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BIT Amplifiers

—

VOUT VS VIN FOR CE BJT INVERTER CIRCUIT

Vcc

Rc

Vout Vcc/2

B Voltage Gain = Slope

= - 0Vo/0Vin

Rochester Institute of Technology

Microelectronic Engineering
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K=1 BJT Amplifiers ?=\
VOUT VS VIN FOR CE BJT INVERTER CIRCUIT

IE = I eVBEVT and IC =« IE

VYout = Vcc —Rclc
=Vcc - Rca IE
=Vcc — Rec o I e VBEVT

Find the slope when Vout 1s ~ Vcc/2

we can show 1n a few steps the following:

2\\]211{[ =-Rc Ic (q/ KT) where Ic is the value when Vout ~ Vcc/2
If Vcc=10V, Rc=5Kohm, Then Ic 1s ~1mA and
TN 0 Vout

) SVin 5K (1/0.026) ImA =- 192 V/V /
%é [ |= //
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SPICE ANALYSIS OF BJT INVERTER
q 10Uq , 1004 , 2.0m —T
8u - -0-
U~ -200-
0.Ema Q2N3904 _
| o
I e e L e B e T e B o ¥ e B e e B e S L B i S e B B et
o - il AA - — ’
[111] a.2u B.u0 B.6au B.BU 1.80 1.20 1.40 1.6U
A o u(Qa:c) [Z] D(UCQ3:c)) F D{U(Q3:b)) A 'IJ';{E!E}
Rochester Institute of Technology NOte: VO/Vln ls nega’tlve (lnvertlng)

Microdlecironic Engincering and has a value of ~-150 at Ic=1mA /
=
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BIT Amplifiers

SPICE OUTPUT FILE

sk 09/11/09 10:26:56 *i# Evaluation PSpice (Nov 1999) sttt

** Profile: "SCHEMATICI1-BJT _Inverter" [ C:\Documents and Settings\Ifieee\Desktop\SPICE\Project_3_BJT _Inverter\bjt_inverter-SCHEMATI

#x#%  CIRCUIT DESCRIPTION

s she s sk sk sk st ke sie st st sfe sfe sfe s sfe she sk sk sk sk st sk sie ste st sfe s sfe sfe s she sk sk sk sk sk sk sie st ste st sfe sfe s sfe she sk sk sk sk st sk sie ste st st sfe sfe sfe sfe sk s sk skeoskoskoskeoteoste ket seoskoskoskokok

*;‘:%reating circuit file "bjt_inverter-SCHEMATIC1-BJT _Inverter.sim.cir"
*Libraries:

.1ib "C:\Program Files\OrcadLite\Capture\Library\PSpice\eval.lib"
*Analysis directives:

.DCLINV_V201.5.0001

INC "bjt_inverter-SCHEMATIC1.net"

##%% INCLUDING bjt_inverter-SCHEMATIC 1.net ****

*source BJT_INVERTER

R_R1 NO00033 N00036 5k

Note: see last page of this document for more

information on BJT SPICE parameters

k%% BJT MODEL PARAMETERS

sk sfe st ke she sfe sfe st ke sk she sk ste sk ske she sk sfe st ke she sk sk ste s ske sk sk sie sk sk sk sk st siesteoske sk sk stttk skokokotokoskokolokokokok

V_Vi N00036 0 10Vdc 1%%11\\11 3904

V_V2 N00030 00Vdc

Q_Q3 NO00033 N00030 0 Q2N3904 ]ISSF 2176321000E—15

##%% RESUMING bjt_inverter-SCHEMATIC1-BJT _Inverter.sim.cir **** .

.INC "bjt_inverter-SCHEMATIC1.als" \1/\115: l7 103

*##%% INCLUDING bjt_inverter-SCHEMATIC 1.als **** .

.ALIASES IKF .06678

R_R1 R1(1=N00033 2=N00036 ) 11511}53 61'72:'%54500015_15

V_Vi V1(+=N00036 =0 ) .

V_V2 V2(+=N00030 -=0 ) BE 1.7371

Q. Q3 Q3(c=N00033 b=N00030e=0 ) EB 10

/| EIEEALIASES o R RO 1

'ENDRES UMING bjt_inverter-SCHEMATIC1-BJT _Inverter.sim.cir g CIE  4.493000E-12

' MJE .2593
CJC 3.638000E-12
MIC .3085
TF 301.200000E-12
XTF 2
VTF 4
ITF 4
TR 239.500000E-09
XTB 1.5

Rochester Institute of Technology CN 242
Microelectronic Engineering D .87
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BIT Amplifiers

