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MAXIMUM RATINGS
Rating Symbol Value Unit
Collector- Emitter Voltage Veeo Vde
2N4123 30
2N4124 25
Collector-Base Voltage Veeo Vdc
2N4123 40
2N4124 30
Emitter-Base Voltage Vego 5.0 Vde
Collector Current — Continuous lc 200 mAdc
Total Device Dissipation @ Ta = 25°C Pp 625 mwW
Derate above 25°C 5.0 mwW/°C
Total Device Dissipation @ T¢ = 25°C Pp 15 w
Derate above 25°C 12 mW/C
Operating and Storage Junction Ty, Tatg | -55t0 +150 °C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction-to-Ambient | Ryja 200 °C/W
Thermal Resistance, Junction-to-Case Ruye 83.3 ‘CW

Stresses exceeding Maximum Ratings may damage the device. Maximum
Ratings are stress ratings only. Functional operation above the Recommended
Operating Conditions is not implied. Extended exposure to stresses above the
Recommended Operating Conditions may affect device reliability.
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Transistor
Specification

Sheet

ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise noted)

| Characteristic Symbol | Min | Max | unit |
OFF CHARACTERISTICS
Collector- Emitter Breakdown Voltage (Note 1) V(grjceo Vde
(Ilc = 1.0 mAdc, Iz = 0) 2N4123 30
2N4124 25
Collector- Base Breakdown Voltage V(erjcao Vdc
(lc = 10 yAdc, g = 0) 2N4123 40 -
2N4124 30 =
Emitter - Base Breakdown Voltage VierjeBo Vde
(le = 10 pAdc, Ic = 0) 5.0 -
Collector Cutoff Current lcao nAdc
(Ves =20 Vdc, I = 0) - 50
Emitter Cutoff Current leBo nAdc
(Vep = = - 50
ON CHARACTERISTICS
oC heg =
(Ig = 2.0 mAdc, Vg = 1.0 Vdc) 2N4123 50 150
2N4124 120 360
(g = 50 mAdc, Ve = 1.0 Vdc) 2N4123 25
2N4124 60
Collector- Emitter Saturation Voltage (Note 1) VcE(zat) Vdc
(Ic = 50 mAdc, Ig = 5.0 mAdc) - 0.3
Base - Emitter Saturation Voltage (Note 1) VBE(sat) Vde
(o= - 0.95
SMALL-SIGNAL CHARACTERISTICS
Current-Gain - Bandwidth Product fr MHz
(Ig = 10 mAdc, Ve = 20 Vdc, f = 100 MHz) 2N4123 250
2N4124 300
Input Capacitance Cibo pF
(Vgg = 0.5Vdc, Ic =0, f = 1.0 MHz2) - 8.0
Collector-Base Capacitance Ceb pF
(le=0,Vcg=5.0V,f=1.0MHz) - 4.0
Small-Signal Current Gain hie -
(lc = 2.0 mAdc, Vg = 10 Vde, Rg = 10k @, f = 1.0 kHz) 2N4123 50 200
2N4124 120 480
Current Gain - High Frequency |hsel -
(lc = 10 mAdc, Ve = 20 Vdc, f = 100 MHz) 2N4123 25
2N4124 3.0
(Ic = 2.0 mAdc, Ve = 10V, f = 1.0 kHz) 2N4123 50 200
(lc=2.0mAdc, Vce =10V, f = 1.0 kHz2) 2N4124 120 480
Noise Figure NF dB
(Ig = 100 nAdc, Vg = 5.0 Vde, Rg = 1.0 k Q, f = 1.0 kHz) 2N4123 - 6.0
2N4124 - 5.0

1. Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%.
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There are two typesof transistors:
* pnp
°* npn

pPnp

Transistor

The terminals are labeled:
« E -Emitter

Construction . B.Base

e C -Collector
C

npn
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(BJT)ransistor
Operation

With the external sources, Ve and V¢, connected as shown:

« The emitter-base junction is forward biased
« The base-collector junction is reversebiased

* Majority carriers *+ Minority carriers
n p

&?

