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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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= Load lines

= Amplification process in FETs
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= Manufacturing data sheets
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DC Bias + Small-Signal Excitation
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DC Bias + Small-Signal Excitation (cont)
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DC Bias + Small-Signal Excitation (cont)
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FET Small-Signal Models: Hybrid = Model

= Neglecting the output resistance, I,

s
aVGS Ves =Ves
JFET: MOSFET:
gm:2K|VGS _VP| gm:2K|VGS _VTH |
g, = /4Kl g, = /4Kl
2
K — IDSS /VP l/’lnCOX \ﬂ
Isos /VP2 K= 2 L
1 w
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FET Small-Signal Models: Hybrid T Model (cont)

= Considering the output resistance, I,

Go—o D
VE;S <:j> nggs % lo
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JFET: MOSFET:
g, =-/4KI, 9, =-/4Kl,
K_¥mgmf l%QMW
- 2 K = 2 L
Isos /VP 1 c W
r,=V, /1, =1/(Al,) o Hoox
, =V, /1, =1/(Al,)

FET Small-Signal Models: Hybrid m Model (cont)

= Considering the substrate effect in a MOSFET,

S -D g, =-/4KI,
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DC and Small-Signal Analysis — Example

VIJIJ

A

§RD
In

. O i
T’rO—'l Q

R, =18KQ
v, =1.816V +V,
K =0.5mA/V’
V,, =1V
A=0

Dr. J. E. Rayas Sanchez

Bias point calculation (DC analysis)
lp = K(Vgs —Viy )’

I, =0.5m(1.816 1)’ =0.33mA

Vps =10V - 0.33mA(18KQ) =4V

DC and Small-Signal Analysis — Example (cont)
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Small-signal analysis (linear analysis)

Vio—o oV,
+
Ves EmVes Vo R D

° -
Vo = _gmvgs(RD || ro) :_ngDVi
Vv
= 0 __ R
A="=og.R,

g, = /4K, =/4(0.5m)(0.33m) = 0.816mQ"
A, =—(0.816m)(18K) = —14.69V/V
v, =—14.69(75mV) = 1.1V

=5.1
Vo=V, +V, =4V 1.1V VOmax:ng

Omin 10
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DC and Small-Signal Analysis — Example (cont)
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Oy = Uns

|, =0.33mA
V,, =4V
ip (MA)
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DC and Small-Signal Analysis — Example (cont)

VD..‘J

>
3“!’)
ing

T’FO—||:Q:

R, =18KQ

v, =1.816V +v,
K =0.5mA/V’
Vi, =1V

A=0

Dr. J. E. Rayas Sanchez

— 01Uy =1

Nonlinear analysis

Ugs = U

1.891 V

Vosp = 1.816 V

1.741 V
Iy = K(Ves —Viy )2
|, =0.5m(1.741-1)> =0.274mA
| =0.5m(1.891-1)> =0.397mA

D min

D max
V, =V, —l, R =10V-4.94V =506V
Voo =Voo =l Ry =10V —7.146V =2.85V
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DC and Small-Signal Analysis — Example (cont)
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Vins o .
L Nonlinear analysis
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JFET Manufacturing Data Sheets

G
s

D

2N5457 MMBF5457
2N5458 MMBF5458
2N5459 MMBF5459

N-Channel General Purpose Amplifie

This device is a low level audio amplifier and switching transistors,
and can be used for analog switching applications. Sourced from

G Process 55
. ]
s FAIRCHILD
TO-92 , I
50T-23 D NOTE:Source & Drain SEMICONDUCTOR w
Mark: 6D / 815 / 6L are interchangeable

Absolute Maximum Ratings* TA = 25°C unless otherwisa noted

Symbol Parameter Value Units

Voo Drain-Gate Voltage 25 A"

Vs Gate-Source Voltage -25 A

lgg Forward Gate Current 10 mA,

Ty, Tstg Operating and Storage Junction Temperature Range -55 to +150 c
Dr. J. E. Rayas Sanchez
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JFET Manufacturing Data Sheets (cont)

