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THIET KE VA CHE TAO BQ THi NGHIEM MACH SO PHUC VU
HOC TAP VA GIANG DAY
Puong Khanh Son', Trin Thi Thanh Théao?, Nguyén Quoc Anh', Nguyén Duy Cuong!
'Khoa Ky thudt Co khi, Truong Dai hoc Ky thudt Cong nghé Can Tho, Viét Nam
2Phong Khao thi Pam bdo chat lwong, Trieong Pai hoc Ky thudt Cong nghé Can Tho, Viét Nam

Tom tit: Nghién ciru nay nham muc tiéu thiét ké va ché tao bé thi nghiém mach 6 tich
hop da nang c6 cau triic module, ddp ting yéu cau thwe hanh trie quan va ndang cao do
bén phan cimg trong méi truong dao tao. Phwong phdp thiee hién bao gom nghién ciru dé
cwong chi tiét hoc phan, lwa chon linh kién phii hop, thiét ké mach nguyén Iy trén phan
mém Proteus, thiét ké mé hinh 3D va mach in bang phan mém Altium Designer, ché tao
phan cn“ng bang cong nghé cdt, khdc laser Tinh m&i cia nghién civu thé hién ¢ viéc tich
hop hé thong bao vé tich cuc chong ngdn mach, nguoc cuc va qud dong St dung oau chi
tw phuc hoi PTC cho tu’ng khéi chirc nang. Két qua thire nghzem cho thdy nguon cap 5,0
VDC tich hop hoat déng on dinh véi do sut ap duwdi 1,6% khi day tai (0,8 A), tan sé xung
clock diéu chinh chinh xdc tir 1 Hz dén 102 kHz véi thoi gian swon 1én 24 ns. Ty 16 kiém thie
thanh cong cdc bai thuc hanh logic dat 100% qua 20 lan kiém tra lién tuc. Panh gid khdo
sdt trén 56 sinh vién cho thdy thiét bi hé tro ciing c6 kién thirc ly thuyét dat diém trung binh
4,21/5 (Cronbach’s Alpha = 0,84). Két qua nghlen cibu cung cap mot gidi phdp tw ché tao
céng cu gidng hitu ich trong dao tao, gép phan nding cao hiéu qud gidng day va hoc tdp,
khoi ddy hing thu cho sinh vién.

Tir khoa: bo thi nghiém mach 56, ddo tao ky thudt ban dén vi mach, tin hiéu s6
1. GIOI THIEU budc chudn bi bat budc trudc khi chuyén
sang thiét ké vi mach chuyén sau trén céac
phan mém EDA hay ngdn ngit mo ta phan
cung nhu Verilog/VHDL [10]. Tuy nhién
cac bo thi nghiém mach sb thuong mai
nhap ngoai pho bién trén thi truong nhu
ED-2000 hodc kit tich hgp TDC-100 c6 gia
thanh rét cao, dao dong tur 15 dén 40 triéu
ddng, gay kho khan cho viéc trang bi quy
mo 16n. Ngoai ra, cac thiét bi nay thuong

Hién nay, nhu cau nguén nhén luc chét
luong cao phuc vu nganh cong nghiép ban
dan tai Viét Nam dang ting trudng manh
mé&. Quyét dinh sb 1018/QD-TTg cua Thu
tuéng Chinh phu dinh hudng dén nam 2030,
nudc ta can dao tao it nhat 50.000 k¥ su ban
dan trg 1én [1].

Trong boi canh do, viéc trang bi cac

thiét bi thi nghiém hién dai, phu hop véi
ndi dung dao tao 1a mot yéu cau cap thiét.
Dic biét @i voi hoc phan K¥ thuét s va
mach sd, von 13 nén tang trong cac chuong
trinh dao tao k¥ thuat ban dan noi riéng va
dién to n6i chung [8], viéc hoc thong qua
cac mo hinh thyc hanh gitp sinh vién tiép
can ban chat hoat dong cua cac céng logic,
b dém, thanh ghi, mach giai ma,... nhitng
khdi cdu tric ¢t 16i trong hé thong didu
khién, xtr 1y va ty dong hoa hién dai va la

c6 thiét ké dong kin, sir dung day két ndi
chuyén dung nén sinh vién kho tiép can so
dd chan thyc té cua IC [7]. Nguoc lai, viéc
chi st dung cac phdn mém mé phong o
nhu Proteus, Multisim tuy linh hoat nhung
lam giam k¥ ning thao tac thuc té va khong
phan anh cac van dé vat Iy thyc nhu nhiéu
tin hiéu, sut 4p ngudn va do ddc suon xung
[9]. Pic biét, cac nghién ctru tu thiét ké kit
hién nay hau nhu chwa chu trong dén co
ché bao vé chu dong chéng ngin mach va
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nguoc cuc, 1a 161 rat phd bién khi sinh vién
tu tay lap day trén bo mach roi.

