Electronic circuit Lab FEEE-University of Technology

Lab6- MOSFET LOGIC GATE CIRCUITS

Muc dich
[1] Niim viing va xdy dung dwoc cong dao NMOS va CMOS.

[2] Po va vé dac tuyén truyén dat dp (VIC) cua céng ddo.
[3] Po dac va tinh todn thoi gian tré (propagation delay).
[4] Po dac va tinh todn cong sudt tiéu thu cia cdc loai céng dao.

[5] Khdo sdt cdu triic va do dac bang sy thdt cua céng logic NAND va NOR

1. Chuin bi thi nghi¢m

- Doc lai ly thuyét veé mach céng logic: Microelectronic Circuits, fifth Edition,
Sedra/Smith, pages 336-345 & pages 950-982.

- Cho cbng dao NMOS trén H1.1a, gia st MOSFET c6 K=0.5mA/V?>, V=1.5V, hiy tinh
todn va v& dic tuyén truyén dat 4p (VTC) cia mach bang cich tinh Vo, khi Vi, 1an luot
bang 0, 1,2, 3,4 va 5V.

Vop=+5V

Vpp=+5V
4.7kQ)

VOUT
B C=100pF
I p

H1.1b

- Mach Hl1.1a duoc néi thém tu C ¢ ngod ra nhu H1.1b, gia st C du 16n dé bo qua céc tu
ky sinh trong MOSFET, hiy x4c dinh biéu thtc va gia tri cua thoi gian tré canh 1én
(tpLp) va xuéng (tpgp) ctia ngod ra khi ngd vao 1a xung vudng don cuc c6 bién do bﬁng
5V.

- Hay tinh to4n cong suat ngudn cung cap cho cong dao Hl.1a khi ngd vao ¢ mirc cao
(5V) va mtc thip (OV).

- Cho cbng dao CMOS trén H1.2a, gia st MOSFET c¢6 K,=K,=0.5mA/V>,
Vi=Vp=1.5V, hdy tinh todn va v& dac tuyén truyén dat ap (VTC) ctia mach.

Vpp=+5V iIVDD=+5V
A | 8

o H1.2b
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- Mach H1.2a duoc ni thém tu C ¢ ngd ra nhu H1.2b, gia st C du 16n dé bo qua céc tu
ky sinh trong MOSFET, hiy xdc dinh biéu thic va gia tri cua thoi gian tré canh 1én
(tpLr) va xudng (tprr) ciia ngd ra khi ngo vao 1a xung vudng don cyuc c6 bién do bang
5V.

- Hay tinh to4n cong suat ngudn cung cap cho cong dao Hl.2a khi ngd vao ¢ mirc cao
(5V) va muc thap (OV).

- Cho 2 cong logic 2 ngd vao nhu H1.3a va H1.3b, hiy trinh bay hoat dong ciia chiing va
cho biét d6 1a loai cong gi?

A Voo
I Qpa
] A |H' Qea IH' Qps
H1.3a j
B : |
Iﬂ Qpp Y
4 Qua
—ea Y —
Qna J H1.3b
— —
Ae I!-‘ Ih Quns Be IE Qne

- DPoc phan 3, thwe hién thi nghiém, sau d6 tém tit cic cong viéc chinh phai lam trong
bubi thi nghiém.

- Xem lai cich sir dung dao dong ky va may do van ning dé do cic dai luong lién quan
trong budi thi nghiém.

- Download va doc datasheet cia HEF4007

2. Dung cu thi nghiém

- B0 thi nghiém chinh ELECTRONIC LAB ANA-MAIN

- Module: MOSFET logic gate circuits

- Dao dong ky: GRS-6052A

- Mady do: Fluke 45

- B¢ day ni

3. Thuwc hién thi nghiém

MOSFET & linh kién rdt dé bi hong do tinh dién. Do dé trong qud trinh thao tdc thi

nghiém phai hét sirc thin trong tudn thi diing mot s6 nguyén tac sau:

- Khong cham tay vao cuc G ciia MOSFET vi rat dé giy nguy hiém cho MOSFET do
tinh dién cua tay.

- Tat toan by cic ngudn cung cip va tin hidu, may do chiic ning do dién tro, test diode
trudce khi thue hién thao tac ndi hodc thay d6i mach.

