THUAT NGU VA TU VIET TAT

Thuat ngir L

hoijic tir viét tit Cha thich

ADC Mach chuyén déi tin hiéu trong tir sang tin hiéu sb
(Analog-to-Digital Converter)

ASIC Mach tich hgp tng dung riéng biét
(Application-Specific Integrated Circuit)

BJT Transistor ludng cuc (Bipolar Junction Transistor)

CMOS Mot cong nghé ché tao MOSFET
(Complementary Metal-Oxide-Semiconductor)

CPU B¢ xtr ly trung tam (Central Processing Unit)

DAC Mach chuyén ddi tin hiéu sb sang tin hi€u tuwong tu
(Digital-to-Analog Converter)

Desian flow | QY trinh thiét k& 14 tap hop nhiéu bude duge thye hi¢n theo thir

g tir @ tao ra mot ban thiét ké vi mach hoan chinh.

DEM K thuat thiét ké vi mach gitip d& dang khi san xuat
(Design For Manufacturing)

DFT K thuat thiét ké vi mach gitip kiém tra thiét ké sau khi san xuét
(Design For Test)

DRC Céc kiém tra dam bao ban layout tudn thu cac quy dinh cua
cong nghé danh cho thiét ké (Design Rule Checking)

ECO Lénh thay doi k¥ thuat (Engineering Change Order)

EM Dich chuyén dién tir (Electromigration)

FIFO Phuong phap t6 chire dir liéu sao cho dit lidu cii (vao trudc) duge
xt Iy trude (ra trude) (First in, First out)
Mach tich hop ¢ cau triic mang phan tir logic ¢6 thé lap trinh

FPGA ;
dugc (Field-programmable gate array)

ESM May trang thai hitu han, hay dugc goi ngén gon la may trang thai.
(Finite State Machine)

IC Mach tich hop (Integrated Circuit)

ICT Cong nghé thong tin va truyén thong
(Information and Communication Technologies)

IP L&i so hiru tri tué ban dan, 161 IP (Intellectual Property)




Thuét ngir

hoic tir viét tit Cha thich

LAB Phong thi nghiém (Laboratory)

LIFO Phuong phap t6 chire dit liéu sao cho dit liéu méi nhat (vio sau)
duoc xtr 1y trude (ra trude) - (Last in, First out)

LSl Tich hop c& 16n (Large-scale integration)

MOSFET Transistor ¢6 cau triic kim loai-oxit ban dan hi¢u tmg truong.
(Metal-Oxide Semiconductor Field-Effect Transistor)

oJT Dao tao tai chd (On-job-training)
Phuong phéap cho phép tuy chinh cac kiém tra dam bao do tin

PERC cay cua thiét ké ve mat dién.
(Programmable Electrical Rules Checking)

PLL Vong khoa pha, mach gitip tao tin hidu dao dong c6 tan s on dinh

(Phase-Locked Loop)

Ba yéu t6 gdm tiéu thu ning lwong, hiéu sudt va dién tich ding

PPA dé danh gia két qua phuong phap ti wu trong thiét ké vi mach
(Power Performance Area)
RAM B6 nhd cho phép ghi/doc ngau nhién (Random Access Memory)
RTL Muic truyén thanh ghi (Register Transfer Level)
SIA Hiép hoi cong nghiép ban dan
(The Semiconductor Industry Association)
SoC Mot hé thng duoc xay dung trén mot chip (System on Chip)
SPI Chuan truyén nhan nbi tiép dong bo (Serial Peripheral Interface)
SPICE Chuong trinh mo phong mach dién tir twong ty mi ngudn mo
(Simulation Program with Integrated Circuit Emphasis)
System bus BPS h'e;~ thopg 151 thalzh phan keit noi va van chuyén thong tin, dir
liéu giita cac dau cudi trong mot chip
UART Giao thirc truyén nhan néi tiép khong dong bd
(Universal Asynchronous Receiver / Transmitter)
VHDL Ngon ngit mo ta phan c@g -
(VHSIC Hardware Description Language)
VHSIC Mach tich hop tdc do rat cao (Very High-Speed Integrated Circuit)
VIP Loi IP ding cho muc dich kiém tra xac minh (Verification IP)
VLSI Tich hop c¢& rat 16n (Very-large-scale integration)




Luu y: trong tai li€u nay, nhoém tac gia chu dich gitr nguyén
mot sb tir tiéng Anh cua tirng nhom nghé hodc thuét ngir ky
thuat dac thu dé giip cac ban thuén tién trong viéc tim kiém
thong tin lién quan.




1 VI MACH LA GI?

Chuwrong nay sé gitip ban doc hiéu vé vi mach,
quy trinh thiét ké vi mach va img dung ciia vi
mach dién twe. T do giup cdac ban hinh dung
duoc cac dac diém cua linh vuc thiét ké vi

mach.




1.1 Vimach la gi?

Vi mach la mach dién tir rit nho dugc dong goi thanh mot linh

ki€n hoan chinh. Vi mach con dugc goi la chip hoac mach tich

hop, viét tat 1a IC, 1a nhitng linh kién dién tir c6 1561 1am bang

vat liéu ban dan.