Viée str dung céc IC logic ro1 dong 74LS
(TTL) thé hé cii trong giang day mach sd co
ban giup sinh vién truc quan hoa ciu trac
transistor bén trong va kiém nghiém tryc tiép
hoat dong cua cac ham logic trude khi tiép
can cong nghé FPGA hay ASIC phtrc tap hon
[10]. Do d6, viéc nghién ctru thiét ké va ché
tao mot bo thi nghiém mach sb c6 gia thanh
thép, tich hop san co ché bao vé, clu tric
module tryc quan 1a mot huéng di cip thiét.

Nghién ctru niy huéng dén muyc tiéu
thiét ké va ché tao hoan chinh mot bo thi
nghiém mach sé tich hop da chirc ning c6
d6 bén cao. Tinh méi cuia nghién ciru ndm &
viée toi wu hoa so @6 nguyén 1y bao vé bang
cau chi tu phuc hoi PTC cho timg module
riéng biét va tich hop bd tao xung clock co
tan s6 diéu chinh linh hoat. Bai bao trinh
bay chi tiét tir phuwong phap xay dung luu d6

nghién ctru, lya chon linh kién trén co s¢ ky
thuat, thiét ké PCB trén phan mém Altium
Designer, ché tao phﬁn cung, kiém thu dang
song xung nhip bang may hién soéng, cho
dén danh gia dinh luong hiéu qua giang day
thong qua khao sat sinh vién va két qua hoc
tap thuc té.

2. PHUONG PHAP NGHIEN CcUU

2.1 Phwong phap xay dung b0 thi nghiém
mach s

Nghién ciru duge trién khai dya trén Iy
thuyét mach s6 [2], [3], [4], [5] két hop phan
tich chuong trinh dao tao thuc hanh k¥ thuat
s6. Nhom tac gia dd xay dung quy trinh nghién
clru thiét ké va ché tao bo thi nghiém gém cac
khdi chtic nang chinh: khéi diéu khién, khoi
thyc thi, khdi hién thi két qua va khdi ngudn
nhu hinh 1. Bé dam béo tinh khoa hoc va tién
do thyc hién, luu d6 qué trinh nghién ctu
duoc thiét 1ap chi tiét nhu hinh 2.
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Thiét ké mach in va
mo hinh 3D
[ Do dac dac tinh ]

Qhé tao
phan cung

Thyc nghiém
kiém thtr mo6 dun
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Khéi didu khién gdm: cac cong tic logic,
cong tic ngd chon, cong tic gay tron va khéi
tao xung. Vai trd cua khdi nay 1a cung cip
tin hi¢u nhi phan, ma BCD va xung clock
dén cac ngd vao cua cac khdi thi nghiém.
Céac khoi thuc thi ¢6 nhiém vu thue hién cac
phép xur 1y tin hiéu va phép toan logic trong
thi nghiém nhu chon kénh - hop kénh, phan
kénh - gidi ma, ma hod, nhd, so sanh, dém,
ghi dich. Khéi hién thi dung dé hién thi két
qua thi nghiém dudi nhi phan hoac thap
phén thong qua cac LED.

Khéi ngudn cung cdp ning luong 6n
dinh cho toan bo hé théng. Linh kién ban
dan chinh dugc lya chon cho bo thi nghiém
la dong IC ro1 74LS (Low-power Schottky
TTL) vi cac ly do: Muc logic rd rang (V_IL
<=0,8V, V_IH >=2,0 V) dé kiém nghiém;
IC 74LS c6 kha nang chiu dong ngd ra va
chéng tinh dién tot hon dong, gitip han ché
hong hoc khi sinh vién cam sai ddy; Tan s6
dap Gmg t6i da 1én t6i 35 MHz, hoan toan
dap tng cac bai thi nghiém tan sé cao. Khi
hién thi st dung LED don tiéu thy dong
thip (10-15 mA) nbi tiép dién trd han dong
330 Ohm dé bao vé ngd ra IC. Khdi ngudn
cép st dung ngudn xung Buck DC-DC hiéu
suat cao (>85%) thay cho ngudn tuyén tinh
LM7805.

