguyén Iy ching ta sir dung cong cu Place wire hodc nhan
phim tat W, click chudt vao vi tri két ndi (6 vudng) trén chan linh kién tha ty do va di chuyén
chudt tao cac duong gap khac dén chan linh kién can két néi, click chudt tai vi tri két ndi
dé két thuc. Tiép tuc vé cac duong mach nguyén 1y con lai nhu Hinh 8.1, cac cong cu sir
dung cho viéc vé mach nguyén 1y duoc trinh bay ¢ chwong 6 muc 6.1.

8.2.5 Tao cac két néi ngudn va mass

C6 3 trudng hop duoc két ndi véi ngudn va mass doi voi cac linh kién tich cuc tiy
theo loai chan ngudn caa linh kién. Chan ngudn cua linh kién cd thé 1a loai chan ngudn
khong nhin thiy dugc (chan nay thuong duoc an di khi 14y linh kién ra trang v&), loai nhin
thiy duoc va loai khdng phai 1a chan ngudn nhung van duoc két ndi véi ngudn nhu cac linh
kién thu dong (R, L, C...) va cac chan ngd vao (cac chan nay thi lun nhin thay duoc). Khai
niém “nhin thiy” duoc dé cap o day c6 nghia la chung ta khong thé quan sat dwoc cac chan
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nay trén man hinh may tinh khi Iy ra trang vé&. Cac linh kién dang sé thuong c6 cac chan
ngudn bi 4n di trong khi d6 céc linh kién dang analog thi cac chan ngudn nay dugc hién thi.
Pé dam bao cac chan ngudn mass dugc két ndi ding chiing ta nén chinh sira cac chan nay
& trang thai hién thi va tao két ndi vai céc biéu tuong ngudn hoic mass.

U6 u7 us
D—I DO A %D D;‘l"g_m QA %D o—vin vouT F—=0
B—5| D1 BT 2 B——fcws QB 8—D
o_61P? Y T QC M3 -

D3 R 3 |ROL QDb LM7805/TO
3 |—= E[m5 o o 6]R02
00— ——_1 O——=— Ro1
5 | L E T4 7
O—=— RBI G %8 O——R92
—— 14
—
BI/RBO 74LS90

741847
Hinh 8.7 Chan nguén va mass cua céc linh kién dang sé thuong khéng dwoc hién thi
8.2.6 Chuin bj cho cong doan thiét ké mach in trén Layout

Khi ma tat ca cac duong ndi mach nguyén ly da thuc hién xong thi budc tiép theo la
kiém tra ban thiét ké chuan bi cho viéc tao file netlist gom cac budc sau:

e Thuc viéc gan footprint cho céc linh kién

e Tao nhom céc linh kién c6 mdi quan hé véi nhau

e Tién hanh tao cac ghi cha

e Kiém tra I5i

Cac budc thuc cho cong doan nay dugc trinh bay trong chuong 6 muc 6.5. Linh kién
trong mach dugc gan footprint nhu trong Bang 8.3.

Déi véi céc linh kién khong c6 sin footprint trong thu vién cia phan mém Layout
ching ta c6 thé dua vao tai liéu ky thuat (datasheet) dé tao footprint cho cac linh kién nay
theo huéng dan nhu & chuong 7 muc 7.4.

Cha y: Viéc tim kiém footprint linh Kién trong thu vién c6 san caa phan mém thuong
mat nhiéu thoi gian. Do d6 dé ¢ thé chi dong trong viéc chon footprint cho cac linh kién
ching ta nén tao cho minh maot thu vién riéng gom cac linh kién thuong xuyén sir dung
bang cach tao méi hoic chinh sira cac footprint c6 san trong thu vién sau d6 luu thanh mét
thu vién riéng dé thuan tién cho viéc su dung sau nay.

Viéc tao nhdm cho céc linh kién c6 méi lién hé voi nhau trong so d6 mach nguyén ly
s& giup cho qua trinh sap xép footprint linh kién trén Layout thuan loi hon.

Budc tiép theo chiing ta thyc hién viéc tao ghi chi cho mach nguyén ly bang cong cu
Annotate. Ching ta nén thuc hién viéc kiém tra va chinh stra cac 161 truge khi tao file netlist
theo huéng dan nhu di trinh bay trong muc 6.5.
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Bang 8.3 Bang danh sdch thu vién footprint c&c linh Kién duwoc sir dung trong project

Ky hiéu Giatri Tén linh kién Thu vién
(Reference) (Value) (Capture part) (Layout Library)
C4,C1 2200uF-25v  CAP TM_CYLD/CYL/D.650/LS.300/.040
C2,C3 104 CAP NP TM_RAD/RAD/.300X.100/LS.200/.031
C5 10uF-16V CAP TM_CYLD/CYL/D.200/LS.100/.031
C6 0.1uF CAP TM_RAD/RAD/.300X.100/LS.200/.031
D1 BRIDGE BRIDGE BCON156T/BLKCON.156/VH/TM1SQS/W.156/4
D3, D2 LED LED TM_CYLD/CYL/D.200/LS.100/.031
J1 9V AC CON2 BCONZ100T/BLKCON.100/VH/TM1SQ/W.100/2
R1-R10 330 R JUMPER/JUMPER400
R11 4K7 R JUMPER/JUMPER400
SwWi1 RESET SWPUSHBUTTON  TM_RAD/RAD/.250X.125/LS.200/.031
Ul LM7805/TO L7805/T0220 TO\TO202AC
u2 LM555 NE555 DIP100T\DIP.100/8/W.300/L.400
UK} LED7 Khong c6 san Chung ta phai tao footprint mai linh kién nay
U4 74L.S90 74L.S90 DIP100T/DIP.100/14/W.300/L.700
U5 T74L.547 T74L.547 DIP100T/DIP.100/16/W.300/L.800
VR1 50K POT BCON156T/BLKCON.156/VH/TM1SQS/W.156/3
Bang 8.4 Sap xép céc linh kién theo nhém
Ky hiéu Giatri Tén linh kién Nhém
(Reference) (Value) (Capture part) (Group)
C4,C1 2200uF-25V CAP 1
C2,C3 104 CAP NP 1
Ul LM7805/TO L7805/T0220 1
D1 BRIDGE BRIDGE 1
D2 LED LED 1
J1 9V AC CON2 1
R1 330 R 1
R2, R7 330 R 2
C5 10uF-16V CAP 2
C6 0.1uF CAP 2
VR1 50K POT 2
U2 LM555 NE5S55 2
D3 LED LED 2
R3-R6, R8-R10 330 R 3
R11 4K7 R 3
SW1 RESET SW PUSHBUTTON 3
U3 LED7 LED7 3
U4 741590 74L.S90 3
us T4L.S47 T4L.547 3
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8.2.7 Xac dinh cac yéu ciu cia bo mach

Budc dau tién trong viéc thiét 1ap cac yéu cau ky thuat cho mét bo mach in méi do 1a
chon file cdng nghé ché tao, viéc chon lya nay yéu cau ching ta phai biét trudc loai linh
kién nao s& duoc sir dung trong thiét ké (dang dong goi va cong nghé lap rap), sé luong 16p
va loai 16p mach in, @6 rong va khoang cach gitra cac duong mach in.
8.2.7.1 Dang dong géi va cong nghé lap rap

Theo nhu bang liét ké danh sach céc linh kién sir dung trong project nay ¢ Bang 8.1
thi ching ta chi st dung mét loai linh kién d6 1a loai c6 dong goi dang chan cam xuyén 15
va chiing ta s& tu 13p rap linh kién bang tay.
8.2.7.2 S6 lép mach in va cach sap xép cac l6p

Do6i véi vi du minh hoa nay do bo mach khéa don gian nén ching ta chi sir dung loai
bo mach in 1 hoac 2 lop.
8.2.7.3 B¢ rong dwéng mach in