Céu tao co ban ciia mot chip gom:

1. LGi thyc thi toan bo chire ning ctia mot vi mach va lam béng
vat liéu ban dan.

2. Chan la thanh phan dan dién dugc két ndi vai 18i thong qua
cac day dan.

3. Vo la mot khéi dong nhét giit cd dinh tat ca cac thanh phan
khac va dugc lam bang vat liéu cach dién.

Loi (Core) " Kétndi gitra
N ~.I6i va chén

Vo (Case)

Diém danh dau |
dau chip -
(Notch)

Di&dm danh
déu chan s6 1

\ (Dot)

Chan (PIN)

Hinh 1-1: Mét vi mach thwe té (trai) va cAu tric vi mach (phai)
Quy trinh tong quan ché tao ra chip gdm ba coéng doan chinh:
cong doan thiét ké (design house), cong doan san xuét (wafer
fab), va cong doan dong goi, kiém tra (Assembly and
Packaging.). Hién tai, Viét Nam chua c0 cong doan san XUuét,
nhung da c6 cac doanh nghiép hoat dong trong cong doan thiét
ké va cong doan dong géi, kiém tra.



Design House Mo ta Tai liéu Thiét ké Tai lidu thiét ké Thiét ké
(fabless) sin pham yéu cau iy thugt) \.mé phong I thuat Layout
——LTAPE OUT
Wafer Fab (" ThoiSilicon  )—
(e.g. TSMC)
Assembly & Wafer Probe Test| @ | Cit Dic| m |
Packaging ooob == ==
(e.g. Intel VN) oo 1 i EIE —‘

=

Hinh 1-2: Quy tinh téng quan thiét ké, ché tao chip
Vi mach dugc sir dung trong cac bo mach dién tir, mot phén
khong thé thi€u cua céc thiét bi dién tir nhu may tinh, ti vi, may
giat, tu lanh, dién thoai, ... Vi mach 1a thanh phan c6t 15i dé ché
tao ra phan cirng hay bo mach dién tu.

VI MACH

Hinh 1-3: Mt bo mach dién tir sir dung rat nhiéu vi mach khac nhau
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1.2 Thiét ké vi mach la gi?

Thiét ké vi mach 1a qu4 trinh tao ra ban thiét ké cuia 16i chip ma
nha may san xuét vi mach c6 thé st dung dé ché tao ra chip.
Can ¢t vao loai tin hiéu ma vi mach c6 thé xir 1y, vi mach dugc
chia thanh ba loai sau day:

- Vi mach sé (Digital IC) xu ly tin hiéu roi rac dua trén
muc logic la 0 va 1, hoac canh chuyén cua tin hiéu la
canh 1én va canh xuong.

- Vimach tuong tu (Analog IC) xt ly cac tin hiéu lién tuc
dua trén thudc tinh tan so, dién ap, dong dién, ... cua tin
hiéu.

- Vi mach hén hop (Mixed-signal IC) la chip tich hop ca
thanh phan xtr ly tin hiéu s6 va tin hiéu tuong tu

Pé c¢6 duoc mot ban thiét ké vi mach hoan chinh, nhiéu cong
doan khac nhau phai dugc thuc hién. Tuy c6 3 loai vi mach
nhung thiét ké vi mach c6 thé duoc phan chia thanh hai nhanh
chinh 14 thiét ké mach s va thiét ké mach twong tu.

o e e
Thiét ké mach sé
(Digital Design)

MO b thiét kb bang ngdn nglr md ta
phin cimg

Theét k€& mach nguyén Iy Mo phang va kédm tra thiét ik Thiét ké vatly
Thiét ké mach tuong ty
(Analog Circuit Design)
\

Hinh 1-4: Qua trinh tir thiét ké dén ing dung ciia vi mach



1.3 Quy trinh co bén thiét ké vi mach

Céch thuc ciing nhu cong cu ding cho thiét ké mach s s& khéc
nhi€u so vdéi thiét ké mach tuong tu, nhung quy trinh co ban
thiét ké vi mach déu trai qua ba budc dudi day:

Budc 1. Thiét ké mach:

- Mach sé: Mot thiét ké mach sé c6 thé duoc mé ta bang
mét trong cac ngdn ngit mo ta phan ciing nhu Verilog,
SystemVerilog, VHDL, SystemC, hoac mét vai ngbn
ngit khac nhung bon ngdn ngir d liét ké cé ty 18 sir dung
cao nhat trong cdng nghiép vi mach hién nay.

- Mach twong tur: Mot phan mém v& mach duoc sir dung
dé biéu dién tryc quan S0 d6 mach nguyén 1y, d6 1a ban
vé thé hién cac dudng ndi gitra cac cuc ciia cac linh kién
co ban nhu: mosfet, bipolar transistor, diode, tu dién,
dién tra, cudn cam; kém theo céc théng sé cu thé vé kich
thudc hinh hoc cua tung linh kién.,

Buéc 2. M6 phong va kiém tra thiét ké: chirc ning cia thiét ké
dugc kiém tra bang nhiéu phan mém chuyén dung khac nhau
dé dam bao thiét ké hoat dong ding nhu mong mudn.

Buwéc 3. Thiét ké vat Iy: Thiét ké dugc chuyén ddi tir ngdn ngir
mo ta phan ctng hodc so d6 mach nguyén 1y thanh dinh dang
layout dé lam duoc mask str dung cho cac may duc chip trong
nha may ché tao va san xuat vi mach.

1.4 Ung dung ciia vi mach

Két thiic qua trinh thiét ké, ban thiét ké hoan chinh cua 15i chip
duoc giri dén nha may dé san xut ra vi mach hoan chinh. Cac
vi mach s& duoc két hop v61 nhau trén cac bo mach dién tir
ding trong cac thiét bi dién tir. Phan mém, bao gdm firmware
va software, duoc phat trién dya trén nén tang ciia phan clng
dién tr nay.



