s

Pe[][] ESE319 Introduction to Microelectronics

UNIVERSITY of PENNSYLVANIA

Quick Review .

% I{l'-R
ic) | - i TR
{l"*Rt' dC o, ;'H"’R ) V o=} Ly
¥ 1 9 _.t Q -
R, V. 5B Vo —V : B “ X amp |
| R ToKO T @ ‘| 1,
2 b b, = anp = —1
Rg.- b3 :,:'RH ‘l."F . | | -L Vo
v, & F e = |
1 = = | | O l ¢
1 E 1 & _ |
le 1_l rl'-.g_' : )
r | = R.’:T Ly R
. small o 1.~!,| Re
ac D Bi,
Looos i) ©
vl Ry r
,];,, AD/ueto C.
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What About Interface to the Output Load (R )?

]iL R, % R¢
<22 k Ghm 0.6 k Ohm
RS — Vcc
- L — 12V
A “‘Qa}np j;;RL
e R, 1 i
1’&-@ 100k Ohm| R, e
o AA —— Vee L
= T‘]z '||ul" =
QI ; - KQ_’; ::CE
L L —

Is the above interface to RL OK?
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What About Interface to the Output Load (R )?

|2 R, R¢
29 k Ohm 5.6 k Ohm v
R, o =
-— 12V
ATtV
R Fa, Qain;;r CL g RL
(ﬁ B  N—
Vilow 100k Ohm| R,
— AN — Vee —|—
= T‘]E '||ul" =
— |_Ff e
QI ;" H\Q_g __CE
L & —_—

Is the above interface to R, OK”? - No
1. Need C, to block dc bias on v , i.e. v is small signal only.
2.Forac(f>f )R, =R.||R, =>R >>R_

min
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Multi-Stage Amplifier

Stage 1 Stage 2
- = - - — — I L
| . LR ‘ | | R} %R |
C. | | 1 S - Cl | V c | By V
| Wy el @ =]
P O MR SRS
y) n < R |
IR 2 e
| L | |
| T | L | R >>R
| - ) - L C2
R _>>R
in2 Cl
Vory Vozy_ Vo2 R, R,
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Common Base BJT Amplifier
Common Collector BJT Amplifier

« Common Collector (Emitter Follower) Configuration
« Common Base Configuration

« Small Signal Analysis

e Design Example

 Amplifier Input and Output Impedances
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Basic Single BJT Amplifier Features

CE Amplifier CC Amplifier CB Amplifier

Voltage Gain (4,) moderate (-R /R ) low (about 1) high
Current Gain (4,) moderate ( 8 ) moderate (8+1) low (about 1)
Input Resistance high high low

j VCVS ]CCCS
Output Resistance high low high

CE BJT amplifier => CS MOS amplifier
CC BJT amplifier => CD MOS amplifier
CB BJT amplifier => CG MOS amplifier

2009 Kenneth R. Laker, updated 110ct11 KRL
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Common Collector ( Emitter Follower) Amplifier

<R, r
Ci Rref§ R.S j =Vee
| | . - — VCC ,E amp
|| a. — V(i R ; Vo
RS o L ’ l : Vee = =
R -
R
v ; 2 § - Ql p ﬁQZF
rO
) T '
Voltage Bias Design Current Bias Design

In the emitter follower, the output voltage is taken between emitter
and ground. The voltage gain of this amplifier is nearly one — the
output “follows” the input - hence the name: emitter “follower.”

2009 Kenneth R. Laker, updated 110ct11 KRL 7
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Equivalent Circuits

:
100kQ SR, i (Ijlm Ry;=R,|IR, . 1y
R, v, | @ -, — 12V
[ e ga—— — Ve Ry 50 k Ohm RO
iRs A il Vo 122V <=> v. Ly, 25.1 k Ohm
| 100kQ2R, “JSR, T
T 5.1kQ Vc¢c R

2009 Kenneth R. Laker, updated 110ct11 KRL 8
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Multisim Bias Check

L
IE
100 k Ohm
Cllll"] - Cin iB

| Py . " — Vee N * > — Ve

——vout Rb - vout -— 12¥
Rs 100 E,hm Re Rs VRD < 56 k ohm Re
5502 5.1 k Ohm <=> Fe07 |+ 5.1 k Ohm
vsig .
[ 95060 A] vsld ;;"‘,‘bf [ 95060 A ]

|dentical results — as expec-
ted!

