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Some figures of this presentation were taken from the instructional resources of the following textbook:

A. S. Sedra and K. C. Smith, Microelectronic Circuits. New York, NY: Oxford University Press, 2003.
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DC Bias + Small-Signal Excitation

If v; = 0 (bias only):
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DC Bias + Small-Signal Excitation (cont)

If v; = 0 (bias only):
Vee _icRc —Vee =0
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DC Bias + Small-Signal Excitation (cont)
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Instantaneous load lines
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Time
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DC Bias + Small-Signal Excitation (cont)

Vi T

Time

A small variation of
Vge can produce a

large variation in Vg
—
Amplification

Uee
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BJT Small-Signal Models: T Model using

= Neglecting output resistance, I,
b M
_)

= Considering r,

ip P —> Py
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On = leq/nV7 op En = fco/MVT
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o= VA/ ICQ Yo = VA/ICQ
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BJT Small-Signal Models: T Model using o

= Neglecting output resistance, I,

y'e re = a/g, = /g,

Em :[CQ/UVT
E
o
Bo—\A\\— C
Pre | .
y st
ro=a/g,= /g, e = a/gm ~ 1/gm
8m — ICQ/UVT o E gm = ICQ/?]VT
Vo = VA/ICQ o= VA/ICQ
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BJT Small-Signal Models: Hybrid © Model

= Neglecting output resistance, I,
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DC and Small-Signal Analysis — Example

e Bias point calculation (DC analysis)

v | _3V=07V
° 100KQ

I, =1001, = 2.3mA

V. =10V —2.3mAGKQ) = 3.1V

+10V

=0.023mA

Rgp = 100 k2

n=1 . @ _23mA 92mQ" +?_|Vmo K
" 77VT 25mV ”m—:
P _ﬁz 100 - =1.087KQ
g, 92mQ
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Vee = +10V

DC and Small-Signal Analysis — Example (cont)

Small-signal equivalent circuit
(neglecting r):

Re =3k

Rpp =

Ry = 100 kQ
100 k)

Rc = 3kQ
'B =100 +0.8 V
n= 1 0

g, =92mQ’ 05y

r =1.087KQ
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Vee = +10V
A

DC and Small-Signal Analysis — Example (cont)

Small-signal analysis
Rap = 100 k)
§R, = 3 ki}

L

bl (
O

|[13\]» ———————

Re =3k

|||

/‘\ i /\\ R
= \// \/ *\/ 1
oV 0.8V ~7.914pA
Res +T,  100KQ+1.087KQ
p3 in imA) A 7.914 pA
0.03 . i - fi
s /\M
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Vee = +10V
A

DC and Small-Signal Analysis — Example (cont)

Small-signal analysis
Rap = 100 kQ
§R, = 3 ki

Ry = 100 k€2

N

Re = 3kQ
o O ¢ |
- ] - }\//"\v/\\v/\\ _
i, =7.914uA
Vy, =i,r. = 7.914pA(1.087KQ) = 8.6mV
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Vee = +10V
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DC and Small-Signal Analysis — Example (cont)

Small-signal analysis
Rap = 100 k)
§R, = 3 ki}

Ry = 100 k€2

N

Re =3k

il 1I O

|||

Q
|[13\]» ———————

caviBd__ \/ N

g.R.V,, = (92mQ‘1)(3KQ)8.6mV =-276(8.6mV) =—2.374V
ve (V) A

v, —2374V

A= v, 08V

A =-2.96V/V
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N-Ports Networks (Linear Circuits)