Do rong nay phu thudc vao hai yéu té chinh, thir nhat 1a yéu cau vé kha ning chiu
dong va tht hai la tré khang cua duong mach in. Theo nhu cong thirc (7.1) duoc trinh bay
trong muc 7.5.3 néu chling ta sir dung bo dong c6 d6 day 1 oz thi véi dudong mach rong 6
mil kha niang chiu dong sé& 1a 300mA dbi véi 16p bén trong va 600mA véi dudng mach &
I6p ngoai (Top va Bottom). Béi voi cac mach dién thong thuong thi cac tin hiéu c6 tan sé
rat thap (nhoé hon 20kHz) do d6 tré khang caa dudng mach in khdng la van dé quan trong
nhung d6i véi cac thiét ké tan sb cao thi ching ta phai diéu khién dugc tro khang cua cac
duong mach in.
8.2.7.4 Khoang céch gitra cac dwong mach in

C6 2 ly do budc chiing ta phai diéu chinh khoang cach gitta cac dudng mach, thi nhat
1a dé dam bao su cach ly gitta cac dudng mach dién ap cao, thir hai 1a dé giam téi thiéu anh
huong gita cac duong tin hiéu (cross talk). Theo tiéu chuan IPC-2221A nhu trong Bang
8.5, gia sur dién ap chénh léch gitra hai duong mach (voltage between conductor) tir 0-15V
thi khoang céach téi thiéu giira hai duong mach ¢ 16p bén trong (internal trace) 1a 2 mil. D6i
véi cac duong mach o 16p bén ngoai (external trace) thi khoang cach nay phu thudc vao
dién ap va 16p phu bao vé bo (bare: khong phu, soldermask: 16p pha chéng oxy héa, 16p
phu conformal) thi khoang cach nay sé& thay doi.
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Bang 8.5 Khodng céch toi thiéu giia cdc dwong mach in

Voltage External traces

between

conductors Internal Conformal
(Vpe or Vep) traces Bare Soldermask only coating
0-15 2 4 2 5
16-30 2 4 2 5
31-50 4 24 5 5
51-100 4 24 5 5

After IPC-2221A

8.2.7.5 Chon lyra file tiéu chuan k¥ thuat
Khi chiing ta mé phan mém Layout dé tao mot thiét ké thi phan mém sé& yéu cau chon
file tiéu chuan ky thuat (TCH). File nay xac dinh ciu tric va thiét l1ap cac gia tri nhu do
rong va khoang céch cua cac duong mach in, khoang cach ludi trang vé, padstack va mau
sac thé hién caa céc Iop mach in. Bang 8.6 mé ta cac dic tinh cua mot sé file tiéu chuan ky
thuat.
Bang 8.6 Pdc tinh cua mét sé file tiéu chudn ki thugt théng dung

Design Trace Route Default layers
Technology complexity width spacing 7 _
files (*.TCH) level/class (mils) (mils) Route Plane
default A 12 12 12 2
1 bet_any A 12 12 12 2
metric B 10 10 12 2
2bet_thr B 10 8 12 2
2bet_smt B 8 8 12 2
3bet_any C 6 6 12 2

8.2.8 Xuit file thiét ké sang OrCAD Layout sir dung cong cu AutoECO

Sau khi tao file mgi trén phan mém Layout, ching ta s& chon file tiéu chuan k¥ thuat
(.TCH), file netlist, nhap duong dan luu trit file mach in (MAX) va chon footprint cho cac
linh kién (néu nhu chiing ta khéng thuc hién viéc gan footprint cho linh kién & phan Capture
trudc d6) theo hudng din nhu di trinh bay trong muc 7.1. Tiép theo chiing ta thuc hién cac
budc thiét 1ap cho bo nhu sau:

8.2.8.1 Tao dwong bao bo mach in

Dau tién ching ta can vé duong bao bo mach in theo yéu cau vé hinh dang va kich
thudc sau d6 dat cac 16 khoan dung dé ga bo (néu c6). Gia sir trong truong hop ching ta
thiét ké cac bo mach cho mét san pham nhu vy ching ta phai biét truéc hinh dang, kich
thudc va vi tri dat cac 16 khoan dé gan bo.
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File Edit View Tool Options Aute Window Help

=l e SN e = e Ege vl ofpN 1 P = N e E A A
% [3000 NAERIT] /G [100

& Design - Component Tool (DRC OFF)

Hinh 8.8 Tao dwong bao bo mach in va dinh vi cac 16 khoan ga bo

Pé vé duong bao bo mach chiing ta sir dung cong cu Obstacle, dé xac dinh kich thudc
va toa do vi tri dit cac 16 khoan str dung cong cu Select nhu duoc trinh bay trong muc 7.5.7
va 7.6.4. Chlng ta nén di chuyén goc toa do vé vi goc caa bo nhu Hinh 8.8 va st dung vi
tri nay dé tham chiéu cho cac vi tri dat 16 khoan ga bo ciing nhu vi tri dit linh kién theo yéu
cau (néu c6) bang cach su dung cong cu Move Datum nhu trinh bay trong muc 7.6.6. Bé
lay footprint cac 16 khoan ga bo ching ta chon c6ng cu Component tool>New>Footprint,
sau d6 chon thu vién LAYOUT va footprint MTHOLE.
8.2.8.2 Sap xép linh kién

Viéc sap xép linh kién 1a ca mot nghé thuat va khoa hoc, 1am thé nao ching ta c6 thé
sap xép linh kién thoa man ca yéu cau vé mit co khi va yéu cau vé mat dién. Yéu cau vé co
khi d6 1a thiét ké phai pht hop véi kha nang cua nha san xuat (quy trinh lap rap va han linh
kién) va cac giGi han vat ly caa bo (kich thudc, hinh dang...). Yéu cau vé dién d6 1a chic
nang cua tin hiéu, giai nhiét, bao toan tin hiéu va yéu cau vé dién tir. Thong thudng thi tat
ca nhitng van dé néu trén déu rat quan trong va trong mot sé truong hop cac yéu cau trén
bi xung d6t véi nhau. Bé thoa man nhitng yéu cau nay theo tiéu chuan céc ban c6 thé tham
khéo chuong 4 va 5 trong tai liéu tham khao [1]. Di véi vi du minh hoa nay thi viéc sap
xép linh kién trén bo twong ddi don gian va kha giong vai cach sap xép linh kién trén mach
nguyén ly.

Khi chling ta bat dau tao file .MAX, cac linh kién xuat hién trén trang v& duogc sip
xép theo cot va duoc dit bén trai goc toa d6. Ching ta phai tim ra linh kién can siap xép va
di chuyén linh kién nay vao bén trong dudng bao. C6 mot sb thao tac gilip ching ta co thé
quan sat cot linh kién tét hon. Pau tién 1a an 16p lap rap (AST va ASB) 16p nay khong cung
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cap théng tin hd tro cho viéc sap xép linh kién, tha hai 1a an cac duong ndi mach nguyén
Iy (rat’s net: dudng mau vang) bang cach chon danh séch 16p trong muc Layer selection
sau d6 nhan phim “-” dén an di hodc nhan phim nay mét lan nita dén hién thi lai. Bé an cac
duong mach nguyén ly ching ta st dung cong cu Reconnect mode nhu trong Hinh 8.9.
8.2.8.3 Tim kiém linh kién

Muc tiéu ban dau 1a 1ay va dit cac linh kién lién quan nim gan nhau sau d6 maéi bit
dau sap xép céac linh kién nay vao vao vi tri chinh xac. Dé tim kiém va sip xép linh kién
ching ta cd thé tim va sip xép tung linh kién mét hodc ching ta cé thé st dung cdng cu
Find dé tim rdi sip xép vi tri cac linh kién theo mach nguyén ly hoic sir dung cong cu
Queue dé sap xép linh kién theo trinh ty.

Chung ta str dung céng cu Find/Go to sau d6 nhap tén linh kién theo mach nguyén ly,
linh kién can tim s& duogc danh dau “X” nhu Hinh 8. 10.

File Edit View Tool Options Aute Window Help

&|=luil <|ME| B|2|2|0| ol @|0|T|:|0] «=(s] £ 8] ¢

X [1500 v [2600 G100 |[LToE | ~|
...... 1 5ot [ ~ ]
= => oon Design - Comg
s 23 AT
LEX] e

AN

|

Hinh 8.9 Bdang hién thi danh sach 16p va cong cu Reconnect mode

Find Coordinate or Reference Designator

Examples:
U1.1 or 1200, 4300

Itern Name: ||:u|

Help | Cancel

Hinh 8.10 Tim kiém linh kién cdn sap xép
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8.2.8.4 Sap xép linh kién theo trinh tw

Mot phuong phap dé sip xép linh kién mét cach bai ban do 1a 1ap danh sach cac linh
kién can sip xép theo trinh tu. Dé lap danh sach nay ching ta chon chtc ning
Tool>Component>Queue For Placement hop thoai Component Selection Criteria xuat
hién. Chang ta c6 thé thém cac phan tir vao danh séch trinh tu sip xép theo tén linh kién,
footprint hoic theo sb thir ty nhom.

