DHBK Tp HCM-Khoa B-DT
BMDT

GVPT: H6 Trung My
Mén hoc: Dung cu ban dan

Chwong 5
BJT



BJT
Gidi thiéu
Blrc tranh y niém
Pac tinh tinh cua BJT
Céac tham so hiéu niang cta dung cu
Céac hiéu rng thir cap
Céac dac tuyén cua BJT
Mo hinh tin hiéu nhé cua BJT — TD: Cac mach Kb
BJT & tan sb cao
Cac loai BJT khac
Cac rng dung cua BJT: Gwong dong dién, ...
Thyristor



5.4 Thiét ke dung cu va
cac tham so6 hiéu nang cua dung cu

Trong phan nay ta sé khao sat 1am thé nao viéc thiét ké
dung cu lam anh hwdng hiéu nang cua BJT. Qua cac
tham sb hinh hoc va vat liéu ma ta co thé diéu khién/kiém
soat |4 nong doé tap chat, bé rong mién nén, dién tich
dung cu, va trong 1 sb trwdng hop 1a sw lwa chon dung
cu (TD: Si hodc GaAs,...). Thuwdng thi ta kho thay doi hé
thong vat liéu vi kho thay déi cong nghé xi ly.
Cac tham sd hiéu nang chinh ma ta mudn cai thién Ia do
loi dong va tan s6 hoat ddng cuia dung cu.
Ta sé tap trung vao ché dd tich cuwc thuan cta BJT NPN
dé co

Ve >>Vy  va Ve >>Vy
V&i BJT duoc thiét ké tot, ta ludn co W, << L,



Hiéu suat phat
Theo dinh nghia:

1 1 1 ,
Vo= = A= (vithue té g << gy)
IEN+]EP 1+ —£2 EN
]EN

Theo phan chirng minh trwdce (5.3.1), ta co
len = QA(Dg/Wg)np, exp(Vee/V1) + gA(W gl 73) npp €Xp(Vee/V7)
len = QA(Dg/Wg)npo €xp(Vee/V7)

va
lep = QA(Dg/Lg) peo €Xp(Vae/ V)
y zl_lﬁzl_peO D, W,
] Dy L,

Ly My
Nhw vay mudn co hiéu suat phat > 1, ta nén thiét ké dung cu c6 Wy << L
Va P, << N,,. Suy ra ta can c6 bé réng mién nén nhé va pha tap chat ¢
E >> pha tap chat & B. D nhién bé réng mién nén ciing c6 gi¢i han khéng
thé qua ngan! 4

Suy ra:




Hé sé van chuyén mién nén
Theo dinh nghia: B — ]_C
1

EN
Vi I, va gy (tr 5.3.1)

Ic = qA(Dg/Wg) npp exp(Vee/V7)
len = QA(Dg/Wg)n,o exp(Vee/Vr) + QA(Wal273)n,0 €Xp(Vee /V7)
(cha y la thanh phan thir 2 & Iz lubn ludn << thanh phan 1)

Suy ra:

2
1 1 1 1(W
B= SR S— 2z1——( B"] V&i Wi, << L,

B
2D,t, 2[% 5 I

B

Chu y: Hé sb van chuyén mién nén B phu thudc vao bé réng mién nén trung
hoa (Wp,) chlr khéng phai bé réng mién nén khi dwoc ché tao. Nhw vay né
phu thuéc vao diéu kién phan cwc. Diéu nay lam gay ra hiéu rng Early ma ta

sé xét sau.
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Po loi dong va ho dan

D6 loi dong B chung: ) ~
a:[C: B]EN :yeB:|:1_peO DE WB:| l_l(WBn]
Ly gy +1g n, D, L, 2\ L,

Suy ra dé c6 dwoc do loi dong cao, can cé6 Wz nhd, N, thap va Npe cao
Ti sO clia dong thu /I, trén dong nén /5 rat quan trong vi ngudi ta ding dong
nén dé diéu khién dung cu.
Do loi dong E chung (DC): B __a
l-a
Tw biéu thirc trén, ta thay dé co B cao ta can pha tap chat cao & mién phat va
bé rdng mién nén nhd. Mot tham sb quan trong khac cho thay hiéu nang cla
dung cu la hé dan, né mé ta viéc diéu khién dong ra (/) bang phan cwc ngd
vao (Vge). HO dan co tri la

