Pe[] []_ ESE319 Introduction to Microelectronics
Quick Review

-::L R
. < ¢
C I =4k Dhm
Pfn B B 'J
I * b
L — VC
é:Rs < RB v
=50 Ohm 2 20 k Ohm R
< F
; i >4k Chm
V. %1 Vi1 kHz/0 Deg —, Tlf;,

DESIGN GOAL: What is the design goal for setting the value of C 7

2009 Kenneth R. Laker, update 030ct11 KRL 1



Pe[] []_ ESE319 Introduction to Microelectronics

Quick Review

|
L L R p——"
% RS < B — 12V

50 Chm 220 k Ohm R

4TV

E
fl\ LV =4 kChm
Vs %1 Wil kHz/0Deg — . _ B

DESIGN GOAL: forf = f , set the R.>| 1 |
value of C so that the ac base voltage ¥ j2m fC,,

VRV
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Quick Review
L
R
- = C
Cin E;E1HIIII1|T ﬁﬂkﬂ'hrﬂ
b uF
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1
%
<50 Chm
vy < Rz
5 8%/ W kHzid Deg & 328 k Ohm
L

T
ZE2=RE2|| -

jwC

byp

DESIGN GOAL: What is the design goal for setting the value of bep?
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Quick Review

5 Rl A Rc
Egiré :: &1 kOhm .: k Ohm
I |

R e

. R - 'e 5
+ ‘LL

3‘ all "_:§||| v : ¢ RE] 2
RE1 5 1 k O

DESIGN GOAL: for / > f , set the 1

e R, >

value of bep st.fv | <<lv, I 2w f . C
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Common Emitter BJT Amplifier Design
Current Mirror Design
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Some Observations

* Conditions for stabilized voltage source biasing.
- Emitter resistance, R, is needed.

- Base voltage source will have finite resistance, R, i.e.
(1+B)R,>R,>R,
- Small R, - relative to R, - will attenuate input signal.
. Larger R, permits larger R, but results in lower gain.
- Gain =-R /R_for R, >>r..
. Split R, with bypass capacitor increases gain.
« Requires large bypass capacitor.
- Limiting case - entire R, bypassed: Gain =-g R..
e ldeally V_=V. .=V .-1R.=V_/2,or conservatively use
“1/3, 1/3, 1/3" rule. R determines bias and gain.
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Design Example

Design an amplifier to meet the following specifications:

Electrical specifications: Minimize cost:

v_ =01V pk 1. U§e_ s’Fandard 5% resistors
2. Minimize number of external
R,=500Q capacitors
Vee=12V

0C<T<40C > Requires simulation to verify.

More typical gain spec:
9.5<14,| <10.50r 10+5%

Vo—max

4,|= ~10 @ midband

S —max

f . =20H:z

2009 Kenneth R. Laker, update 030ct11 KRL 7



Pe[] []_ ESE319 Introduction to Microelectronics

Design Step 1 (SetR_and R )

— Vcco

_10-5000

SR, SR
Cin
¢ .
RS
a0 Ohm 2
LT
hS
B~100

Choose an R,>> I0R:

R ,=5000 £

(1+B)R, must be > I0R,;

=500

100

Nearest standard size™: 470 Q

R,=4700

*RCA Lab: http://www.ese.upenn.edu/rca/components/passive/listcomponents.html#resistors
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8


http://www.ese.upenn.edu/rca/components/passive/listcomponents.html#resistors

Pe[] []_ ESE319 Introduction to Microelectronics

Design Step 2 (SetR )

C ER] ;RC
T
RS
50 Oh
" ;R RE
2 470 ohm

B=100 R,=R,||R,=5kQ

R,=4700

For a gain of about -10:
R.=10R.=4.7kQ

Nearest standard size™:

R.=4.7kQ

SPEC: v,_,.=0.1V pk
For a gain of -10, the collector
voltage v swings to / /" max,

so the R, drop from dc bias could
“in principle” be as little as 1 V.
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Design Step 3 (Set bias point neglecting | )

) Recall Vo 0.1V pk
<p : R We have plenty of room -
c 1 7k onm choose the collector drop
s 7 =¥ conservatively to allow for
5nRéhm X bias point changes with
SR, 0" temperature — let's use:
v, Ohm V
: <+ Vi =47V~ 3“
= Thus:
=100 R,=5kQ [.=4.7/4700=1mA=g =40mS

And (ignoring 7 ):
Ve~I-R.+0.7=047+0.7=1.17V

R,=470Q R.=4.7kQ

2009 Kenneth R. Laker, update 030ct11 KRL 10
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Design Step 4 (SetR_and R))

— Vce

- 12V

R
§R1 4.7 kCDhm
Cin |f7 VO
—2 e, -
Rs
50 Ohm § R
R E
2 470 Ohm
) 1
B=100 R,=5kQ

R,=470Q R =4.7kQ

Recall:
R
R,=R||R,=R,———=5kQ
R +R,
And:
R
V =—2=_"V =117V
P R +R,
Or:
e VB=1'17=0098~01