I
S} C

Depletion regions
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E Tomog npn oC

Kvxiwpotikoi ovufoiiouoi twv dimolikwv tpoviiotop

k| k|,
A 1€ Vi = b
ST 5 Ver =V +Vae A i

B L/« B r\/

Vo™ [Elo B Vpe—= IClu C

Tomog pnp

Vie =Vpe + Vg

IE=IC+IB
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lc =B I+ (B+12)

ICBO

ICBO=0

Ve
+1 ﬁf l I{!E
IE—ﬂIB 'IS eVT =E IS eV;
Vgp =0,7V
Var =V
Veg =1g Ry +Vipp == Ip = BRB EL

VCE =Vcc ‘IC 'Rc

VCB - VCE - VBE



Currentsina

Emitter current is the sum of the collector and base currents:

Transistor

lg =lc +1p

The collector current is comprised of two currents:

IC = IC + ICO
majority minority

—_—
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cé—\o | Ve
Evigyvutrig . |
KOLVOU W
exmroumnov (KE)
(OcueAiwdeg
KUKAwuo) \\’/'_N

VOUT — Vce _RCIC — Vce _Rclse

V. =20V, R, =10KQ, I, =10 AV, = 25mV




Common-Base

Configuration

The base is common to both input (emitter-base) and output
(collector-base) of the transistor.

18




"5 (mA)
Veg=20V
VCB= 10V

VCB= l V

Common-Base

i S A T R S O = LR B

Amplifier
(Etcod0c¢)

Input Characteristics

This curve shows the relationship between of input current (I¢) to input voltage
(Vge) for three output voltage (Vcg) levels.




Common-Base

Amplifier
(E&0000)

Output Characteristics

This graph demonstrates the output current (I¢) to an output voltage (V¢g) for

various levels of input current (Ig).

ke (mA)

Active region (unshaded arca)

7 mA

6 mA

S mA

Ico=1cBo

L V)



Tpomog MéAwon MNéAwon

Asltoupyioag EKTIOMTIOU — BdOMG OUAAEKTN — Baong
AttokoTr) Avdaotpodn Avdotpodn
Evepydg Opbn Avdotpodn
Kdépog Opbn Opbn
O p e ratl N g Mn) evepydq Avdotpodn Opbn

« Active — Operating range ofthe amplifier.

Regions

« Cutoff — The amplifieris basically off. There is voltage, but little

Tpé'r[o[ current.
’ - Saturation — The amplifieris full on. There is current, butlittle
AELTOVPYLOG

voltage.

Active Forward-biased Reverse-biased
Cutoff Reverse-biased Reverse-biased
Saturation Forward-biased Forward-biased

21
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Iy l T =0 T . CTE
’ o Open between Short (approximate)
/\E LTOV py LA B B @i collector and Bo between collector
emitter and emitter
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Vi e B -V

Vee _-- e BC

ATtoKOTMN

Emtvyydvetal €dv mOADOGOLLE
avVAGTPOPO EKTOUTO - BAon Kot
avacTpoPa PAon - GLAAEKTY).

Tote ka1 o1 000 TEPLOYEC ATOYOUVEOOTS OLELPVVOVTOL
LLE OTTOTEAEGLO, VO, U1V EYOVLUE OLEAELCT] PEVLLOTOG
Tpo¢ Kauio katevbuvon mapd Lovo to TOAD HKpd
aVAGTPOPO PEVUOTO, EKTOUTOD - Pdong ko Pdong -
GUAAEKTT).
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Emtuyydveton edv ToA®GOLUE
opBd exmoumo - faon kot

opBd Pdomn - CLALEKTN

Tote Kot 01 000 TEPLOYEC ATOYOUVOGTC GLPPIKVAOVOVTOL LLE
ATOTEAEGLLOL VO, £YOVULE KIVNGT O™V TPO¢ TN PAcT Kot amd ToV
EKTOUTO KO 0T0 TO GVALEKTI) LIE OTTOTEAEGLLOL VO EUTTOOILETON T

OLEAELOT] OOV ATTO TOV EKTOUTO TPOG TO GLAAEKTY).