] 2%
—— E NPN General Purpose Amplifier 5
FAIRCHILD w0 (continued) | ¢
I o [=]
SEMICONDUCTOR n ] . L £
- Electrical Characteristics 7, -z cuniesscnenise rotea -
g Symbol Parameter Test Conditions ‘ Min ‘ Max ‘ Units g
@ w
2N3904 MMBT3904 PZT3904 a OFF CHARACTERISTICS 4
g Vigmiceo Collector-Emitter Breakdown 40 W w
B Voltage o
c c — Cellector-Base Breakdown Veltage B0 W +
o Emitter-Base Breakdown Voltage 6.0 W -
N Base Culoft Cument 50 A N
E c E a loex Collector Cutoff Currert Eil k. 3
w0 (7]
SOT-23 B [=] w
wark 1A SOT-223 & ON CHARACTERISTICS® e
hez DC Curent Gain = 40
= 70
I= 100 300
NPN General Purpose Amplifier 2 B
Collector-Emitter Saturation ‘Voltage .= 0.2 W
This device is designed as a general purpose amplifier and switch. veltag |: = 03 \:.’
;rl:g ae;_efulfynam c Ir:nge extends to 100 mA as a switch and to Base Emitter Saturation Voltage |; - 06E 0.85 WV
H iRz as an amplner. lc = 50mA s =5.0m4 0.5 i
Absolute Maximum Ratings™ -+, -2scunsss otnerase nctea
- SMALL SIGMNAL CHARACTERISTICS
Parameter Value Units T Curent Gain - Bandwidth Product 300 Whz
Collector-Emitier Voitage 40 W
Collector-Base \Voltage B0 W Cata Output Capacitance 40 oF
Emitier-Base Voitage 60 v Cioo Input Capacitance a0 oF
Collector Current - Confinuous 200 mA
i i - 3 NF Moise Figure lz =100 pA, Vez =50V, 5.0 dB
T, T Operating and Storage Junction Temperaturs Ran: -55to +150 oC = 1 o=
S P i i Rz =1.0k{2 =10 Hz to 15.7kHz
’T1as.eran1;s are ImiEng values above which the serviceablity of any semiconductor device may be Impalred
:‘|9|I|Eege ratings are based on a maximum juncion lemperature of 150 segrass C SWITCHING CHARACTERISTICS
2) These a y mits. The factary nEulted on appications invalving pulsed o low duty cycie operations. ty Delay Time 35 ns
I’ Rise Time 35 ns
Thermal Characteristics T, -zcunesonence notes t Storage Time 200 ns
% Fall Time ey = ez = 1.0 mA &) ns
Symbol Characteristic Max Units "
— Fulsa Test: Pulse Widh = 310 ps, Duly Cydle s 20%
L ——t— 2N3904 *MMBT3904 HPZT3904
Po Tatal Device Dissipation 625 350 1,000 mw
Derate above 25°C 5.0 28 8.0 mleC "
[ Thermal Resistance, Junction to Case 833 oW Splce Model
Raun Thermal Resistance, Junction to Ambient 200 =7 125 o NPM (ls=5.734f Xti=3 Eg=1.11 \af=74 .03 Bf=4184 Ne=1250 lse=8.734 ki=65.78m Xtb=1.5 Br=7371 Ne=2
.y - e e e - lsc=0 Ikr=0 Re=1Cje=3638p Mjc=.3085 Vjc=75 Fc=5 Cje=4.43%p Mje=2593 Vje=75 Tr=239.5n Tf=3012p
s‘:e’- ice mouns2don FR-4 PCB 1.67X 1.6 X 0.06. . Itf=4 \if=4 Xtf=2 Rb=10)
Device mounted on FR-4 FCB 26 mm X 18 mm X 1.5 mm; mounting pad for the collector lead min. & cm=

Note: see last page of this document for more information on BJT SPICE parameters

| © March 23,2012 Dr. Lynn Fuller, Professor |= Page 7 =




K=1 BJT Amplifiers ?=\

CE BJT AMPLIFIER - BIASING

We want to forward bias the BE junction and reverse bias the BC
junction and then add a small changing voltage to the input and
realize a larger changing voltage at the output.

Vgg and Rs can provide any Vce

combination of Iin and Vin shown on
the input load line.

Iin

Q point
NP

: © March 23,2012 Dr. Lynn Fuller, Professor |= //

Page §




BIT Amplifiers

ﬁ

CE BJT AMPLIFIER - BIASING

load line.

Vcce/Re |

Ve and Re can provide
any combination of Io and
Vo shown on the output

Rochester Institute of Technology

Ic

Ieo I ‘

[Load line

IB= 30 A

Microelectronic Engineering
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SMALL SIGNAL MODEL OF CE BJT

I'T
+ T gmvbe |Vio™ T
vbe or ro VO
_ Bib -

Emiutter

7T represents the input resistance seen looking into the base
gm 1s the transconductance at the Q point collector current

ro represents the output resistance as seen looking into the collector

The values of these parameters all change with Q point
T so first find I-from large signal DC analysis (Ebers-

g \; Moll Model and circuit analysis)

| © March 23,2012 Dr. Lynn Fuller, Professor |= Page 10
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BJT Amplifiers