Vi du nhu chiing ta mudn thém tit ca dién tré vao danh sach trinh ty sip xép sau khi
hop thoai Component Selection Criteria xuat hién trong muc Ref Des ta nhap ky hiéu “R*”
sau d6 chon OK thi tat ca dién trd sé duoc thém vao danh sach nhu Hinh 8.11.

Component Selection Criteria
Ref Des R Select Next
Footprint Name ‘
Group Number * R8.2 - RY.2
~ R9.2 " R11.2
Component Types to Incl © R10.2  RB.2
¥ Surface Mount TOP ¥ Surface Mount BOT ! :
¥ Thruhole TOP ~ Thruhole BOT © R2.2 © R1.2
" R3.2 " R5.2
Al q . . " R4.2
Minimum Pins Maximum Pins
[ Exclude Placed v Exclude Locked W Exclude Fixed
Help | Cancel | OK | Help | Cancel |

Hinh 8.11 Tgo danh sach cac linh kién can sdp xép theo logi linh kién

Dé ¢ thé sap xép tirng linh kién trong danh sach ching ta tiép tuc st dung chirc ning
Tools>Component>Place, hop thoai Slect Next xuat hién ching ta c6 thé chon linh kién
tly ¥ trong danh sach sau d6 chon OK dé sap xép linh kién bén trong dudng bao bo mach.
Nhu vi du trong Hinh 8.11. Ky hiéu dién tré R8.2 c6 nghia 1a dién tro R8 sb thu tw nhém
la nhdm 2 nhu chiing ta da thuc hién trong phan vé Capture. Hoic dé c6 thé 1y tu dong cac
linh kién trong danh sach Select Next ching ta c6 thé sir dung phim tat “N” thi footprint
cua linh kién s& xuat hién & vi tri con tré chuot, ching ta click chudt trai dé dat linh kién
vao vi tri thich hop.

Tuong ty nhu trén chung ta c6 thé tao ra danh sach cac linh kién theo footprint hoac
theo nhom. Dé cd thé vé mach in d& dang chiing ta nén vé theo khéi chirc nang nghia 1 tao
cac nhom trong phan Capture sau d6 1ap danh sach linh kién can sip xép theo nhom va tién
hanh sip xép linh kién ciing nhu v& duong mach in theo tirng nhém nhu Hinh 8.12 va 8.13.
8.2.8.5 Thiét lap s lwong va thudc tinh I6p mach in

Sau khi sip xép linh kién xong ching ta tién hanh thiét 1ap sb 16p cho bo mach bang
cach chon View Spreadsheets >Layers, cira s6 Layers xuat hién. Ching ta chon cac 16p can
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thiét 1ap chirc ning trong muc Layer Type, click chudt phai chon Properties...
thudc tinh cua 16p nhu trong Hinh 8.

14.

dé thay doi

Pé thiét lap cho 16p véi chire nang dung dé vé dudng mach ching ta chon muc Routing

Layer. Tuong tu nhu vay ching ta ¢ thé chon cac thudc tinh khac nhu Unused Routing
(khéng cho phép v& duong mach), Drill Layer (I6p kich thuéc 16 khoan), Plane Layer (16p

ngudn-mass). ..

Component Selection Criteria

Ref Des |

Footprint Name |

Group Number

Component Types to Include

v Surface Mount TOP
W Thruhole TOP

Minimum Pins

" Exclude Placed W Exclude Locked

ok |

Help |

—

v Surface Mount BOT
¥ Thruhole BOT

Maximum Pins

W Exclude Fixed

Cancel

Select Next

* D1.4 BLKCON.156/¥H/TM15Q5/W.156f4_D1
" J1.2 BLKCON.100/¥H/TM15Q/W.100{2_J1
" D2.2 CYLyD.200{LS.1004.031_D2
© U1.3 TO202AC_U1
" R1.2 JUMPERA400_R1
" C3.2 RAD{.400X.200{/L5.3004.034_C3
" C2.2 RAD{.400X.200{L5.3004.034_C2
" C1.2 CYL4D.650/L5.3004.040_C1
" C4.2 CYL4D.650/LS.300/.040_C4

Lok |

Help | Cancel

Hinh 8.12 Tqo danh sach cac linh kién theo nhom

L L L X 3 2]

PSS S

|
L
&
®
&
.
.
L

[ R e
_R& |4
[ _RE @

PRSP

Hinh 8.13 Sap xép linh kién theo nhém nhw da tao trong phan Capture
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2] Layers [E=5 =R
Tayer Tayer Tayer Tayer Mirrar
Name Hotkey NickName Type Layer
TOP. 1 ToP Routing BOTTOM
BOTTOM BOT Routin, TOP
GND GND 2 End Comman g
POWER Prn I T
[ INNER1 1 [ Unused i
[ INNER: 2 [ Unused [Nt AltsS
|_INNER: Unused | Refresh Het Link
[INNER. Unused | Append Hot Link
|- INNER: Unused ;o
| INNER Ctrl + Unused | oute Unlocked Track
|_INNER. Curl + Unused | Convert to Companents
|_INNER! Ctrl + Unused | Undo U
CINNER: Cul v Unuse: Morie]
CINNERTD Cul+ Unuse: None)
CINNERTT Cul+ Unuse, None]

ER1Z Cul v Unuse: Mone]

TOP Cirl + MT oc MBOT
SMBOT Cul v SMB oc SMTOP.
SPTOP Cul v SPT oc SPBOT

PBOT Shift + PE oc PTOP

ToP Shift + T oc BOT

BOT Shift + B oc TOP

TOP Shift + T oc ASYBOT
ASYBOT Shift + 4 ASH oc ASYTOP.

RLDWG Shift + DRD oc Mone]

| DRILL Shift + DRL rill None)
FABDWG Shift + FAB Doc Mone]
OTES Shift + oT Doc None]

Hinh 8.14 Chon lwa cac 16p can thay doi thugce tinh

3 layers
Layer Type

" Routing Layer " Plane Layer
U d R " Dot i

)

" Drill Layer " Jumper Layer

| Jumper Attributes... |

0K | Help | Cancel ‘

Hinh 8.15 Cdu hinh thugc tinh cho lép

Do kha niang san xuat ciia mot sé co s gia cdng, hién nay ching ta chi co thé dat gia
cong céc loai bo 1 16p va 2 16p, dbi vai cac bo mach nhiéu hon 2 16p thi chi nhitng cong ty
I6n nhu Fujitsu, FAB9. .. méi ¢6 kha niang san xuat nhung cac cong ty nay thuong chi nhan
nhitng don dit hang véi sb luong 16n.

Trong vi du minh hoa nay ching ta sir dung loai bo mach in 2 I6p do d6 trong phan
thiét thap I6p mach in ching ta chon v& mach in trén 16p Top va l6p Bottom khong c6 16p
danh riéng cho ngudn va mass do d6 cac 16p con lai ching ta thiét 1ap thudc tinh Unused
Routing.
8.2.8.6 V& dwong mach in

Truéc khi tién hanh vé dudng mach in chling ta can phai thiét 1ap kich thude do rong
tdy thudc vao kha ning chiu dong cua timg dudng mach bang céch chon chirc ning View
Spreadsheet>Nets theo huéng dan dugc trinh bay trong muc 7.5.5. Nhu trong vi du nay
ching ta chon d6 rong cho cac duong ngudn va mass 1a 50 mil, cac duong tin hiéu con lai
14 30 mil nhu trong Hinh 8.16.