- Khi ndi mach, thuc hién cdc phﬁn cua mach khong lién quan t6i MOSFET trudc, nbi
MOSFET vao sau cung.
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- Néu c6 bét cir nghi ngd nao li€n quan téi sy hu héng cia MOSFET, phai ngay 1ap tic
béo cho cén bo quan 1y PTN biét dé kiém tra va thay thé néu MOSFET bi hong. Chil ¥:
s6 lugng MOSFET cho mdi budi thi nghiém 1a c6 han, do vdy cén bd quan 1y PTN c6
quyén tir chdi thay thé cho nhém TN lam hu hong qué nhiéu MOSFET.

3.1. Khio sat cong dao NMOS

3.1.1. Do diic tuyén truyén dat ap (VITC)

a. Thuyc hién mach trén H3.1a dung Block a trén Module - MOSFET logic gate circuits
nhu H3.1b.

b. Mady phét séng chinh séng tam gidc tan sé 500Hz, bién d6 3V, b ngudn DC chinh 3V
dé 1am tin hiéu Vin cap cho mach.

c. Dao dong ky dung CH1 do ngo vao va CH2 do ngo ra, Vert mode chon X-Y, hai kénh
chon Mode DC.

d. Do va ve€lai VTC cua mach, ghi thong tin vao Bang 3.1a.
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Bang 3.1a — VTC cua NMOS
VOH[V] VI:I Vs 1vllU\|1
Vou[V] -+ | [|cHi:Vin
Y, | oo ' VOLTS/DIV: 1V
V] L d Mode:DC
Viu[V] | o122 Vout
Va[V] I I A I VOLTS/DIV: 1V
Mode:DC
NM.[V] I Y I I VERT MODE: X-Y
NMy[V]

3.1.2. Do thoi gian tl‘é tear & tpLu

a. Thuyc hién mach trén H3.1c dung Block a trén Module — MOSFET logic gate circuits
nhu H3.1d.

A W N

Vin

H3.1d

Block a - MOSFET inverter
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b. Do va vé lai (Bang 3.1b) dang séng ngé ra khi ngd vao 1a séng vudng bién do 5V, tan
s lan lugt 12 1KHz va 50KHz.

c¢. Khi ngod vao 1a séng vudng bién do 5V tan sé 50kHz, hdy vé lai dang tin hiéu vao vara
vao Bfmg 3.1b, tir d6 xac dinh tpy va tpLy.

Truong hop Bing 3.1b -Két qua do dac cong dio NMOS
Voul(l)
: | CHI:V,,

Sl VOLTSDIV:E

Input: square wave Mode:DC

5V, IKhz 1O OO0 OO OO OO T L A Y @ ) TIME/DIV: 0.2ms
Voul(t)
: | cHI: v,
i VOLTS/DIV:
Input: square wave HrNSEEEEN Mode:DC
5V. 10Khz e | TIMEZDIV: 200

Vin(‘ ) &- Vuul( U

CHI: V,
ok L VOLTS/DIVE:
Input: square wave i | Modenc
5V,50Khz | | RN - P, CH2: Vo

Mode:DC

| TIME/DIV: Sps

3.1.3. Po cong suit ngudn cung cip

a. Thyuc hién do dong trung binh ngudn cung cip (Iavg) cho cong dao trén H3.1c khi
Vin=+5V, tir d6 tinh cong suat trung binh (Pave) ngudn cung cap cho cong.
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b. Thyc hién do dong trung binh ngudn cung cip (Iavg) cho cong dao trén H3.1c khi

Vi,=0V, tir d6 tinh c6ng suét trung binh (Pave) ngudn cung cap cho cong.

c. Voi mach trén H3.1c, ndi Vi, v6i médy phdt séng vudng bién do 5V, tin s dé &
RANGE 100K. Hiy do dong trung binh ngudn cung cap (Tave) cho cong dao khi nim
chinh FREQUENCY dé & cya tiéu va cuc dai. T d6 tinh cong suat trung binh (Pyy,)
ngudn cung cap cho cong twong tng vi mdi trudong hop.

d. Ghi cdc s lidu do dac va tinh todn vao Béang 3.1c.

