PHBK Tp HCM-Khoa B-DT
BMDT

GVPT: HO Trung My
M6n hoc: Dung cu ban dan

Chuong 5

BJT

5.3 Thiét ké dung cu va cac tham sé
hiéu nang cua dung cu

« Trong phan nay ta sé khao sat lam thé nao viéc thiét k& dung cu lam
anh hwéng hiéu nang ctia BJT. Qua cac tham sb hinh hoc va vat
liéu ma ta co thé diéu khién/kiém soét 1a ndng dd tap chét, bé rong
mién nén, dién tich dung cu, va trong 1 sé treong hop 1a sv lva
chon dung cu (TD: Si hodc GaAs,...). Thwéng thi ta kho thay dbi hé
théng vat liéu vi khé thay @i cong nghé x ly.

 Céc tham sb hiéu nang chinh ma ta muédn cai thién la dé lei dong
vatan sé hoat déng cua dung cu.

« Ta sé tap trung vao ché do tich cuc thuan ctia BJT dé c6
Vge >> V;
Vge >> Vs

« V&i BJT dwoc thiét ke tot, ta lubn cd W, << L,
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Hiéu suat phat
IEn
= Ign+Igp

Ve

D¢ ¢ higu suét phat cao ta can toi thiéu Ig,. Ta c6 cac phuong trinh ciia I, Va Ig, nhu sau:

I i cA De‘}’eo . E’T"BE
Ep = i exp T
I i eADynpo P (5’1‘;}3}3 )
En = — - X ]
Ly, tanh (%) kT
Nhur vay hiéu sudt phét tré thanh
1

= 1+ (PFDDPLEJQI‘#UDIJLP) tanh (I{.XFHJ_.‘IL'h)

Néu W,,, << L, va dp dung tanh(x) ~x khi x=W,, /L, << 1
1 1— PeoDeWin

~

' 1+ (peuDeI“"rbn _."fnbo-DbLP] npo Dy Le

[’

Nhu vay higu suét phat - 1, ta nén thiét ké dung cu c6 W, << L, V& p,, << Ny, Nhur vay
ta can c6 bé rong mién nén nho va pha tap chat ¢ E >> pha tap chat ¢ B. Di nhién bé rong
mién nén cting c6 gidi han khong thé qua ngan!

Hé s6 van chuyén mién nén

Ie _ 1
B = . -
En  cosh (%m)
b
V&i bé réng mién nén nho ta co w2
Bx=1— bn
2L.2

Chu y 1a hé sé van chuyén mién nén B phu thudc vao bé
réng mién nén trung hoa (W,,,) ch& khéng phai bé rong
mién nén khi dwoc ché tao. Nhw vay né phu thudc vao
diéu kién phan cwc. Diéu nay lam gay ra hiéu ng Early
ma ta sé xét sau.
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Pé i dong va ho dan
Do lgi dong B chung: Ic  Blg,

o= =
IE‘ IE?E, +I.E'])

_ 1 Peol) e Wen 1— .H;E?ar.
e DpLe ?L'ﬁ

=g B

Ti s6 cda dong thu I trén dong nén I rat quan trong vi nguoi ta ding dong
nen dé dieu khién dung cu. Do Igi dong E chung:
[ —

1l—a

Tir biéu thirc trén, ta thdy dé co B cao ta can pha tap chat cao & mién phat va
bé rong mien nén nhd. M6t tham so6 quan trong khac cho thay hiéu nang ctia
dung cu la ho dan, n6 mo ta viéc diéu khién dong ra (I) bang phan cwc ngd
vao (Vgg). H6 dan co tri la

ol¢ _ I _ Pl B

g ) aVBE \/_T VT

Do loi dong B,
* iz vaic lién hé qua phwong trinh sau:

Z'B:%:I_Se'UBE/VT

va g la 1
Dp Na W 4+ 1 w2
D, NpL, T 2Dnmy

— Beta xem nhw 1 hdng sb v&i BJT cu thé
— B_co tri t 100-200 trong cac dung cu hién dai (nhung co
thé cao hon)
— Puwoc goi la do lgi dong CE
« Dé c6 dwoc do loi dong cao, can c6 W nhd, N, thap va
Np cao.
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« Céc tham sé hiéu nang cta BJT loai PNP:

Hiéu suét phat y =

— Hé s6van chuyénmignnén o ==
Ep
— Do lgi dong B chung — _ ICP
Qg =707 =
E
— D6 lgi dong E chung
ﬁ = I_C ~ adc
dc — -
I, l-o,

5.4 Cac hiéu rng thr cap

« Diéu ché mién nén-hiéu rng Early
« Danh thang: xuyén qua va thac G
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Piéu ché mién nén

Collector current o s Won = neutral base width
bn

. I
Increasing Vg causes a Base

reduction in neutral base <

width - collector current
increases.