‘Etot 0 ppayudc ovvakov katapyeitol teEAEIm kot 10 Tpaviictop

CUUTEPLPEPETOAL GV EVAC KOIVOC arymyOS Ko o TpEMEL TO, PELULOTA
GUAAEKTI KO EKTTOUTOV VO TEPLOPILOVTAL UE EEMTEPIKEC

QVTIGTAGELS Y10, VO LNV KATAGTPAPEL TO TpaviicTop.
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Approximations

[Mapadoyeg

Emitter and collector currents:

I =l

Base-emitter voltage:

Vpg =0.7 V (for Silicon)



Alpha (o) is the ratio of I to I :

- C
%dc E
Alpha tou BJT
Ideally: a =1 I~ = ale +]
(G) In reality: a is between 0.9 and 0.998 c E™CBO
Alpha (o) in the AC mode:
Al
dac = -

Al EWV = constant

29



Common—
Emitter

Configuration
4=

The emitter is common to both input (base-emitter)
and output (collector- emitter).

The input is on the base and the output ison
the collector.

30




XOPAKTNPLOTLKEG
Common-Emitter

Characteristics

le (mA)
7"//'/80“.“_.: :
i s ol . — 0L [ 3 1
(Saturation region) 5 ‘ : /—’7 ‘50."? -
ol T SR B I
N 40pA 1o
3 "":c : |
r i (Active region) WpA
2 f 4 .- - - -—— —
B 104A
l v
- | " o ",
.I,. o — aquls g e SE 1 T ,BL=0M
0 5 10 \ 15 20 v (V)
Ver, .
sat (Cutoff region)

Iego= Blego

Collector Characteristics
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Base Characteristics
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Common-Emitter

Characteristics

lc (mA)

X Pt SOUA HH
sB _—T0nA
A R S0pA =22
urati i - - ; ma
(Sat lonrcglom\sli: /')<’ e N, et
4‘_) = RS EE S :,,——-40"-'\ [ N
]"‘ ESEE : \ 30 A
3’ 11 : z e ]
\ H (Active regionN_ L 20 A HHH
L \\
7 TR .l.. v
| 0
) | —C 10pA
.I,. s 1B 4 S === 'L.=0M
off, | 5 10 \ 15 20y (V)
Chat (Cutoff region)
Ieko® Blepo

Collector Characteristics
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Iy (RA) Vep=1V
i< VCE = IO V
1, Vep=20V

Ll bl et 1 1 1 1

0

02 04 06 08 1.0 Vg (V)

Base Characteristics



Ideal Currents

IE= IC+|B |C=O(|E
Common-
. Actual Currents
Emitter
lc=alg+ lcpo where I.go = minority collector current

Amplifier
Currents

Icgo is usually so small that it can be ignored, exceptin high
power transistors and in high temperatureenvironments.

When Iz = 0 pA the transistor is in cutoff, but there is some minority
current flowing called | ¢go.

I
I, =-¢eo

o~ Is=0pA
1_a B u

33



B represents the amplification factor of a transistor. (R is
sometimes referred to as hg, a term used in transistor modeling
calculations)

In DC mode:

Beta tou BJT

(R) o

In ACmode:
_ Alc

BGC AIB Vg =constant

34



I dmA)

YmoAoyiCw to B amnod to yodenua
(3.2mA- 2.2mA)
Bac =
(30pA—- 20pA)
_1mA | y_75Vv
~10pA ‘ cF
=100
2.7 mA
— =75V
Poc = 5 ual
=108

Both B values are usually reasonably close and are often used interchangeably

35



Betatou BJT

B)

Relationship between amplification factors  and a

o
(1=F% P a-1

Relationship Between Currents

IE:IB + I -B+1)Ig

Ic= Bl

36
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Common-—
Collector

Configuration

The input is on the base and the output is on the emitter.