2 NGHE THIET KE VI MACH

Néu ban quan tdm dén nganh thiét ké vi mach
va ban ciing da tén khd nhiéu thoi gian loay
hoay tim hiéu "can hoc gi?" thi ngi dung
chwong nay la cdu tra loi cho cau hoi do.

NQoai ra, nhitng goi ¥ vé 1 trinh phdt trién
nghé nghiép ciing sé dwoc dé cdp.




2.1 Kién thirc chuyén mén can hoc & Pai hoc

Nhiéu trudng dai hoc ¢ khoa dién-dién tir, dién tir vién thong,
cong nghé thong tin, khoa cong nghé, hoic khoa vat ly déu
giang day cac kién thic co ban lién quan dén cong nghé vi
mach, mach tich hop hodc ban dan. Tuy nhién, cong viéc thuc
té luon doi hoi nhidu kién thirc chuyén mén va k§ nang chuyén
sau hon. Viéc chuén bi céac kién thirc can thiét trong qua trinh
hoc dai hoc 14 1oi thé 16n trén con dudng nghé nghiép.

Déi véi nganh thiét ké vi mach, cac kién thtrc tam duoc chia
thanh ba nhom theo thtr ty vu tién nhu sau:

e Kién thirc co ban 14 kién thtrc tdi thiéu can phai c6. Pay
la nhém kién thirc chung cta nganh dién tir, vat Iy ban
dan.

e Kién thtrc chuyén mén 1a kién thirc chuyén sau cho ting
nhom nghé.

e Kién thic hd trg 1a nhitng kién thirc gitup cong viéc
chuyén mén tét hon.

2.1.1 Nhém kién thike co ban

Nhiing kién thtrc thudc nhom nay can phai duge hoc dau tién.
Hau hét cac nganh lién quan dén k¥ thuat dién tr déu giang day
cac kién thuc nay trong cac mon hoc bat budc hodc tu chon.
Céac nhom kién thic co ban cin thiét cho nganh vi mach s&
duoc liét ké sau day.

Kién thitc vé mach dién va mach dién tr: viéc hiéu nhiing
nguyén ly, cach tinh toan va hoat dong ctia mach dién I1a nén
tang gitp giai thich, phan tich cac hién tuong, va thong sé dién
cua mach dién.

Kién thirc vé linh kién dién tir: cac linh kién dién tr nhu dién
tro, tu dién, ... va dic biét 1a cac linh kién ban dan nhu BJT,
MOSTFET, CMOS 1a mot phan khéng thé thiéu ddi véi ky su
dién to. Vi mach cling 1a mot loai linh kién dién tir nén vi¢c

10



hiéu cAu trtc, va hoat dong cua mot s6 linh kién dién tur phtrc
tap va pho bién s& 1a kinh nghiém tét khi ban 1am viéc trong
nganh thiét k€ vi mach.

Kién thirc vé cdc thanh phan logic co ban: Cau trac, chiic ning,
va hoat dong cua cac phan tir logic nhu AND, OR, XOR, NOT,
NAND, NOR, Flip-Flop, Latch, ... s¢ dugc st dung thuong
xuyén & hau hét cac khau thiét ké.

Kién thirc vé thiét ké mach logic: Trong tam cta thiét ké mach
s0 la cac kién thurc vé dai s6 Boolean, bia Karnaugh, mach t6
hop, mach tuan ty, va may trang thai.

Kién thirc vé quy trinh thiét ké vi mach: Kién thic tong quan
can phai nim dé ban c6 thé biét mdi lién hé giira cac khau trong
quy trinh thiét ké. T d6, cac k¥ su c6 thé nhanh chéng hinh
dung ra cong viéc can lam khi nhan cong viéc thuc té.

=D L
0D
" >
i A A u Y
D T
»/ua;':,: $~.o S’ ;jD_ o
- > =D
nh\‘("l 00 01 11 10 sk e s W o
3 S| IR el a1
0 1o | .... ... 1'; I:..A...‘.M..
or|ofo |0 o I ’—‘“ '
e - BT sao e —
ulo[Eilllo] T iem g el i
o [ - e 155 = @

ek % tewor A pe— —— = B
Bia Karnaugh va Pai s6 Boolean Thiét ké mach logic Quy trinh thiét ké

Hinh 2-1: Kién thitc co ban
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2.1.2 Kién thirc cho thiét ké mach s

2.1.2.1 Kién thirc chung

Kién thire vé chip SoC: dinh nghia, vai trd, cau tric va cac thanh
phan co ban ctia mot chip SoC. Dbi voi phan nay, hiéu chirc
ning va hoat dong ciia cac thanh phan trong mot chip SoC nhu
PLL, CPU, Bus, RAM, ADC, DAC, UART, SPI, ... 1a yéu cAu
quan trong. Muc tiéu chinh ctia phan nay khong phai 1a tim hiéu
sdu vé tat ca cac thanh phan trong SoC ma chi can biét khai
niém cac khdi chtrc nang thong dung.

Kién thirc vé vi diéu khién va vi xit Iy: Vi cac chip SoC hién nay
déu c6 16 vi xir Iy bén trong nén kién thirc nay thudng lién quan
dén khé nhiéu vi tri lam viéc khac nhau trong linh virc vi mach.
Hiéu dugce ciu trac, hoat dong va vai tro cua vi xu ly trong hé
thong, gitp ban cé cai nhin tong quan tot vé cac chip Soc.

Kién thirc vé bus hé thong: day ciing 1a mot thanh phan luén co
trong cac chip SoC hién nay. V&i vai tro van chuyén dit liéu
bén trong chip, bus hé théng két ndi cac thanh phan chirc ning
bén trong chip va anh huong 16n dén hiéu qua xir Iy ciia mot
chip SoC.