Ching ta nén vé bang tay cac duong mach c6 yéu cau vé mat ky thuat dién trudc
(ngudn, mass, tu bypass, via giai nhiét...) sau d6 c6 thé sir dung cong cu vé mach in ty dong
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hodc vé& bang tay cac dudng mach con lai. Bi voi cac mach dién phic tap va ¢ yéu cau
cao vé mat ki thuat dién ching ta nén vé tat ca cac duong mach in bang tay vi nhu vay
ching ta méi c6 thé han ché duge cac duong mach khéng mong mudn do céng cu V& tu
dong tao ra. Tiép theo str dung cong cu Edit Segment Mode dé vé cac dudng mach in nhu
trong Hinh 8.17.

i mets (BN E=R =)
Net Width Routing Reconn

Name Color Min Con Max Enabled Share | Weight Rule
GND 50 Yes Yes 50 Std
N12582 50 Yes Yes 50 Std

50 Yes Yes t

] 50 Yes Yes t

2 30 Yes Yes t

0 30 Yes Yes t
N12824 30 Yes Yes 50 Std
N12840 30 Yes Yes 50 Std
N18184 30 Yes Yes 50 Std

242 Yes Yes t

Yes Yes t

6 Yes Yes t

2 Yes Yes t
N18488 30 Yes Yes 50 Std
N18550 30 Yes Yes 50 Std
N18681 30 Yes Yes 50 Std

[ N18727 Yes Yes t

77 Yes Yes t

27 Yes Yes t

95 Yes Yes t
N18932 30 Yes Yes 50 Std
N18975 30 Yes Yes 50 Std
N19234 30 Yes Yes 50 Std

Yes Yes t

Yes Yes t

Yes Yes t

4 Yes Yes t
N128320 30 Yes Yes 50 Std

Hinh 8.16 Thiét ldp kich thudc do réong dwong mach
©

..

Hinh 8.17 Si dung cong cu Edit Segment Mode dé vé céc dwong mach in
8.2.8.7 Thong ké ti 1é dwong mach in di hoan thanh
Sau khi hoan thanh tat ca cac duong mach in chiing ta c6 thé xem béo céo thdng ke ti
16 vé s6 duong mach in d4 thuc hién bang cach chon chire ning View Spreadsheet>Statistics
dé dam bao 100% duong mach in da duoc vé nhu trong Hinh 8.18. Néu béo céo théng ké

nay hién thi 99.8% nhung ching ta nhan thy gan nhu tat ca cac dudng mach in da hoan
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thanh thi c6 nghia 1a c6 mdt doan mach nguyén ly nao d6 giira hai doan mach in hoac giira
mot doan mach in va pad chua duoc néi.

Statistics El@
~
Statistic Enabled Total
Board Area 7.0 7.0
Equivalent IC's 6.9 6.9
Sq. inches per IC 1.01 1.01
# of pins 104 104
Layers 2 28
Design Rule Errors 0 0
Time Used 10:32 10:32
% Placed 100.00%% 100.0028
Placed 32 32
Off board i} 0
Unplaced 0 0
Clustered 1] 0
|| Routed 68 68
(%4 Routed 100.0028 100,002
Unrouted 0 0
% Unrouted 0.00% 0.00%
Partials 1] 0
v

Hinh 8.18 Théng keé ti 1é dwrong mach in da thuec hién
8.2.8.8 Kiém tra kich thwéc 16 khoan

Ching ta can kiém tra kich thuéc 16 khoan truée khi xuat file Gerber giri cho nha san
Xuat bang céach sir dung chirc nang Color Settings dé an di cac 16p khdng can thiét va chi
hién thi 1p kich thudc 16 khoan va duong bao linh kién (DRLDWG va SSTOP). Bé c6 thé
quan sat dé dang chung ta nén doi hé don vi do sang Milimet bang cach vao muc
Options>System Settings chon Milimeters (mm).

Déi voi cac footprint c6 kich thude 16 khoan khéng phil hop chiing ta c¢d thé chinh sira
bang cach click chudt chon linh kién sau d6 vao chirc ning View Spreadsheet>Padstacks
chon 16p kich thudc 16 khoan, click chudt phai chon Properties va nhap kich thuéc méi nhu
Hinh 8.21.

Data Color
Default INNER10 i
Default INNER11 ] EndEommand
Default INNER12 Y properties.. ChrleE
Default SMTOP New...
Default SMBOT i Delete Ctrl+X
Default SPTOP < Lead Celer Setup...
Default SPBOT sl Save Color Setup..
Default SSTOP Uhzy L
Default SSBOT
Default ASVTOP ——
Default ASYBOT [ ]
Default DRLDWG | [—
Default DRILL L —ee——
Place outline [Global Layer] L e
Place outline TOP |
Place outline BOTTOM sy
Matrix [Any layer] T e ik, a_—_—_  ——
Pin name [Any layer] —
Highlight [Any layer] PR |

Hinh 8.19 Hién thj 16p kich thuéc 16 khoan
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Hinh 8.20 Kiém tra kich thuéc 16 khoan véi bang thang ké

Padstacks E@
~
Padstack or Pad Pad Pad X Y
Layer Name Shape Width Height Offset Offset
INNER7 Hound 1.55 1.55 0.00 0.00
INNERS Round 1.55 1.55 0.00 0.00
INNERS Round 1.55 1.55 0.00 0.00
INNER10 Round 1.55 1.55 0.00 0.00
INNER11 Round 1.55 1.55 0.00 0.00
INNER12 Hound 1.55 1.55 0.00 0.00
SMTOP Round e — 00 0.00
SMBOT Hound 00 0.00
SPTOP Undefined New... L0 0.00
SPBOT Undefined Delete Ctrl+X 00 0.00
SSTOP Undefined Select Any... Alt+5 o0 0.00
SSB0T Undefined i ] L (oo 0.00
ASYTOP Round ‘C‘WE”LC' (e [o0 0.00
ASYBOT Round S:feymaﬂ;’;rym {00 0.00
DRLOWG [ Round | [k P 00 [ oo |

DRILL Round e TIUE u.00 0.00
FABDWG Undefined 0.00 0.00 0.00 0.00
NOTES Undefined 0.00 0.00 0.00 0.00

W

Hinh 8.21 Thay déi kich thuréc 16 khoan

8.2.9 Xuit céc file Gerber can thiét cho nha san xuat

Trudc khi thuc hién viéc xuét file cho nha san xuat bo mach in chung ta nén luu file
MAX vao mot thu muc riéng bai vi phan mém OrCAD sé tao ra nhiéu file Gerber va luu
trir trong cung thu muc voi file . MAX. Ching ta ciing nén kiém tra I8i 1an cudi trudc thuc
hién viéc xuét file Gerber. Budc tiép theo chlng ta thiét 1ap qua trinh xuét file bang cach
chon Options>Post Process Settings cira s6 Post Process xuat hién ching ta chon céc 16p
nhu trong Bang 8.7. Sau d6 click chudt phai dé cho phép cac 16p nay xuat file Gerber bang
cach chon muc Enable for Post Processing va chon OK nhu Hinh 8.22. Hop thoai Post
Process Settings cling cho phép chung ta chon cac loai dinh dang file Gerber khac nhau.
Sau khi thiét 1ap ching ta chon chirc nang Auto>Run Post Processor dé tién hanh viéc xuat
file Gerber. Cira s6 phan mém s& xuat hién nhiéu hop thoai thong bao nhu Hinh 8.23 Tat
ca céc file Gerber sinh ra s& luu trit trong thu muc con ma ching ta di tao lic ban dau.
Ching ta s& copy tat ca cac file Gerber nay giri cho nha san xuit bo mach in nhu Hinh 8.4.
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Bang 8.7 Danh sach cac Iép cho phép xudt file Gerber

Plot output Batch Device Shift Plot Title
File Name Enabled
*TOP Yes EXTENDED GERBER No shift Top Layer
*BOT Yes EXTENDED GERBER No shift Top Layer
*.GND Yes EXTENDED GERBER No shift Top Layer
*PWR Yes EXTENDED GERBER No shift Top Layer
*SMT Yes EXTENDED GERBER No shift Top Layer
*SMB Yes EXTENDED GERBER No shift Top Layer
*SST Yes EXTENDED GERBER No shift Top Layer
*.DRD Yes EXTENDED GERBER No shift Top Layer
Post Process Settings H
Output Output Settings
Format
" Gerber R3-274D ’—
" Extended Gerber
I—
" DXF
" Print Manager ’—
-
r [¥ Center on Page
[+ Mirror
Options
[ Keep Drill Holes Open Ecale Ratio: |7 To: r

[¥ Create Drill Files
[+ Owerwrite Existing Files
| Enable for Post Processing | C0 90 180 ¢ 270