37



Common—
Collector

Configuration

7

(Saturation region) 5

-y
-

2 -

Iero= Blepo

The characteristics are similar to those of the common-emitter
configuration, except the vertical axis is Iy.
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Operating
Limits for Each

Configuration

Ve is at maximum and I is at minimum (I¢a= Icgo) in the cutoff region.

I is at maximum and Vg is at minimum (Vg nax= Veesat = Veeo) in the saturation
region.

The transistor operates in the active region between saturation and cutoff.

39



Common-base:

Pcmax=VeBlc

Common-emitter:

Pcmax = Vcelc

Common-collector:

PCmax = VCEIE

40



Biasing: The DC voltages applied to a transistor in
order to turn it on so that it can amplify the AC signal.

V. =0.7V

Biasing

le=(p +1)1, =l
lc =R 1g




Operating =T
Point =
E Iy=0pA ‘

g
i

The DC input establishes an operating or quiescent
point called the Q-point.




The Three
States of

Operation

» Active or Linear Region Operation Base—Emitter
junction is forward biased Base—Collector junction is
reverse biased

* Cutoff Region Operation
Base—Emitter junction is reverse biased

« Saturation Region Operation
Base—Emitter junction is forward biased Base—
Collector junction is forward biased



Fixed Bias

input © )l
signal C,

[Tukver e Xulevén

o output
signal



The Base-

Emitter Loop

From Kirchhoff’s voltage
law:

+Vee—IgRg— Ve =0

Solving for base current:

_Vece -VeBE
Rp




The Base-

Emitter Loop

From Kirchhoff’s voltage
law:

+Vee —IgRg = Vge=0
Solving for base current:

I _Vee ~VEBE
B RB




Collector current:

1 =Blp
C

Collector-

Emitter Loop

From Kirchhoff’s voltage law:

Vce=Vee - IcRe




Collector current:

1 =Blp
C

Collector-

Emitter Loop

From Kirchhoff’s voltage law:

Vce=Vee - IcRe




When the transistor is operating in saturation, current
through the transistor is at its maximum possible value.

Ve

L Csat =

Saturation R
Vcg =0V

This approximation is equivalent to move the region below
Vcgsae Of the output curves to align on the output current
axis.




Load Line Analysis

The end points of the load line are:

I Csat

Io= Vee/Re - s,
VCE = O V

VCEcutoff \ o= LML HOE
Vee= Vec q 5 2
[c = 0mA \1/ x &

The Q-point is the operating point:

« where the value of Ry sets thevalue of Iy
» that sets the values of Vgand I



Circuit Values
Affect the Q-

Point




Circuit Values

Affect the Q-
Point




Circuit Values

Affect the Q-
Point

Vee



(utevBupLoN)

The Base-
Emitter Loop

From Kirchhoff’s voltage
law:

+Viee—1gRg = Vge=0

Solving for base current:

I, _Vece -VBE
Rp




(U'I'[Evell) LLO T]) Collector current:

Collector- |_=plg
Emitter Loo D From Kirchhoff’s voltage law:

Vce=Vee - IcRe




Emitter-
Stabilized Bias

Circuit

Vio 1)

Adding a resistor (Rg) to the emitter circuit stabilizes the
bias circuit.