VG CPU core
(vGe)

Memory bus — MEM bus (341 bus) Display bus — DP bus (AXI bus)

VeAdisplay | [0 Card/emamc|
(veA) [C)

1T iz

|on chip memory 0
(OcMEM 0)

|on chip memory 1 LA
(ocmEm 1) )

(et -reiomgenam )

Hinh 2-2: Vi du minh hoa vé cAu tric mgt SoC
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2.1.2.2 Kién thirc danh cho k¥ su thiét ké s6

Céu trac va chirc nang cua cac mach loai mach $6 thuong dung
nhu bd ma hoa (encoder), bd giai ma (decoder), mach ghép
kénh (MUX — Multiplexer), mach tach kénh (DEMUX -
Demultiplexer), mach dém (counter), mach cong (adder), mach
nhan (multiplier), FIFO, LIFO, mach dong bo (synchronizer),
mach phat hién canh (edge detector), ...

Kién thirc vé ngdn ngit md ta phan cing Verilog, System
Verilog, VHDL dé doc hiéu va mé ta RTL code.

Céc k¥ thuat thiét ké nhu thiét ké dong b, thiét ké bt dong bo,
thiét ké nhiéu mién xung clock, thiét ké tan so cao, thiét ké cong
sudt thap, ...

By _re
byte_addr|4.0) ¥
—_—
meb_addi]4.0]
|l always & (posedge clk sys) begin
- if (cipher en | rkey en) begin
0 T a7 0] round_key_reg[127:0] <= round_key[127:0];
. end
end
T
1 architecture behv of UK GATE is
:‘—" ' fum_te z:g:;:s (%,7)
s(X,Y
- it_ci {2 \ 2
L, bit_courter2:0] . begin
i FZ <= X or 1} -- behavior des.
o end process;
- Faay end behv;

Ngén ngir mé ta phan cirng

Mach sé thuréng ding

Clock generator
clk_a
800Mhz

clk_Lk / handehaker clk_c
hy HEEE o J 1Ghz
4 synchrenizer I
Y

|D::main Bl ,—|~—-— Domain'c|
Hinh 2-3: Kién thirc chuyén mén danh cho ky sw thiét ké s6
2.1.2.3 Kién thirc danh cho k¥ su kiém tra thiét ké s6

Kién thirc vé cac phuong phap kiém tra thiét ké nhu phuong
phdp moé phong (simulation) hay kiém tra formal (formal
verification)
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Ngon nglt mOé phong System Verilog, SystemC, C/C++,
assemply, ... dé xay dung moi trudng mod phong va tao cac mau
kiém tra.

Kién thirc vé cac phuong phap mé phong nhu OVM, VMM,
hay UVM. Phuong phap moé phong UVM (Universal
Verification Methodology) 1a phuong phap méi nhit va dang
ngay cang phd bién nhat. Thu vién UVM duoc xiy dung trén
ngon ngtt System Verilog.

Kién thirc vé VIP (Verification IP), VIP 1a nhitng m6 hinh mo
phong dugc xay dung sdn bai nhiéu nha cung cap khac nhau
hodc boi chinh ki su md phong dé hd tro kiém tra thiét ké
nhanh chong.

Kién thirc vé phan mém mo phong, kiém tra; g& 161 (debugging)
va phan tich dang song (waveform) 12 k§ ning khong thé thiéu
cho ca k¥ su thiét ké va kiém tra.

“—- e v
= ~

SystemVerilog‘ UvM
‘—/

ZT §x
Gl W
VA

Formal Verification

Verification

Checking

Phwong phap kiém tra thiét ké Ngén ngi kiém tra thiét ké Phwong phap mé phdng
-— d ®
Testbench ‘ Verification IP ‘ ®
-~ 7N\ Testbench S\ I-I[]PS S
W Sy T | Y
Systemerilog Coxn';r::r::ro" BEM —>‘ DUT Silicon to Software
Protocol Layer le—
Errors Injector ‘
Kién thirc vé Verification IP (VIP) Phan mém mé phong

Hinh 2-4: Kién thirc danh cho k§ sw kiém tra thiét ké so
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2.1.2.4 Kién thirc danh cho k¥ su thiét ké vat Iy

Kién thirc vé phuong phap, quy trinh thiét ké: IC sb c6 quy mo
v6 cung 16n tir hang trim triéu t61 hang ty phan tir do d6 thiét
ké vat 1y chip s dua trén sy hd tro rat 16n ciia may tinh dé co
thé tu dong hoa vi¢e bd tri va ndi day. bpé may tinh cé thé tu
dong hoa duoc thi cac phan tir logic can phai duoc tiéu chuan
hoa thanh cac standard cell; va cac budc layout can tudn tha
theo cac yéu cau t6i wu (design constraints) vé dién tich, chiéu
dai day ndi tin hiéu, mat d6 cong suét tiéu thy, phan bd duong
clock (xung nhip), vv... ma may tinh c6 thé hiéu duoc. Hiéu rd
quy trinh cac budc thiét ké vat 1y nhu floor planning, power
planning, placement, clock tree synthesis, routing va signoff s¢
gitip nguoi ky su diéu khién thanh thao dugc phan mém hd tro
thiét ké cho ra két qua tdi vu nhat nhu y muén.