", 1. B,
W VY,

H6 dan clha BJT rat cao so v&i FET ¢6 cung kich thwdc.Diéu nay cé dwoc do
I- 1a ham mu theo Vgg. 6



 Cac tham so hiéu nang cua BJT loai PNP:

/

< C
— Hiéu suéat phat Y. =
P I, +1,
— Hé sb van chuyén mién nén B — [C
[Ep
— DP0o loi dong B chung ]C
o = }/eB = [—
E
— DP0o loi dong E chung
B = Lo a
[, l-«a



5.5 Cac hiéu trng thr cap

« Diéu ché mién nén-hiéu ng Early
« Panh thung: xuyén qua va thac I{



Piéu ché mién nén

Dong dién thu ti 1& nghich v&i Wy, (bé rong mién nén trung hoa)

- ‘ - Mién nén
Tang Ve lam giam Wp, = (base)

dong / tang.

Khi thay d8i Ve > W, thay
dbi (diéu ché mién nén)

Tang
gradient
hat dan
thiéu so

xp =0 < ;= Wy,

(a)



bién ap Early V,,

Néu pha tap chat sao
cho Npg << N,z > bé
rong mién nghéo & J,;
s& nam bén phia mién
thu (Collector) = dién
ap Early V, lon.

Diéntrorar,

. oV _ Vit Vero ~ Vi
’ a[C 0 [CQ [CQ

Vi V, = 50V dén 200V

10



Hiéu wng Early

IC /\/ Saturation region
«—— Active region - > Vies

-
L J
L 4
L J
L 4
L J
®
L J
"
L 4

-
-
-
o
o” o®
o o®
ooooo
[ 4 L
®

"

[ 4 -® -
..........
0Se® _ee="

Hiéu wng Early

Dong dién trong mién tich cwe (hoi) phu thudc vao Vg

V, 1a tham sé ctia BJT (50 dén 100) va dwoc goi la dién ap Early

Do sw gidm bé réng mién nghéo hiéu dung Wy, khi phan cuc ngworc tang
Lam xuét hién thém dai lwong dién ap Early trong phwong trinh dong dién
Do dbc khac khdong nghia 1a dién tré KHONG phai vo han.
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Hiéu wng Early

« Cai gi gay ra hiéu wng Early?
— Tang Vg lam cho b‘e rong mién ngheo cua Jctang lén va
nhw vay bé rébng mién nén gidm (diéu ché mién nén)

DY

Bé rong mién nén hiéu dung Wp, cang ngan thi dn/dx
cang cao

dn/dx

Bn n — AEQDH




Panh thuang trong BJT

Cé6 2 co ché danh thiing quan trong trong BJT:
(1) danh thung xuyén qua (punch-through breakdown)

(2) danh thung thac i (avalanche breakdown),
[twong tw v&i danh thung trong cac chuyén tiép PN]

13



 Danh thung xuyén qua (punch-through breakdown) xay ra khi
dién ap phan cuc ngugc Ve 1on dén n6i ma cac mién ghéo cia J;
va J. tron 1an nhau (W5, = 0).

Do cao cua rao E-B voi 16 bi 4nh huo’ng bo1 V-, nghia 1a sy tang
nho trong V- can cho su ting 16n & 1.

Vie tang

Chu y: Bién ap xuyeén-qua thuong
16n hon nhiéu dién ap danh thung
thac 1u

« Coché danh thung thac lii (avalance breakdown) trong BJT phu
thudc vao cau hinh mach (CE hay CB).

14



* V6i cau hinh CB, danh thing théac 1ii trong J,. (E hd) BV, c6 dugc
tu dién truong (danh thung) cuc dai £, (~300 kV/cm véi Si va
400 kV/cm vo1 GaAs):

* Su tang dong di¢én do di€n ap BV cao hon dugc phan anh qua hé
0 nhan (multlphcatlon factor) MCB trong biéu thirc dong dien.
N6 bang trong cac diéu kién lam viéc binh thuong, va 16n hon 1
khi1 danh thung thac 1t xay ra.