Thong sé ky thuat chi tiét ctua phan
ctng bd thi nghiém bao gdm: PCB dugc
thiét ké trén phan mém Altium Designer,
st dung chat liéu phip thiy tinh FR4 c6
do6 bén co hoc cao, do day bo mach 1,6
mm, d6 day déng 35 micromet. Puong
mach ngudn duoc thiét ké rong 40 mil dé

chiu dong tai lén, dudong mach tin hiéu
rong 15 mil. Kich thuéc PCB chinh la
265 x 185 mm. Toan by mach in duoc
pht son chdng oxy héa va ma thiéc tai
cac diém han. Vo hop bao vé c6 kich
thudc tong thé 265 x 185 x 75 mm. Cong
suét tiéu thy téi da cua thiét bi khi hoat
dong day taila 4,5 W.
2.2 Thiét ké so @ nguyén Iy
2.2.1 So db nguyén ly khoi diéu khién

Dbi voi cac cong tic logic va cong tic
ngd chon cé nguyén 1y hoat dong va ciu
tric twong tu nhau, gdm: cong tic, 2 dién
trg va transistor C1815. Vi cong tac lan,
viéc xut tin hiéu nhi phan hodac BCD hoan
toan dua vao thiét bi, ta chi can cép nguén
dung thong sd dinh muc. Riéng dbi véi
khéi cap xung, nhom nghién ctru di thiét
ké mach dya trén nguyén 1y hoat dong
cua IC 74LS123. Theo datasheet cua IC
74LS123 duoc cong bo tir hing Fairchild
(2000) thi IC 74LS123 hoat dong nhu mdt
bd tao xung don khi dugce ddu ndi véi mot
dién tré va tu dién.

2.2.2 So dé nguyén Iy khéi hién thi so

Khéi LED nhi phan hién thi gia tri 1
(twong ung LED sang) va 0 (twong ung
LED tat). Cau tao gom 16 LED don mic
nbi tiép dién tré va ndi dat chung.

Khéi LED thap phan dé hién thi s6 c6 gia
tri tir 0 dén 9, gom: 2 IC 74LS47, 2 LED 7
thanh va cac dién tré. 74L.S47 1a IC gidi ma
BCD nhén tin hiéu vao 1a mot s6 thap phan
dugc ma hoa nhi phan va xuét tin hiéu dé
diéu khién 7 doan hién thi cac chir sd tir 0
dén 9, [6].

11



Tap chi Khoa hoc Trudng Dai hoc Phan Thiét (UPT]JS) - Tap 4, S6 3 Thang 9/2026. ISSN: 3030-444X (15 tran&)

U1

)

0
4 = D
BIRBO
Q—EE R8I
3

41847

I‘T

o

41847

i

R1

330

R8

330

&

Hinh 3. So' d6 nguyén Iy khéi LED hién thi so thap phin

2.2.3 So dé nguyén Iy cdc khoéi thuc thi

Nhu di trinh bay ¢ trén cac khi thuc
thi gdm mach chon kénh - hop kénh, phan
kénh - giai ma, ma hoa, nhd, so sanh, dém,
ghi dich.

Cac cong logic

Mach cong logic dugc nhém nghién
ctru thiét ké gdm 4 loai: NOT (74LS04),
NAND (74LS00), OR (74LS32) va XOR
(74LS86).

Cac mach chon kénh — hgp kénh

Mach chon kénh con goi 1a mach hop
kénh c6 chirc nang chon lan lugt 1 trong
N kénh vao dé dua dén ngd ra duy nhat.
Do d6 mach chon kénh con duoc goi la
mach chuyén dit liéu song song ¢ ngd vao
thanh dit liéu ndi tiép & ngd ra, duoc goi 1a
Multiplex [3], [4]. Mach hop kénh 4 bit st
dung IC 74LS157 c6 gié tri ngd ra la 4 bit
nhi phan. Tuong tu, mach hop kénh 1 bit str
dung IC 74LS251 c6 gié tri ngd ra la 1 bit
nhi phan.

Cac mach phan kénh va gidi ma

Mach phan kénh c6 nhiém vu tach
dir liéu tr mot ngd vao dén nhiéu ngd
ra [3], [4]. Mach phan kénh 2 bit (IC
74LS155) c6 2 viung, mdi vung c6 1 ngd
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vao va 4 ngd ra. Mach phan kénh 8§ bit
(IC CD4051), c6 1 ngd vao dir liéu va 8
ngod ra riéng biét. Cac mach gidi ma dua
vao tin hiéu & n ngd vao va chuyén thanh
modt dang ma & cac ngd ra. Cac mach giai
ma hoat dong twong ty nhu mach phén
kénh nhung khac ¢ chd c6 nhicu ngd vao
thay vi mét [3], [4]. Mach gidi ma 2 IN —
4 OUT gdm cac IC 74LS04 va 74LSI11.
Mach gidi ma 3 IN — 8 OUT st dung IC
74LS138. Vamach gidima 4 IN -7 OUT
su dung IC 74L.S47.