' Bang 3.1c — Két qua do cong sudt ngudn cung cép cho cong dao NMOS
liilg Vii=5 | Vis=0 | Vin square wave, RANGE Vin square wave, RANGE
100k, FREQUENCY Min 100k, FREQUENCY Max
Lovg[HA]
Paye[UW]

3.2. Khio sat cong dao CMOS
3.2.1. Do diic tuyén truyén dat ap (VIC)

a. Thuyc hién mach trén H3.2a dung Block a trén Module - MOSFET logic gate circuits
nhu H3.2b.

= — — — —

out-2

H3.2b

Block a - MOSFET inverter
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b. May phét séng chinh séng tam gidc tan s6 500Hz, bién d6 3V, bd ngudn DC chinh 3V

de lam tin hi¢u Vi, cap cho mach.

c. Dao dong ky dung CH1 do ngo vao va CH2 do ngo ra, Vert mode chon X-Y, hai kénh

chon Mode DC.

d. Do va vé lai VTC cua mach, ghi thong tin vao Bang 3.2a.

Bang 3.2a - VTC cua CMOS

Von[V]

Vo [V]
Vi[V]

Viul[V]

Vi[V]

NM,[V]

Vin v8 Vou

: CHI1: Vin
VOLTS/DIV: IV
Mode:DC

| CH2: Vout

VOLTS/DIV: 1V
Mode:DC

VERT MODE: X-Y

NM[V]

3.2.2. Do thoi gian tl‘é tear & tpLu

a. Thuyc hién mach trén H3.2¢ dung Block a trén Module — MOSFET logic gate circuits
nhu H3.2d.

1

?|
)
o

H3.2d

G,r:l\D
i

|

|

|

|

|

|

|

|

|

|

|

4 |
13 |
|

out-1 out-2 i
O ;

1

Vout 1

; |
7 3
|

|

|

|

|

|

|
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Block a - MOSFET inverter

CuuDuongThanCong.com

Page 7

https://fb.com/tailieudientucntt



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Electronic circuit Lab

FEEE-University of Technology

b. Do va vé lai (Bang 3.2b) dang séng ngé ra khi ngd vao 1a séng vudng bién do 5V, tan

s6 1an luot 1a 1KHz va 50KHz.

c¢. Khi ngod vao 1a séng vudng bién do 5V tan sé 50kHz, hdy vé lai dang tin hiéu vao vara
vao Bfmg 3.2b, tir d6 xac dinh tpyy va tpLy.

Truong hop Bang 3.2b -Két qua do dac cong dao CMOS
Vou(t)
| CHI: V,,
""" | voLrsmoiv: ...
Input: square wave Mode:DC
5V,1Khz | | TIME/DIV: 0.2ms

Input: square wave
5V, 10Khz

Voul(t)

|CHI: vV,

VOLTS/DIV: ......
Mode:DC

TIME/DIV: 20us

Input: square wave
5V, 50Khz

Vin“ ) &- Vuul( U

CHI1: Vy,
VOLTS/DIV: ......
Mode:DC

CH2: Vo,

VOLTS'DIV: ......
Mode:DC

| TIME/DIV: Sps

3.2.3. Po cong suit ngudn cung cip

a. Thyuc hién do dong trung binh ngudn cung cip (Iavg) cho cong dao trén H3.2¢ khi
Vin=+5V, tir d6 tinh cong suat trung binh (Pave) ngudn cung cap cho cong.

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

Page 8



http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Electronic circuit Lab FEEE-University of Technology

b.

Thyc hién do dong trung binh ngudn cung cip (Iavg) cho cong dao trén H3.2¢ khi
Vi,=0V, tir d6 tinh c6ng suét trung binh (Pave) ngudn cung cap cho cong.

V6i mach trén H3.2¢, ndi Vi, v6i mdy phit séng vudng bién do 5V, tin s dé &
RANGE 100K. Hiy do dong trung binh ngudn cung cap (Tave) cho cong dao khi nim
chinh FREQUENCY dé & cya tiéu va cuc dai. T d6 tinh cong suat trung binh (Pyy,)
ngudn cung cap cho cong twong tng vi mdi trudong hop.

Ghi céc s6 liéu do dac va tinh todn vao Bang 3.2¢.

Bang 3.2c — Két qua do cong suat ngudn cung cép cho cong dao CMOS
bai

Vin=5 | Vin=0 | Vi, square wave, RANGE Vin square wave, RANGE
100k, FREQUENCY Min 100k, FREQUENCY Max

lugng

Iavg[uA]

Pavg[uw]

3.3. Khaio sat cong NAND va NOR
3.3.1. Khio sat cong NAND

a.

b.