—

SMALL SIGNAL MODEL OF CE BJT

= OIC
§M= SVBE ~

oIC

_-_ SVBE _

oIB

ro = {SWE]J: 1/slope

First find IC at the Q point then find gm, ro and r7

O [SeVBENT _ _IC
SVBE  ~ |87 VT
Where VT = KT/q
ro = VA/IC

Where VA = Early Voltage

OVBE _ VTg_
OoIC/B ~ 1IC

rw=f3/gm

Rochester Institute of Technology

Microelectronic Engineeri

& -

ng

/
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EARLY VOLTAGE

Increasing VCE increases the reverse bias on the BC junction increasing
the width of the space charge layer resulting in a decrease in the base
with an increase in concentration gradient and an increase in collector
current. To account for this the equation relating the collector current to
the VBE can be modified slightly as shown:

A IC

IC = Is[1+\<]—g3] e VBENT

e m e m - ——

v

VCE

This is one of the many modifications to make the BJT models more accurate.
Other modifications include resistors to account for series resistance in the

collector, base and emitter. /
=
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EBERS-MOLL MODEL OF NPN BJT

This type of model works in all Collector
four regions of operation

IE = -1De + 0z 1Dc IDCT o iDe

IB
Base —

The diode currents are:
iDC — ISC (e Vbe/VT —1)
iDe = I (e VPeVT -1) iDe lf O 1Dc

Transistors are modeled by determining
appropriate values of: O, Og, Isc and Igg ITIE

P

TR Emitter
Norte: B is often given instead of o but o = B/(1+f)

% \
: © March 23,2012 Dr. Lynn Fuller, Professor |= Page 13
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K=1 BJT Amplifiers
SMALL SIGNAL ANALYSIS

Rs

+ gmvbe
1) vbe 1T

vo = - gm vbe ro//Rc

vbe = vs r7/(Rs+rrx)

P

o ™\

Replace the transistor with its small signal model (at 1), replace
DC voltage sources with shorts and DC current sources with opens.

Vcc

\
Rochester Institute of Technology
Microelectronic Engineering
I © March 23,2012 Dr. Lynn Fuller, Professor
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K=1 BIT Amplifiers
ANALYSIS
Find:
Vo = - vsr;+7zl;€s gm ro//Rc
Ro =ro//Rc
Rin=17%

Note: maximum possible voltage gain when Rb=0 and

Rc=infinity is VA/VT might be ~ 3000

: © March 23,2012 Dr. Lynn Fuller, Professor |=
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CE BJT AMPLIFIER EXAMPLE 1

Example: If Vce = 20V, Re = 5K, B = 200 Vee
and Va = 100. Find Rb to bias the |
transistor in the middle of the load line.

Calculate the small signal voltage gain. Rb Rc

Repeat for 3 = 100, 300

—/\/\j\’_l I }\. VO
ws(2)

Note: capacitor is a short at frequency of interest,

Instead of a VBB of previous circuit use the VCC,
Rochester Institute of Technology  Rb 1s quite large to get small base currents and may
Microelectronic Engineering . /

be a source of thermal noise. /

| |= //
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ANALYSIS OF CIRCUIT ON PREVIOUS PAGE

Approach

Do DC analysis to find IC.
Calculate gm, rt and ro
Draw ac equivalent circuit
Find vo/vi, rin and rout

NS

rat//Rb

VO = - VSW_I_RS gm FO//RC

Ro =ro// Rc
Rin= Rx// Rb

—_

ol ™~

AN
RhtIttthhlgy
Microelectronic Engineering //
: © March 23,2012 Dr. Lynn Fuller, Professor |= Page 17 =




BJT Amplifiers

SIMPLE BJT CE AMPLIFIER CALCULATOR

Thirrpreadrhect uill evaluaks the sirzuitrhoun.

Check the results by doing the
Calculations by hand. Firrt the DG waluer af G and B arc Found. o

Then at ICQ2 ue zalzulake qm, A, and ro. m

Finally, ue zalzulate the volkage q4ain, Finand Rout
w
CE-BJT-Simple.xls é

CONSTAHTS YARIAELE =

K 1.32E-22 JMK

q 1.60E-19 Coul Temp- 00| K

Zo 2.258E-1d Fizm Woz- 10,00 Yaler

Zr 1.7 Rz- 1| Kohmr
FiL - 10| Kohmr
Rr - 1| Kohmr
WA - 10| Yaler

Ecka ci

CALCULATIONE:

. Ic KTiq-
Find IcQ for Beta of 100 and 300 ST NT il st Lasibine - Gimast-
fFo= l."_."ﬂ.'?j- Iz -BetaxlE-

—_— - VCE-WCC -G Rz -

. n £ o= VAT e

r l,I' ro-

e oy s Fiir, - rA* Fik =
S Fout-rofMFc-

Yolkaqe Gain - rorfr

Rochester Institute of Technology
Microelectronic Engineering

0.0ZE

5.0

c5.1:5

5.0zT

497

0194

1.0z

19,549

0. E0E

0,495

=94, 72

: © March 23,2012 Dr. Lynn Fuller, Professor |= Page 18
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CE BJT AMPLIFIER EXAMPLE 2 (ANALYSIS)

Example: If Vcc =20V, Rc = 5K, Re=Rc¢/3 Vee
B =200, R1=30k, R2=10K. Calculate the : Sedra and Smith 5.21
DC value of IC and the small signal
Rc
Rlé

voltage gain.