R+R, V.. 12

2009 Kenneth R. Laker, update 030ct11 KRL
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Design Step 4 cont. (SetR_and R))

Substituting:
R2
R||IR,=R,———=R,-0.1=5k Q
R,+R,
R,=50k (2

— Vce

- 12V

R 5
1 =4.7 K Ohm
Cin Vv
|| . - °
| -
R b
50 ghm
gR RE
T2 470 Ohm
‘ 1

B=100  R,=4.6kQ
R,=470Q R.=47kQ

NOTE: (1+8)R,~47k Q>10R,=46k

Standard size: R, =47k
R2
4Tk+R,
0.9R,=0.1(47k)=R,=5222Q
Standard size: R,=5.1kQ
Revised R :
Ry=R|R,=

Finally: 0.1

(47k)5.1k

ok eka
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Penn ESE319 Introduction to Microelectronics
Design Step 5 (set C_) - Close to the Finish! *

R in parallel W|thr => R, dominates.

I.=1mA
B=100 R % R, EstlmateRB||rbg~R 4.6k.(2. Coupling
B s SaTkomm O capacitor reactance, then, should be
" e C, Jo % L, about460Qatf=f .
R * ha. — 12V
50 Ohm R 1 1
’ R =460 C,=
25.1 kohm S 005 j2mf . C. 2t f . 4600
VS
* 1 | _1.09 10
— C. = ~17uF
‘ " 4602120 2m K
Estlmate(Rm:l) O Using the RCA Lab Component
r,,=r_+(B+1)R.=5 i
bg E L|St C :47 MF
Ryl|r,,=4.2kQ in

2009 Kenneth R. Laker, update 030ct11 KRL 13
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Final Design

R % RC
1 4.7 K Ohm
C, 47 k Ohm
47 uF VY,
| | * o — Vec
Rs ha — 12V
50 Ohm R
2 RE
5.1 kohm 470 Ohm
vS
. L
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Multisim Simulation

Xl
| _ Phase | Save
— hiartical — Honzontal ———————————
Leg| [ EE U
Fl 10 S (Fl1o tH
| u] I{1 Hz
8.27
: ElE 20.74Hz
R & In s & Ot (8
Xl
| Save
= [MHzEE
| u] I{1 H

3.3

=) & 1 000kH= »
LA RN ® @ i nm\g

1 Khz Gain Actual |4,| = 9.3 < 10
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Multisim Oscilloscope Plots

4lx

T1 B.8B88 = Tz 0.8088 = Ti-T1 B.8a@aa =
Sl EZ.28@1 mV S AR
WBl [-E&F . 8232 mW WHE WBE-WB1
—Time basze Trigger Channel & — Channel B
[0.20mss div 2| Bdge EE | [100 O 211 woi 2] | Reduce |
® position | 0.00 ﬂ Lewel 0.00 = Y position (-1.00 ﬂ ¥ position | 1.00 ﬂ m
NI 5 | EMEN +5[E« | | B 0| oC] EH 0| oc] save
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Discussion

1. We neglected r,. Including the internal emitter resistance,

the simulated gain becomes:
Ro 4700

T Rytr, 470425
2. There is some attenuation of the signal voltage at the
base. A more accurate calculation of the input attenuation:

o Rl _ 4200
Rollry=42k Q2= Vee™Tp 1, L R T 4250

=0.988 v,

Multiplying the two quantities: 4 =—-9.5-0.988=—9.4 Close to 9.3!

This fine-tuning of the estimate may not be all that helpful — since
we will be using 5% components to build the circuit!

2009 Kenneth R. Laker, update 030ct11 KRL 17
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Alternative Two Subpbply Biasing Scheme

ICL ‘ RB#RJB:-RIHRE {[—
C i cAe — Co v; s jRC
Jie: —Brr‘: T I—1 - =
:, e 1o s LT
;RE ‘\‘ ;VEE 1 rh\-. — ¥V RE
s | RE jl:t:\_:i T
D i ] —1
- - > pu—
_[BRB=VBE+[ERE_VEE VE_VBE
—I R, =V g+ (B+1)I R, —V o IB'RB+(B+1]RE
— VEE_VBE
" Ry +(B+1)R; Ro<c(B*DRs Vo> Ve

Ry<(B+1)R; V>V,

2009 Kenneth R. Laker, update 030ct11 KEL 18
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Common Emitter Amplifier - Current

Source Biasing
1. The current mirror sets 7_(1,).

ic ;[
N | lﬁﬁc 2. R, serves the purpose to provide a
= 1 — V e— i ) i i
l‘sR’ﬂf L TP | =Vec | highimpedance looking into the base
R.2 = amp ,
S: Ry i T and I, =I./{B+1) and VB = - IB RB.
vV, é) l ¢ Vgp— =
= = 3. We want to Imit V/_ to enable a larger
Q;F L9, v signal swing, i.e. maintain fwrd. act.
‘ v =V -v <07V =>
BEC B C

ve=V . +tv,>=0.7V+TV,

4 v_1s the signal source.