2009 Kenneth R. Laker, updated 110ct11 KRL 9
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Follower Small Signal Analysis - Voltage Gain

Circuit analysis:

R, v.=(R¢+r_ )i,+R,i,=(Ry+r +(B+1)R,)i,
vy . .
; %pi ébmkib Solving for i B
. | ;= Vs
V(D) i [ VS " Re+r +(B+1)R,
R, v.=R,i,=R,(1+B)i,
Py RE(ﬁ+1)vS
i > Rgt+r +(B+1)R,
rllr,
for Current Bias Design A,= R Ry ~1
: _ Tr
replace R, with r |[r =r/2>>R, ) " RY rlr,

2009 Kenneth R. Laker, updated 110ct11 KRL
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Small Signal Analysis — Voltage Gain - cont.

vo_ RE
VS_RS‘H”n
+R,
(B+1)
Since, typic-
ally:
Ro+r_ R, ( )
< orr|lr =r
(pr1) e TR
vo RE
= =1
vs RE

Note: 4, is non-inverting

2009 Kenneth R. Laker, updated 110ct11 KRL

11



Pe[] []_ ESE319 Introduction to Microelectronics

Quick Review

CE Amplifier CC Amplifier CB Amplifier

Voltage Gain (4,)
Current Gain (4,)

Input Resistance

Output Resistance

ANSWERS: Low, Moderate or High

2009 Kenneth R. Laker, updated 110ct11 KRL 12



Penn ESE319 Introduction to Microelectronics

UNIVERSITY 0 f PENNSYLVANIA

Quick Review cont.
CE Amplifier CC Amplifier CB Amplifier
Voltage Gain (4,) moderate (-R /R) low (about 1) high (R /R )
Current Gain (4,) moderate (3) moderate (3 + 1) low (about 1)
Input Resistance  high (R |[BR ) high (R |IBR ) low (r )
Output Resistance high (R_|[r ) low () high (R ||r)
VCVS CCCS

2009 Kenneth R. Laker, updated 110ct11 KRL
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Of What value is a Unity Gain Amplifier?

RS
— A
L ;r-pi @ beta®ib
vs@ 7 l Li v

To answer this question, we must
examine the small-signal output
iImpedance of the amplifier and its
power gain.

2009 Kenneth R. Laker, updated 110ct11 KRL
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Emitter Follower Output Resistance

R, .
7 . . . . . . _lx
i? Er_pi ébetaxib lx=_le=_lb_.81b=_<1+ﬁ)lb:lb=m
@’ ‘ ik.;L.v V=i (Rotr) S 1+8
4#1)% _vx RS_I_rTl' rn _ _I_VT
f—— S ALY Ty AP
. 2
Assume: vy Rommr;%:zs.sh@
[.=lmA=>r_= — ﬁ]—T=2SOOQ
B C Recall R. =r, =r +(B+1)R
B=100 R =50 o= =rot (B )

2009 Kenneth R. Laker, updated 110ct11 KRL 15



Pe[] []_ ESE319 Introduction to Microelectronics

Multisim Verification of Rou

VOC
Roua’ Eﬁéhm Rout= l
25.5 Ohm VWV sc
WV 1 r-pi Ilsc:(1+ﬁ)fb
- i sc >2.5 k Ohm
E; (AV= I) <=2 @)1 v:“lvnSHzm Deg 3 fgg&*}i AVVS RS+I’7T
+ <7R Rout= . =
Rin=rbg=RS+rn+(ﬁ+1)REN<[3+1)RE A |:F>1 mA lsc 1+B
Voc— Ay Vs i
- - - ” =100
Thevenin equivalent for the L B

short-circuited emitter follower. =

Multisim short circuit check

If B = 200, as for most good (B=100,v =v)
NPN transistors, R would e s
o |4 AVvs{mts 1

j— oc f— }: p—
be lower - close to 12 Q. R,,.== . 00396 25.25Q

Lsc I’sc{nns}

2009 Kenneth R. Laker, updated 110ct11 KRL 16
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Emitter Follower Power Gain