Kién thirc vé thu vién cong nghé (technology library): Mdi nha
may san xuat déu s¢ hitu dic diém k¥ thuat theo cong nghé
riéng biét, thu vién cong nghé dugc cung cap dé chtra nhitng
théng tin vé cac dic diém vat 1y va dic tinh dién cua cac phan
tir, 16p vat lidu ciing nhu cac quy tic riéng theo timg cong nghé
dé nguoi ky su thiét ké sir dung.

Kién thirc vé phan tich nhung quy dinh vé thoi gian (timing)
tinh STA (Static Timing Analysis): STA 1a phuong phéap xac
dinh su hop 1€ cac rang budce tdi wu nhat vé timing clua thiét ké
bang cach tinh toan va danh gia thoi gian tat ca cac duong di
cta dit liéu va cac két ndi trong thiét ké so vdi thoi diém thay
d6i xung clock xem c6 vi pham diéu kién timing cu thé ciia mbi
cong nghé duoc sir dung cho thiét ké. Phan tich tinh c6 nghia
2 tinh toan mang tinh thdng ké tir co so dit liéu & mdi budc
thiét ké chir khong can phai chay mé phong theo thoi gian. Cac
loai kiém tra timing co ban gém kiém tra setup, kiém tra hold,
kiém tra data-to-data, kiém tra recovery va kiém tra removal.
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Synthesized Design
Netlist

Design Initialization

Sanity Checks

Floorplan

Pre Placement

Sanity Checks

Placement

Lin . com_out
Combinational circuit

Pre CTS Opt |‘ l
Sanity Checks o b q L o a Ln o 5o

—_—— = SEL — SEL — SEL

<13 <13

Post CTS Opt

DFT (Design For Test)

e T DT ST PO NIy

Sanity Checks

Post Post Opt

Signoff
GDS / OASIS

Quy trinh thiét ké vat ly

Hinh 2-5: Kién thirc danh cho k¥ sw thiét ké vat ly
Kién thtrc vé DFT (Design For Test): K su thiét ké chi c6 thé
dam bao chirc nang cia thiét ké khong co 16i bang cac két qua
md phong dang tin cdy, chir khong thé dam bao qua trinh san
xuat (fabrication) khong c6 bat cir sai hong nao. Viéc c6 thé
kiém tra chip c6 sai hong trong qua trinh san xudt mot cach
nhanh chéng va chinh xac c6 ¥ nghia rt 16n trong toan bd qua
trinh dwa san pham vi mach ra thi truong. Céc 161 thudng gip
|a: stuck-at-0, s-a-0; stuck-at-1, s-a-1; ngan mach (short), ho
mach (open). DFT 1a k¥ thuat gitp kiém tra chip c¢6 gip phai
sai hong trong qué trinh san xudt mot cach day da va nhanh
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chéng bang cach chu dong dwa thém vao cac mach logic ding
cho viéc kiém tra chip. Khong c¢6 DFT, chip van c6 thé duoc
kiém tra théng qua do dac va chay cac test chirc ning (fucntion
test) trén chip nhung thoi gian test rat lau va khong dam bao
toan b chip duoc test diy du (coverage thap). Tuy nhién, viéc
ap dung k¥ thuat DFT s& lam kich thudc chip 16n hon do phai
thém cac logic phuc vu viéc kiém tra. Do d6 viéc can bang giira
quy md mach logic thém vao va hiéu qua dugc danh gia bang
thoi gian test va ty 18 thiét ké duoc kiém tra, ciing 1 cong viéc
rat quan trong.

Kién thirc vé phan mém: D6i voi nguoi thiét ké mic vat 1y,
viéc hiéu, cdu hinh ding phén meén; thiét 1ap cac rang budc
dung va du 1a rit quan trong vi né anh hudng truc tiép dén chat
luong ciia ban thiét ké vat 1y.
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2.1.3 Kién thirc cho thiét ké mach twong tw

2.1.3.1 Kién thirc chung

Mach tuong tu dugc biéu dién bé’mg cac ban vé trong do két ndi
gifta cac phan tir linh kién duoc biéu dién bang cac doan thing
hinh hoc truc quan. Do d6 kién thic vé nguyén 1y hoat dong
clia cac mach dién co ban trong cic bai giang 1y thuyét mach,
thiét ké mach, ... vi du mach mach guong dong dién, mach
khuéch dai mot tﬁng don, mach khuéch dai vi sai, mach 6n ap,
mach diéu ché, mach so sanh, mach tao dao dong, mach tao
dién &p tham chiéu, cac mach bién doi gitra tin hi€u tuong tu
va tin hiéu sd, ... can duoc hiéu rat ro.

Biéu dién cac phan tor mach dién co ban

B K- o

C4u truc hinh hoc Transistor

Silicon substrate

cMOS FINFET
Phan t& ky sinh
Gate

. | o L
T T | ¢
Oxldeft n
CuT TCu

s e
e v "
H / Hw = L = F [ [aeidase,

Bipolar Transistors Dién tré& Tu dién Bién cam

Hinh 2-6: Céu tric vat ly va sy hinh thanh cac phan tir ky sinh trong
qua trinh cheé tao phan tir co' ban ciia mach dién

Céc vi mach tuong tu lam viéc trong dai dién ap rong, nhay

cam db6i voi cac tic dong cia moi truong cao, do d6 kién thirc

vé cac céu tric vat 1y, cac budc cong nghé ché tao co ban, cling

nhu sy hinh thanh cac phan tir ky sinh do qua trinh ché tao cac

phan tir co ban cua mach dién ciing can duogc tim hiéu k¥ cang.
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2.1.3.2 Kién thirc danh cho ky sw thiét ké twong tw

