EE 330
Lecture 33

High Gain Amplifiers

« Current Source Biasing
e Current Sources and Mirrors



Exam Schedule

Exam 2 will be given on Friday March 11

Exam 3 will be given on Friday April 15



Photo courtesy of the director of the National Institute of Health ( NIH)

As a courtesy to fellow classmates, TAs, and the instructor

Wearing of masks during lectures and in the
laboratories for this course would be appreciated
irrespective of vaccination status



Review From Previous Lecture
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(not two-port models for the four structures)

Can use these equations only when small signal circuit is EXACTLY like that shown !!



Review From Previous Lecture

Basic Amplifier Characteristics Summary

« Large inverting gain

* Moderate input impedance

* Moderate (or high) output impedance

* Widely used as the basic high gain inverting amplifier

« Gain very close to +1 (little less)

* High input impedance for BJT (high for MOS)
* Low output impedance

* Widely used as a buffer

« Large noninverting gain

 Low input impedance

* Moderate (or high) output impedance

* Used more as current amplifier or, in conjunction with CD/CS to form
two-stage cascode

« Reasonably accurate but somewhat small gain (resistor ratio)
. * High input impedance

* Moderate output impedance

« Used when more accurate gain is required




Review From Previous Lecture

Cascaded Amplifier Analysis and Operation

Adjacent Stage Coupling Only

R
M | soe Vour
Vi éi) STAGE 1 STAGE 2 STAGE n % R,
Source J7 ' Load
« Systematic Methods of Analysis/Design will be Developed
One or more couplings of nonadjacent stages
‘ Nonadjacent Stage Coupling ‘
Re | | |
W — 'R Vaut
ww@b STAGE 1 STAGE 2 STAGE n %RL
Source J; Load

* Less Common
* Analysis Generally Much More Involved, Use Basic Circuit Analysis Methods



Review From Previous Lecture

Cascaded Amplifier Analysis and Operation

Adjacent Stage Coupling Only

Rs

—_— -e e I-UEILIT
w'“é STAGE 1 STAGE 2 STAGE n %RL

Source J7 ' Load

Systematic Methods of Analysis/Design will be Developed

Case 1. All stages Unilateral

Case 2: One or more stages are not unilateral



Review From Previous Lectur? ] ] ] ]
Formalization of cascade circuit analysis working

from |Oad tO input: (when stages are unilateral or not unilateral)

RS ‘U1 ‘Ug ‘U3 (vout

+ Stage 1 Stage 2 ~ | Stage3 T
Unk @, R Riz R Re

. =

R, includes effects of all loading
Must recalculate if any change in loading
Analysis systematic and rather simple

Vour _ (v1 V, U Vor
Un ‘U|N V1,

This was the approach used in analyzing the previous cascaded amplifier



Review: Small-signal equivalent of a one-port

“Diode-connected transistor”
®

Linear One-Port
Facing Input

g:gm_*_gozgm




Review: Small-signal equivalent of a one-port

“Diode-connected transistor”

“GS or BE - connected transistor”

.

Linear One-Port
Facing Input

.

g:gm+gﬂ+go zgm

= 1 1

9,+9.+9, 9,



Example 2 Ay=_4=7 Express in terms of small-signal parameters




Example 2: Av—(vLUlt =7 Express in terms of small-signal parameters
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Example 2:
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Example 3:
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Example 4:
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Example 5:

80K

V(t)=Vysin(wt+6)




High-gain BJT amplifier

Vbp Ay = Im__ - -gdmRc

do +Gc
To make the gain large, it appears that all one needs
to do is make R large !

Vout N “lcaRc
. Ay =-9mRc = vV
B t
] But V, is fixed at approx 25mV and for good signal
Unn swing, lcoRc<(Vpp - Vee)/2

Vbb — VEE
2V,
Ayl<—2  _100
2e25mV

« Gain is practically limited with this supply voltage to around 100

Re

Ay|<
If Vo p-Vee=5V,

 And in extreme case, limited to 200 with this supply voltage with
very small signal swing



High-gain MOS amplifier

VDD

(Uout

9n -
Ay = G ="9mRp
90 D
To make the gain large, it appears that all one needs
to do is make Ry large !