Consider the case where a R = 50(2load is connected through an infinite
capacitor to the emitter of the follower we designed. Using its Thevenin

equivalent: i R ~250 (=0
’ A ]
A [ A i A,~1
B SR, gy v, $RL=3042
l Vs _

R,|IR,=5.1k Q|50 Q2~500

"TR, IR, 753" PN POV S R
* " R, (B+1)R.|R, 101-50 5000
. AVVS vs 1
—_— —_— . 2
““R TR, 75 R T
2
o=Vl =oe ] 4, =P 2800)_ 4
D, 225

2009 Kenneth R. Laker, updated 110ct11 KRL 17
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Emitter Follower Biasing — Typical Design

<R l, Then, choose/specified /., and
c 1 . ve the rest of the design follows:
Hm * 48K EVCC
R L Vo=V R = Vi _ VCC/2_O°7
R2 I E— -
b : viR, I, I,
* L For an assumed B = 100:
Split bias voltage drops about As with CE bias design, stable op. pt.
equally across the transistor => R, <(B+1)R,,i.e.
V (orV )and V, (or V).
CE(. C?). (O V) R, (B+1)
For simplicity,choose: R,=R/||R,= 5 =10 R, ~10R,
V
V= ch = R/=R, R,=R,=20R,

2009 Kenneth R. Laker, updated 110ct11 KRL
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Typical Design - Cont.

Given: R, ,=r,=25(2

Vee=12V1V 7
And the rest of the design follows 100 k2 2R, I
V Cin V 1
[,~1,.= rT=1mA 2 =3
V /e Rs iB - —VYo= Ve 12V
— 1
R=—t=1212707 _53; 100kQSR, 1S p
I, 10°° v, :
| 5.1 kQ
Use standard sizes: .
R,=51k0 ‘
R,=R,=100k O

2009 Kenneth R. Laker, updated 110ct11 KRL 19
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k=22, Blocking Capacitor - C._- Selection

RS in
£y T{ Dpotes Use the base current expression:
| T ]—"—VT vbg=rnib+REiE=(rTr+(B+I)RE)ib
Ve v Sp R, S
i < 6.1 k Ohm | = bg
S SIS "ot (BH1)R,
|
R = v
i rbg=%=rn+</s+1)RE~(3+1)RE=101-5.1k=515kQ
b

To obtain the base to ground resistance of the transistor:
This transistor input resistance is in parallel with RB = 50 kQ,

forming the total amplifier input resistance:
515

Rin=RS+RB||rngRB||rbg= (515+50)

50k Q=45.6k Q~R,=50k Q2

2009 Kenneth R. Laker, updated 110ct11 KRL 20
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C - Selection cont.

n
Choose C,, such that its reactance is < //I0 of R atf .

I _R Assume f . =20 Hz
2 fC, 10
C. >
" 2TrfminRB
C. = 10 ;=1.59uF
21-20-50-10

Pick C. = 3.3 WF'), the nearest standard value in the Detkin Lab.

in

We could be (unnecessarily) more precise and include 7 and R
as part of the total resistance in the loop.

2009 Kenneth R. Laker, updated 110ct11 KRL 21
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Final Design

R,
C. 100 k Ohm

m

3.3 uF
] . o L Ve
[ Fa —

R -— 12V
S vo
50 Ohm R, R,
y | 100k Ohm < o o
S

g

2009 Kenneth R. Laker, updated 110ct11 KRL
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NNNNNNNNNNNNNNNNNNNNN

— wiartical — Horizontal
log | [ -
F[ 1 = F[1o MH
i o 1[4 Hz
FEEE
= = 50.73Hz
.................................................. P o

A =0.995

0995
= = 7 OO0kH =

Y 5 In (& @ Ot ®

1 kHz Data

2009 Kenneth R. Laker, updated 110ct11 KRL
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x. SR.
SR, 7
C‘E ) V”
¢ ' =
{l Cm R.’:‘ T
:; RE S J\
> )
> E {“\t,.:: 11-’_1.
I 1

Voltage Bias Design

;Rﬂf b RL‘.'
Vo C— J
. g A v 6
—[: Gamp
— s .—
T rn
._| |—%"r f\’j . V —
T = ¥ EE
Qref :]—l—f:_ﬂﬁr: ]"f
| _ =

Current Bias Design

2009 Kenneth R. Laker, updated 110ct11 KRL
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Common Base Configuration

Both voltage and current biasing follow the same rules as
those applied to the common emitter amplifier.