Kién thirc nén tang vé phan tich va thiét ké mach dién: day la
kién thirc dé ngudi k§ su: (1) ¢ thé phan tich dwge mach dién,
nghia 13 tr mot mach dién sin co, ngudi k¥ su can biét duoc
cach thirc dé tinh ra cac thong sé cua mach dién; va (2) tim ra
mach dién thoda man mot tap cac thong s6 cho trude. Do 1a cac
kién thirc vé cac md hinh tin hiéu dung dé phan tich nguyén 1y
cua dong dién, dién ap trong cac mach dién tir co ban tdi phuc

Vx
PMOS Pass Transistor
' Vin Azl Vour - Vrer)
Ry |
Vow °
(R = =

Load
Ry

Error Amplifier

Vin=Vaar,

Mach nguyén Iy IC én dp M6 hinh tin hiéu

1.1 1) 1 ) 1 (
VO[T_E_E]_VDJ{E_gmAE,—:]_gmAE,—:VREF :V:\'[Z_ng (1) and Vnn'[f*i

Ve (Ut Apr) + Voer A prAs,s
Tl (1) va (2), ta cd cong thire tinh Vo nhw sau: Vo=

Trong d6: Apt = gmfop 5 B = Ry/(Ry + R;), and (Ry + Ry) >> R,

AN

Néu AprAgaB va Apr larat I1&n hon 1, ta co: 1p B

Hinh 2-7: Minh hea viéc sit dung mé hinh tin hi¢u nhé aé phén tich
thong so sy phu thudc dién ap ra/vao déi véi mach IC on ap.
Kién thtrc vé cac phan mém hd trg vé& mach dién va mo phong
SPICE: cac phén mém may tinh hién nay ho tro rat 16n cho viéc
thiét ké vi mach, hiéu biét cach sir dung cic phdn mém hd trg
v& mach dién va mé phong 1a yéu cau bat budc dbi véi ky su

thiét ké vi mach twong ty.

Kién thuc vé layout mach dién: Trong mach dién nguyén Iy,
cac phan tir mach dién c6 nhiing yéu cau vé layout khac nhau,
vi du vi tri dat linh kién c6 can dbi xtg hay khong, kich thudc
day kim loai c6 Iuu y gi ddc biét hay khong, ... do d6 kién thic
vé layout mach dién ciing rat can thiét dé dam bao layout diing
v6i y d6 thiét ké.
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Kién thirc vé viéc sir dung cac trang thiét bi may do: sau khi
chip duoc san xuét, néu c6 van dé thi k¥ su thiét ké phai truc
tiép kiém tra, tim hiéu xem van dé nam & ddu, do d6 k§ su thiét
ké vi mach tuong tu ciing can biét cach sir dung cac may phat
song, may do hién song, cac ddng hd do, han gén linh kién.

3 uﬂfr
ki u E:.EE%

EnE=
| e

Layout mach dién

[ .

A TTIOFE LT

Mé phéng mach dién Do dac chip

Hinh 2-8: Kién thirc cin cé ciia k§ sw thiét ké vi mach twong tw
Kién thirc viét tai liéu k¥ thuat: Ngoai ban vé so d6 nguyén ly
va md phong, cac tai lidu thiét ké cling dong vai tro kha quan
trong. Tai liéu nay mo ta chirc nang cua mach dién, giai thich
so d6 nguyén 1y véi cac thong sb vé kich thudc, két qua mo
phong, ... nham phuc vu muc dich luu trir, tham chiéu khi can
trong cac cudc hop k¥ thuat vai cac bo phan chirc nang khac.
Mot tai liéu day du, dé theo di s& thé hién dugc chat lugng cua
mot ban thiét ké.

2.1.3.3 Kién thirc danh cho k§ sw thiét ké layout

Kién thirc doc hiéu mach dién nguyén ly: thiét ké layout cho vi
mach tuong tu duoc lam thii cong & tit ca cac budc do cac phan
tr mach dién khong duoc chuan hoa vé kich thude nhu céc
phan tir logic trong thiét ké vat 1y mach s6. Ngudi ki su can
doc hiéu cac thong s, thong tin kich thuéc hinh hoc va cac yéu
cau tr bo phén thiét ké mach cua timg linh kién trong mach
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dién nguyén 1y rdi dat, v& ting 16p vat liéu, ting duong day
dan, ... dé chuyén hoa so d6 mach dién nguyén 1y thanh dinh
dang dé c6 thé dung trong nha mdy san xuét ché tao chip. TAm
silicon kha mong va dé& bi ton thuong nhét 14 tai vi tri cac canh
va goc cua chip bai ap luc vat 1y co hoc trong qua trinh cit, mai
mong. Do d6 doc hiéu mach dién ciing gitp cho viéc bb tri vi
tri phu hop trén mit phang chip ddi vé6i cac khéi mach co chire
nang “nhay cam” nhu khéi dién ap tham chiéu va khdi tao dao
dong (tranh dat ¢ vi tri géc canh chip).

Kién thirc vé cac bude dong goi linh kién dién tir: chip sau khi
dugc duc tai cac xudng duc chip, s€ duoc chuyén té1 cong doan
dong goi, tai day cac chan cua chip s& duoc két ndi tir bé mit
wafer ra t6i cac tiép xtic kim loai tai chan vo ngoai cua chip.
Do d6 so d6 lead frame nhan dugc tir bo phan san xuét, so d6
bonding, so d6 ball mapping can duoc ky su layout xem xét ki
dé c6 thé ¢6 dinh vi tri cac pad trong sudt qua trinh layout. Tir
co s& d6 nguoi ky su layout méi c6 thé bit dau tién hanh b tri
cac mach dién thanh phﬁn.