Ir-| lIr.I Ir.z
v, One-port v Two-port v
Network ' Network -
— O— — o—l —a —
ort ] PO[T 2
"FI iy
=S =
Port 1 Vv, Vs Port 2
o] I
Iy iy
S . < o+
Port3 s Multiport Vs Port4
. Network ]
iv_y' C iy
S e L = o+ :
Port N—1 = vy VN Port N
PSS — S -
Dr. J. E. Rayas Sanchez (R. Ludwig and P. Bretchko, RF Circuit Design, Prentice Hall, 2000)
Impedance Matrix Representation (Z)
YA 1 V =ZI
Vl I 1
V = Vz | = Iz Z11 le ZlN
7 - Zzl Zzz ZzN
_VN . L I N _|
RAVIRAE Ly
Each element of matrix Z is given by
;Y
I
J1,=0 for k#j
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Admittance Matrix Representation (Y)

V] 1T | =YV
V — \/.2 I — I.Z _Yll Y12 e YIN_
: : Y — Y, Y, o Yy
Vi LI :
Yur Yo oo Y

IV, =0 for k=]
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Z-Parameters for 2-Port Networks

1 L VvV =ZI
Ll 2port &
Vi Linear Vs V = Vv, | = L
9| Network [ 9 Y N
2 2
Z — |:le ZlZi|
ZZI ZZZ
Equivalent circuit:
I I
—» Zy Zn <«
v v
*1 ZIZIZ ZZIII *2
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Y-Parameters for 2-Port Networks

I L =YV
. | 2port | . _
Vi Linear Vs V = \% | = I,
~ 97 Network [ ° IRV N
V2 2
Y, Y,
Y — 11 12:|
_Y21 Y22
Equivalent circuit:
]1 2

>

4_
.
Vi Yy Y2 Vz
Yio Yo
O
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H-Parameters (Hybrid) for 2-Port Networks

I b V

+o1 2-port ,—to+ |:1}=H|:1:|
v, Linear V, V
| Network [ ©°

22
Equivalent circuit:

—> Hy,

<%> <::> H. V
Hols Tl 2 V2
O O
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H-Parameters for a BJT

11 12
R > | 2-port | € .
v, Linear Vs
~ “7 | Network ©
Vl _ H 11 H 12 I 1 Veb _ hie hre ib
I 2 H 21 H 22 V2 ic h fe hoe Vce
Equivalent circuit: Equivalent circuit at low freq.:

_> Hy —> hie EZC
Hn V. + he v
Vv
H12V2 H2111 2 *2 ,be hrevce hfelb o¢ er
o 0
O O
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BJT Manufacturing Data Sheets

2N3904 MMBT3904 PZT3904

Z
/.’;/ £ e
B

-~
c /// TO-92 c

Bp 50T-23 B SOT-223

Mark: 14

NPN General Purpose Amplifier
FAIRCHILD
I This device s desianed as a general purpose amplifier and switch.
SEMIBONDUCTOR w The useful dynamic range extends to 100 mA as a switch and to

100 MHz as an amplifier.

AbSO|Ute MaXimum RatingS* T, =25"C unless otherwise noted

Symbol Parameter Value Units
Vceo Collector-Emitter VVoltage 40 \4
Veso Collector-Base Voltage 60 \Y
Veso Emitter-Base Voltage 6.0 A

le Collector Current - Continuous 200 mA
T Tstg Operating and Storage Junction Temperature Range -55 to +150 “C

Dr. J. E. Rayas Sanchez 22
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BJT Manufacturing Data Sheets (cont)