Thuyc hién cong NAND ding Block b trén Module - MOSFET logic gate circuits

Do va 1ap bang sy that (Bang 3.3a) thé hién hoat dong cua cong NAND.
Bang 3.3a — Bang sy that cong NAND
A [V] B [V] Y [V]
0 0
0 5
5 0
5 5

Ng6 vao A n6i 0V, ngd vao B ndi mdy phat séng vudng bién do 5V, tan s 1KHz, ding
dao dong ky v€ lai dang tin hiéu vao B vara Y vao Bang 3.3b.

Ng6 vao A ndi 5V, ngd vao B ndi mdy phat séng vudng bién do 5V, tan sb 1KHz, ding
dao dong ky v€ lai dang tin hiéu vao B vara Y vao Bang 3.3b.

Ng6 vao A va B ndi mdy phat séng vudng bién d6 5V, tan sé 1KHz, ding dao dong ky
v€ lai dang tin hi€u vao A, B vara Y vao Bang 3.3b.
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anm]g h(yp Bang 3.3b -Két qua do dac c()ng NAND
B&Y
} CHI: B
b R vortsmw .
B: square wave L | Modenc
5V, IKhz IR OO FOUUR PR FUUOE SO DUUON N ™5, e CHI: Y
: VOLTS/DIV: ......
Mode:DC
| TIME/DIV: 0.2ms
B&Y
- i I cHnB
B el VOLTSDIV:
B: square wave i Mode:pe
5V,1Khz = | |Jdedhddan  JOU0L IOV IO OO PO CHI: Y
fo | VOLTSDIV: ...
Mode:DC
TIME/DIV: 0.2ms
AB&Y
] | cHi: A=B
A S R B M S M VOLTS/DIV: ......
A, B: square wave bl el L 2 Mode:DC
SV’ I Khz ......................... ......................... CHI: Y
] VOLTSDIV: ......
Mode:DC
| TIME/DIV: 0.2ms

Page 10

CuuDuongThanCong.com https://fb.com/tailieudientucntt


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

Electronic circuit Lab

FEEE-University of Technology

Truong hop Bing 3.3d -Két qua do dac cong NOR
B&Y
: CHI: B
A=0V
_____________________________ VOLTS/DIV: ......
B: square wave Mode:DC
SV, 1IKhz | CHI: Y
VOLTS/DIV: ...
Mode:DC
________________ | IMEDIV: 0.20ms
B&Y
. CHI1: B
N VOLTS/DIV: ...
B: square wave Mode:DC
5V, 1Khz VOUPN SO POV DU DU JUUN FUUT VU OO OO CHI: Y
VOLTS/DIV: ......
Mode:DC

| TIME/DIV: 0.2ms

A, B: square wave
5V, IKhz

| CHI: A=B

VOLTS/DIV: ......
Mode:DC

CHI: Y
VOLTS'DIV: ......
Mode:DC

1 TIME/DIV: 0.2ms
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3.3.2. Khio sit cong NOR

a. Thyc hién cong NOR ding Block b trén Module - MOSFET logic gate circuits

b. Do va lap bang sy that (Bang 3.3¢) thé hién hoat dong cuia cong NOR.

Bang 3.3c — Bang sy that cong NOR
A [V] B [V] Y [V]
0 0
0 5
5 0
5 5

c. Ngo vao A ndi 0V, ngod vao B ndi may phat séng vudng bién d6 5V, tan sb 1KHz, ding
dao dong ky v€ lai dang tin hiéu vao B vara Y vao Bang 3.3d.

d. Ngo vao A ndi 5V, ngo vao B ndi mdy phat séng vudng bién do 5V, tan sb 1KHz, ding
dao dong ky v€ lai dang tin hi¢u vao B vara Y vao Bang 3.3d.

e. Ngo vao A va B nbi may phit séng vudng bién do 5V, tan sé 1KHz, diing dao dong ky

v€ lai dang tin hi€éu vao A, B vara Y vao Bang 3.3d.
4. Bao cao thi nghiém
- Phan tich so sanh két qua 1y thuyét véi thuc nghiém
- So sdnh cong ddo NMOS véi CMOS
- Phan tich hoat dong ctia cdc cong NAND va NOR
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