Lead Frame

Mounting

Day bonding Cavity

Die

Hinh 2-9: Minh hoa déng goi linh kién dién tir
Kién thirc cac quy tac dic thu ciia cong nghé ché tao: Doi véi
ngudi thiét ké layout thi nhirng thong tin vé dién tich Ia rat quan
trong, ngudi thiét ké cé bao nhiéu khoang tréng dé vay ving la
c6 thé tim thay va udc lwong & budc nghién ciu cong nghé nay.
D6 1a xem cong nghé c6 nhirng loai linh kién (devices) nao, cac
quy dinh vé kich thudc hinh hoc t6i thiéu/ddi da c6 thé v& cua
ting 16p vat lidu cu thé ra sao. O day hinh vé cac mat cat ngang
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cua cac linh kién 1a rat can thiét dé hiéu vai trd va tac dung cua
cac l6p ciing nhu cac phan tir ky sinh.

Poc hiéu mach dién Layout mach dién

BL N-well 8§ G D DGS P-well

p Substrate

Céu tric linh kién

Hinh 2-10: Kién thirc cin c6 ciia k¥ swr thiét ké layout mach twong tu
Kién thirc mot mot sé phan mém layout: cac phan mém nay cho
phép thé hién hinh vé& cac biéu twong linh kién trong mach dién
thanh nhitng khdi da giac hinh hoc. C6 thé ké dén cac phan
mém nhu: Cadence Virtuoso Layout Editor, Custom Compiler,
LEdit, Klayout ...

2.1.4 Kién thirc hd tro

Kién thtrc vé nén tang Linux: Vi cic phan mém chuyén dung
chay trén nén tang Linux nén cac k¥ ning nhu cai dat phan
mém, cau tric sap xép thu muc, nguyén 1y goi va chay phan
mém, st dung 1énh va thao tac trén ctra s6 1énh (terminal), ...
s& gan lién v6i cong viéc mdi ngay.

Kién thtrc vé cac editor: Céc trinh soan thao nhu VIM,
XEMACS, ... dugc st dung pho bién trén Linux.

Ngon ngir script: Cac ngon ngit script nhu Tcl, Perl, C-shell,
Python, Make, ... duoc str dung chii yéu dé chay cac phan mém
va gitip ban rit ngin thoi gian lam viée bang cach ty dong hoa
nhiéu cong viéc.
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Kién thirc vé FPGA: Khi sir dung FPGA ban ciing s& 1am cac
cong viéc nhu thiét ké, RTL coding, mé phong, tong hop, phan
tich timing, ... Tuy thiét ké trén FPGA khac véi thiét ké ASIC
nhung cac ban s& hoc duoc nhiéu khai niém thuat ngir, k§ ning
chung nhu bén thiét ké ASIC.

Kién thirc vé& cac phan mém ma ngudén mé dung trong thiét ké
vi mach: Ban s€ kho tiép can duogc cac phén mém chuyén dung
trong nganh thiét ké vi mach vi chung 1a cic phian mém ban
quyén c0 gia rat cao. Tuy nhién, viéc tiép can cic phan mém
online hodc mi ngudén ma sé hd tro gidi quyét mot phan nhu
cau thuc hanh va tim hiéu khi hoc tap.

telltk

Ngén nglr Script

SNAEE LAY S ee as

|
| txPadAmp

»

Phan mém ma nguén mé

Hinh 2-11: Kién thirc hd tro
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2.2 Lo trinh phat trién nghé nghiép

Trong cac nganh cong nghé ndi chung va thiét ké vi mach néi
riéng, cac cong ty chuyén nghiép ludn co tiéu chi rd rang va
phan dinh r6 hai nhanh nghé nhiép 1a “quan 1y” va “chuyén
gia”. V6i xuat phat diém 1a mot k§ su khi méi ra truong, ban
thudng s& can mot vai nam dau dé trau doi k§ nang va kinh
nghi¢ém chuyén mon. Sau khi dat dugc mot s6 thanh tyu nhat
dinh vé chuyén mén va quen thudc véi méi trudng 1am viée
cong nghiép thi ban bat dau phan dau cho dinh huéng nghé
nghiép da lua chon.

Su khéc biét chinh gifra “quan 1y va “chuyén gia” 1a trinh do
chuyén mon k¥ thuat va trinh d¢ chuyén mon quan tri. Trong
khi chuyén gia dau tu phat trién trinh d6 chuyén mon k¥ thuat
dé giai quyét cac van dé ky thuat thi quan 1y s& phat trién manh
vé hudng chuyén moén quan tri.

Dbi voi hudng quan 1y, cac ki ning vé giao tiép, 1ap ké hoach,
quan 1y thoi gian, ddnh gia con ngudi, phat trién doi nhoém, dinh
hudng phat trién, ... va cac k¥ ning mém khac s& duoc chu
trong phat trién. V& chuyén mon k¥ thuat, cang 1én quan 1y cap
cao, sy hiéu biét vé chi tiét k¥ thuat s& giam dan nhung k¥ thuat
téng quan van duoc duy tri va phat trién.