Repeat for 3 = 100, 300

SV | |
| N, RL

I VO

sl RO
Re

P

o ™\

\ Note: capacitors are a short at frequency of interest. Re
% Rochester Institute of Technology nroyides less sensitivity of Q point to Beta. R1 and R2
Microelectronic Engineering /

give lower equivalent value of RB and less noise.

, © March 23,2012 Dr. Lynn Fuller, Professor |= Page 19 =
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K=1 BJT Amplifiers
ANALYSIS OF CIRCUIT ON PREVIOUS PAGE

Approach:

1. Find Thevenin equivalent of R1, R2 and VCC.
2. Do KVL around the BE loop to find IB.

3. Find IC = Beta IB

4. Calculate gm, rm and ro.

5. Draw the ac equivalent circuit.

6. Find the voltage gain vo/vi, rin and rout

—_

ol ™~

\
Rochester Institute of Technology
Microelectronic Engineering
I © March 23,2012 Dr. Lynn Fuller, Professor
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BJT Amplifiers

SPREAD SHEET ANALYSIS PREVIOUS CIRCUIT

ROCHEETER INETITUTE OF TECHNOLOGY
ELECTRICAL AND MICROELECTROMIC ENGINEERIMG

CE-BJT-2.%L%
AraE2003
CALCULATIONSE FOR CE BJT AMPLIFIER DEZIGHN DR. L'YMM FULLER
To uze thiz spreadshect change the values in the white boxes. The rest of the sheet iz
protected and should not be changed unlezs you are sure of the conzequences, The
calculated results are shown in the purple boxes=

£
Thiz zpread sheet calculakes die and a2 parame
given all the resistar values, de valtage suppl, .
valuzz, and tranzizter parameter values, *

Thiz zpread sheet can be used once an amplifi | i
dezign iz done bo study how the amplifer perf WE =
if branziztor or circuit parameters values are ! I 0
changed. . s ltg |
L
Fln Ront
COMETANTE VARIABLES
K 1L3SE-23 MK
q 1.60E-13 Coul Temps F00] K
o S.65E-14 Ficm YCC = 20.00 | Wales
T 1.7 R 0] ahmsz
R2 10000 | ahm:
Rz = 0] Kohms
Ri1= 33| Kohms
Rz = 10| Kohms
Rc= 2| Kohms
Tranziztar Specifications: EL = 2| Kaohms
Earlp Yaltage Ya = 50 Walts
Beta= | 150

CALCULATIONS:
E‘ll-n = I':

¥T =g gm

o =WASIC

Av= - (RelFL)Eel

SCade miglgda e

kKTig =

Wth =

Fth = RINR2 =

IE =

IC =

Zpecification For YWpp swing =Yoo -5 =
WCE at 3 point =

gqm =

M=

ro =

Rin = md R1/FR2 =

Rout = rod! R =

Ay = Yolvs [withno BL] =
A = WalWs [includ: BL) =
Winty'z =

A = Walvs [include Bz) =
Vo pep =

w5 Eaamadlart Walges
srapidabie Irom 10 @

1 0F% Stamsfard ¥alass

aife miBipdes e iadabls frem 10 @ Ehe

LB . P, Ci ] L] a

CE-BJT-Analysis.xls

, © March 23,2012 Dr. Lynn Fuller, Professor

=i |

Walkz
Yalks
Eahm
us,
ma
Yaltz
Yalkz
mho
Eahm
E=hm
Eahm
Eahm
W
W
W
W
Yaltz

Page 21




CE BJT AMPLIFIER EXAMPLE 3 (DESIGN)

K=1 BJT Amplifiers ?=\

Example: If Vcc =20V, Rc = 5K, Re=Rc¢/3

B =200 Find R1, R2 to bias the transistor VICC
in the middle of the load line. Calculate
the small signal voltage gain. Re

Repeat for 3 = 100, 300 Rl

Sedra and Smith 5.21

RL

/
N

VO

7 ™\ . .
\ Note: capacitors are a short at frequency of interest. Re
Rochester Institute of Technology nroyides less sensitivity of Q point to Beta. R1 and R2
Microelectronic Engineering . . . /
give lower equivalent value of RB and less noise. /
: © March 23,2012 Dr. Lynn Fuller, Professor |= Page 22 =




K=1 BJT Amplifiers ?=\

PREVIOUS PAGE

Approach:

1. Pick supply voltage, VCC.

2. Pick IC where transistor has good Beta, etc.

3. Choose VB between VCC/4 and VCC/2 say VCC/3

4. SetI1 =101B find R1

5. SetI2 =9 1B find R2

6. Calculate RE to get IC

7. Calculate RC to place VCE near middle of DC load line.
8. Calculate gm, 7, ro

9. Draw ac equlvalent circuit, include selection of RL and RS
10. Calculate vo/vi, rin and rout

—_

o ™\

\
RhtIttthhlgy
Microelectronic Engineering //
I © March 23,2012 Dr. Lynn Fuller, Professor |= —
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BJT Amplifiers

SPREAD SHEET CE BJT DESIGN

ROCHEETER INETITUTE OF TECHMOLOGY

ELECTRICAL AMD MICROELECTRONIC ENGINEERIMNG

CALCULATIONSE FOR CE EJT AMPLIFIER DEZIGH

CE-EJT-Dezign. XLE
462010

DR. L7MM FULLER

To uze thiz zpreadshect change the valuesz in the white boxes, The rest of the sheet iz
protecked and should nok be changed unlezz wou are zure of the consequences, The

calculated rezults are shown in the purple boxe=

1. Cleorn FOCH < KB = FOLA

1. 5t=10ME Caliulii R

3. ft)z=oNF Caknbe RZ

+.%&t(Fe! + Redin @mtIC.

J. %t RC ® meetthe owpat by m cwing
rpacificaton | mmember o comwider tath
FCC ¢rapply and trate i ior catoration).

L. The rmallrigmal ;ain o deeomine Fe!.
T Eommd cakulakd mekwor vabmr ©
riandatd 5% whrarce 1nbmy, then atakom
the mmentingdorimm o ety that it meek
the deriznepacifications.

4
T
T
wE lﬂ . :.-

COMNETANTE YARIAELEE
K 1.35E-23 MK
q 1.60E-13 Coul Temp= S00] K
ro $.55E-14 Ficm WCC = 15.00 | Walts
Ir 1.7 YE = Bl Waltz et WO £ WE < WSR2
Ay = 25| Wi
Rz = 0,05 Eohmz From Desigi
Transiztar Specifications: FL = 5.3 Kahms e cation
Early Yalkage Wa =] 100 Yoltvpp = 10| Waltz
Ecta= | 200
For best beta 12 = B maA

CALCULATIONS:

=_IC AlIbe] 5

ER T —— IC =

IE =

T = A5 gm lI."|:h|:\‘5'.'.'|r|é!-;.|l:
o = VAJC Fes
gm =

[p I}

o=
Rin = [m{EHIR:1Y R1IHRE =
Fout =roff R =

Fel=

Rz =

Yin'v'z =

Av= n (RefFL)Re]

CE-BJT-Design.xls

© March 23,2012 Dr. Lynn Fuller, Professor

0.02553

£.00

S0.00

10.00

3353

1552

165

0231773

0.562313

16.67

5.572

1.501

471.53

BES.2E

0.33

Page 24

Walks
md
ud
Walts
K.ahm
Kahm
K.ahm
mha
K.ahm
Kahm
K.ahm
Kahm
ohm
ohm




—

K=1 BJT Amplifiers
COMMON BASE AMPLIFIER

The CB BJT amplifier has low input resistance and
has the same gain as CE but 1s non inverting.
gm vbe
mn Rs 3

= e u ~m—]

re= B+1

Small signal equivalent ~ ** C
Circuit for CB

~

-VEE

VCC
Rc
+
RL = vo
I

, © March 23,2012 Dr. Lynn Fuller, Professor |=

AN —
Rochester Institute of Technology . .
Microelectronic Engineering Note: capacitors are a short at frequency of iterest /
[ //
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DERIVE COMMON BASE VERSION OF SMALL SIGNAL MODEL

o - - - - - - - - — o — o — o — - — o — - - — — -

;"Base I'TC Collector Ic = gmvbe = gmibrrx
e gm vbe '
; ib or .
' vbe : i :
| Bib | Ic = gmvbe = gm ie B+l
: ; . T
... Emitter o =gmib (B+1) B+
J L Enntter e Coliector
Emitter | Collector e _ gm vbe
| i Svbe or
> By Bib
B Base e Base ... ]

K=1 BJT Amplifiers ?=\

)

, © March 23,2012 Dr. Lynn Fuller, Professor |= Page 26




K=1 BJT Amplifiers ?=\

CB AMPLIFIER VOLTAGE GAIN

WA — amvbe | | vo=-gmvbe Rc//RL
Rsi > b or +
LIt Svbe .
VSCD P19+ Pib eSS IRLS vo o
E..> - <—-§ B l3+1
! 5 vbe = - vs —_
it Base o Rs + B+
rin = il Ll
P+l VO B+1
T = &m — Rc//RL
ro =Rc Rs + E
Rochster nsitateof Tchnal If Rs=0 same vo/vs as CE amplifier
Vicroclecironic Engimcering (but non 1nvertin g)

/

{ © March 23,2012 Dr. Lynn Fuller, Professor |= Page 27




BJT Amplifiers

—

ﬁ

COMMON COLLECTOR AMPLIFIER

The CC or emitter follower amplifier VeC

has high input resistance, low output

resistance and voltage gain ~1

Rs
Vs Rb
+
1 = Re RL< vo
g VEE
' i f;ch esltertlnst.ituEte of Technology /
: © March 23,2012 Dr. Lynn Fuller, Professor |= Page 28 //




