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TOM TAT

Trong bai bdo nay, nhém téc gia hién thuc moét hé théng test chip tu dong, co thé ting dung trén
nhiéu loai chip khac nhau. Cac hé théng test chip thi cong thudng l3p lai nhing budc kiém tra
nhu nhau tng vai nhiéu diéu kién ngd vao; hodc dbi véi cac hé théng co chi phi cao, du dugc dau
tu va rat téi uu vé mat thiét bi nhung lai ¢ chi phildp dat, van hanh kha dat do, diéu nay khién cac
hé théng trén kho ing dung vao mai trudng gido duc hodc moi trudng doanh nghiép vira va nho.
Heé théng test chip tu dong khac phuc dugc hai yéu diém trén, hé théng dugc dé xuét dép ting du
nhing thong s6 yéu cau ctia mot quy trinh test chip, dong thoi hé théng van hanh tu dong va tiét
kiém chi phi dau tu. Ngudi dung chi can cung cép ngd vao thong qua giao dién GUI (Graphical
User Interface) dugc xay dung trén ngdn ngl lap trinh C#, hé théng sé tu déng van hanh, sau dé
trd két qua ngd ra tuong Ung vé cho phan mém téng hap, so sénh. Phan cuiing clia thiét ké dugc
xay dung dua trén bo mach TR4 FPGA Development Kit nén tiét kiém dugc chi phi thiét ké va tai
nguyén phan cting. Phan mém va phan cling dugc giao tiép véi nhau thong qua giao thic truyén
nhan di liéu néi tiép UART (Universal Asynchronous Receiver-Transmitter). Hé thong t6i uu co chi
phi thap va hoat déng tu dong nén co thé ting dung trong giédo duc, nghién cliu va doanh nghiép
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GIGI THIEU

Thiét k€ vi mach ngay cang phat trién va giti vai tro
quan trong trong sy tién bo khong ngling clia cong
nghé dién ti. Khi nhu cdu sdn xudt chip ngay cang
cao, hang loat céc loai chip t&i vu vé thoi gian, cong
sudt, gia thanh va cong nghé ra doi thi yéu ciu kiém
tra nhiing sdn phdm chip ciing ngay cang ting cao.
Do 36, viéc xiy dung mdt hé thong test chip tu dong
gili mot vai tro cyc ki quan trong. Ly do thii nhét1a hé
thdng nay gilp cic cong ty tiét kiém chi phi dau tu vao
hé thong 16n, d6 la nhiing hé théng khong can dung
thudng xuyén nhung chiém chi phi cao nhu Advan-
test 12, LTX-Credence?, Teradyne 4. Th hai, viéc xay
dung hé théng test chip tu dong cling gidm bét ap luc
cho céc cong ty vé€ mit dau tu nhan sy khi cac ky su
14 nhiing ngudi chuyén thiét k& khong thién vé kiém
tra chip — mot cong viéc chi dién ra khi ¢ san phdm
chip hoan thanh. Cuéi cling, quy trinh test chip tha
cdng bang cach dua ting di liéu vao va quan sat két
quaé ra tuong ting hién tai rat mét thoi gian, lap di lap
lai mot s6 thao tac va quy trinh quen thudc nén cin
phai tdi uu qua trinh nay. Hé thong test chip tu dong
tan dung tai nguyén c6 sén trén Field-Programmable
Gate Array (FPGA) dé€ xay dung quy trinh ty dong tit
viéc dua dii liéu vao chip dén viéc 14y dii liéu ng6 ra

tit chip, sau d6 t6ng hgp két qua, so sanh va hién thi
truc quan cho nguoi dung.

Trong bai bao nay, chung t6i mé ta vé€ mot quy trinh
test chip co ban, trinh bay hé thong test chip tu dong,
va cac két qua thuc hién dugc.

PHUONG PHAP QUY TRINH TEST
CHIP CO BAN

Trong qud trinh san xuét chip, gia tri kiém tra san
phdm chip chiém dén 60-70% tdng gid tri dy an (vé
mdt con ngudi, tinh toan va thoi gian). Do d6, khi
mot chip dugc thiét ké, ngoai viéc can ddi gita cic
yéu t6 vé mat tai nguyén, téc do, cong sudt, gid thanh
thi kha nang kiém tra thiét ké cling 13 yéu t6 can dugc
can nhdc va dit 1én hang dau.

Hinh 1 mo ta qué trinh kiém tra thiét ké ti khi c6 yéu
céu thiét ké dén khi san xuét va mdi tuong quan gitia
qua trinh kiém tra v6i qué trinh thiét ké®.