» Khi cyc E ho, hé s6 nhan cua J- 1a:

- -1

Vier ) 2
Mcp = 1_[ 5C ]
BVpe

15



* V6i cau hinh CE, dién 4p danh thung CE 1a BV - c6 lién hé voi
vO1 BV

I =1, — Cauhinh B ho

M pclpco
Ie =Mpe(agdp +1pco) = Ic = I—o . M =M gclgco
dc™™ BC
Mpc=""0 w.. ~Blec = BVpe(l—og, )™
—UgeMpc
- OF My 1My Phai nho tm’n n}neu BV
< 40 : do hoat dong cua BJT.
9 30 | !
T 20 ,'
10 — I'
—J—-"'"’ - > Dién ap nguoc




=
@)
=

OL

i = l VFC
I Vi
P&c tuyén ra CB Pac tuyén ra CE

BVCBO

yB

BV o =BV V1—0 =

I
i
i
T Open _ 1 Open _
! base _hl emitter
& )
1
1
.
Iceo] 7= ="
’
I
] =
IC*HL‘I’V - : II- r
BVeo BV ¢cso
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]

I-(mA)
[y
r
I(mA)

~1E=0 " lcpo™
0 k4 1 L 1 '4"
0 20 40 60 80

Vee V)——

0.01

¢ Iceo

v [B=0 | .
0 20 40 60 80

1’?5(_" {"r'f} —_—

COMMON BASE:
During breakdown, emitter current
1s not affected

COMMON EMITTER:

At very low multiplication, base current
starts to increase, causing the emitter
current to rise, and the collector current
starts to run away

Avalanche breakdown related characteristics of a bipolar transistor in the commonbase

and common-emitter configurations.
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Transistor (NPN) Voltage Ratings

' Rating | = Descripton [  2N3904 |
Veso Vg With emitter circuit open 60 V.
Veeo V- with base circuit open 40 V4.
Vieso Vg with collector circuit open 6 V4.

o = with the 3 terminal open circuit

s = with the 3" terminal short circuit (usually B and E)
x = with some specified circuit conditions



5.5 Cac dac tuyen cua BJT

Pac tuyén vao

Pac tuyén ra

Pac tuyén truyén dat

Cac gi¢di han hoat dong voi BJT

20



Mach do dac tuyén BJT NPN

21



Detailed BJT characteristics

Input characteristic (I; versus V)
Obviously, Vg and I are related by diode characteristic.

Ig = Iss(eVBE/VT _1)

IB
A

thermal voltage Boltzman’s constant
\ / absolute temperature
kT
Vi = — =25 mV @room temp
q
| V
0.6 > "BE electronic charge

22



Detailed BJT characteristics

Transfer characteristic (/. versus V)
Also, I.is just I, multiplied by p.

o= prafete ¥ 1)-

I.=pBI,
A

el

thermal voltage Boltzman'’s constant
\ / absolute temperature
same shape as I kT
Vi = — =25 mV @room temp
q
| V,
0.6 > "BE electronic charge

23



Detailed BJT characteristics

Output characteristic (/- versus V)
I-is nearly flat unless near saturation.

I
AC l IC
+
( for one particular V

choice of Iz or Vg CE

Not Ohm’s law!!

> Ve

24



A collector characteristic curve.

A
. I
/ Saturation j /Breakdown
I
|
/,=100 uA
1OmARL | B . |
I
: Active region |
™ g
| |
| | V
| I3 =0 uA | >
. I
| - VCE e —

I
Vi Ver Operating region?

25



A composite of collector characteristic curves

of aBJT
IC
A
30 mA
Saturation il
/ I, =200 pA ),
20 mA |
I, =150 pA _JJ|| Breakdown
I, =100 pA _
10 mA
I, =50 pA _
Cutoff
l,=0 pA JA/

| | | | > V
10V 20V 30V 40V CE

26



LS T T - s

Pac tuyén caa BJT NPN mac CB

Veg=20V
Vieg= 10V

L Veg=1V

0

02 04 06 08 10 vg (V)

a) Bac tuyén vao

L I,:' t_l"'lAJ

Saturation region

- Active region (unshaded area)

T mA

6 mA

5 mA

0 5 10 15
Cutoff region

b) Bac tuyén ra

Vea (V)

27



80
10

50

30
20

| I (LA)

Pac tuyén cua BJT NPN mac CE

Veg =1V
Veg =10V

Vep=20V

a) Bac tuyén vao

6

(Saturation region) 5

(&)

bl (mA)

I 90 pA | I
T FITTE80 1A
' TO uA j ;
50 p.zlﬁ |
40 uA
30 pA
(Active region) | 20 UA
: 10 uA
: i | R /2, = O HA
A 5 10 I \ 15 20 v, (V)
e (Cutoff region)

lero= Blepo

b) Bac tuyén ra

28



Anh hwéng cia nhiét do dén dac tuyén (NPN-CE):