Increasing
minority
carrier
gradient

Xp = 0 -~— Xp— W’rbn

bién ap Early V,,

If collector doping is much A
smaller than base doping Ie
the depletion width at base
collector junction will be
on the collector side—>
large early voltage. V.

biéntrérar,:

— aVCE — VA +VCEQ ~ ViA
°al -

clo ICQ ICQ

10
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Sw phu thugc caa i vao ap collector — Hiéu @ng Early
Dependence of ic on the Collector Voltage — Early Effect

Saturation

region
\

< gp =
| Active

:(— region —
|

|

|

1

|

o
®)
VBE
. \%
VA = 50V dén 100V lo=lge VT 14 _CE
Va

(a) Conceptual circuit for measuring the iV characteristics of the BJT. (b) The .-V characteristics of a practical BJT.

11

Panh thung trong BJT

C6 2 co ché danh thung quan trong trong BJT:

(1) danh thing xuyén qua
(punch-through breakdown)

(2) danh thing thac li
(avalanche breakdown)
[twong tu v&i danh thung trong cac
tiép xtc PN]

12
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* The punch-through breakdown occurs when the reverse-bias
C-B voltage is so large that the C-B and the E-B depletion
regions merge.

 The emitter-base barrier height for holes is affected by Vg,
i.e. small increase in Vg is needed for large increase in |..

Vg Increasing

Note: Punch-through voltage is
usually much larger than the
avalanche breakdown voltage.

» The mechanism of avalanche breakdown in BJT’s depend on
the circuit configuration (common-emitter or common-base
configuration).

13

» For a common-base configuration, the avalanche breakdown
in the C-B junction (open emitter) BV, is obtained via the
maximum (breakdown) electric field Fg; (~300 kV/cm for Si
and 400 kV/cm for GaAs):

2 2
BC® o N TN T oA
2(q 20N

Ng N¢
« The increase in current for voltages higher than BV is
reflected via the multiplication factor in the current expres-
sion. It equals one under normal operating conditions, and
exceeds unity when avalanche breakdown occurs.

* When the emitter is open, the multiplication factor for the C-

B junction is: o
Vge |
Mcg =|1- o
BVic

14
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» For a common-emitter configuration, the collector-emitter
breakdown voltage BV . is related to BV, :

g =1c — Open base configuration

Megel
— _ BC'BCO _
lc = MBC(adclE + 'BCO)" Ic 1o Man Mecleco
—Ydc'V'BC
Mge(l—0y.)
_ " BC dc _ /m

Mgc = 1 M — BVge = BVBC(l_adc)l °

—QgcMBC
S
E50 M. My Much smal_ler than BVgc
5 40 : due to transistor action.
g3or :
S 20 I
S 10f )

- ——— Reverse voltage
20 40
15
IC IC
y :
a4 | Ve
w BVBCO o BVECO
Common-base output Common-emitter output
characteristics characteristics
16
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12 T T T

Ip=10 mA
10 ]

I (mA)
(=}
I(mA)

=0 I . 0.01 :
s E= CBO ™ S CEOJ
P i LV o v B=0 |
0 20 40 60 80 0 20 40 60 80
Ve (V)— Vee (V)—>
COMMON BASE: COMMON EMITTER:
During breakdown, emitter current At very low multiplication, base current
is not affected 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.