Quid trinh kiém tra thiét k& gobm 2 budc :

i) Kiém tra trong qua trinh thiét ké (Verification): Khi
thiét ké phan cling, c6 thé st dung cic cong cu phan
mém dé€ kiém tra d¢ chinh xdc & tiing budc thiét ké.
Qua trinh thuc hién trén phdn mém nén rét t6i uu va
tiét kiém thoi gian, cong stc. Verification déng vai
tro rdt quan trong vi dim bao thiét ké phai hoat dong
dung trén mo phong. Néu md phong bi 161, chip chic

Trich dan bai bdo nay: Thu Trang T T, Phudc Loc D, Huynh Tudn PV, Tién Loc N, Khanh L T, Hung H Q,
Hung L D. Hé Théng Test Chip TuDéng. Sci. Tech. Dev. J. - Nat. Sci.; 3(3):235-243.
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Hinh 1: Cac loai kiém tra thiét ké.

chan sé khong hoat dong, khong cén ton chi phi sin
xudt ra chip.

ii) Kiém tra thiét ké sau khi san xuét (Testing): Qua
trinh nay la kiém tra tinh nang thyc cta chip. Chip
phai dugc kiém tra, hoat dong 6n dinh mdi c6 thé dua
vao ting dung. Tuy nhién, viéc kiém tra hang loat cac
san phim chip cin hé théng may méc ty dong nén rit

ton kém chi phi.
Cac ngo vao Ngo ra twong (rng
PO et
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Hinh 2: Quy trinh test chip co ban.

Mot quy trinh test chip co ban nhu Hinh 2 phai dam
bao dua dugc dii liéu ngd vao (cac trudng hgp mudn
kiém tra) vao chip ting v6i nhiing diéu kién hoat dong
mong mudn (vé thoi gian, nhiét do, moi truong, dién
thé cung cép...). Sau d6, dii liéu ngd ra dugc thu thap
(két qua tra vé tuong ung) dé xt li két qua. Quy trinh
nay co thé thyc hién bing cach thém khdi test vao
chip, khi chip hoat dong khdi nay sé tu dong kiém tra
va bdo két qua vé hodc quy trinh test ngoai - kiém tra
hoat dong ctia tiing chip sau khi san xu4t®.

PHUONG PHAP XAY DUNG HE
THONG TEST CHIP TU PONG

Automatic test system

Khdéc v6i Build-In Self-Test (BIST) - nghia la cac
mach dugc tich hgp vao thiét k& d€ tu kiém tra khi
thiét ké van hanh, nhung yéu cau thiét ké riéng cho
mbi chip khdc nhau, thiét bi test chip tu dong (Auto-
matic Test Equipment - ATE) dung d€ kiém tra chtc
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nédng, hoat dong ctia hau hét cac loai chip sau khi san
xudt. Hé thong chay tu dong va kiém tra két qua thuc
hién cta chip.

Hinh 3 mo6 td mét cdu tric co ban ctia hé thdng test
chip ty dong dya trén FPGA 7. My tinh giao tiép véi
phén cting FPGA thong qua mot giao ti€p ndi tiép.
FPGA chta nhiing dii liéu ngd vao cin kiém tra va di
liéu ngd ra mong mudn trong cic b nhé (memory),
sau d6 diéu khién dii liéu xudt ra chip va ldy di liéu vé
ti chip d€ so sanh. Quy trinh nay dién ra ty dong dé
d6i sanh nhting di liéu can kiém tra va két qua mong
doi.
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Hinh 3: Hé théng test chip tu déng dua trén
FPGA.

Phuong phdp xdy dung hé théng test chip tu
déng

Dua vao kién tric co ban ctia hé thong ATE, ching toi
x4y dung mot hé thong test chip tu dong v6i nhiing
yéu cu sau:

o V& mit phan mém: Khi thiét ké, ngusi dung da
6 san tap tin testbench d€ mo6 phong chiic ning
ctia thiét ké trén cac cong cu mo phong, két qua
mo phong la dang séng chiia cac gia tri ngod vao
vangod ratuong ing. Yéu cdu détrala chuyén tap
tin Value Change Dump (.vcd) ctia dang song
md phong thanh cac tép tin chda di liéu ngd
vao dé€ dua vao chip va tép tin chda dit liéu ngod
ra mong mudn d€ so sanh. Sau khi da c¢ dit liéu
dau vao va ddu ra, hé thong can c6 moét giao dién
tuong tac véi ngudi dung déxdc dinh dii liéu can
xt i cling nhu diéu khién viéc gtii nhan di liéu
gilia may tinh va bo mach test chip. Két qua thu
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Hinh 4: So d6 téng quan cia hé théng.