From Kirchhoff’s voltage law:

+ Vee- IgRg - Ve - I.R; =0
Since lg = (B + 1)I:
Base-Emitter Voo LRy - Ve (B+ D)L Re =0

Loop Solving for I:

_ _Vcc-VBE
Rg + (B +1)Re

Ig




From Kirchhoff’s voltage law:

ERE +VCE +ICRC —VCC =0

Collector- Since 1. ~1. -
Emlttel’ Vcg=Vcee-Ic (Rc+ Rg)
LOO Also:

p Ve =1zRp

Vc=Vce+ Vg=Vcc- IcR¢
VB = VCC_ IRRB = VBE +VE




Stability refers to a circuit condition in which the currents and voltages
will remain fairly constant over a wide range of temperatures and
transistor Beta (B) values.

Adding RE to the emitter improves the stability of a transistor.

Fixed-bias circuit Emitter-stabilized bias circuit

Improved

Biased

Stability

Ia = Vee - Ve . = Vcc-Vee
5 T R, ° Rg+(B+1Re
I =8I
C

I in fixed-bias circuit cannot change, so change in B results in large change in
output current and voltage.




Ae

Saturation
Level
The endpoints can be determined from the load line.
Veecutorr: lesatt Vep=0v
VcE =Vcce
lc =0mA Ic = €€

B Rc +REg




Voltage

Divider Bias

This is a very stable bias circuit.

The currents and voltages are
nearly independent of any
variations in B.

V;o




Approximate

Analysis

Where Iz << Ilyand I; =l,: (Atopétng taonq)

- RaVece ¥
Ve R1 +R> I
Where BRE > 10R,: Rn§
_ Vg
IE = 5—
Rg vi2 )
G
J— Rz
VE - VB _VBE
From Kirchhoff’s voltage law: | $

Vee= Ve - IcRe - IERg
1. =1,

Ve =V cc (R +RE)



Alaupetng
TAONG
Voltage

Divider Bias
Analysis

Transistor Saturation Level

Icsat=1C = Vec
Sa max RC " RE
Load Line Analysis Saturation:
Cutoft: v
CC
= lc =

Vce =V C "R +Rg

lc = OmA

VCE =0V



Voltage

Divider Bias

g ).
V. | 74
: uma}“
[ 12k0
L 27kQ+12 kO

](+15 V)=462V

—VE 1s one diode drop less than Vy:

V=462V -07V= 392V
Applying Ohm’s law:

2
£o=tn RN gopamk

= R 6800




Voltage Divider

Bias (Exact)

*Tce
15V
— g
V1= VBimo10ad)
R
=462V = 5a
R — R = +l”m +R‘EH_ +
= = Ry/|R Pt w_@ ) Boc=200
== Iz Vez
§.31 k0O silk
. > Rg
T.he 'l."hevemn mput —| Iﬁi:i S
circuit can be drawn

+Vcc
+H5V

12k0

Boc =200

Vm = IBRm 5 Vm = IERE

[ Vie —Vee
E RE+RmAnc

Substituting and solving.
462V-07V

I.= = 543 mA
8.31 k(}/
and Vg = I:Rg = (5.43 mA)(0.68 kQ)

= 3.69 V




DC Bias with
Voltage

Feedback

Another way to improve the stability of a bias circuitisto add a
feedbackpath from collector to base.

In this bias circuit the Q-point isonly slightly dependenton the
transistor beta, .




Base-Emitter

Loop

From Kirchhoff’s voltage law:

Vcec—-I'cRe - 1BRB —VBe—IERE =0

VCC
Where I <<I:
' =ln+Hg =
Knowing |- = Blgand Iy =l, the loop
equation becomes:

Vce-BIpRe ~IgRp — Vg ~BIgREg =0
Avvovtog o¢ tpog |g:

Vce -VBE
Rg + B(Rc + RE)

IB:




Epappolovtag tov KVL:

Ie+ Veg+ I"cRe= Ve =0
Since I’C = IC and IC = BIB:

Ic(Re+ Re)+ Veg— Ve =0

Avvovtag we mEOg Vg £ovpe:

Vee= Vee—Ic(Re + Rg)




END of Part A