Dbi voi huéng chuyén gia, cac thong tin va chi tiét vé k¥ thuat,
cong nghé, phan mém s& duoc phét trién ngay cang manh thong
qua cong viéc va du an thyc té. V& k¥ ning quan tri, cic chuyén
gia thuong s& manh vé quan 1y ca nhan, biét sap xép va quan ly
cong viée ciia minh ngay cang khoa hoc dé tranh anh hudng
dén cong viéc cua cac khau khac.
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Ky sw moi

Ky sw c6 kinh nghiém

Chuyén gia cép 1

Quén ly cap n Chuyén gia cap m

Hinh 2-12: L trinh phat trién nghé nghiép
Luu y: dinh nghia vé muc d6 kinh nghiém la dva trén kha nang
thuc hién cong viéc, cu thé:

- K¥ su muc Intern/Trainee: thuc tap sinh, can dao tao tir
3 161 6 thang moi c6 thé bat dau lam viéc.

- K¥ su murc Junior: k¥ su chua c6 nhiéu kinh nghiém,
nhung sau qué trinh dao tao c6 thé thuc hién dugc cong
viéc v6i sy hudng dan tir cac k¥ su c6 kinh nghiém hon.

- K§¥ su muc Engineer: k¥ su duoc bat dau duoc tin tudng
giao phuy trach chinh céc nhiém vu trong d6i doc 1ap.

- K¥ su mutc Senior: k¥ su ¢6 kha nang chiu trach nhi€ém
chinh nhiém vu doc 1ap, phirc tap va co6 thé hudng dan
cho céc k¥ su it kinh nghi¢m hon.
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K§ su murc Staff: k§ su chinh, c6 kha nang phu trach
chinh déng tho1 mét vai nhiém vu va chiu trach nhiém
cong viéc cho ca doi nhom.

K§ su mirc Principal: k¥ su nhiéu kinh nghiém phu
trach k¥ thuat cho toan bo hay nhiing phan kho nhét cua
chip. K¥ su ¢ mirc nay khong chi ¢6 kha nang tu giai
quyét cac van dé k¥ thuat phat sinh va con dé xuat cac
giai phap nang cao chét luong thiét ké, va hd tro giai
quyét cac van dé cho cac k¥ su cap thap hon.

Ngoai ra, nhiéu cap k¥ su mirc cao hon s& khong mo ta chi tiét

o day.
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Phu Luc 1: NHOM TAC GIA

o
;_v

Nguyén Thanh Yén Tét nghiép dai hoc
bach khoa Ha Noi, chuyén nganh dién tu
vién théng nim 2005, va nhan bang thac
sy khoa hoc, chuyén nghanh k¥ thuat vi
mach, dai hoc quéc gia Singapore nam
2012. Trude khi dam nhan vi tri ky su
trudng tai cong ty CoAsia SEMI Vietnam
hién tai, anh Yén sang 1ap don vi LSI cung
cap dich vu thiét ké chip vi mach cho cac khach hang qubc té
tai FPT Software, tai ddy anh Yén da thanh cong thiét 1ap, quan
ly, van hanh va phat trién doi ngii 130 k¥ su thiét ké vi mach
chi trong 3 nim tir con s6 khong ban dau. Tir nam 2008 t&i nim
2014, anh Yén lam viéc cho cong ty Infineon Technologies,
phu trach thiét ké cac mach dién tuong tu hi¢u suét cho san
pham bién d6i ngudn va vi diéu khién 32 bit sir dung trong cac
ung dung cho 6 t6. Trudc nam 2008, anh Yén lam viéc cho
cong ty Active-Semi, nay 1a cong ty Qorvo Viét Nam vai vai
tro 1a k¥ su thiét ké vi mach tuong tu cho céc san phim quan
1y ngudn. Anh Yén con 13 thanh vién quan tri cong dong k¥ su
vi mach Viét Nam v&i hon 26000 thanh vién. Anh Yén rét tich
cuc tham gia vao cac hoat dong phat trién cong doéng vi mach
Viét, bao gém: viét bai, thuc hién to chirc cac hoi thao truc
tuyén va truc tiép, cac khoa dao tao mién phi vé “Thiét ké chip”
cho cac ban sinh vién mudn cing cb kién thirc nén tang lién
quan dén thiét ké chip vi mach /.
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Nguyén Hung Quan t6t nghiép Dai
hoc Bach Khoa Thanh phé H6 Chi
Minh nam 2009, chuyén nganh Dién
Ttr. Sau khi ra truong, anh lam viéc tai
cong ty ICDREC trudc khi chuyén
sang cong ty RVC, Ampere
Computing Vietnam, va hién tai anh
13 quan 1y nhom thiét ké RTL tai cong
ty BOS Semiconductors Vietnam.
Linh vuc chuyén mén cta anh 14 thiét
ké vi mach s6. Anh da timg tham gia thiét ké, ciing nhu tich hop
trie tiép nhiéu 15i IP cua nhiéu dong chip vi diéu khién va SoC
khéc nhau nhu chip vi diéu khién 8-bit, 32-bit, chip danh cho xe
hot, chip danh cho server va data center, ... Bén canh d6, anh con
tham gia cong tac dao tao chuyén mdn cho cac ban sinh vién va
ky su theo chuyén nganh vi mach trong giai doan tir nam 2012
dén 2016. Déng thoi, voi mong mudn tao dong luc cho cac ban
sinh vién va cac ky su mdi tham gia vao nganh vi mach, anh da
thanh 14p céc trang ca nhan dé chia s¢, trao ddi kién thirc va thdng
tin mién phi ./.
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Phu Luc 2 : TAI LIEU THAM KHAO

1. SIA, https://www.semiconductors.org/

Blog dao tao vi mach mién phi,
https://nguyenquanicd.blogspot.com/

3. Facebook Céng dong vi mach Viét Nam
https://www.facebook.com/groups/vimachvn/
4.  Synopsys, “University Software Program ”,

https://www.synopsys.com/academic-
research/university.html
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