nhan dugc sé dugc xti 1i va so sanh véi két qua  Bang 1: Déc ta hé théng test chip

mong doi d€ xudt ra két qua kiém tra cudi cling. Pic ta hé théng
o V& ma’t ph’an cting: Phin cdng can‘ 6 giao tiép Phin mém Cr
ndi ti€p d€ nhén di liéu tit phan mém va luu tri
trong bo nhé. Khi da nhéan dt s6 lugng di liéu Phin ciing TR4 FPGA Development Kit
t6i da, phén ciing sé tién hanh quad trinh ddy da Giao tiép Néi tiép qua UART
lie p h hip va I4v dif lidu vé.
iéu xudng bo mach test chip va iy da liéu vé Dit liéu UART 8-bit dit liéu, 1 start bit, 1 stop bit
Dii liéu nhé4n vé theo thoi gian thuc dugc luu
trit trong bo nhé tuong ting. Khi két thiac qua Dit li¢u test 48-bit ngd vao / 48-bit ngd ra
trinh kiém tra, di liéu sé dugc tién hanh gui lén Téc do truyén 12,5 MHz
may tinh dé€ xt li. nhéan
Baudrate 115,200 bps

Dua vao nhiing yéu cdu trén, chung toi da x4y dung
hé thong véi cac ddc ta nhu Bang 1.

Vi hé thdng trén FPGA la ¢6 dinh, chi t6ng hgp mot
lan d€ ting dung cho nhiéu loai chip khac nhau nén
phén ciing va phadn mém phai thiét ké theo truong hgp
t6i da c6 thé dap ting dic td hé théng. Diiliéu t6i da c6
thé dap ung dugc co chiéu dai 48-bit véi s6 lugng tdi
dala 500 trong mot giai doan kiém tra. Néu dit liéu c6
chiéu dai thip hon 48-bit, phin mém sé tu dong cheén
thém céc bit 0, ngudi dung chi dung nhiing chan chip
dugc gan tuong tng trén phén cing c6 di liéu dua
ra theo nhu déc ta ctia hé thong. Néu dii liéu c6 chiéu
dailén hon 500, phan mém sé chia dii liéu thanh tiing
doan nho 500 dii liéu. Trong trudng hop s6 lugng dit
liéu trong mot mau can kiém tra khong 1a boi s6 cta

Téc 40 kiém tra 100 KHz - 200 MHz ( Tuy chon )

$6 lugng mau 500

500, phan mém sé chén thém céc dii liéu chia gid tri
0 da moét 14n kiém tra trén phén cling.

Két qua khao sat s6 lugng chén ctia mot s6 loai dong
g06i chip (chip packaging) nhu Bang 2 cho théy cac
loai déng géi chip théng dung thuong cé s6 lugng
chén khong qué 100 pin. Cac loai dong gdi chip dic
biét hon sé c6 s6 lugng 1/0 16n, nhung c6 tinh ning
chuyén biét nén cin phai c6 céng cu test phtic tap hon.
Do d6, viéc lua chon s6 lugng I/0 la 48 ngd vao va 48
ngd ra (96 chéan ) giup hé théng vita cAn bing dugc tai
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nguyén trén FPGA, viia c6 thé€ kiém tra cho hdu hét

céc loai chip.

Bang 2. Cic kiéu déng goi chip

‘ Kiéu déng goi ‘ ';':r:' ‘ S6 chan
8, 14, 16, 18, 20,
DIP I 22, 24, 28, 32, 36,
' 40, 42, 48
8, 16, 24, 28, 32,
Sop 40, 44
26/20, 26/24,
SQ) & 28/24, 28, 32, 36,
: 40, 42, 50
~ 4 | 20,30, 32, 60, 64,
SSoP r’&(f’ 70
26/20, 26/24,
28/24, 28, 32, 40,
TsoP 44140, 44, 48,
50/44, 50, 54, 66,
70/64, 70, 86
ZIP [T 20, 24, 28, 40
SKINNY DIP 4 20, 22
SHRINK-DIP 30, 42, 64
18, 20, 22, 28, 32,
QF) . | 44,68, 84
44, 56, 64, 80, 100,
QFP . 128, 160, 208, 240,
272,304
. 44, 48, 64, 80, 100,
TQFP/LQFP < 120
/144,176, 208
TCP Custom design
73, 88, 133, 177,
PGA 209, 257, 301,240,
365, 400
48, 84, 104, 144,
BGA/LGA & 176, 224, 256, 352,
- 420, 560
csp <&~ | Custom design

Bang 2: Cac kiéu dong gdi chip.