Mach ma hoa

Mach ma hod thyc hi¢n hoat dong nguoc
lai mach giai ma [3], [4]. BO ma hoa 8 To 3
12 mot mach t6 hop (IC 74LS148) chuyén
d6i tin hiéu tir 8 ngd vao thanh 3 ngd ra ma
nhi phan.

Cac mach so sanh

Céc mach nay dung dé so sanh hai s
& dang nhi phan. Péi v6i mach so sanh
2 trudng hop, két qua hodc 1a bang nhau
twong (mg ngd ra & muc thip, hodc la
khong bang nhau twong Gng ngd ra O
muc cao. Mach so sanh 3 truong hop
phan bi¢t rd hon: hoac bﬁng, hoac 16n
hon, hoac bé hon.
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Cac Flip — Flop

Phéan tr nhé trong mach tudn tu thuong
duoc goi 1a Flip — Flop dung dé luu trir mot
bit nhi phan. Trang thai ctua Flip — Flop chi
thay dbi khi c6 xung clock tac dong. Trong
nghién ctru mo hinh thi nghiém nay, nhém
chon 2 loai Flip — Flop tiéu biéu dé thuc
hién 1a D va JK, [4], [5].
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Hinh 4. Mach ghi dich 8 bit

Cac mach dém

Mach d&ém (hinh 5) 12 mach tuan tu dugc
su dung dé dém sb luong céc sy ki¢n hoac
xung nhip. Céc mach dém trong b thi
nghiém nay déu 1a mach dém tuan tu [3],
[4]. Bang cach ghép ngd ra cua Flip - Flop
trudc véi ngd vao cua Flip Flop sau, sy
chuyén trang thai ciia mdi Flip Flop sé& tao
ra tac dong chuyén doi trang thai cho Flip
Flop ké tiép nd. Mach dém thuan — nguoc
sit dung IC 74LS190, 74LS27 va bo hién
thi thap phan. Trong mach nay, tin hi¢u
xung Clock di vao IC 74LS190 dau tién va
su chuyén ddi trang thai khi dat gia tri t6i
da hodc tdi thiéu cua IC nay s tao ra tac
dong dé IC thir hai, tao thanh hoat dong dém
khong dong bo.

2.2.4 So @6 nguyén Iy khéi nguén va mach
bdo vé

Khéi ngudn va bao vé dong vai tro quyét
dinh dén d6 bén cia bo thi nghiém khi sinh
vién thuc hanh cam day. So do nguyén ly

Mach ghi dich

Mach ghi (hinh 4) dich luu trtr va dich
chuyén dit liéu nhi phan, [3]. Pai dién cho
thi nghiém nay la IC 74LS166 - m¢t thanh
ghi dich 8 bit song song vao va ndi tiép ra,
nghia la dir liéu dugc nap vao song song tur
8 chan dau vao va xuét ra ting bit & 1 ngd ra
theo dang tuan tu.

Hinh 5. So do nguyén Iy mach dém

chi tiét khdi ngudn duogc thiét ké nhu Hinh
6. Pién ap dau vao DC 9V-12V tir adapter
duoc dua qua diode Schottky 1N5822 dé
bdo vé ngugc cuc. Diode Schottky dugc
chon nho c6 dién ap sut chi 0,3 V, thép
hon nhiéu diode silic thong thuong (0,7
V), gitlp giam hao ton cong suat. Tiép
theo, cau chi ty phuc héi RXEF110 (dong
gitr 1,1 A, dong cat 2,2 A) duoc méc ndi
tiép trén duong ngudn duong. Khi xay ra
ngan mach & bat ky module nao, dong dién
tang cao lam PTC néng 1én va chuyén sang
trang thai tro khang cao, ngit dong dién dé
bao vé linh kién. Sau khi ngin mach duoc
khic phuc, PTC tuy ngudi va dan dién tro
lai. Dién 4p sau PTC dugc dua vao IC on
ap xung LM2596-5.0V dé ha ap xubng 5,0
VDC cép cho toan bo mach logic roi TTL.
Tu dién C1 (220 microfarad) and C2 (330
microfarad) két hop céc tu gém 100 nF dat
tai chan nguén ctia mdi IC dé loc nhiu tan
sb cao va 6n dinh dién ap.
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Hinh 6. So' do nguyén Iy khoi nguon va mach béo vé

2.3 Thiét ké mé hinh 3D va ché tao

Sau khi thiét ké so d6 nguyén 1y va mo
phdong hoat dong bang phan mém proteus,

nhom nghiém ctru tién hanh thiét ké mo
hinh 3D va mach in trén phin mém Altium
Designer.