BV ‘B0

yB

BVigy =BV g Vl-0a =

]
I
I
Open : Open ,
] base emitier -
3 1
1
" ’l
7] I At
’
(]
lesolt J
a0 =
[H(_?f | I
BV cgo BV cuo
o
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Transistor (NPN) Voltage Ratings

Veeo Vg With emitter circuit open 60 V4.
Veeo Ve with base circuit open 40 V4,
Veeo Vg With collector circuit open 6 Vg

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 tuyén caa BJT

Pac tuyén vao

Pac tuyén ra

DPac tuyén truyén dat

Cac gidi han hoat dong véi BJT

20
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Mach do dac tuyén BJT NPN

2

®
+ 8
(29
Ry

21

Detailed BJT characteristics

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

Ig = ISS(eVBE/VT _1)
Ig

A

thermal voltage Boltzman’s constant
\ / absolute temperature

V; = — =25 mV @room temp

0.6 electronic charge

22
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Detailed BJT characteristics

Transfer characteristic (I.versus V)
Also, I.is just I; multiplied by g.

I = [a’Iss(eVBE/ r —1) - Is(eVBE/ vr -1)

Ic=P1I
A
thermal voltage Boltzman's constant
\ / absolute temperature
same shape as I
Vr = — ~25 mV @room temp
V,
0.6 BE electronic charge

23
Detailed BJT characteristics
Output characteristic (I versus V)
I-is nearly flat unless near saturation.
I
AC l IC
+
for one particular V
choice of Iz or Vg e
Not Ohm’s law!!
¥ VCE
24
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A collector characteristic curve.

)
<

A +10V
Saturation !
| Breakdown
"// =100 pA | / Rg
10mA | 5 | 970Q
[
: Active region | Ry
| | —AA\—] 100 A —|< B =100
: | 1 —>
| I;=0 uA I Vg — I
[
i T > Ve — =
Vi Ver Operating region?
Ve =7
25
A composite of collector characteristic curves
of a BJT
/C
A
30 mA | _
Saturation
/ Iy =200 pA
20mA |
Ig =150 pA Breakdown
Iy =100 pA
10 mA
Iy =50 pA
Cutoff
I;=0 pA
— I I 1
-V
10V 20V 30V 40V CE
26
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Ig (mA)

Vep=20V

L Vep=1V

I S -
T

Veg=10V

0 0.2 04 06 08 1.0

a) Dac tuyén vao

Ve (V)

Pac tuyén cta BJT NPN mac CB

Ie (mA)
- Active region (unshaded area)
- 7 mA
6 = 6 mA
5 5 mA
=
=
s @ 4 mA
5
3 e 3 mA
g
S 2mA
L@
Ip=1mA
1
5 | | | I;=0mA
5 10 15 20 Ves (V)

Cutoff region

b) D&c tuyén ra

27
Pac tuyén ctia BJT NPN mac CE
Ic (mA)
8
Iy (MA)Y Vep=1V
e V=10V
90 Vee=20V (Saturation region) 5
80
70—
ol 30 HA
i 20 uA
40— b
30 &
i , 10
10— ‘ [
I | 1 1 A T T T T Iz =0pA
0] 02 04 06 08 L0y, 0 5 10 N 15 20 v (V)
v“"“‘ (Cutoff region)
tepo= Bleso
a) Dac tuyén vao b) Dac tuyén ra
28
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Anh hwéng cua nhiét dé den dac tuyen (NPN-CE):
I8 (1A) Ic (mA)
Vcg = 15V j/ooc 250G
50°C === ——~—= g = 300 4A
25°C : ————————— Is = 200 A
100}~ — —¢— — (-22mvreey W s = 100 pA
/I ‘P 0 =0
0 —&a5 700 Vee (mV) Vee V)
a) D&c tuyén vao b) B&c tuyén ra
Ic (mA)
Vceg = 15V
50°C
25°C
W0-——p— P (-22mvir0)
)i
0 eas 700 Vee (MV)
c) B&c tuyén truyén dat

29

Different I (or Vi) has
different output characteristic.

A range of V. corresponds to
a range of I..

Transconductance:
g - Ac

—_
= slope

on the transfer char.