Hinh 4 trinh bay so d6 t6ng quan ctia hé théng, cic
ngd vao ra va dudng di chuyén cta di liéu bén trong
hé thong. Phan mém nhan nhiém vu xt li di liéu dé€
dua dii liéu xudng phén cting. Phén ciing dam bao
qua trinh kiém tra chip, gui két qua vé phan mém dé
tong hop va so sinh két qué cudi cting. Tép tin ¢ dinh
dang .ved chiia dit liéu ngd vao va két qua ngd ra xuit
ra tii dang séng mo phong do ngudi dung cung cdp
cho hé thong, sau d6 ngudi dung nhan két qua tra vé
thong qua phan mém, moi tién trinh con lai hé théng
dién ra ty dong.

Cdc thanh phan cda hé théng

Vé hé thong phan mém : Hé thong st dung ngon ngit
lap trinh C# @€ lap trinh giao dién GUI nhu Hinh 5.
Giao dién nay cho phép ngudi dung thyc hién cic
chtic ning sau:

o Lua chon c6ng COM dé€ két néi UART.

o Chon t4p tin chia di liéu ngd vao dua xudng
chip va dit liéu ngd ra mong dgi d€ so sanh.

 Xéc dinh s6 ngd vao va ngd ra cua chip.

o Chon clock cho phén cting déy dii liéu ra chip,
clock bat dit liéu vao va mdt tin hiéu clock tai
ngd ra SMA_CLKOUT_p d€ cung cdp thém cho
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mot s6 chip cin 2 tin hiéu clock khic nhau dé
hoat dong.

o Nut bdm gtii dit liéu di va hop thoai hién thi
trang thai ki€m tra.

« Hop thoai Help huéng dan cich stt dung phan
mém va chilc nidng cta tiing do6i tugng trong
giao dién.

O TestChip - X
Choose COM port
COoM3 Disconnect
Input File
D:ADESLAB\TESTCHIP\CHIP_ACor_DCT_Var32p\Data\input file.txt
Expected Data
D:ADESLAB\TESTCHIP\CHIP_ACor_DCT_Var32p\Data\output file.txt
Data Options

Data Input Width Data Output Width
48 32

Speed options
Shift Clock
lclcck_SOMHz - ‘

Capture Clock
lclcck_SOMHz_phase_dS Vl

Debug Clock
|c|ock_50MHz_phase_1ao - ‘

Status

OK! Done

Help Send Exit

Hinh 5: Giao dién phan mém cta hé théng.

Vé dinh dang dit liéu d4u vao va ra: Khi thiétké, cacky
sui luén mo phdng cac thiét ké clia minh trén cac cong
cu mo phong va quan sat tin hiéu vao ra duéi dang
song. Dii liéu dang séng c6 thé xuit ra dinh dang .ved
chta céc dii liéu ngd vao va két qua ngé ra. Hé thong
test chip tu dong st dung lai dii liéu tii cac tap tin .ved
nay, sau d6 chuyén ddi thanh dinh dang .binary (nghia
la tap tin chda cdc gid trj theo dinh dang nhi phéan) dé
lam dii liéu ng6 vao.

Hinh 6(a) bén trai la dinh dang ctia tép tin .ved véi
cac thong tin vé thoi gian, gid tri timescale, cac ngod
vao /ra. Hinh 6(b) bén phai 1a dinh dang di liéu .bi-
nary ctia hé thong test chip tu dong véi thi tu cac bit
nhi phan 13 thi ty cia ngd vao dua vao hé théng, méi
hang 1a két qua tra vé tuong ting v6i moéi mau test.
Hinh 7 la giao dién phan mém chuyén d6i dinh dang
dit liéu duoc viét trén WPE (Windows Presentation
Foundation).

Vé so d6 phan cing : Céac khdi dugce lién két nhu da
trinh bay & Hinh 4. Cac khéi chiic ning dugc trinh
bay cu thé nhu sau.
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Hinh 6: (a) Pinh dang dit liéu ngo vao; (b) Dinh
dang dit liéu ngé ra.

Format input testcases - X
File Settings Help
Location
Specify the path to perl.exe

perl.exe DATAILIEU\PROJECT\ATE\PERL\RunPe( E

*ved DATAILIEU\PROJECT\ATE\PERL\mOS_t¢ E]

Result location ,I]

Listinput signals | DATAILIEU\PROJECT\ATE\PERL\input.t E]

List output signals | DATAILIEU\PROJECT\ATE\PERL\output E

Settings

Chip number 123

Temperature 25

Reference signal SCLKP

Time scale 1 fs -
Start time 0

Stop time 509094

Hinh 7: Giao dién chuyén ddi dinh dang tap tin.