Rotation[CCW)

File Name:

Help Cancel
Hinh 8.22 Thiét lap cho phép 16p xudt file Gerber

r _h  Created Gerber Design File:
W CAUSERS\CD-DTO00INGOOGLE DRIVENTHIET KE MACH IN-LE HOANG
~ ANH\BOARDWCOUNT 0-2.GTD

Hinh 8.23 Thong bao xudt file Gerber
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Home Share View
@ + 1 | » LeHoangAnh » GoogleDrive » Thiet ke mach in-Le Hoang Anh + Board » Count 0-9
* Favorites MName . Date modified Type
Bl Desktop 2 BACKUP1.MAX 8/5/2014 6:03 AM MAX File
|6 Downloads 2l BACKUPZ.MAX 8/5/2014 5:50 AM MAX File
‘&l Recent places FZ BACKUP3.MAX 8/5/2014 5:39 AM MAX File
& Google Drive 2l BACKUP4.MAX 8/5/2014 5:22 AM MAX File
73] BACKUPS.MAX 8/5/2014 5:05 AM MAX File
+d Homegroup /] COUNT 0-9.A5T 8/5/2014 5:28 AM AST File
/| COUNT 0-9.80T 8/5/2074 5:28 AM BOT File
18 My Computer || COUNT 0-9.DRD 8/5/2014 5:28 AM DRD File
ju Desktop /] COUNT 0-9.0TS 8/5/2014 5:34 AM DTS File
|E| Documents /] COUNT 0-9.GND 8/5/2014 5:28 AM GMD File
'l Downloads /] COUNT 0-9.GTD 8/5/2014 5:28 AM GTD File
b Music /] COUNT 0-a.lis 8/5/2014 5:34 AM LIS File
|E] Pictures 2l COUNT 0-9.MAX 5/4/201410:34 PM MAX File
| Videos /] COUNT 0-9.PWR 8/5/2014 5:28 AM PWR File
iy Local Disk (C3) |/ COUNT 0-9.5MB 8/5/2014 5:28 AM SME File
-4 CD Drive (D%) L] COUNT 0-9.5MT 8/5/2014 5:28 AM SMT File
ca Data (E) Q COUNT 0-9.55T 8/5/2014 5:28 AM Microsoft Serialize...
|| COUNT 0-9.TOP 8/5/2014 5:28 AM TOP File
€ Network 2] layout.log 8/5/20146:03 AM  Text Document
/] THRUHOLE.tap 8/5/2014 5:34 AM TAP File

Hinh 8.24 Cidc file Gerber dwoC tao ra va luu triv trong thu mucC con

Size

172 KB
172 KB
172 KB
172 KB
172 KB
27 KB
4KB
36 KB
2KB
KB
3KB
13KB
172 KB
IKE
KB
3KB
14 KB
TKB
TKB
2KB
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PHU LUC A

DANH SACH TEN VIET TAT DANG DONG GOI LINH KIEN VA THU VIEN

FOOTPRINT TUONG UNG TRONG LAYOUT

Bang A.1 Tén viét tat dang déng géi linh kién

Abbreviation

Full name

BDIP (SDIP)
BGA
BQFP
CBGA
CFP

CGA
CQFP
DIMM
DIP

DO

DPAK
D2PAK
D3PAK
LCC/LCCS
LGA
MELF
MSOP
MLP

PGA
PLCC
PLCCR
PLCCS
PQFP
QBCC
QFP

QFN (QFPNL)
QLccce
SIMM
SDIP

SoD

SOIC (SOJ)
SOIC (SOG)
SON

SOP

soT
SSOT

Butt-mounted dual inline package (surface DIP, std pitch)
Ball grid array

Bumper quad flat package

Ceramic column ball grid array

Ceramic flat packages

Column grid array

Ceramic quad flat packages

Dual inline memory module

Dual inline package

Diode outline

Discrete packaging (type 1, TO-252)
Discrete packaging (type 2, TO-263)
Discrete packaging (type 3, TO-268)
Leadless chip carrier/leadless ceramic chip carrier
Land grid array

Metal electrode face

Micro (mini) small outline package
Micro leadframe package (no lead)

Pin grid array

Plastic leaded chip carriers

Plastic leaded chip carriers rectangular
Plastic leaded chip carriers square

Plastic quad flat package

Quad bottom chip carrier

Quad flat packages

Quad fl at no lead package

Quad leadless ceramic chip carrier (see LCC/LCCS)
Single inline memory module

Shrink dual inline package

Small outline discrete (or diode)

Small outline integrated circuit, J-lead
Small outline integrated circuit, gull wing
Small outline nonleaded

Small outline package

Small outline transistor

Shrink small outline transistor



SQFP
SSopP
TO
TQFP
TSOP
TSSOP

Shrink quad flat package

Shrink small outline package
Transistor outline

Thin quad flat package

Thin small outline package

Thin shrink small outline package

Bang A.2 Dang ddng géi mét so linh kién roi thong dung

Name or type Name, case, or size Standards Layout
Library  Footprint
Resistor, chip 0402, 0805, 1206, etc. IEC 60115-B, JISC 5201-B, SM.LLB  SM/R 0805, SM/R_12086, etc.
ElA] RC-2134B
Capacitor, chip 0402, 0805, 1206, etc. MIL-PRF-55681 SM.LLB  SM/C_0805, SM/C_1206, etc.
Capacitor, tantalum A ElA 3216-18 SM.LLB  SM/CT_3216, SM/CT_3216_12
(molded) B ElA 3528-21 SM/CT_3528, SM/CT_3528_12

C ElA 6032-28 SM/CT_8032, SM/CT_6032_12

D ElA 7343-31 SM/CT_7343, SM/CT_7343_12

E ElA 7260-38 —

R ElA 2012-12 —

T ElA 3528-12 —

v ElA 7343-20 —

X ElA 7343-43 —

Y ElA 7343-40 —
MELF (DL-41, LL-34) Metal electrode face EIC 10HO1, LL-34 SM.LLB  SM/D_MLL34, SM/D_MLL41 (+variations)
SOD, SC-76 (molded) Small outline diode JEDEC DO215-D, ElAJ SC-78, SM.LLB  SM/D_SOD87 (+variations)

ElA) SC-76

SMA (molded) SMT diode outline JEDEC DO214-D (variation AC) SM.LLB SM/DO214 (AL, AB, AC; +variations
SMEB (molded) SMT diode outline JEDEC DO214-D (variation AA) SM.LLB SM/DO214 (A4, AB, AC; +variations
SMC (molded) SMT diode outline JEDEC DO214-D (variation AB) SM.LLB SM/DO214 (AA, AB, AC; +variations
DO-213 Diode outline (~MELF) JEDEC DO213-D SM.LLB  SM/DO213 (AA, AB, AC; +variations
DO-214 (see SMA, etc.) Diode outline (molded) JEDEC DO214-D SM.LLB SM/DO214 (AA, AB, AC; +variations
(See also SOT, DPAK,
D2PAK packages)
Inductor, chip 0805, 1206, etc. (see Resistor, chip) SM.LLB  SM/L_0805...SM/L_3312 etc.

Inductor, molded
Inductor, wire wound

Power SMD inductor

IMC-2220 (see Vishay \Web site)
MSS5131 (see Coileraft Web site)




Bang A.3 Dang dong goi roi (DPAK)

Name Package JEDEC Variation—pitch Layout
outline DWG No. (Lib: Footprint)
(3-lead only)

DPAK (TO-252) TO252-E AA-0.0901in. (3-lead) TO: TO252AA/DPAK
AB-0.090 in. (3-lead) TO252AB/DPAK
AC-0.090in. (3-lead)  SM: SM/_DPAK
AD-0.045 in. (5-lead)

D2PAK (TO-263) TO263-D AA-0.1001In. (4-lead) TO: TO263AA
AB-0.100in. (3-lead) TO263AB
BA-0.067 in. (6-lead)
BB-0.067 in. (5-lead)
CA-0.050in. (8-lead)
CB-0.050in. (7-lead)

D3PAK (TO-268) . TO268-A AA-5.45 mm (4-lead) None

Bang A.4 Dagng dong goi Small Outline Transistor (SOT/SSOT/SC)

Name

(all 3-lead)
SOT23-3

SC-59

SSOT-3 (1.9 mm)

SOT23-5 (5-lead)
ElA) SC-74A (5-lead)
SOT-26 (6-lead)
SOT23-8 (8-lead)

S0OT223-3 (4-lead)
SOT223-4 (5-lead)

SOT-89 (2- & 3-lead)

(4-lead)
SOT-143
SOT-343

SOT-353 (5-lead)
SC-88 (5-lead)

SC70 (6-lead)

SC-74 (8-lead)
SSOT-n (5, 6, 8-leads)

Package outline

I'E
—

—
H

JEDEC DWG No.

