Diode-connected BJT
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Current Mirrors

« Current sources are created by mirroring currents
« Example: withinfinite B, 1= I

Diff Amp
vCcC
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Current Mirrors

« Example: with finite B

Diff Amp

T "
Q—
&N

VCC

« What isthe other reason for Iggg | 15?
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Output Resistance of Current Source, R

- What isthe small signal output resistance of this current source, and why do
we care?

Diff Amp
vVCC

D
D
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Simple Irer M odéel

« Select R to establish the required reference current

VCC

|REE

Diff Amp

i§
ja

£

bl

Lecture 17-5




Widlar current source

« For agivenVcc, you need largeresistor R valuesto obtain small current!

- Lagreresistors are expensive, Widlar current source uses smaller resistor in
emitter to reduce achive the same current?

VCC loRE =VBE1- VBE2

|

R lIREF :ilo VBEl:VT |n(| REF/IS)
1 Vee2=VrIn(lyly

Q1 Q2

f{ Vier- Veea=V1 IN(Igee/10)
4
Re

loRE =V In(Iger/lo)
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Widlar current sourcevs. ordinary current mirror

« Letussay weneedlo=10pA
Assumethat for | - ImA Vgg = 0.7

Q1 Q> Re

. Z IR =V7 In(lree/lo)
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Widlar current source - output resistance

« If weneglect R||rep , base of Q,ison ac ground

VCC
| i +
R I {0
lREF |l - gV
Vv m- Tt

’/'7 el Tt rT[ ro
Q1 Qo

G
o

« Presence of Rg isincreases output resistance to (1+g,, Rellrpro.
(Read Sec. 6.4 in the textbook!)
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Current Steering

« With an | g established, steer and/or scale the reference value
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Reading I C circuit schematics

Find a path between + power supply and - power supply which sets the reference
current (very often there is only one evenin alarge circuit): Only V gg and resistors

arein this path.

Type of transistor will tell you the expected direction of current: npn - current sink,
pnp - current source.

|dentify current mirror configurations (Widlar, Wilson, etc.) and respective emitter
areas.

Proceed from the reference current branch an cal culate subsequent currents
independently
V+

LW g
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« When “steered” to several points, tQedependence op

VCC

|REE

VCC

Beta Dependence

can be a problem
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Simple Opamp Example

First stage is used to reject common mode voltages

The 2nd diff amp and level shifting stage provide the gain
Theinput diff amp also provides the large input resistance
Why is Q6 designed to be 4x larger than Q37

VCC

OF

VEE

OF

R7
28600Q

Q9

R4
2300Q

R3
3E3Q
R1 R2
20E3Q 20E3Q Q7

Q1 Q2 ,
\
+ ) SIN

o

R6
3E3Q

-

4x R5
% 157E2Q
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™
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Differential Amplifiers. Active Loads

« |Cresistors are impractical

- Activeloads provide current-source-like loads, hence large small signal gains

VCC

VCC
.
‘\; Vout

VEE
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Differential Amplifiers. Active Loads

« Theoutput in this example is single-sided, but behaves sort of differentially
« The output is acurrent, proportional to v --- transconductance amplifier

lout
> Vout

VEE

« Assuming infinite 3, what is the output current whenvy =0 ?
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Common Mode Gain

o |If al of the parameter values are exactly matched to one another, and =100,
will there be any common mode gain?

VCC VCC

W

VEE
« Will there be any dc offset?
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Small Signal Gain, Gm

VCC VCC
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Small Signal Gain, Gm
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Transconductance Stage of Opamp M odel

« The voltage gain of stage 1 depends on the output impedance of stage 1 and
the input impedance of stage 2

Fr g+

stage 1 stage 2

Gy Ro1 R Vo2
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Transconductance Amplifier Voltage Gain

« Active loads are often designed to maximize R,

stage 1 stage 2
+ +
Y
d Gmvy Ro1 R Vo2
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