Khoi UART _receive: Dit liéu dugc truyén ti phin
mém qua giao tiép UART véi dinh dang goém 1 start
bit, 8-bit data va 1 stop bit xuéng phan cting bang m
0-dun CH340. B UART _receive lién tuc do tim start
bit v6i baudrate 1a 115.200 bps, néu dung t6c do va
start bit bing 0 thi khéi nay tién hanh nhén di liéu
8-bit. Sau 6 1an nhan dii liéu 8-bit, khéi sé chuyén dit
liéu c6 chiéu dai 48-bit dugc luu trong bo nhé tam
sang mem_receive luu trt. Sau do, khoi tiép tuc qua

trinh do tim start bit va nhan di liéu.

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Clock

Pulses |

oo_ | L

10000 0001 0010 0011 0100 0101 0110 0111 1000 1001 1010 1011 1100 1101 1110 1111

Hinh 8: Dang séng cla bo chia clock dung counter.

Khéi mem_receive: Tung dii liéu 48-bit dugc gui
tit khéi UART _receive sé dugc Iuu trii trong khéi
mem_receive. T6c do hoat dong ctia khéi nay 1a 12,5
MHz. Mem_receive déng vai trd nhu mot bo chuyén
d6i vao ndi tiép ra song song. Do ngudi dung cé thé
chon gia tri clock hoat dong nén 3 dii liéu dau sé la
3 mé chon ctia 3 loai clock (clock ddy dit liéu xudng
chip, clock bat dii liéu vé va clock d€ debug). Sau khi
nhin da ma cta 3 loai clock, mem_receive bat ddu
chtta di liéu. Khi chiia da 500 dit liéu, khdi sé bat tin
hiéu “done” bdo hiéu qua trinh test chip c6 thé bat dau
giai doan kiém tra. Sau d6, mem_receive tiép tuc quay
lai qud trinh nhéan di liéu ttt UART _receive.

Khaéi test: D liéu khi dt 500 dit liéu véi chiéu dai 48-
bit dugc chuyén sang tit mem_receive sé dugc ddy vao
quy trinh test chip. Qua trinh d4y dit liéu dién ra song
song v6i qua trinh nhan di liéu vé. Tai khéi nay, cd
hai tin hiéu clock dugc st dung léch pha nhau dé dam
bao thoa thoi gian setup time va hold time. Tin hiéu
dugc ddy ra chip véi tin hiéu iShiftClock va nhin vé
v6i tin hiéu iCaptureClock bi dich pha so v6i tin hiéu
iShiftClock.

Khéi mem_transmit: Khi két thuc qud trinh test,
test_stage sé bat tin hiéu bdo hiéu két thic. Khéi
mem_transmit sé nhén di liéu tu test_stage va dong
vai trd nhu b chuyén d6i song song sang ndi tiép. Tdc
d6 hoat dong clia mem_transmit ciing tuong tu nhu
mem_receive 1a 12,5MHz. Di liéu sé dugc ddy tiing
gid tri 8-bit sang UART_transmit d€ truyén 1én mdy
tinh. Khi UART_transmit tra v€ tin hiéu san sang gui
data tiép theo thi mem_transmit tiép tuc chuyén di
liéu sang, tién trinh dugc ldp lai dén gia tri cudi cling.
Khéi UART_transmit: Khi nhan tin hiéu tu khéi
mem_transmit, UART_transmit sé gti 1 start bit, 8-
bit data va 1 stop bit v6i baudrate 1a 115.200 bps 1én
mady tinh. Méi 14n gtii xong di liéu, UART_transmit
sé bat trang thai ngd ra oTx_DV, bao hiéu cho
mem_transmit biét da thyc hién xong va san sang
gti dii liéu tiép theo. Tuong tu nhu UART_receive,
UART_transmit c6 téc do hoat dongla 12,5 MHz ting
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v6i baudrate 13 115.200 bps nén méi bit can duy tri
thaoi gian gtii trong 109 clock.

B0 chia clock: Trén bo mach TR4 FPGA Development
Kit, ta c6 san xung clock & tAn s6 50 MHz, tit d6 c6 thé
dé dang tao thanh nhiing clock c¢6 t6c 46 chdm hon
béng céc bo counter. Dung mach dém ( counter) n -
bit 1an lugt dém ti 0 dén 2"-1, bit thi n-1 ctia mach
démIa clock chia 2". Hinh 8 minh hoa dang séng mét
mach diém 4-bit, ngd ra QA tuong ting véi két qua bit
thit 0 - clock dugc chia cho 2. QB tuong ting véi két
qua bit thd 1 - clock dudc chia cho 4. QC tuong ting
v6i két qua bit thit 2 - clock dugc chia cho 8. QD
tuong ting v6i két qua bit thi 3 - clock dugc chia cho
16. Tuong tu, ta dé dang chia clock theo 2" hodc 2n
lan d€ tao ra nhiing gia tri clock cham hon tu clock
50 MHz, thuén tién cho qua trinh test nhiéu loai chip
khéc nhau.