Variation—pitch

Layout
(Lib: Footprint)

TO-236 AA-0.95 mm (a) TO: TOZ236xx/S0T23
AB-0.95 mm (a) SM: SMI/SCE9_xxx
-1.90 mm (b)
MQO178-C AA-0.95 mm (5-lead) None
MO193-C AB-0.95 mm (&-lead)
BA—0.65 mm (8-lead)
(4-lead only)
T0261-C AA-2.30 mm (4-lead) SM: SM/SQAT223_xxxx
AB-1.50 mm (5-lead) TO: TO26TAA/SOT223
TO243-C AB-3.0 mm (2-lead) TO: TOZ243AB/S0OT89-2
AA-1.5 mm (3-lead) TO: TO243AA/50T89
SM: SM/SOT89_xxx
TO253-D AA-1.92 mm SM: SM/SOT 143 _xxx
(EIAJ SC-61B) -1.30mm TO: TO253AA/50T143
(SOT-143 only)
MOO059-B AA-0.65 mm (5-lead) None
MO203-B AB-0.65 mm (6-lead)

BA-0.50 mm (8-lead)

Bang A.5 Dang dong goi Small Outline Integrated Circuit (SOIC/ISOP/SO)



Name Package outline JEDEC DWG No. Variation—pitch Layout
(No. leads) (Lib: Footprint)
MSOP BERE MO187-E AA=0.65 mm (8-lead) None (note: also called TSSOP in
Body width 2.3 mm, . AA-T-0.65 mm (8-lead) some applications)
2.8 mm, 3.0 mm TIT DA-0.65 mm (8-lead)
(8,10) CA-0.50 mm (8-lead)
BA-0.50 mm (10-lead)
BA-T-0.50 mm (10-lead)
SoIC MS012-E Width at lead-0.236in. (6.0 mm)  SOG: SOG.050/xx/WG.244/L xxx
Narrow body Pitch=0.050in. (1.27 mm)
(0.1501n.) (3.8 mm) Lead width=0.016in. (0.40 mm)
Lead spacing=0.034 in. (0.87 mm)
SoIC MSO13-E Width at lead-0.403 in. (10.3 mm) SOG: SOG.050/xx/WG.420/L xxx
Wide body (0.300 in.) Pitch=0.050 in. {1.27 mm)
(7.5 mm) Lead width=0.016 in. (0.4 mm)
Lead spacing=0.034 in. (0.87 mm)
Ssop MO137-C Width at lead-0.236in. (6.0mm)  SOG: SOG.65M/xx/\WG8.20/Lxx
Narrow body Pitch-0.025 in. {0.635 mm)
{0.1501n.) (3.8 mm) Lead width-0.010in. (0.25 mm)
Lead spacing-0.015 in. (0.385 mm)
ssor  EEdREEE MO118-B Width at lead-0.4101in. (10.4 mm) SOG: SOG.025/x/\WG.420/L xxx
Wide body (0.3001n.) Pitch-0.025 in. (0.635 mm) SOG.65M/xxWG14.20Lxx
(7.5 mm) Lead width-0.0101in. (0.25 mm)
Lead spacing-0.015 in. (0.4 mm)
(28, 48, 586, 64)
EUA i MO174-A Various package configurations SOG: SOG.80M/64MNG14.50/L26.43
MO175-A
MO180-B
....... (4490)

Bang A.6 Dang déng g6i mét so linh kién xuyén 16 théng dung

Package Name JEDEC standard(s)

DIP Dual inline package MS001-D, TO250-A,
(0.100-in. pitch) MO043-A

DO-15 (DO-41 glass/plastic) Diode outline D0O204B-D

DO-35 Diode outline DO-204-AH

[PAK (TO-251) Transistor outline, flange mount TO251-D

[2PAK (TO-262) Transistor outline, flange mount TO262-A

TO-205AF/TO-39 Transistor outline TO205-E

TO-3P/TO-41/TO-247AD Transistor outline TO204-C

TO-92 Transistor outline TO226-G

TO-92; TO-18, lead form STD Transistor outline TO226-G, TO206-B

TO-126 Transistor outline (Similar to TO-220)

TO-218AC Transistor outline TO218-E

TO-220 (and variations) Transistor outline TO220-K, TO262-A

TO-226AE Transistor outline TO226-G

TO-247, 2L, 3L Transistor outline TO247-E_01

TO-264 Transistor outline TO264-B
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BAI TAP 2
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PHU LUC C

HUONG DAN CAI DAT PHAN MEM OrCAD 9.2

e Sau khi copy phan mém OrCAD 9.2 vao may tinh cac ban m¢ thu muc OrCAD 9.2 va chay

file setup.exe (vi du: D:\Software\OrCAD 9.2\Setup.exe), trén man hinh xuét hién hop thoai

Setup, tiép theo Ia cira s6 Cadence

Warning

! % We advise you to turn off any virus detection programs while running
this installation. Antivirus programs can cause this installation to fail.

Hop thoai Warning xuat hién cac ban chon OK

Hop thoai Welcome xuat hién >Next.

Hop thoai Software License Agreement >Yes

Hop thoai License>Standalone Licensing>Next

mém Capture va Layout

Hop thoai Standalone Installions Options>Install Products on Standalone Computer>Next

Hop thoai Key Code>nhap Ky tu “a” sau d6 Enter xudng hang nhap, “e” dé chon cai dat phan

Key Codes E

Authorization Codes

Enter the Key Codes for the products pou have purchased in
the edit box below [one code per ling),

s

=

Press F1 for Help.

< Back Nest > | Cancel |

Setup requires Authorization Codes for the following products:

a
=

Capture
Layout

Enter the Authorization Codes in the edit box below [one code per ling)
If you do not have Autharization Codes, press the "Get Autharization Codes™
button ta get your Authorization Codes.

Get Autharization Codes

0123456709

Press F1 far Help,

| < Back

Newt > | Cancel |

e Hop thoai Authorization Codes xuat hién>nhap ma 0123456789>Next>nhap tén va cong ty

(thy y)>Yes. Hop thoai User Information Confirmation xuat hién>Yes dé xac nhan théng tin.



User Information “

Please enter your name and the name of the company for wham

User Information Confirmation

you work,

You have provided the fallowing registration infarmatian:
Name:  [LeHoangArh M arne: Le Hoang Anh
Company:  [Lac Hong Liniversiy Company: Lac Hong University

|z thiz regiztration information corect?

Tes Mo ‘

< Back Mext » | Cancel |

e Hop thoai Setup Types>Typical chon duong dan cai dit chwong trinh & muc Destination
folder>Next. Thong thuong chuong trinh s& tu cai dat vao 6 dia C:\Program File. Néu muén thay

ddi duong dan céc ban chon Browse... va chi duong dan cai dat khac.

Setup Types H Select Program Folder

Choose the setup type and the destination directany. Setup will add program icons to the Program Folder listed belaws.

Y'ou may tupe a new folder name, or select ane from the existing

Impartant notes for users of Cadence Allegro or SPECCTRA Folders list. Click Mext to continue.

praducts: The prefened folder to install your Orcad Release 9.2
software is \Cadence if pou intend to share design data with
Cadence Allegra or SPECCTRA products on this spstem.

Presz F1 for more detail Program Folders:

|Drcad Family Release 9.2
& Typical Program will be installed with the most common

options. Recommended for most users. Euisting Folders:

[155

" Custom “'ou may chooze the aptions pou want to ingtall
Fecommended for advanced users. Ek.av Pro 2074 Intemnet Security
DAEMON Toolz Pro

Destination Folder Fouit Reader

Google Eh_rome
C:\Program Files\Orcad Browse... Google Drive
Intemet Download M anager hd

< Back | Mext > Cancel | < Back | Mest > ‘

Cancel ‘

e Hop thoai xac nhan lai duong dan cai dit xuat hién néu dong y ban chon Yes hoic cd thé chon
thu muc tly y trong cira s6 Existing Folders.

e Hop thoai Start Copying file>Next

e Hop thoai Cadence Product File Transfer xuat hién va chuong trinh Orcad sé& ty dong cai dat.