2IboRp
Ay =-gmRp = VQ
EB

But Vg is practically limited to around 100mV and
for good signal swing, I5oRp<(Vpp.Vss)/2

Vbp — Vss
VEB

If Vipp -Vas=5V and Veg=100mV,

5V

=50
100mV

Ay|<

Ay|<

Gain is practically limited with this supply voltage to around 50

Are these fundamental limits on the gain of the BJT and MOS Amplifiers?
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High-gain amplifier
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Fundamentally a different circuit
This gain is very large !
Too good to be true !

Need better model of BJT and MOS device (but we already have it) !
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High-gain amplifier
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Ay = VaE . 200V 00
V; ~ 25mV

This gain is very large (but realistic) !
And no design parameters affect the gain

But how can we make a current source?



High-gain amplifier

Vour

Same gain with both npn and pnp transistors

How can we build the ideal current source?

What is the small-signal model of an actual current source?



Simple Current Sources .

a “sinking” current source

Vour

ViN Q;
Vbes Vbes Vbp
l I |
Vee
Vi LOAD
VDCS
N4

Ix
MCoxW 2
|X‘2|X (Vxx-VT)

Since ly is independent of Vg, acts as an ideal current source with this model)
Termed a “sinking” current source since current is pulled out of the load

If V« is available, each dc current source requires only one additional
transistor !

Have several methods for generating Vyy from Vp, (see HW problems)

But for the npn high-gain amplifier considered need a sourcing current

But how good is this current “sink”?



Simple Current Sources

a “sourcing” current source Vour
ViN Q4
Vb Vbb Vbp
VEE
Vvy AH;J —_— I Ix
Vbes
I
Vpes lX Vbes
Cmo W X LOAD
_HLox
Ix="—2%"=(Vpp-Vyy +Vrp)

Since ly is independent of Vg, acts as an ideal current source with this model)
Termed a “sourcing” current source since pushed into the load

If Vyy is available, each dc current source requires only one additional
transistor !

Have several methods for generating V. from V, (see HW problems)

But how good is this current “source”?



Simple Current Sources .

a “sinking” current source

Vour

ViN Q;
VDD
, V
Vees Veces £e
llx ilx LOAD
VXX ) VXX VCCS

Since ly is independent of Vg, acts as an ideal current source with this model)
Termed a “sinking” current source since current is pulled out of the load

If V« is available, each dc current source requires only one additional
transistor !

Have several methods for generating Vyy from Vp, (see HW problems)

But for the npn high-gain amplifier considered need a sourcing current

But how good is this current “sink”?



Simple Current Sources

a “sourcing” current source Vour

ViN Qi
Vbp

Voo Vb Vee
Vop-Vxx I«
Vax - IX= JSAEe Vi Veces

| Veoos| 1%

Veos | | X LOAD

~
Since ly is independent of Vg, acts as an ideal current source with this model)

Termed a “sourcing” current source since pushed into the load

If V« is available, each dc current source requires only one additional
transistor !
Current highly sensitive to Vyy if generated with dc voltage source

Have several methods for generating Vyy from V5 (see HW problems)

But how good is this current “source™?



Before addressing the issue of how a current source is
designed, will consider another circuit that uses current source
biasing

The Basic Differential Amplifier

V, n
V
+ AV(VZ'V1) ouT
V1—— L
If A, is large

>

Operational Amplifier (Op Amp)




Example: Determine the voltage gain of the
following circuit

VDD

'VEE
Since symmetric when V=0
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Ve



Example: Determine the voltage gain of the
following circuit
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Example: Determine the voltage gain of the
following circuit
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Differential amplifier Voo
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* Very useful circuit
» This is a basic Op Amp
« Uses a current source and Vy for biasing (no biasing resistors or caps!)

« But — needs a dc current source !l

-Vee

112

‘UOUTZ



Simple Current Sources

VDCS VDCS
o™
) @ 4 —
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nC W
(Vxx-Vr)? Ix= gli( VbD VYY+VTp

But how good are these current sources?