Hinh 7. M6 hinh 3D cac mach bg thi nghiém

2.4 Quy trinh mé phéng va kiém thir
phan cirng

Quy trinh kiém tra chit luong bo thi
nghiém duogc chia lam hai giai doan: mo
phong 1y thuyét va do dac thuc nghiém.
Trude khi ché tao mach in, toan bo so dd
nguyén 1y ciia cic module duoc kiém tra
hoat dong logic trén phan mém Proteus
8.15. Sau khi lap rap phan ctng hoan chinh,
qué trinh kiém tht thue té duge tién hanh
trong diéu kién phong thi nghiém tiéu chuan
(25 d6 C, @6 am 60%). Cac trudng hop kiém
thir bao g@)m: Kiém tra dién ap tinh tai cac
diém do chinh trén PCB bang dong ho van
ning; Cip cic muc logic dau vao 0 V va
5V dé kiém nghiém bang chan tri cta cac
céng logic ro1, bd dém, thanh ghi; Po dac
tham s6 dong hoc ctia xung clock phat ra tir
IC NES555 (tan s6, bién do, thoi gian sudn
1én, suon xudng, do rong xung) bang may
hién séng.
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2.5 Phuong phap danh gia hiéu qua dao
tao

Dé danh gia hiéu qua cua bo thi nghiém
trong giang day thuc hanh, nhom nghién
ctru da trién khai phuong phap thuc nghiém
su pham két hop diéu tra khao sit. Khao
sat dugc thuc hién trén 56 sinh vién thudc
nganh Cong nghé Ky thuat Co dién tor va
K¥ thuat Diéu khién & Tu dong héa sau khi
hoan thanh hoc ph?m thuc hanh Ky thuat $0.
Bang cau hoi gdm 11 cau hoi khao sat theo
thang do Likert 5 mirc do (tir 1: Rat khong
hai long dén 5: Rat hai long) tap trung vao
tinh truc quan, do bén va tinh thuc té cua
thiét bi. Do tin cdy cua thang do khao sat
duoc kiém dinh théng qua hé s6 Cronbach’s
Alpha biang phan mém SPSS. Hiéu qua hoc
tap cua sinh vién dugc danh gia khach quan
bang cach so sanh diém kiém tra thyc hanh
cubi ky gitra nhoém thir nghiém (56 sinh vién
sir dung bo thi nghiém ty thiét ké) va nhom
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dbi chimg (50 sinh vién khoéa trude thuc
hanh qua m6 phdong Proteus 40).

3. KET QUA VA THAO LUAN
3.1 Két qua ché tao mé hinh

Mo hinh bd thi nghiém hoan chinh sau
khi gia cong PCB va lap rap hoan chinh
dugc thé hién & hinh 8. Thiét bi c6 két ciu
co khi chéc chén, kich thudc gon nhe (265 x
185 x 75 mm), vo bao vé b::ing nhya. Bang
diéu khién phia trén in 18 so d0 chan va
ky hiéu cua ting IC logic, gitp viéc cam
day thuc hanh dién ra tryc quan va nhanh
chong. Cong suét tiéu thy t6i da cua toan bod
thi nghiém khi van hanh déy tai ghi nhan ¢
murc 4,2 W, dam bao thiét bi hoat dong mat
va 6n dinh trong thoi gian dai.

3.2 Két qua thyc nghiém

Qua trinh thyc nghiém trén bd thi
nghi¢m mach so dugc tién hanh voi day da
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mach. Két qua do dac dinh lugng hiéu ning
ngudn cap LM2596 trén bo thi nghiém cho
thay d6 6n dinh cao. Khi khéng tai, dién
ap ngd ra dat 5,02 V. Khi cip tai day cong
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Hinh 8. Bj thi nghiém hoan chinh

Thirnghiém do dac chat lugng xung clock
phat ra tir module tao xung nhip NE555 st
dung may hién séng cho thiy dang séng
xung vudng co chit lwong rat tot véi thoi
gian sudn 1én 12 22,4 ns, suon xudng 1a 16,8
ns, d6 rong xung ddi xung dat 50,2%. Hién
tuong vot 16 ¢ dinh xung chi & muac 0,2 V
(dudi 4%), khong gay ra cac trang thai kich

gia cho cac IC dém hay thanh ghi ghi dich
tuan tu.

Céc tin hiéu dau vao dugc cip tir cong
tic hodc b tao xung, trong khi déau ra duoc
quan st tryc tiép thong qua cac LED chi
thi. Trong tat ca cac truong hop, trang thai
ngd ra thay doi trong tmg va chinh xac theo
timg ngd vao, khong xuét hién sai 1éch hodc
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bat thuong. Diéu nay khing dinh tinh 6n
dinh, kha nang d4p ung va do tin cdy cao
cua bd thi nghiém.