Setup Complete

Installation of programs] has completed successhully. See the
Fielzase Notes for last-minute information about this relzase.

¥ Launch the intemet browser ta view the Release Notes,

Cadence Product File Transfer

chprogram files\orcadicaptureinetformsiapplaraw.dil

I 21%

[Shartcuts have been added to your ‘Start’ menu)

Click Finish to complete S etup.




e Hop thoai Setup Complete>Finish
Sau khi cai dit xong chwong trinh can phai Crack méi co thé siz dung dwoc.
e Crack:
o Chung ta tro lai My Computer chon thu muc chira phan mém OrCAD ma céc ban da
copy vao may tinh (vi du: Data(E:)\HOANG ANH\For Student\Thiet ke mach in\OrCAD 9.2)
hodc trong USB. Tiép theo vao thu muc Crack sao chép tip tin PDXOrCAD.exe vao thu myc

ma ban d3 chon dé cai dit chuong trinh vi du : C:/Program files/Orcad

Home Share View

:(__-) * 1 , ¢ My Computer » Data (E5) » HOANGANH » ForStudent » Thiet ke machin » Orcad 9.2 »
¢ Favorites MName Date modified Type Size
B Desktop , Adobe 10/3/2013 1:28 PM File folder
4. Downloads . Autorun 1 013 1:28 PM File folder

L Google Drive J Crack 10 113 1:28 PM File folder
= Recent places . DCOM Date created: 10/3/2013 1:28 PM /2013 1:28 PM File folder

. Document Size: 127 KB /2013 1:28 PM File folder

. ) A " M o )
18 My Computer , Flexid8 Files: install, PDXQrCAD /2013 1:28 PM File folder
-
Mame Date modified Type Size
[5) install System Informatio... 1KB
ﬂ PDXOrCAD fenlication 127 KB
Open
®  Run as administrator
Troubleshoot compatibility
Pin to Start
&  Quét virus véi Bkav
&  Chay vdi Bkav Safe Run
B Addtoarchive..
g Add to "PDXOrCAD.rar"
B Compress and email...
B Compressto "PDXCrCAD.rar” and email
Pin to Taskbar
&3 PowerlSO 3
Send to 4
Cut
Copy
E—) - 1 . » My Computer » Local Disk (C) » Program Files » Orcad »
Je Favorites Name Date modified Type Size
B Desktop | Capture . v
& Downloads Document Sort by » e
Google Dri r
‘.. Ruugte ‘nve i Layulut Gl D ‘EI e
£ Recent places 30
= ? B Refresh ©
=] cisrl e 20KB
1% My Computer =] cep_pe Customize this folder... 4KB
# Desktop E Paste ftion 7KB
" Documents [ tayrl e —— e 0 Ke
& Downloads = LICMGRRL Unde Copy Ctiez 3KB
i Music =] MRU . 5KB
£ Pictures ] orcaDlic Sy ' ke
B Videos =] pivot New 3 18KB
iy Local Disk (C:) =l ppDB 10KE
— Properties
= Data () l=| PPFUL_DB 4KB
=] psprl 6/12/2000 4:16 PM HTM File 16 KB




o Tiép theo ching ta trg lai thu myc chira phan mém ban dau (vi dy: Data(E:)\HOANG
ANH\For Student\Thiet ke mach in\OrCAD 9.2\Crack va Click phai chudt vao tap tin
PDXOrCAD.exe>Run as Administrator.

E Home Share View Manage

(€) (® ~ T 1 » MyComputer » Data(E) » HOANGANH » ForStudent » Thietke machin » Orcad92 » Crack

‘¢ Favorites MName : Date medified Type Size

B Desktop [ install 7/1/2010 7:43 PM Systemn Informatio... 1 KB
& Downloads #J PDXOICAD SASRARS AR felietinp 127 KB
& Google Drive Open

5] Recent places % Run as administrator

Troubleshoot compatibility
1M My Computer Pin to Start

o Hop thoai OrcCAD v9.2 xuat hién tai muc Directory ching ta chon duong dan chta tap
tin PDXOrCAD vira sao chép vi du: C:/Program files/Orcad. Chon Apply>Bye Bye. Néu & cura
s6 xuat hién cau thong bao: Fixed Patch finished... Thi ban d3 cai dit xong néu khong Crack

dung thi ban phai thuc hién lai cac budc caa phan Crack, néu khong khi md chuong trinh OrCAD
s& bao 10i.

i OcADve2 - O i ocapvez - © HEM]
Select Directory H

Y ALY , £ ProgemFils 2 e oy .

Cancel
£ Capture

[RIEEERN F \HOLAN G ANHAF or Student\Thist ke m [J L)) {5 Document RS -\ Fiogiam FilestDrcad )
(7 Layout
- Welcome to a new ielease from PARADOX Fixed Patch finished - Some Files are nat present in your
customer-defined |nstallationlFor Details you can view in
B e sure your progranin is not running at the momment, the Listbox
If the path abave is filed and it's your comect Instalpath
then just press Apply' to patch the program,
otherwise show me the the correct path before
(e E|
= e: [data] Details
3]
gl |




PHU LUC D
PIA CHI MOT SO CO SO SAN XUAT MACH IN
1. Cong ty TNHH Kim Son P.C.B
-Dja chi: 17/1B Nguyén Thi Minh Khai, Phuong Bén Nghé, Q1, TP.HCM
-bién thoai: 08.38296605
-Website: www.kimsonpch.vn
2. Cong ty C6 phan Pién tir Sao Kim
-Dja chi: Cum Céng nghiép Hoang Gia, Ap mai 2, X4 My Hanh Nam, Pwrc Hoa, Long An
-bién thoai: 01677838950
-Website: www.saokimpcb@saokim.vn
3. Cong TNHH Kha Thanh
-Dia chi: 271/206 Quang Trung, P10, Go Vap, TP.HCM
-bién thoai: 08.62890759
-Website: www.pcb24h.com


http://www.saokimpcb@saokim.vn
http://www.saokimpcb@saokim.vn

PHU LUCE
HUONG DAN THI CONG BO MACH IN MOT LGP
Bwérc 1: Hiéu chinh file MAX trudc khi in
Sau khi vé& so 6 mach in hoan chinh trén phan mém OrCAD Layout, chiing ta can phai an
cac 16p khong can thiét chi hién thi 16p Top hoic Bottom va I6p Global (16p duong mach in va
|6p duong bao bo) nhu Hinh E.1.

LAC HDNGE ROBOT STDRE 3A0TE TDOBOR DWOH DAJ

Hinh E.1 Hiéu chinh file .MAX
Cha y:

Dbi véi cac doan Text ching ta phai “Mirror” thi sau khi thi cong chiing ta mai nhin thay
dong Text nay theo chiéu thuan.

Linh kién thudong duoc gan I1én 16p Top khi han do d6 néu bo mach chi c6 1 16p thi ching
ta nén vé duong mach in trén lop Bottom.

Linh kién dan thudng dugc han ¢ 16p Bottom d6i voi bo mach in 1 16p do d6 néu sir dung
loai linh kién nay trong mach thi ching ta phai “Mirror” footprint ctia cac linh kién nay trudc khi
v& duong mach in néu khong sau khi ai mach 1én bo ddng thi cac footprint ny sé& bi nguoc va
chung ta khong thé han linh kién Ién bo.

Bud6c 2: Ghép nhiéu file .MAX

Chng ta c6 thé ghép nhiéu file .MAX trén ciing mét trang v& dé tiét kiém gidy in hoac dé
thoa man yéu cau veé kich thudc bo tiéu chuan cua nha san xuat khi gia cong bang cach su dung
chirc nang Merge board.