Electrical Characteristics 1 =2scuniess omorwise nowsa

Symbol l Parameter ‘ Test Conditions | Min | Typ | Max |Units
OFF CHARACTERISTICS
Viprjoss Gate-Source Breakdown Voltage la =10 pA, Vps =0 -25 v
lass Gate Reverse Current Ves =16V, Vps =0 -1.0 nA
Vag=-15V, Vpe = 0. Ta = 100°C - 200 nA
Vasiem Gate-Source Cutoff Voltage Vs =15V, Ig =10 nA 5457 =05 -6.0 v
5458 -1.0 -7.0 v
5459 -20 -8.0 v
Ves Gate-Source Voltage Vos =15V, lo =100 pA 5457 -25 v
Vos =15V, Ip =200 pA 5458 -35 A
Vps =15V, Ip = 400 A 5459 -4.5 v
ON CHARACTERISTICS
lpss Zero-Gate Voltage Drain Current” Vs =15V, Vas =0 5457 1.0 3.0 5.0 mA
5458 2.0 6.0 2.0 mA,
5450 4.0 4.0 16 mA
SMALL SIGNAL CHARACTERISTICS
gis Forward Transfer Conductance® Vps =15V, Vas =0, f= 1.0 kHz
5457 1000 5000 |pumhos
5458 1500 5500 |umhos
5459 | 2000 8000 |ymhos
Gos Qutput Conductance” Vps =15V, Vas =0, f= 1.0 kHz 10 50 |pmhos
Ciss Input Capacitance Vps =15V, Vas =0, f= 1.0 MHz 4.5 7.0 pF
Crss Reverse Transfer Capacitance Vos =15V, Vas =0, f=1.0 MHz 15 3.0 pF
MNF MNaise Figure Vs =15V, Vas =0, f= 1.0 kHz, 3.0 dB
Dr. J. E. Rayas R =1.0megohm, BW=10Hz

JFET Manufacturing Data Sheets (cont)

Transfer Characteristics 5 Common Drain-Source
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g To=125C s P L
g 12 T T T = 3 / Vas = —0.25V
3 | Vasiorr) = —1.0V | 3 y : —
= A Ta=-55"C = / v =|—t|5]v
z 8 M i 2 Gs 5V _|
< [t Tacase = // el
e =l Ta=125C 5 U
ol £ 1 Vas = -1V i_
] VGS =-1.25V
0 i} ) S S ——
0 -1 -2 -3 -4 -5 0 1 2 3 3
VS TR G Vos - DRAIN-S0URCE VOLTAGE (V)

Dr. J. E. Rayas Sanchez



FET Small-Signal Models
Dr. José Ernesto Rayas Sanchez
March 26, 2007

MOSFET Manufacturing Data Sheets

. 1
E— 55170 /| MMBF 170
e———  N-Channel Enhancement Mode Field Effect Transistor

o
N
IR SY I
for - 1
D :
G 0
s TO-92(97) G s
S0T-23
lAbsolute Maximum Ratings T, = 25°C unless otherwise noted
Symbol | Parameter BS170 MMBF170 Units
Voss Drain-Source Voltage 60 \%
Vosr Drain-Gate Voltage (R, = 1TMQ) 60 v
Vees Gate-Source Voltage 20 \Y
3 Drain Cumrent - Continuous 500 500 mA
- Pulsed 1200 800
Py Maximum Power Dissipation 830 300 mw
Derate Above 25°C 6.6 24 mWrC
T, Tere Operating and Storage Temperature Range 5510150 S
T, Maximum Lead Temperature for Soldening 300 °C
Purposes, 1/16" from Case for 10 Seconds

Dr. J. E. Rayas Sanchez

MOSFET Manufacturing Data Sheets (cont)

]
EFAIRCHILD BS170 / MMBF170
ee———— N-Channel Enhancement Mode Field Effect Transistor

Electrical Characteristics (7, = 25°C unless otherwise noted)

Symbol Parameter | Conditions ‘ Type ‘ Min | Typ | Max | Units

OFF CHARACTERISTICS

BVpes Drain-Source Breakdown Voltage WVag =0V, ;=100 pA All 80 Vv

loss Zero Gate Voltage Drain Current Vs =25V, V=0V Al 05 LA

(- Gate - Body Leakage, Forward Ve =15V, V=0V All 10 nA

ON CHARACTERISTICS g 1)

Vesm Gate Threshold Voltage Vs = Vas, b= TmA All 08 2.1 3 \

Rosion Static Drain-Source On-Resistance Ves =10V, |; =200 mA All 12 5 0

Oes Forward Transconductance Vo =10V, 1, =200 mA BS170 320 mS
Vs 2 2Vpgy lp =200 mA MNMBF 170 320

DYNAMIC CHARACTERISTICS

Ce Input Capacitance Vos =10V, Vge=0V, Al 24 40 pF

C.. Output Capacitance f=10MHz Al 7 | 30 | pF

C. Reverse Transfer Capacitance All 7 10 pF

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

]
rAaRe s BS170/ MMBF170
eemmmmes  N-Channel Enhancement Mode Field Effect Transistor
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Figure 1. On-Region Characteristics. Figure 5. Transfer Characteristics.
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MOSFET Manufacturing Data Sheets (cont)

]
EFAIRCHILD BS170 / MMBF170
ee———— N-Channel Enhancement Mode Field Effect Transistor
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Figure 6. Gate Threshold Variation with
Temperature.
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