K=1 BJT Amplifiers N

CC SMALL SIGNAL ANALYSIS (RIN, VOLTAGE GAIN)
—_— VO:Re( +1)lb
A ,‘ ib B |
s+ T gmvbe — , Rb//Rin’
| vbe2rn { ] Yor vin= """ Rs+ Rb//Rin’
BbS vin® Ly vo _ vo ib vin
+ vs  ib vin vs
‘ ] Re vo! _ ——
rin -< Vo _ Re (B+1) ’ Rb//Rin’ A
KVL.: ro| v$ |rz +Re (B+ 1)) Rs + Rb//Rin’
ibrr +Re(B+1)ib—vin=0 - -
vin Can be ~1
ib = T +Re (B+ 1) — Rin’=vin/ib=r7T +Re(f+ 1)

: Rin = Rb//Rin’= Rb// [r7 +Re (B + 1)] |
Can be high /
[ |= e

| © March 23,2012 Dr. Lynn Fuller, Professor Page 29




K=1 BJT Amplifiers ?=\
CCSMALL SIGNAL ANALYSIS (OUTPUT RESISTANCE)
Rs —
AN b
+ + | gmvbe — Ro = vtest/itest
vberm or ,
% Bib _itest Ro = Re// UT+RX)
Rb< yin” : (1+8)
_I_
] Re Vo vtest Can be low
Let Rx =Rs//Rb
KCL: vtest  vtest
itest = "=+ (TT+RX) - Bib
: test
T and ib= = —
Rochester Institute of Technolo (rTH_RX) itest = vﬂt+ viest (1 +ﬁ)
Microelectronic Engimeering ~— Re (I’TH‘RX)

\
% ineeri
: © March 23,2012 Dr. Lynn Fuller, Professor
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K=1 BJIT Amplifiers
CE AMPLIFIER WITH EMITTER FEEDBACK

Vcc
Ay — —1[3 (RC//I&L)
R1 (B+1) (re + Re)
Rs I / N
N RLe o Av = ~ - Re//RL
R2 _
Re
L
RhtIttthh ology

Microelectronic Engineering

Where re = rt/(B+1)

Re

/
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SUMMARY FOR SINGLE TRANSISTOR AMPLIFIERS

CE CB CC CE plus Re
Rin Medium Low Highest High
Ro Rc Rc Low Rc
Av=vo/vin High High <1 ~Rc/Re

If you wish to include the effect of the source resistance RS on overall

voltage gain vo/vs then reduce the gain by multiplying vo/vin by
Rin/(Rin+RS)

If you wish to include the effect of a load resistor RL on the overall
voltage gain vo/vs then replace Rc with Rc//RL

7 ™\
Rochester Institute of Technology
Microelectronic Engi ing

AN
% ineeri
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/

Page 32




BJT Amplifiers

—

ﬁ

SUMMARY FOR SINGLE TRANSISTOR AMPLIFIERS

rw= [/ gm

o =IC/IE o=P/(B+1)
B=IC/ 1B Rth = Thevenin equivalent of Base DC Bias network B ZOC/( l—OC)
CE CB CC CE plus Re
Rin rzt// Rth [rﬂ:/(B+1)]/thh Rt//[rr + (B+1)(RE/RL)] | Rth/[rmt + (B+1)RE]
Ro RC//ro RC//ro RE//[(rme+ (RS//Rth))/(B+1)] RC//ro
Av = |-gm (RC//RL//ro) | +gm(RC//RL//ro) | (RE/RL) (B +1) _ ~RC/RE
vo/vin rf+(RE/RL) B+1) ~ ~
gm = 1C/VT Where VT = KT/q
=0.026 at room T Rs
ro = VA/IC  |Where VA = Early Voltage

, © March 23,2012 Dr. Lynn Fuller, Professor |=
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AC COUPLED MULTISTAGE AMPLIFIERS

ﬁ
w |

§ R3§ RSS R

Rochester Institute of Technology

Microelectronic Engineering

For each stage calculate IC, gm, rx, ro
Draw the ac equivalent circuit
3 Calculate the output voltage

: © March 23,2012 Dr. Lynn Fuller, Professor |= Page 34
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WO TRANSISTOR DC COUPLED AMPLIFIERS

CC-CE
CC-CC

Darlington
CE-CB (Cascode)

Rochester Institute of Technology

Microelectronic Engineering

© March 23,2012 Dr. Lynn Fuller, Professor
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CC-CEAND CC-CC CONFIGURATION

P

) \roC = ro2 ) gm2
A gm =
r 7l
~
: © March 23,2012 Dr. Lynn Fuller, Professor |=
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Vcce ___l_l?_]
Vin | ml vbel — —I—
4( Vo vbe]% @l b “
gm2 vbe2
<v> l vbe2 2 ,301592 02
-Vee BC=B B+ 1) |EC

r7ni© = combined CC-CE input resistance=rzl + (B + 1) r 72

(B+1)r2

/
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DARLINGTON CONFIGURATION

. C
ib C
BC___ g CC
+ . gmC vbe
I'T or C
vbe iy Sroz B —|
| |
EC

1. The darlington, when used in the CC configuration 1s the CC-CC
configuration already discussed. EC

2. In the common emitter configuration the darlington is similar to the
CC-CE configuration except that the collector of Q1 does not go to the

supply, but rather it goes to the output. This reduces the output
.= resistance and increases the input capacitance. Thus the CC-CE is

preferred over the darlington.