B (LA) ic (mA)
A I
’ Vece = 15V °
/ : 2 aseo
50°C r_—- ——~ —= Ig = 300 xA
25°C : —— e e === |g = 200 pA
100 — — —¢— — - °
0 (-2.2 mVv/°C) — e - ——— |n = 100 pA
| i e e e o g = 0
1 [ | - Ve (MV) X Vce (V)

O==—645 700
a) Pbac tuyén vao

Ic (MA)
4
Vcg = 15V
25°C
10——— (- 2.2 mV/°C)
|
R VBe (MV)

ey 2
o 8645 700

c) DP&c tuyén truyén dat
29



Important small-signal characteristic

Ip
Different Iz (or V) has
different output characteristic.
A range of Vg corresponds to
a range of I — Vi
0.6V
Transconductance: . ,
N slope =g, :ﬁfps gl saturation
gm = AV I } active  V,,=0.65 V
= slope % v . Vi =0 (cut-off) v
on the transfer char. AN A > Ver
05 065 0.68V '

30



Transconductance, g,

* The transconductance (g,,) of a transistor is a

measure of how well it converts a voltage signal into a
current signal.

* [t will be shown later that g, is one of the most
Important parameters in integrated circuit design.

g = dIC = d [] S GXp@]
dVI;E dVI;E T
+ 1 V.
— VCE =— [ exp2£
_= gm I/T S p7T
) I
g, =—

Vr
31



Visualization of Transconductance

* g,, can be visualized as the slope of the /- vs. Vg curve.
* The slope (hence g,,) increases with /..

32



Transconductance and I,

» Fora given Ve swing (AV), the resulting current swing
about /-, is larger than it is about /.
— This is because g, is larger when Vg = Vp,.

m
..... ——— VBE = V32+ AV

lca|----- —4— Vee = Vg2

..... I Vg = Vg + AV
lcq|---- —*— Vee = VB4
g, AV
o

VcE
33



Transconductance and Emitter Area

 When the BJT emitter area is increased by a factor n, /¢
increases by the factor n.

— For a fixed value of Vg, I-and hence g, increase by
a factor of n.

34



Anh hwéng cta nhiét dé va déng I dén S

~ T =100°C
N T =25°C
N T =-55°C

> .

35



Beta (3) or amplification factor

* The ratio of dc collector current (I-) to the dc base current (Iy) 1s dc
beta (B4, ) which 1s dc current gain where I~ and I are determined at
a particular operating point, Q-point (quiescent point).

« It’s define by the following equation:

30 < By, <300 > 2N3904 I

ﬁdc IB

* On data sheet, B4.=hgg With £ is derived from ac hybrid equivalent
cct. FE are derived from forward-current amplification and
common-emitter configuration respectivley.

36



For ac conditions an ac beta has been defined as the changes of
collector current (I-) compared to the changes of base current
(Iz) where I~ and I are determined at operating point.

On data sheet, B,.=A,

It can defined by the following equation:

'V g=constant

37



TD: Tir dic tuyén ra ciia cau hinh CE, hay tim B, va B, voi diém 1am
viéc 0 [3=25 pA va Vi =7.5V.

Bai giai:

Ic2 — Ic1

Vce = constant

3.2m — 2.2m

IB2 — IB1

I m

— = 100

10 p

30 u — 20

Al

ImA)
.
[=60uA
6
) [=50uA
/ L~40uA
4
Active region _

3 Ig, [=30uA

— -
s ==

' oint
/ I3 1=10uA
1 I B
L=0uA
0
v 5 T 10 15 | 20
FH V=75V i
ce=1. Cutoff region



6

Xac dinh B, va B,, ttr dic tuyén collector

4 I (mA)

BDE - Ic /Ip
2 2.7ma/25ua
= 100

Bac = Alc/Alg

_ (3.2ma — 2.2ma)/(30ua-20ua)
= Ima/ 10ua
= 100

co thé khac nhi€u & nhirng diém khac

g / Piém hoat dong

20 pA

10 pA

Ip=0pA

5 10 15

20 25 'l‘r;_';_'”i"ll
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Cac gi®i han hoat dong cho BJT

Nhiéu BJT dung cho mach khuéch dai. Nhw vay ta phai lwu y
dén céac gi®i han hoat ddng clia né.