As before, insert a blocking capacitor in the input signal path
to avoid disturbing the dc bias.

The common base amplifier uses a bypass capacitor — or a
direct connection from base to ground to hold the base at
ground for the signal only!

The common emitter amplifier (except for intentional R

feedback) holds the emitter at signal ground, while the common
collector circuit does the same for the collector.

2009 Kenneth R. Laker, updated 110ct11 KRL 25
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Voltage Bias Common Base Design

1 CE Amp : R,
R s R, =47 k Ohm
< Ry < 2 Cy >47 k Ohm
C. T7kOhm]4.7 kOhm 23.5 uF Y _|v,,
”H . E R ’ S [ R | T il: — 12V
. 5 12V e Ay
'Iﬂl'fsu Ohm =80 Ohm R
& R » 1| M ‘ :'; 2 & RE
= i R | ¢o-Tkohm < 700nm
Ak Ohme , o E. (D) "
2470 Ohm & s V()
» T *

* We keep the same bias that we established for the gain
of /0 common emitter amplifier.

+ All that we need to do is pick the capacitor values and
calculate the circuit gain.

2009 Kenneth R. Laker, updated 110ct11 KRL 26
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Mid-band Small Signal Analysis

; R, Input Impedance
b 4.7 k Ohm — ;
— - '!.-’a T " VRe_reHREZS
e . i v V
: (i ibetatib - ¢ R T
w| Stz =R =
. = i 1.
L 4 e uE
= ;.’ 25 Ohm: 50 ljﬁhrn Curl’ent Galn
NOTE:  "®l¢ — <] a=te=ty
R_isshorted /= = 's (f0v, i«
B =470 Gm J'/ ' ¢
by C, = oo l - Voltage Gain
Z . .
l\l_t . in . vs__ZeRS_re”REle R
C‘ —30'0 O e: I — -1 — .o . 1 C
n s € VO— RCZC_ aRcle_

— %
R _>>r o« Rg+r||R, °

% 1 R,

o

—-— Y T

v, o Rgtr,

S

2009 Kenneth R. Laker, updated 110ct11 KRL 27
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Review - Mid-band Small Signal Analysis

; R, Input Impedance
- i% BTt
N Z,=?
o ; in
L |- Ibetatib - g
SR T =, .
=8 | — i Current Gain
- 4 : - 415 Rﬁ.
/= 250hm: 50 Ohm A=7
NOTE:  Vx = | |
- < 3 lS 'r:+-..: .
R is shorted il I, vV, Voltage Gain (r >> R )
W,/ o —
2 /
— in Av=?
C. =w Note: i =-i
R >>r
E e

2009 Kenneth R. Laker, updated 110ct11 KRL 28
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Review - Mid-band Small Signal Analysis

i R Input Impedance
b 4.7 k Ohm _ :
— - v"‘i"’i oz VRe—re”RElS
P I Vv V
= Lx;_:,lhatz"lh < " . " Re _ e _ T
:*.’R____ f ;‘* 7"0 Zin_ l —re”RENre—_]
L4 r, W m S ¢
“f T 250hm: 50 Ohm Current Gain
NOTE: a - [ 4 _Q_lNl
R_isshorted /= = 's (f0v, I
B 470 Ohm J./ | c
by C, = oo i = - Voltage Gain (» >>R )
: Z . .
th S v.=—I Rs—r||Ri, .
C‘ —30'0 O e: I — -1 — .o . 1 C
n s € VO— RCZC_ aRcle_

— %
R _>>r o« Rg+r||R, °

% 1 R,

o

—-— Y T

v, o Rgtr,

S

2009 Kenneth R. Laker, updated 110ct11 KRL 29
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Common Base Small Signal Analysis - C_