Model of dc Current Source

“Reasonable dc Current Source”

Vi |Rs

lx

Current
Source

LARGE
SIGNAL

lvx independent of V, and t, Rglarge

Small-signal model of dc
current source (since one-port)

{1

—>
1 Current
Source
V; Ry
- SMALL
SIGNAL

want R, large

Ideal dc Current Source

Current
Source

LARGE
SIGNAL

lyx independent of V,and t

{1

—>
1+ Current
P, Source
- SMALL
SIGNAL
R|N =00



Current Sources/Mirrors

Will show circuit in red behaves as a current source

Vee
| | Current Source
Vee ¥
® | +_> '
R @) ©
~! R Vi ilcg
loy iF — ]

R and Qg simply generate voltage Vyy in previous circuit
But sensitivity of |, is much smaller than using voltage source for generating Vyx



Current Sources/Mirrors

| 0 R
R -C% If the base currents are neglected
O
-




Current Sources/Mirrors

Vee-0.6V
VCC IO ~ ( CCR )
|
| | If the base currents are neglected
2 -
R o| Vi lo=JsAgoe ¥
— >
IOl l 1 h=JsAge J
QO . Q1 since Vgg,=Vge,
Aeo XX Ag1 |~ AE1 |- (AE1 j Ve — 0.6V
é ' Ag, ° Ag R

Note I, is not a function of V,

Behaves as a current sink! So is ideal with this model !!

And does not require an additional dc voltage source !!!




Current Sources/Mirrors

Vee
|
R
|0i “1 \/ I 1
Qo Q4
AEO VXX AE1
< Current Sink

* Multiple Outputs Possible
« Can be built for sourcing or sinking currents

» Also useful as a current amplifier
« MOS counterparts work very well and are not plagued by base current



Current Sources/Mirrors

Biasing Circuit

v )4

Current Sink

Two ways to look at this circuit:

« Qyand R bias Q,
« R biases the Q,: Q, block



Current Sources/Mirrors
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Multiple-Output Bipolar Current Sink

| = Agk "
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Current Sources/Mirrors

Ago A jAH jAEz jATEn
1o O P A




Current Sources/Mirrors
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Multiple-Output Bipolar Current Source and Sink Ink =?
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Current Sources/Mirrors
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Multiple-Output Bipolar Current Source and Sink

AEnk

AEO

lo

pk

AEn1

_ AEO

AEpk

_ _AEpO




Current Sources/Mirrors

Iin¢ ¢ Iout — —
A
QO Q1 Iout = = Iin
AEO AE1 _AEO |
A4

This circuit is termed a “current mirror”

Will re-derive the transfer characteristics of the current mirror assuming I is small
compared to |-

BE VBE
Y
InTIsAgpe V.
INTYSMEO > lour _ JsAe® " _ Agg
VBE
Vi hn A oV Agg
lour=JsAe€ ™ | JsAgoe



Current Sources/Mirrors
|in¢ “out

Qo Q1
Ag1

A4
npn Current Mirror

=] DE ]
out N
_AEO_

* Output current linearly dependent on |,

- Small-signal and large-signal relationships the same since linear
« Serves as a current amplifier

* Widely used circuit

But |, must be positive !



Current Sources/Mirrors
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But I +i,, >0 !




Current Sources/Mirrors

||33<é¢iin iout‘j)“/”BS
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A4
npn current mirror amplifier

out N
_AEO _

Amplifies both positive and negative currents (provided i>-lgs)

.@t

Current amplifiers are easy to build !!

Current gain can be accurately controlled with appropriate layout !!



Current Sources/Mirrors
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n-channel Current Mirror



Current Sources/Mirrors
ind
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n-channel Current Mirror

C- W R If process parameters are matched, it follows that
| =H>ox 0 (Vggo-V )2
T T W, L,

U CoW - | = —1Z0 ||

M YoxWiry v\ out in
w5, VesrVid) W, L,

« Current mirror gain can be accurately controlled !

« Layout is important to get accurate gain (for both MOS and BJT)
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Stay Safe and Stay Healthy !