Toi thiéu c6 3 gia tri cye dai duoc c:fé cap trong sb tay:
a) Tiéu tan cong suat cuc dai & mién thu: P, hay Pp
b) bién ap CE cuwc dai: Vg, dOI khi durge goi la Viggceo) hay

VCEO-
¢) Dong [dién] thu cuc dai: |,

Néu dung BJT cho mach khuéch dai ta phai theo 1 sb qui tac
sau:
i) BJT cén lam viéc & ché db tich cuc thuén!

”) IC < ICmax
”) PC < PCmax

40



Cac gi¢i han lam viéc cua BJT

I (mA}

i -
Mién j B
béO h(‘)a T L PE'M = "c{_’(='mm'w
* % 3[!-]-1151_____:_" l
<. |
Mi&n “:siﬂi_m_k_
i —
tich cwc .
?—-...
% .
|
1 fg=0yuA !
. . : . 1 .
3 H | 5 20 Vee (V)
.)\/ . leso Ven CE
Ves, Mién tat

Chii y:

* Vg €6 tri cwe dai va | 6 tri cwe tiéu (Ig.=lceo) trong mién tat (cutoff ).

« o CO tri cwe dai va Vg ¢0 tri cwe tiéu (Vg min = Vegg = Vego) trong mién béo hoa
(saturation).

« BJT hoat ddng nhw mach khuéch dai trong mién tich cuwc gitra mién bao hoa va
mién tat. 41



Poc bang di liéu

BJT co6 cOng suat tiéu tan Pp:
<1 W - BJT tin hiéu nho
>1 W > BJT cbng suat
Binh mc danh thung: Vg, Veeos Ves
Dong va cong suat cwe dai: I, Po@Ta, Po@Tc
Hé sb gidm dinh mc [cla cdng suat]
Tan nhiét
Do lgi dong:
— hee = Bge (Nee phu thudc I‘C) ’
— hy, =B.,.(hs. phu thudc tan s6 hoat dong)

42



Transistor Testing

1. Curve Tracer (May vé dac tuyén)
Provides a graph of the characteristic curves.
2 DMM (May do da nang hién sb)

Some DMM'’s will measure pDC or HFE.

3. Ohmmeter (May do Ohm)
High R

Low R

Open O

43



TD: Phan tich DC mach BJT mac CE

Tinh Ig, Ig, Iz va Ve (Biét : VBE (on) = 0.7V va B = 200)

VCC: 10V

Mach khuéch dai BJT mac CE

44



Puwdng tai cua mach CE

4 7
e _ Ves Ve
Pbuwongtaivao: 45 — R - R
B B
I |4 icmA)} e Tich cyc thuan ——
Puong tai C-E: [ . = c __& | ' ' 30
: Bao hoa 25
Ic (sat) - - . .
L Puwong tai -
4 -
ip (HA) A
Ipp=15 A
MY Tz . |
Ry E)lem‘ tinh ‘r >
Ipp=15 Isq Va Vigeq I : Piém Q 10
2 H /lf
X R > a | .
Dac tuyén Puong tai vao | \;B: 5
|

chuyén tiép B-E ]

"

(a) (b)

0| Vgrlon)=07V Ver=4V v 0] 2 4 6 8 10y (V)

45



VTC

Pac tuyén truyén dat dién ap (1/2)
(VTC=Voltage Transfer Chracteristics)

cho biét:

* Quan hé giltra dién ap ra va dién ap vao
« Hoat ddéng hay trang thai cua transistor

TD:

©)

Vt=45V
o

é Rp=5kQ—>

Vi HM—'in

V, £0.7V, Q, = tat (OFF):

Ig=1,=0,V, = V=5V

Gia su:
Ve o = 0.7V
8= 120
Veegsay = 0-2V
VA = o0
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Pac tuyén truyén dat dién ap (2/2)
o V;>0.7, Q= dan (tich cwc thuan)
V.—0.7 ﬁ(V —07) Vo (V)1 TAt
J =1 ] =p] =F\Vi
B R »*C ﬁ B RB Vi s
va
V =V"—I.R =5-

B

BV, ~0.7R,

\ Tich cuc

R, "-.
o Khi Vo= 0.2V, Q, di vao béo héa va | Bao hoa
tim duoc V; Voesar= 02 b=d===F" :
0 0.7 1.9 5 Vi(V)
120(V. =0.7)5
02=5- 12002070 _ gy

150