Cha y: dé thuc hién chirc ning nay chung ta phai dinh vi va di chuyén géc toa cua nhirng
bo mach can ghép dén céc vi tri thich hop.

e Di chuyén géc toa do cua bo can ghép vao vi tri goc bo nhu Hinh E.2 bang cong cu
Tool>Dimension>Move Datum. Néu bo mach can ghép ciing chinh 12 bo mach hién



hanh thi chiing ta can copy bo hién hanh thanh mét bo véi tén goi khac dé thuan tién
cho viéc ghép bo.

e Di chuyén gdc toa do ciia bo mach hién hanh dén vi tri can ghép bo mach khac vao va
lvu lai nhu Hinh E.3.

e Dé ghép céc bo lai véi nhau ching ta vao menu File>Load... Hop thoai Load File xuat
hién ching ta chon chirc ning Merge board va chon file .MAX can ghép vao file hién
hanh nhu Hinh E.4.

Vi tri dit bo

TOEBOR BaJddH 14

Hinh E.3 Bo hién hanh va v; #i dat bo can ghép
e Sau khi ghép xong do ¢6 nhiéu linh kién triing tén nén phan mém sé tao ra nhiéu dudng
ndi mach nguyén ly giira cac linh kién nay nhu Hinh E.5. Chung ta sir dung céng cu Connection
tool sau d6 click chudt phai chon Delete dé x6a cac duong mach nguyén 1y nay nhu Hinh E.6.
Tiép theo chung ta luu bo mach hién hanh nay lai. Néu muén tiép tuc ghép mot bo mach khac



vao bo hién hanh ching ta thuc hién lai viéc di chuyén géc toa do trén bo hién hanh dén vi tri dat
bo can ghép va thuc hién lai cac bude nhu trén.

Load File
ORCAD Layout
Organize = New folder iz v (7}
™ Name Date modified Type ™
#) Homegroup 8] BAILMAK 570/ 2014 9144 PN VIBX F
&l Baiz.Max 7/1/2010 5:42 PM MAK F
8 My Computer BAIZ MAX 7/1/2010 5:42 PM ;
# Desktop BAI4MAX 7/1/2010542PM  MAXF
‘| Documents BAIS.MAX 7/1/2010 5:42 PM MAXF
4 Downloads BAIE.MAX /12010 542PM  MAXF ,
w Music v < >
File name: | BAI3.MAX W [Merge board (*.max) v]
Open Cancel

Hinh E.4 Chon file .MAX cdn ghép

SE 2|

E.6 Ghép thanh cong hai bo mach vao cung mét file




Buwdéc 3: In file MAX

C6 3 loai gidy thuong duoc sir dung dé in bo d6 1a gidy Ford (gidy A4 thuong), gidy Couche
(loai gidy duoc dung dé in tap chi) va mat sau (mau vang) cua gidy in decal.

gy A

E.7 C4c logi gidy in bo (A4, Couche, decal)

Pé in file dudng mach 1én gidy ching ta chon menu File>Print/Plot... sau d6 chon muc
Keep Drill Holes Open dé phan mém giir lai 156 khoan tai cac pad khi in, viéc nay s& gidp ching
ta xac dinh chinh xac duogc vi tri khi khoan mach. Bong thoi chiing ta chon muc Force Black &
White dé ting cudong d6 twong phan. Ngoai ra ching ta con cé thé chon chire niang lay d6i xting
(Mirror) hoac xoay bo mach (Rotation) theo cac goc 90°, 180°, 270°...

Print/Plot H
PrintfPlot Format Print/Plot Settings
Title: |1 AC HONG ROBOT ST( o
" DXF o
' Print Manager .
¥ Keep Drill Holes Open v Center on Page [ Mirror
[~ Print{Plot Current Yiew Scale Ratio: |17 To: |17
¥ Force Black & White Rotation[CCW]
" r - r
™ PrinyPlot To File U eil) e D e el
|hai1.prn

Help Cancel

E.8 Hgp thoai Print/Plot...
Sau d6 chon OK dé in bo mach ra gidy nhu Hinh E.9, chiing ta c6 thé chuyén file mach in
nay sang dinh dang PDF bang phan mém may in 4o nhung cha y phai gitta ding ty 1& 100% khi
in & dam bao chinh xac kich thuéc caa footprint.



E.9 Bo mach duwoc in trén gidy
Bwéc 4: Ui mach 1én bo dong
Dé ui mach in 1én bo ddng chdng ta can chuan bi cac vat dung nhu ban i, dao roc gidy, do
chui xoong, ban chai danh rang loai mém. Trudc khi ui ching ta can vé sinh bo dong bang d6
chui xoong dé dam bao bé mach bo khong bi oxy héa nham 1am ting kha ning bam myc in cia
bo khi ui.

E.10 Chudn bj cac dung cu can thiét va vé sinh bé mdr bo dong
Sau d6 ching ta dat mach can in 1én bo d6ng va ui khoang 3-5 phut véi nhiét o vira phai.
Néu dé ban i qua ndng hoac i qua 1au s& 1a hong bo ddng. Néu nhu ching ta str dung loai gidy
A4 thuong thi sau khi @i xong ching ta phai ngdm nudc dé ¢ thé tach bo 16p giay ra khoi bo
dong va chi giir lai 16p muc in nhu Hinh E.11. Nhung néu ching ta st dung loai giay Couche
hodc gidy Decal thi chiing ta c6 thé tach bo 16p gidy ma khdng can phai ngdm vao nudc.



E.11 Ui mach Ién bo dong va tach bé 16p gidy

Chu'y ching ta phai thao tac can than khi tach bo 16p gidy ra khoi bo dong dé tranh lam dut

cac duong mach in. Néu sir dung loai gidy A4 thi sau khi tach bo 16p gidy xong trén bo thuong

con lai 16p mang mong, ching ta phai tach bo duoc ca 16p mang nay néu khéng thudc rira mach
khong thé tac dong 1én 16p dong va qua trinh an mon s& khdng xay ra.

Lép mang mong

E.12 Lép muec in con lgi sau khi tach bé 16p gidy ra khéi bo dong

Bwéc 5: Ngam bo mach véi thuéc rira (FeCls)

Sau khi vé sinh va tach bo cac 1op mang mong bang ban chai mém ching ta sé& thyc hién
budc ngdm bo mach in véi thude rira. Thude rira mach in 1a loai hop chat c6 kha nang dn mon
kim loai do d6 chung ta chi c6 thé sir dung céc loai khay bang nhya dé tao bé rira bo. Toc d6 in
mon phu thudc vao su tiép xdc giita bé mat bo dong va dung dich thudc rira do d6 chung ta can
tao ra sy ma sat bang céch lac khay dé tao luong di chuyén caa dung dich 1én bé mat bo dong.
ChU y tranh tao ra ma sat giira bé mach bo va day bé rira vi nhu vay c6 thé 1am troc cac duong
mach in.



Tbc d6 dn mon con phu thudc vao néng do caa dung dich thude rira dic hay lodng do d6
ching ta phai thuong xuyén kiém tra khi rira bo dé tranh an mon nhitng dudng mach khéng mong
mudn.

& ":, "‘,\
P s

E.13 Ngam bo mgach véi thudc ria

B .
E.14 Bo mgch in sau khi ngam véi thudc riza
Bwéc 6: Kiém tra dudng mach in
Bo mach in sau khi rira phai dugc kiém tra bang mat va VOM dé dam bao khong c6 duong
mach in nao bi dat hoac bi ndi tat.
PN

E.15 Kiém tra 16i dirt dirong mach in va 16i ngan mach



Bwéc 7: Khoan mach

> 0 diom S @ s O Wie o6
.

CeodcoeNeCetete

E.16 Bo mach sau khi khoan chan linh kién
Bwéc 8: Tay bo 16p muc in phu 16p nhya thong chdng oxy hoa
Chung ta sir dung giay nham min hodc do chui xoong dé tay bo Iép muc in. Néu khong
thuc hién bude nay thi khi han linh kién chi han s& khong két dinh vao pad dong dugc. Tiép theo
ching ta can phu mét 16p nhua thdng dé chdng oxy hda bé mit bo dong bang cach pha céc hat
nhya thong nhuyén véi xiang dé tao thanh dung dich dang keo.

Budéc 9: Lap rap linh kién va kiém tra
Sau khi phoi khé 16p phu nhua thong ching ta tién hanh lap rap linh kién va kiém tra hoat

dong caa bo mach.

E.18 Lé&p réap linh kién va kiém tra
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