2009 Kenneth R. Laker. update 030ct11 KRL 19
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Schematic Representations

+V
| i-:'_?{?
*fi'[ | l;RG
N v Ly i o
; __—'*I:QMP cc Re: Q o
_ — - ' | iz
1
‘?"L“ Ve + wQ | F
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Bias Setting

7 ] 1. Since R, does not interfere with the
Y L2 Re bias, the signal source can “usually” be
Ryt Ry J Yo  =v, connected to the base without need for
1;5;3 ﬁamp . ablocking capacitor.
T K
g L = "= " 2 Choose R, “ large” compared to R,
0, 2 to avoid attenuating v .

3. Choose R, tosetl, =1

(5

2009 Kenneth R. Laker, update 030ct11 KEL 21
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Bias Setting - Continued

I i
v .=l
C
l; R,
Rmf V -
(i — VWece
22 k Ohm _’_K Q —_ 12V
amp
T lfﬂ:f —Vee
— —12Vv -
0,4 L0,
- VSEFQFQI’] )|

For dc bias set v =0

Choose:
[.~I,~I=1mA

I,~I/(1+p)

V =1 Rref_l_ VBE (Oref)

Vet V=07
- R

VEE

ref
233

ref 10_

Choose standard size:
(Detkin Lab Comp List)

R,,=22kQ

R ;=233kQ

20059 Kenneth R. Laker, update 030ct11 KRL
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Bias Setting - Completed
With the base 7,~0 through R,

. V.=—IR.+V
I C C cc
I, R
l L EEkCDhm _ . .
Ry 1m0 v. —vw. |hisimplies that there is about a
22 k Ohm i oo T™" 12 Vdrop to split across R_and
160 k Ghm lf —vee L V- Choose 6 7 each.
1 — 12V -
man . qsre R.= VC: 6_3=6kﬂ
| I 10

Neglect the base current through R
[.=1,=1=1mA4
I,=0

Choose standard size:
(Detkin Lab Comp List)

R =56k

2009 Kenneth R. Laker, update 030ct11 KRL 23
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Gain Setting

I': R, R
22 k Ohm 5.6 k Ohm
V. — Yee
RS Q ¢ —12V
RB amp
Vs 100k Ohm| R,
" A E‘Jee —

S
|
s
S
+—
P!
ty
2

1. Connect the source to the base.
C not needed iff v is ac only.

2. Provide R _path for the small-signal
emitter current.

3. Choose R_ for the desired gain
(4 =-R./R,).

4. C_is nearly a short circuit for /> 1

min

Calculate C,s.t

atf>f .

min

1
Jj2m fCy

<R,

2009 Kenneth R. Laker, update 030ct11 KRL
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Gain Setting - Continued

R Typical
50 o ) se géhm Design for [4,| =20:  18<|4,|=22
i, @betaxib Choose the nearest standard
] | size resistors for R and R,.
l
< ’ R
S 25rlejhm R.= 28 = 5;80 ~270 2
e r
270 ohm 1 o—sre Gain check:
. l — 5
L r, >R, " Rg+H(B+1)(r,+Ry)

vc=_RCic=_RCBib

B Rc 5600

~ =19 or 25.57 dB
B+1r,+R, 295

2009 Kenneth R. Laker, update 030ct11 KRL 25
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RE and CE

Rref 5 k%ch % R
m c
22 k Ohm 6.2 k Ohm

: — — Ycee
Rsig Q VC — 2y Rsig — Y =
50 Ohm ¢ -
am
Rb ¢ — Qamp
Vs 100k Ohm| R v Rb R

—12v - ﬂq
Qz - Egz —Cp - ) ICE

. . ac circuit
overall circuit with bias
<R Reo o 10 soouF @f -20m
j2m fC, £ 2 f . C. 10 o 2t f R, min

C_ =300 uF too conservative!

2009 Kenneth R. Laker, update 030ct11 KRL 26
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Complete the Design

1 Ry 10
= :>CE=

C_ =300 uF too large!

1
J2mfCy

< R;>

~300uF @f =20H:z

min

Less Conservative Design:

C,= 1 where ™/ 3a
27TfmmRE
|
C.= ~30uF for f =20H:z
g 2-’T]pmmRE u "

If we choose standard size (RCA Lab Comp List):
C,=47uF| =>f =115H:z

2009 Kenneth R. Laker, update 030ct11 KRL 27
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Multisim Bode Plots

X
: | [EEEE  Fhase | Zave
— “rtical Horzantal
; [ Lo Y [ Loo Ty
C _30 !.LF : F[ 40 de = |F[ = (M=
E : I[ ode 5 |1 g [H= £
: 22.63dE
: = E 20.54Hz
] & In @ & Ot &
I Bode Plotter x|
| [EEFEEEEN  Fhaze | | S3ve
— wartical — Horizontal ———————————
| Loo E un
F| 40 dE = |F[4 kiH
Il ode = |11 =1 |H=z =
25520
= E 1.000kH=
 In 0w (o Out (%

1 kHz. Gain
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