Electrical Characteristics

T, = 25°C unless otherwise noted

23

Symbol Parameter Test Conditions Min Max | Units
OFF CHARACTERISTICS
Verjceo Collector-Emitter Breakdown lc=1.0mA, lg=0 40 s
Voltage
Viericeo Collector-Base Breakdown Voltage lc=10pA, le=0 60 A
V(erjgBO Emitter-Base Breakdown Voltage le=10pA, I =0 6.0 v
laL Base Cutoff Current Vee =30V, Vgg =3V 50 nA
leex Collector Cutoff Current Vee=30V, Ve =3V 50 nA
ON CHARACTERISTICS*
hre DC Current Gain le=01mA V=10V 40
le=1.0mA Ve =10V 70
le=10mA, Vee =10V 100 300
lc=50mA, Vee =10V 60
Ic =100 MA, Vee =1.0V 30
VeEsat Collector-Emitter Saturation Voltage le=10mA, le = 1.0 mA 0.2 V
lc =50 mA, ls = 5.0 mA 0.3 Vi
Veegsay Base-Emitter Saturation Voltage le =10mA, lg=1.0mA 0.65 0.85 A
Ic =50 mA, Is = 5.0 mA 0.95 V
Dr. J. E. Rayas Sanchez
BJT Manufacturing Data Sheets (cont)
SMALL SIGNAL CHARACTERISTICS
fi Current Gain - Bandwidth Product le =10 mA, Ve =20V, 300 MHz
f=100 MHz
Cobo Output Capacitance Ves =50V, I =0, 4.0 pF
f=1.0 MHz
Cibo Input Capacitance Ves =05V, 1 =0, 8.0 pF
f=1.0 MHz
NF Moise Figure lc = 100 pA, Vee = 5.0V, 5.0 dB
Rs =1.0kQ.f=10 Hz to 15.?kHE
SWITCHING CHARACTERISTICS
t Delay Time Ver = 3.0V, Ve =05V, £ s
tr Rise Time le =10 mA, lg; = 1.0 mA 35 ns
ts Storage Time Vee =30V, I =10mA 200 ns
t Fall Time lgy = lga = 1.0 mA 50 ns
Spice Model

NPN (Is=6.734f Xti=3 Eg=1.11 Vaf=74.03 Bf=416.4 Ne=1259 |se=6.734 |kf=66.78m Xtb=15 Br=7371 Ne=2
lse=0 Ikr=0 Re=1Cje=3.638p Mjc=.3085 Vje=75 Fe=5 Cje=4.493p Mje=2593 Vje=.75 Tr=239.5n Tf=301.2p
Itf=4 Vtf=4 Xtf=2 Rb=10)

Dr. J. E. Rayas Sanchez
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BJT Manufacturing Data Sheets (cont)

Typical Pulsed Current Gain

z vs Collector Cument
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Vepsar COLLECTOR-EMITTER VOLTAGE (V)

Collector-Emitter Saturation
Voltage vs Collector Current
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Collector-Cutoff Current
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BJT Manufacturing Data Sheets (cont)

Capacitance vs
Reverse Bias Voltage

10 T T TTT1T
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[y

2 s

=

Z I -

g 2 -

5] =~ T

-\x ™~

3 ? ™ C

P b

01 1
REVERSE BIAS VOLTAGE (V)
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P - POWER DISSIFATION (W)
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Power Dissipation vs
Ambient Temperature
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BJT Manufacturing Data Sheets (cont)

Current Gain Output Admittance
500 Vee=10V 7' Veg=10v
f=1.0 kHz % f=1.0kHz
Ty = 25°C = Ty =25C »
& w %
3 W—TTT ¢ a
= 1T < "
£ 100 E A
y = § 10 =
E < =
9 5
a
= g
[=]
1
=
;
m0.1 1 10 01 1 10
I .- COLLECTOR CURRENT (mA) I - COLLECTOR CURRENT (mA)
Input Impedance _ Voltage Feedback Ratio
100 :
Veg=10V e 10 Vee=10V
g 1=1.0 kHz = K ¢ 50 Kz
= Ta=25C o T Ta=25C
8 ~ 5 AN
Z 10 s N
g Q 4
- ‘|
- w
5 w N ,r‘
o w 2 < A
z 2 N 7
; 5 \\ //
= [=]
g \__,/
01 Y
0.1 1 10 £ 01 1 10
Dr.J. E. Ri |¢ - COLLEGTOR CURRENT (mA) <~ COLLECTOR CURRENT (mA)

Getting m Parameters from H-Parameters

Hybrid © Model: Hybrid-Parameters Model:

b
NG Zy i
Fo +
VPe NreVee

gm = [(,Q/UVT O

Ye=Plgn

Fo = VA/[CQ

riz = hie

oe
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