Pic biét, vdi cac mach ¢ tinh tudn tu
nhu mach ghi dich, mach dém, Trigger,...
qua trinh thay dbi trang thai dwoc hién thi
truc quan qua mdi 1an cdp xung, cho phép

ngudi hoc dé dang theo ddi duoc ban chét
hoat dong cua mach. Cac mach to hop nhu
ma hoa - gidi ma, ghép - phan kénh ciing
hoat dong chinh xéc, thé hién rd nguyén 1y
bién dbi tin hiéu logic.

Duéi day 1a mot vai két qua thuc nghiém
dién hinh cho hoat dong cua bd thi nghi¢m:

Bang 1. Két qua thue nghiém mach ghi dich

SH/ SR CKI CK H G FE D C B A NGORA
0 X X X X X XXX X X X X 0
1 X X 0 0 0
1 0 X 0 1 0
1 1 0 0 1 0
1 1 0 0 1 0
1 1 0 0 t 0 001 1 0 0 1 1
1 1 0 0 1 1
1 1 0 0 1 0
1 1 0 0 1 0
1 X X 0 1 1

Két qua thuc nghiém (hinh 9) cho thay
mach ghi dich hoat dong ding vdi nguyén
1y thiét ké. Khi thyc hién x6a dit liéu (CLR),
tat ca cac ngd ra déu tro vé trang thai khong,
thé hién ding chirc nang khdi tao ciia mach.
Sau khi nap dir liéu song song va chuyén
sang ché do dich tuan ty, mdi CLK duoc
cap da xudt cac bit dir liéu lan luot dich
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sang phai. Diéu nay ching minh ring mach
da ghi nhan chinh xac chudi nhi phan dau
vao 00011001 va dich n6 theo ding hudng
mong muén. Dic biét, cac ngo ra thay doi
nhat quan véi timg xung dong ho, khong
xuét hién sai léch hay bat thuong trong qué
trinh dich. Két qua nay khang dinh tinh kha
thi va hi€u qua cta bd thi nghiém.
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Hinh 9. Thue nghiém mach ghi dich va mach dém

Bang 2. Két qua thwe nghiém mach dém

CLR CLK D2 C2 B2 A2 D1 C1 Bl Al x10 «x1

0 X 0 0 0 0 0 0 0 0 0 0

1 1 0 0 0 0 0 0 0 1 0 1
1 ) 0 0 0 0 0 0 1 0 0 2
1 ) 0 0 0 0 0 0 1 1 0 3
1 1 0 0 0 0 0 1 0 0 0 4
1 ) 0 0 0 0 0 1 0 1 0 5
1 ) 0 0 0 0 0 1 1 0 0 6
1 ) 0 0 0 0 0 1 1 1 0 7
1 ) 0 0 0 0 1 0 0 0 0 8
1 1 0 0 0 0 1 0 0 1 0 9
1 1 0 0 0 1 0 0 0 0 1 0
1 ) 0 0 0 1 0 0 0 1 1 1

Két qua thyc nghiém cho théy mach tu theo chudi gia tri nhi phan, dugc ma
dém hoat dong 6n dinh va chinh x4c. Mbi  hoéa dudi dang BCD va dich ra chi s6 dém
lan cap xung canh lén, dau ra thay do6i tuan 1o rang. Mach dém phan hoi dung voéi ly
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thuyét trong toan bo dai tir 0 dén 11, khong
xuat hién sai 1éch. Nhém nghién ctru da lap
bang so sanh dinh luong thong sé ki thuat
va gia thanh v6i 2 dong san pham thuong
mai phd bién trén thi truong 1a TDC-100
(Viét Nam) va ED-2000 (Han Quéc), két
qua thé hién ¢ Bang 3.

S6 lidu so sanh & Bang 3 cho thay giai
phép tu ché tao dé xuat c6 wu thé vuot troi
vé gia thanh (chi bang khoang 37,5% so

v6i TDC-100 va 12,8% so voi ED-2000),
trong khi s lwgng module thuc hanh
tuong duong va tinh linh hoat stra chira,
thay thé linh kién cao hon han nho thiét
ké IC cam trén dé socket tién lgi. Co ché
béo vé qua dong bang cau chi tu phuc hoi
PTC doc 1ap cho tirng module 1a mdt diém
cai tién 16n giup giam thiéu tdi da rii ro
hu hong phan cimg khi sinh vién thao tac
nham day.