Khéi PLL/DLL (Phase-Locked Loop/Delay-Locked
Loop) : Bén canh tao xung clock c6 t6c d6 cham, hé
thdng ciing cin tao ra nhiing clock c6 t6c do cao hon
50 MHz va cdc clock dich pha so véi clock ddy dit liéu
xudng chip d€ dam bao bét di liéu chinh xdc. Phin
mém Quartus II hd trg sdn céc 16i Intellectual prop-
erty (IP) PLL/DLL d€ tao ra cic mé6-dun cén cho hé
thdng.

Khoi giai ma clock: Viéc tao ra nhiéu gia tri xung
clock nhdm dap ting nhu ciu cta ngudi dung mudn
kiém tra chip ¢ nhiing diéu kién hoat dong khac nhau.
Ngudi diing chon clock dua trén giao dién GUI trén
phin mém va clockla tin hiéu d€ phin cting hoat dong
nén cin c6 cd ché ma hoa va gidi ma. Hé thong ma hoa
bang cach dinh danh méi clock bing m¢t ma nhj phan
8-bit va giai ma bing cac bd da hgp (Multiplexer).
Céc khoi trén dugc thiét ké dua trén tai nguyén phin
cting ctia FPGA nén thiét ké linh hoat, c6 thé tuy
chinh va mé& rong. Bang 4 la két qua tong hop cua
thiét ké trén bo mach TR4 FPGA Development Kit.

Bang 3: K&t qua téng hgp

KET QUA TONG HOP
Combitional ALUTs 97.155/424.960 (23%)
Memory ALUs 0/212.480 (0%)
Dedicated logic register ~ 120.886/424.960 (28%)
Total registers 120.886
Total pin 343/888 (39%)

Total PLLs 2/8 (25%)

C6 thé thiy ring, thiét k& da tin dung hiéu qua tai
nguyén trén FPGA dé€ hoan thanh yéu cau dat ra. Tai
nguyén st dung chi chiém 28% nén van cé thé ma
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rong véi cac ing dung 16n hon. Hon thé, bo mach
TR4 FPGA Development Kit ciing h6 trg ba mtic dién
thé vao ra I/O 14n luot 1,5V, 1,8V, 2,5V va 3V dap ting
mot trong nhiing vdn dé€ quan trong ctia quy trinh test
chip la mic dién thé I/O phai phti hop.

KET QUA VA THAO LUAN

K&t qua thuc nghiém trén TCAM

TCAM (Ternary Content A ddressable Memory) labd
nhé dugce thiét ké bsi cong ty TNHH Savarti. Miic
dién thé€ I/O ctia TCAM la 1,8 V, dién thé hoat dong
ctia 161 1a 0,9V. B nhé TCAM c6 44 chin ngd vao va
18 chén ng6 ra. DE kiém tra chic nang cia TCAM
trong thuc té, ngudi dung cin ki€m tra 1én dén 300
véc-to ng6 vao. Do d6, quy trinh kiém tra TCAM mit
nhiéu thoi gian.

Viéc ting dung hé théng trén TCAM gitp hé thdong
chting minh dugc cac dic diém: dap ting dugc nhiéu
ngd vao va ngo ra, s6 lugng 16n trudng hop can kiém
tra, dién thé I/O 6n dinh va quy trinh kiém tra dién
ra hoan toan tu dong. Dic biét, viéc hé thong chay 6n
dinh, Ging dung do chip thuc té c6 chiic ndng phuic tap
la co s¢ dé€ chling minh chic nang cta hé théng test
chip ty dong.

Hinh 9 1a so d6 két ndi chip TCAM véi bo mach
FPGA. Bo mach mau xanh 14 bén trai 13 hé thong gan
chip TCAM cin kiém tra tinh nidng, bo mach mau
xanh duong bén phai 13 hé thdng test chip tu dong.
Hai hé thong két n6i I/0 véi nhau thong qua IDC Ca-
ble 2,54 mm va cac xung clock hoat dong dugc cép tu
FPGA dén TCAM bang ngd ra SMA.

Hinh 9: K&t ndi chip TCAM véi bo mach FPGA.

Sau khi thuyc hién qua trinh test v6i nhi€u véc-to trén
chip TCAM, céc di liéu tra vé hoan toan khép véi
di liéu mong dgi dugc rut trich ti qua trinh mod
phong. Hinh 10 1a mot vi du vé so sanh cac dii liéu.
Hinh 10(a) la dii liéu ng6 ra nhén vé tii hé thong test
chip ty dong. Hinh 10(b) la dit liéu ng6 ra mong dgi
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dugc cung cdp boi ngudi thiét ké TCAM. Co6 thé thdy
ring, hai dit liéu (a) va (b) giéng nhau nén két qua cua
1an kiém tra nay 1a chinh xdc.