/
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CE-CB CASCODE CONFIGURATION

e
1

P

o ™\

\

Note: rol 1s in parallel with

re so we can neglect rol -

ro2

gm2v2 i 4

.

or

Bib

" vout
RL
|

in = rrl B
Rin =17 re §v2
+
ib
—————— >
+ ml vin
el &
vin OI'.
Bib ‘rol
Rochester Institute of Technology
Microelectronic Engineering //
© March 23,2012 Dr. Lynn Fuller, Professor |= Page 38 =
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CE-CB CASCODE CONFIGURATION

Note: if the load 1s a current source then RL is infinite and gm2 v2
flows in ro2 only.
Thus v2=(gmlVin+ gm2 v2)re

So (I- gm2 re)v2 = gml re Vin which gives us v2/Vin

and  Vout =-gm2v2ro2—-v2
or Vout = - (gm2 ro2 +1 )v2 neglect

ﬂ

Av = Vout/Vin = Vout/v2 x v2/vin= - (gm2 ro2 +1 ) gml re
“ (1- gm2 re)

But o =Ic/le = gm2v2/(v2/re) = gm2re
== And o/ (1-00) =

\
Rochester Institut of Technology Thus |Av =gm2 ro2 [
Microelectronic Engineering //
I © March 23,2012 Dr. Lynn Fuller, Professor |= —
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CE-CB CASCODE CONFIGURATION

Ro¢1s found by “killing” the input source and calculating vtest/itest
applied to the output.

gm2 v2 Itest= gm2 v2 —v2/re
ro2 vs( } Vtest = - (v2/re2 ro2 + v2)
Si2 = L neglect
- ,

| -((ro2/re2)+ 1) ~((ro2) + re2)
Ro = vtest/itest rol(gm2— 1/re2) — (gm2re2—1)

_ (ro2) I =[ro2 3 =Ro
— (I-gm2re2)

Rochester Institute of Technology
Microelectronic Engineering

/
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CE-CB CASCODE CONFIGURATION

Summary:

Rin =17l

Rout =ro2 [

Av = gm?2 ro2 f3

(no miller capacitance)

Rochester Institute of Technology

Microelectronic Engineering
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HOMEWORK - BJT AMPLIFIERS 2012

1. Derive the equation on page 4 for 0 Vout/oVin.

of the circuits provided below.
3.1 Simple CE
3.2CE
3.3CC

problem 3.3.

4 5. Calculate the voltage gain for the multistage amplifier circuit
shown below.

2. Calculate the maximum possible voltage gain for a CE amplifier
when biased by an ideal current source (RC is infinite) and Rs =
0 and RL 1s infinite. State appropriate assumptions.

3. Calculate the voltage gain, input resistance and output resistance

4. Make a spread sheet that will do the calculations for the circuit in

: © March 23,2012 Dr. Lynn Fuller, Professor |=
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HOMEWORK -BJT AMPLIFIERS 2012

Pro 3.1 Pro3.2
Find RB to make IC=2 mA
B= 100 12V
VA=50 B=200 20V
VA=100
RB ak 1 , 30K: 1
2K ‘ I: || N K H v N
VO }\l IK< vo

%) ) 1% 10K§ 1K§ )

Rochester Institute of Technology
Microelectronic Engineering
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K=1 BJT Amplifiers
HOMEWORK -BJT AMPLIFIERS 2012

Pro3.3
15V
B= 300

VA=120
300K
10K |_ ‘:
|
1

100K $

Vs +

1()K? AKS

VO

e

o ™\

\
Rochester Institute of Technology
Microelectronic Engineering
|
© March 23,2012 Dr. Lynn Fuller, Professor |=
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HOMEWORK -BJT AMPLIFIERS 2012

Pro 5

B= 100

s | e,
d _| _[: N

3K< vo

s

4K

Can
D

=
~
AN
~
1
1

e

o ™\

\
Rochester Institute of Technology
Microelectronic Engineering //
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BJT SPICE PARAMETERS