Bang 3. So sanh thong s6 ky thuit va gia thanh véi cac bd thi nghiém thwong mai

(74LS series)

Tiéu chi so sanh B0 thi nghi¢m TDC-100 ED-2000
ché tao (Viét Nam) (Han Qudc)
S6 module thyc 10 module roi rac 8 module cb dinh 12 module ¢b dinh
hanh
Linh kién chinh IC logic roi IC logic ro1 & CPLD IC ro1 & FPGA

Co ché bao vé qua
tai

Cﬁu chi tu phuc,
hoi PTC ting khoi

Cau chi ong tong

Bao vé dién tir
ngo ra

Day dau no6i

Day cam bap

Day cam bap chuoi

Day cam bap chuoi

chudi 2mm, Cap 2mm 2mm
cam testboard
2.54mm
Chi phi ché tao / ~4,5 triéu VND ~12 triéu VND ~35 triéu VND
Mua méi
Kha nang sura Rét cao (linh kién Trung binh Thép (board nhiéu
chtra, nang cap ro1 dé thay) 16p phtrc tap)

3.3 Két qua ung dung vao giing day va
hoc tap

B0 thi nghiém mach sb sau khi hoan thanh
da dugc dua vao st dung thuc té tai Truong.
Pé danh gia dinh lugng hi€u qua dao tao,
nhom tac gia di tién hanh khao sat phan hoi
tir 56 sinh vién. Két qua phan tich thong ké
chi tiét cho cac tiéu chi danh gia dugc thé
hién ¢ Bang 4. DJ tin cdy toan di¢n cua bang
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hoi khao sat dat hé sd Cronbach’s Alpha la
0,843, khang dinh d¢ tin cay khoa hoc tot.

S6 liéu & Bang 4 cho thay tinh tryc quan
va kha nang hd tro 1y thuyét 1a hai tiéu chi
dugc danh gia cao nhat (Mean tuong tng
13 4,35 va 4,28). Do 1éch chuin cua tit ca
cac tiéu chi déu duéi 0,7, ching to sy nhét
quan va dong thuan cao trong dénh gia cta
sinh vién ddi v6i bo thi nghiém. Hi¢u qua
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nang cao chat luong dao tao duoc ching
minh qua két qua diém kiém tra thyc hanh
cudi ky cua sinh vién. Piém trung binh ctia
nhom thtr nghi€ém (56 sinh vién hoc voi
b6 thi nghiém tu thiét ké) dat 8,25 diém
(46 1éch chuan 0,68), trong khi nhom d6i
chtng (50 sinh vién khoéa trude hoc qua mo
phong Proteus truc tuyén) dat 7,12 diém
(d6 1éch chuan 0,85). Két qua kiém dinh

t-test doc 1ap cho théy su cai thién diém
s6 trung binh thém 15,8% ctia nhom tha
nghiém c6 ¥ nghia thdng ké rit 1on véi
tri s6 p = 0,024 < 0,05. Diéu nay khang
dinh viéc thuc hanh tryc quan véi tin hiéu
dién vat ly thuc té trén cac IC roi giup sinh
vién rén luyén k¥ ning thuyc hanh tt hon
va cung cd viing chic tu duy thiét ké phan
cung di¢n tu.

Bang 4. Thong ké két qua khao sat phan hoi ciia sinh vién (N=56)

Tiéu chi khao sat Mean (Piém trung binh) | Std. Dev (P9 léch chuin)
danh gia

1. Tinh truc quan cua giao 4,35 0,52
dién va so d6 chan IC
2.D0 bén vat Iy va tinh 4,21 0,61
on dmh khi hoat dong cua
thiét bi
3. Kha péng hd tro cung ) 4,28 0,58
1y thuyét bai giang trén 16p
4. Mtrc d6 khoi goi hirng 4,18 0,65
th hoc tap va tu duy tu
hoc
5. SI_I’ thudn tién trong thao 4,12 0,70
tac cam day thuc hanh

Hinh 10. Bj thi nghiém dung trong hoc tap
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Két qua khao sat cho thdy phan 16n sinh
vién danh gia cao tinh tién dung va gia tri
hoc tap cua bo thi nghiém.

Vé noi dung, 60.7% cho rang thiét bi hd
tro 1y thuyét rat tot (Hinh 11a), 58.9% danh

® HO tro rat tot

= H6 tro tot

= Trung binh
Chua tét

® Rét bén va 6n dinh
Kha bén va én dinh

= Trung binh

m Dé hu hong

©

gid dap ng day du ham luong kién thuc
(Hinh 11b) va 57.1% nhan dinh thiét bi rat
bén, 6n dinh (Hinh 11c). V& murc d6 bd trg
kién thic 1y thuyét va thyc hanh dugc danh
gi4 rat cao véi 71,4% (Hinh 11d).