T m08_1c 111128444841 noml_Ovkout o 1

(=m08 so111e_128c443c1 nomalbn £

000000000000000000000010
000000000000000000000010
000000000000000000000010

000000000000000000000010
000000000000000000000010
000000000000000000000010

Hinh 10: (a) Dir liéu ngé ra ctia hé théng test chip
tu dong; (b) Dir liéu ngé ra mong doi tir nguoi
dung.

Két qua thuc nghiém trén chip ROHM 180nm

Chip ROHM, c6ng nghé CMOS 180nm, la chip hoc
thuat thuyc hién mach dém 4-bit do sinh vién phong
thi nghiém DESLab thiét ké. Chip hoat dong & dién
thé 1,8V. Thiét ké 1a m¢t mach dém co bén, hoat dong
theo xung clock ngd vao, néu tin hiéu reset & mtic 0,
ngo ra bang 0. Néu tin hiéu reset 1én 1 va ¢4 chan
enable tich cuc thi mach dém sé bit dau hoat dong.
Mach dém nay c6 thém tin hiéu Add/Sub d€ xéc dinh
1a dém 1én (Add) hay dém xuéng (Sub). Hinh 11(a)
la so d6 két néi bo mach FPGA véi chip ROHM. Bo
mach mau xanh 14 la chip ROHM chtia mach dém 4-
bit cin test, bo mach dugc n6i v6i hé thdng FPGA
dé kiém tra. Hinh 11(b) 13 két quéa thu dugc khi hé
théng chay trén chip. Dii liéu bén trai Hinh 11(b) 1a
gid tri cic ngd vao dua vao mach dém, di liéu bén
phai Hinh 11(b) 1a ngd ra thu nhén dugc sau khi test.
C6 thé théy rang, ngd ra ding véi nhiing mo ta vé
cach hoat dong ctia counter tuong tng véi cac ngd
vao (trudng hop reset, truong hop enable, trudng hgp
dém lén, dém xudng).

Két qua thuc nghiém trén thiét ké FPGA

Dé tryc quan hon trong viéc chiing minh hoat dong
ctia hé thdng, chung to6i thiét ké mot bd nhan 8-bit x
8-bit trén bo mach FPGA DE2-115. Sau d6 xem bd
nhan nhing trén DE2-115 nhu mét chip mdi va két
ndi v6i hé théng. Trén bo mach DE2-115, ching t6i
duing cdng cu SignalTap dé bit dit liéu gtii qua va di
liéu gui vé hé théng test chip. Bang viéc so sanh di
liéu ma bo mach DE2-115 nhé4n dugc véi dii liéu ngd

(®)

Hinh 11: (a) So d6 két ndi FPGA véi chip ROHM;
(b) K&t qua thuc hién trén chip ROHM.

vao clia ngudi dung va so sanh dit liéu gui di ctia DE2-
115 v6i di liéu nhén duge cua hé thong, chung toi
chiing minh hé théng hoat dong chinh xac. Hinh 12
la két néi gitta hé thong véi bo mach DE2-115 (bo
mach bén phai). Hinh 13 la di liéu thu dugc trén bo
mach DE2-115 béng cong cu Signal Tap. Cac dii liéu
nay khép véi nhau va khép véi két qua mong mudn
nén ching minh dugc chip hoat dong va hé thong van
hanh dung.

Hinh 12: So d6 két ndi hé théng véi bo mach
FPGA DE2-115.

Bang 4 t6ng hgp két qué thuc nghiém ctia hé thdng
trong ba truong hgp trén. V6i 3 loai chip : TCAM,
ROHM 180 nm va bd nhén, & cic mic dién thé va
diéu kién cén test khdc nhau, hé théng van hoat dong
6n dinh va két qua tra vé 1a “PASSED” - nghia la chip
hoat ddng tét va cé két qua phu hgp véi thiét ké ban
dau.