Name
IS
BF
NF
VAF
IKF
ISE
NE
BR
NR
VAR
IKR
ISC
NC
NK
ISS
NS
RE
RB
RBM
IRB
RC
\ CIE

Parameter

transport saturation current

ideal maximum forward beta

forward current emission coefficient
forward Early voltage

corner for forward beta high current roll-off
B-E leakage saturation current

B-E leakage emission coefficient

Ideal maximum reverse beta

reverse current emission coefficient
reverse Early voltage

corner for reverse beta high current roll-off
B-C leakage saturation current

B-C leakage emission coefficient

high current roll-off coefficient
substrate p-n saturation current
substrate emission coefficient

emitter resistance

zero bias base resistance

minimum base resistance

current where RB falls halfway to RBM
collector resistance

B-E zero-bias depletion capacitance

I>II>><III>><II>§

Ohm
Ohm
Ohm

Ohm

Default
1.0E-16
100

1.0
infinite
infinite
1.0E-13
1.5

1

1
infinite
mfinite

OO0 O
wy) wn L

finite

ocoB

, © March 23,2012 Dr. Lynn Fuller, Professor
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BJT SPICE PARAMETERS

—

Name  Parameter

VIJE B-E built-in potential

MIE B-E junction exponential factor

CJC B-C zero-bias depletion capacitance

VIJC B-C built-in potential

MIC B-C junction exponential factor

XCJC  fraction of B-C capacitance connected to base

CJS zero bias collector substrate capacitance
VIS substrate junction built-in potential

MIJS substrate junction exponential factor

FC coeff. Forward bias depletion capacitance
TF ideal forward transit time

XTF coefficient for bias dependence of TF
VTF voltage describing VBC dependence of TF
ITF TF dependency on IC

PTF excess phase at freq=1.0/(TF2p1) Hz

TR ideal reverse transit time
QCO epitaxial region charge factor
RCO eitaxial region resistance
VO carrier mobility knee voltage
GAMMA epitaxial region doping factor

‘ EG energy gap for temperature effect on IS
more

nit

<IN <G

I<PTJI

SEC

deg
Sec
Coul
Ohm

eV

Default
0.75
0.33

0

0.75

-
(O8]
(O8]

Y |
N

finite

SO0 OO~

[a—
-

1E-11
1.11

=‘I; : © March 23,2012 Dr. Lynn Fuller, Professor |=
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STANDARD RESISTOR VALUES

5% Standard Values
Decade multiples are available from 10 @ through 22 MQ

10 11 12 13 15 16 158 20 22 24 27 30
33 30 39 43 47 51 b B2 oS P = 91

10% Standard Values
Decade multiples are available from 10 @ through 1 MQ

10 12 15 18 22 27 33 39 47 26 68 82

Rochester Institute of Technology
Microelectronic Engineering
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V?c =20

Old Exam .
BJT Amplifiers |
Rb
40K 33K§ K
’V\/\r—l Tl /
I
T2
Vs
| 500 10K Vo
= 1K T i
————

Calculate the value of Rb to bias T1 in the middle of the DC load line.

Calculate dc value of IC for T2

Calculate gm, rrand ro for T1 and T2

Calculate the voltage gain vo/vs

Assume

Capacitors are shorts for ac

analysis

Beta = 150
VA= 50
RL=2K



Old Exam

V?c =20

BJT Amplifiers

40K 33K§ K
’V\/\r—l Tl
d

Vs
— 500 10K

N7 RLs
§VO

Calculate the value of Rb to bias T1 in the middle of the DC load line.

Rth = 33K//10K =7.67K S points

Vth= (20) 10K/ (10K+33K) = 4.65 volts

KVL: ib Rth + 0.7 +(B+1)ib 1K-Vth =0 5 points
Find: 1ib = 26.2 pA and Ic =3.92 mA S points

Calculate dc value of IC for T2

Calculate gm, rrand ro for T1 and T2

——

Assume Beta = 150
VA= 50

100 points total RL = 2K

Capacitors are shorts for ac
analysis

S points

Load line max Ici1s 20/500 = 40 mA
KVL: ib Rb + 0.7 +(B+1)ib 500 -20 =0
5 points jb= 20mA/p and B=150

Find: Rb = 70Kohm 5 points

gm =Ic/VT 5 points

ForTl: gm =20mA/0.026=0.769 S

= B/gm

S points ro = VA/IC 5 points

= 150/gm=195 ohm ro = 50/20mA =2.5K
ForT2 gm =3.92mA/0.026=0.151 S rmr= 150/gm=0.989Kohm  ro=150/3.92mA = 12.7K




Calculate the voltage gain vo/vs

Rin2 =rm //Rth = 0.876K
Rinl = (70 + (B+1)(Re//Rin2))//RB = 29K e =i 5 points
S points
Rol = (7t + RB/Rs)/(B+1)//Re = 1270hms Ro2=Rc//ro=1.73K_
5 points S points
Avl =1 5 points Av2 = -B (RC//I'O)/I"TC =-261
S points

vo= {RL/(RL+R02)}Av2 {Rin2/(Ro1+Rin2)} AV% {R.in%/(Rs+Rin1)} Vs
points

vo/vs =-(0.54)(261)(0.862)(1)(0.42)= -51.7 S points