® Dap img day du
® Hau hét dap tmg
= Dap tmg mdt phin

Khéng dap tmg

® Riét chat ché, bd tro 1an nhau
m Kha chat ché
= Trung binh

Roi rac, it lién quan

(C)

Hinh 11. Két qua khdo sdt chét lwong néi dung bé thi nghiém

Nhin chung, sinh vién danh gid b thi
nghiém mach s & muc rat tich cuc, véi ty
1¢ hai 10ng cao trén hau hét cac tiéu chi. Tuy
nhién, van con mot s6 han ché can cai thién
nhu: thiét ké két ndi day, su thuén tién cua
linh kién, cling nhu viéc phan bo thoi gian
va s luong sinh vién trong mdi budi hoc.

4. KET LUAN

B0 thi nghiém mach s tich hop da chirc
nang da duogc thiét ké va ché tao thanh cong,
dap ung t6t yéu cau thuc hanh tryc quan cua
hoc ph?m K¥ thuat sb. Két qua thuc nghiém
dinh luong khéng dinh tinh 6n dinh cao cia
phan ctng: ngudn cip LM2596 5V 6n dinh
voi do sut ap cuc dai dudi 1,6%, mach tao
xung Clock hoat dong chinh xac tir 1 Hz
dén 101,8 kHz v6i xung vudng chat lugng
cao (rise time 22,4 ns). Co ché bao vé chu
dong tich hop cau chi ty phuc hdi PTC cho
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thay hiéu qua ngit dong bao vé cuc nhanh
duéi 0,12 gidy khi x4y ra ngan mach, nang
cao tudi tho cua thiét bj trong moi truong
giang day. Pong gop khoa hoc va k¥ thuat
ndi bat ctia nghién ctru la cung cap mot giai
phap thiét ké bo thi nghiém sd tu ché tao co
céu triic module hoa linh hoat, gia thanh ré
(khoang 3,5 triéu VND) gitp giai quyét bai
toan thiéu thiét bi thuc hanh cho dao tao
ky su ban dan hién nay tai Viét Nam. Két
qua thyc nghi¢m su pham chirng minh hi¢u
qua dao tao vuot trdi cua thiét bi véi diém
thuc hanh trung binh cua sinh vién ting
15,8% (8,25 so voi 7,12) va nhan duogc
danh gia phan hdi cuc ky tich cuc tir nguoi
hoc (Mean = 4,21/5, Cronbach’s Alpha =
0,843). Hudng phat trién tiép theo cua dé
tai la nghién ctru tich hgp thém mach do tu
dong ATPG va két ndi may tinh dé giam sat
hoat dong logic thoi gian thuc.
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DESIGN AND MANUFACTURE OF DIGITAL CIRCUIT
EXPERIMENT KIT FOR LEARNING AND TEACHING PURPOSES

Duong Khanh Son"*, Tran Thi Thanh Thao? Nguyen Quoc Anh', Nguyen Duy Cuong'
!Faculty of Mechanical Engineering, Can Tho University of Technology, Vietnam
’Office of Educational Testing and Quality Assurance, Can Tho University of Technology, Vietnam

Abstract: This study aims to design and fabricate an integrated, modular, and
multi-functional digital circuit experimental kit to meet the requirements of intuitive
practical training and to enhance hardware durability in educational environments. The
implementation methodology involves analyzing the detailed course syllabus, selecting
appropriate components, designing schematics in Proteus software, developing 3D models
and printed circuit boards (PCBs) in Altium Designer, and fabricating the hardware
enclosure using laser cutting and engraving technology. The novelty of this research lies in
the integration of an active protection system against short circuits, reverse polarity, and
overcurrent using polymeric positive temperature coefficient (PPTC) resettable fuses for
each individual functional block. Experimental results demonstrate that the integrated 5.0
VDC power supply operates stably with a voltage drop of less than 1.6% under full load
(0.8 A), and the clock frequency is precisely adjustable from 1 Hz to 102 kHz with a rise
time of 24 ns. The logical testing success rate for the practical exercises reached 100%
over 20 continuous test cycles. A survey evaluation conducted on 56 students indicated
that the device effectively supported the reinforcement of theoretical knowledge, achieving
an average score of 4.21/5 (Cronbach's Alpha = 0.84). The research findings provide a
cost-effective, self-built pedagogical tool that enhances teaching and learning efficiency
while fostering student engagement and interest in the subject matter.

Keywords: digital circuit experiment kit, digital signal, microchip, semiconductor
engineering education
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