Important small-signal characteristic

Iy

Ve
06V
Ie i e -
S]?Pe =8 = 0_(0135 Q L saturation V,, 2068V
\ active V,,=0.65V
Iey -
V, =0.60 V
e Vi =0 (cut-off)
Vi u i > Ve
7N 02V
06 065 068V

CE

30
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_ Al
m = AVae A simple differentiation gives
_ 9 = d Ve V1 _
I = WVoe  dVar (/ﬂss(e 1))
Y MCLIR
i 7
_Ie o L& 4t room temp
v v
31
Anh hwéng chaa nhiét dé va dong | dén g
p
N T=100°C
T =-55°C
> /.
32
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Beta (B) or amplification factor

The ratio of dc collector current (1) to the dc base current
(Ig) is dc beta (B4 ) which is dc current gain where |- and
|5 are determined at a particular operating point, Q-point
(quiescent point).

It’s define by the following equation: e

30 < By, < 300 > 2N3904 Bud| 1

On data sheet, B .=hge with h is derived from ac hybrid
equivalent cct. FE are derived from forward-current
amplification and common-emitter configuration
respectiviey.

33

For ac conditions an ac beta has been defined as the
changes of collector current (l) compared to the
changes of base current (I5) where I and I are
determined at operating point.

« Ondata sheet, 3,.=h;,
It can defined by the following equation:

Al

Pac Alx“ _
Vg=constant

34
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Example :
From o/p characteristics of CE configuration find
B, and B4, with an operating point at 15=25 pA
and Vg =7.5V.
35
Solution:
Al I(MmA
Ba = ﬁche = constant ﬁ
1. =60UA
_lc2-1lc1  3.2m -2.2m 6 %
B2 - IB1 30p—-200p 5 ls=0UA
1;=40UA
= ]ft)mu = 100 Saturation 4 Active region
region 3 y IBZ 15=30uA
e 2 |l Qo =20 UA
|_C Al POIﬂt _
© = c » /1‘% B =10 UA
2.7m | T
= B [ TR YAY)
25 ST 5t o ml®
= 108 D Ve =75V Quioff region
36
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Xac dinh . va S, tir dac tuyén collector

I¢ (mA) BDC - IC /IB
o = 2.7ma/25ua

= 100

Bac = Alc /Alg
= (3.2ma — 2.2ma)/(30ua-20ua)
= 1lma/10ua
= 100

may differ more at other operating points

Ig=0pA
|

0 5 10 15 20 25 Vep(V)

37

Limits of operation for transistor
» Many BJT transistor used as an amplifier. Thus it is
important to notice the limits of operations.
* At least 3 maximum values is mentioned in data sheet.
There are:
a) Maximum power dissipation at collector: P, Or Pp
b) Maximum collector-emitter voltage: Vg SOMetimes
named as Vigrceo) OF Veeo:
c) Maximum collector current: ..
» There are few rules that need to be followed for BJT
transistor used as an amplifier. The rules are:
1) transistor need to be operate in active region!
“) IC < ICmax
“) I:)C < I:)Cmax

38
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Transistor limits of operation

Ic(mA)
| T0pA
| \ 60pA
ICm 50 — s — .
-\ 50 pA
40 =\ ; 7
i \ | 40pA
Saturation | -
region N\ Ferax = Verlc=300mW

30 \< SR |

m— Sy
~o 20pa
20 k—/ <<. 1 -
S~
-
10 pA

10 i = T
' |
| | Ip=0pA

ofl 5 10 f 15 20 Vee (V)
03V

- ‘r_ Cutoff Iceo VEE max

CE.

region

Note: Vg is at maximum and I is at minimum (I, =lceo) in the cutoff region.
I is at maximum and V¢ is at minimum (Vg max = Vg, = Vego) in the
saturation region.
The transistor operates in the active region between saturation and cutoff.
39
rd ~ = A
Boc bang dir liéu
« BJT c6 cong suét tiéu tan P
<1 W - BJT tin hiéu nhd
> 1W - BJT cong suét
* Dinh mirc danh thing: Vg, Veeo, Ves
« DoOng va cong suét cyc dai: I, Po@T 4, Pp@T.
 Hé sb gidm dinh merc [cha cong suét]
e Tan nhiét
* D6 lgi dong:
— heg = By, (hee phu thudc 1)
— hy = B, (hy phu thudc tan s6 hoat dong)
40
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Transistor Testing

1. Curve Tracer
Provides a graph of the characteristic curves.

2. DMM

Some DMM’s will measure BDC or HFE.

3. Ohmmeter

LowR
I/

——

———»0 E

. :

High R

-
Q Open Q

41
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