KET LUAN

Chung t6i da x4y dung dugc quy trinh test chip tu
dong ting dung trén nhiéu loai chip khac nhau. Hé
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3 SignalTap Il Logic Analyzer - D:/TAILIEU/PROJECT/ATE/MBWM_CHIP/DE2_115 - DE2_115 - [stp1.stp]"
Fie Edt View Project Processng Tools Window Hep &

- o X

tnstance Manager; q[ "0 M| B[ [acaustonim progress

Instance [status [ Ls: 2502 | Memory: 2049120 | smal: 00 Medum: 360/432 | Large: 00

@)| x| I7AG Chain Configuration: [JTAG ready @] x

Hardware: [U5

] auto_sgnaltap_0 Waitng for trgger 2602 cells 245120 bits Oblods. 30 blocks. Oblodks

log: 2018/07/02 20:59:12 #0

s |

>>| SoF Mansger: él_lﬂiJ

T&h ] _oon | ath | B1h | ih | Frn ] orh ] ooh | Fm [ Ath ] Frh

Toth [oon [ ot [ 8th [oth [Foh [iFh [8th [Fih [ 8th _ [ooh [2sh [

Type | Avas] — EEI ] R £ = RG]
e GPIO[35]

< GPIO[34)

Lo # GPO[31.24] [ T 0in
=3 % GPOR3.16] E ooh

= % s_mp 0000n Toootn
[&] % HSWC_TX 0P 500N

Toootn] _0061h 0000h__[4101h[AGATH410Th[B07Fh]07BFh[0000h 2ZDDHAGSFH] FEOIN

Hinh 13: Dit liéu do dac ti chip dugc hién thi trén bo mach FPGA DE2-115.

Bang 4: Dii liéu do dac tur chip dugc hién thi trén
bo mach FPGA DE2-115

Chip TCAM ROHM  Bj nhan
bién thé I/O 1,8V 1,8V 30V

So bitngo vao 44 3 17

S6 bit ng6 ra 24 4 16

S6 lugng mau 14,181 58 500

Két qua Passed Passed Passed

thong gitp ngusi dung tiét kiém chi phi ciing nhu
don gian héa qua trinh test chip. Hé théng hoat dong
6n dinh trén céc chip dugc kiém tra véi thoi gian test
nhanh va dugc xt li tu dong.

So v6i cac hé thong test chip tu dong khac trén thi
trudng nhu CTS?, hé théng c6 uu diém la gia thanh
ré, nho gon nhung van ddp ung dugc cic nhu ciu
cd ban clia mot quy trinh test chip (s6 lugng /O, s6
lugng mau, tin s8 hoat dong va mic dién thé 1/0).
Tuy nhién, s6 lugng dit liéu xtt 1i trong mot lan kiém
tra chi 500 data nén chua ting dung cho chip c6 tinh
nédng phtic tap. S6 lugng clock va do phan giai ctia cac
clock chua cao nén chua dap ting dugc nhu céu xac
dinh chinh x4c giéi han hoat dong cta chip.

DANH MUC CAC TU VIET TAT

ATE: Automatic Test Equipment

BIST: Build-In Self-Test

DESLAB: Digital Signal Processing and Embedded
Systems Laboratory

DLL: Delay-Locked Loop

FPGA: Field-Programmable Gate Array

FSM: Finite State Machine

GUI: Graphical User Interface

HW: Hardware

MEM: Memory
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PLL: Phase-Locked Loop

TCAM: Ternary Content-Addressable Memory
TNHH: Triach Nhiém Hitu Han

UART: Universal Asynchronous Receiver-
Transmitter

VCD: Value Change Dump

WPE: Windows Presentation Foundation
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Céc tac gid cam doan khong c6 xung dot loi ich trong
viéc cong bo bai bao nay.

PONG GOP CUA TAC GIA

Tac gid Tran Thi Thu Trang thuc hién x4y dung hé
thong, trién khai thyc té, kiém tra hé théng va viét
ban thao.

Tac gida Diép Phudc Loc, Phan Vii Huynh Tuén,
Nguyén Tién Loc, Lé Trung Khanh dong gop trong
viéc xay dung hé théng thuc té, thu thap da liéu va
g6p ¥ cho bén thao.
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ABSTRACT

In this paper, we implement an automatic chip testing system which can be applied on various
types of chip packages. The conventional systems, such as manual chip testing systems, often
Use your smartphone to scan this repeat the same steps for input conditions; or high-cost testing systems are designed to be highly
QR code and download this article optimized, but the installation and operating costs are very expensive. This makes these systems
difficult to be applied in education, research or small companies. The automatic chip testing system
overcomes the above two weaknesses. The proposed system not only meets the requirement of a
basic chip testing process, but also operates automatically and reduces the cost. Users only need
to provide input data via a Graphical User Interface (GUI) which is built using Ci# programming
language, then the system will automatically operate and return the corresponding output data
to the software to synthesize and compare with the user's expected data. The hardware is built
on the TR4 FPGA Development Kit which helps save the cost of hardware design and its resources.
The software and hardware with communicate to each other via Universal Asynchronous Receiver-
Transmitter (UART) protocol. The proposed system is automatic, optimized and low-cost so that it
can be applied both in IC design education and industry.

Key words: test chip, integrated circuit, FPGA, ATE, TCAM
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