R
L v, ATKQMM Determine C : (let C,=x)
_ > - @ beta®ib Le . . .
=7C,$r. Find a equivalent impedance for
T the input circuit, R, C. , and R,

p— e =
- = - S
/4 250hm< " Cie0 Som

// b Jiawy _ Rellr, 2
NOTE “I = Ve ¥
R is shorted  Saro: Vs Ryllr+ Ryt ——
g IS snorte 470 Ohm je2m fC.,

by C, = oo
. - . — REHre ~
|dea”y vRe_R ||l" + R Vs for f—fmin
Ell" e S
r
< Rs+R e 1 =RS+re =C, = 19
27Tfmincin ’ 27Tfmincin 10 3 2Trfmin(RS+re)

2009 Kenneth R. Laker, updated 110ct11 KRL 30
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Determine C,N cont.

A suitable value for C for a 20 Hz lower frequency:

2w f C. (Ry+r,)>1=>C, > 10 — F
2 f . (Rg+r,) 2120-75

10
C. =
" 125.6-75

~1062 u F ! Not too Practical!

Must choose smaller value of C. .
Choose: 2w f, . C. (R+r,)=1
1
C. =
" 125.6-75

~106.2uF

2009 Kenneth R. Laker, updated 110ct11 KRL 31
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Small-signal Analysis - C,

ignore R :
g B . Determine C : (let C,,=x)
i, = .
L v, 47konm Note the ac reference current
—_— o reversals (due to v _polarity)!
=k L et % i
o & T*: Rﬁ. 1
- 25 0hm = 50 Ohm VS=RSiS+<RE||(re+ . ))ZS
oo J@C, (1)
s R . g
< E Ve Vo
470 Ohm - Vv, 1
I e R e )
il . I jwC,(B+1)
. VS mn
Determine Z, =—
l

S

2009 Kenneth R. Laker, updated 110ct11 KRL 32
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Determine — CB

ignore R, » . i
c Z. =—=R_+R_||(r +
— ) 4?&"“th_ in l-S S E||( e ]wcb(ﬁ‘I‘l))
__ﬁr{Ch .\f[[;:? beta*jp' ’Eg
| I & ideally Z,~Rs+R/|r, f>f
) . iST:Esu Ohm 1
R,||r,~r, or <r, fomin
250hm | | irﬁ“} y, - 21 fC,(B+1)
: ! C,> 1
L b C2nfr B+
s Choose (conservatively):
10
C, = F
2Trfmin (B_l_l)re)

2009 Kenneth R. Laker, updated 110ct11 KRL 33
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Determine - CB cont.

ignore R, 0
C
v 4.7 k Ohm
0 RURTLY
L, — N T
i ETh «‘L “U beta®ib e -
b -

Choosing (conservatively):
C,= 19 F
27Tfmin (ﬁ—l_l)re

forf ~=20H:z

l.e.
10

C = 2720((100)(25)]

=31.8uF

2009 Kenneth R. Laker, updated 110ct11 KRL
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NNNNNNNNNNNNNNNNNNNNN

R
c —1
V, 4.7 kOhm =~ v
A e S S
,— RS_I_re
E)bel:a ib ’Eg
L K, R
’STJED Ohm V,=—R/ i.=—aR.i,= B <
Ryllr,~r,2 B+1 R.+r,
250hm | | irr“} y, -
i ‘ v, B Re_100 4700
— | ,=—2= = =62.1
1. E v, B+1 R, 101 50+25

—_—

Assume: C,=C, =x

2009 Kenneth R. Laker, updated 110ct11 KRL
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Multisim Simulation

]
Cb 51 k Ohm 9 4.7 KOhm
31.8 uF P Vo
| | * . — Vcc
| e, Cin Rs — 12V
1060 UF g9 ohm
* My
= R2
5.8 k Ohm
Re +
V
§470 Ohm GJ s
. .

2009 Kenneth R. Laker, updated 110ct11 KRL
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Mut:s:m Frequency Response

1 kHz Response

X
5 | RN Phase | save |
: — wartical — Horizontal
g BE | A n]
; Fl 100 = [Flo hiH
/ I| o I Hz
=) E I ‘lEIE.:-ISI‘IBHz A4
.................................................. G & 5 on @ ] ] ]
vertical axis is
20 Hz response a linear scale
X
: — hirtical — Horizontal
g BN | ER
; F| 100 = [Fl1n MHz =
/ [ o = 1[4 Hz ;
T —
................................................... G & & ot &

A, =63.3> 4,

(theory)

=602.1

2009 Kenneth R. Laker, updated 110ct11 KRL
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