Differential Amplifier with Single-Ended Outputs

= Anoutput voltage referenced to ground isimportant in some applications

Simple approach: take the output from one side

V+

=Re Re=

Igias l Tob

Sign change (since v, = - Vig/2) and aloss of 50% of gain
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Differential Amplifier with Current Supplies

= Boost gain by using current supplies adjusted to I g a4 2 instead of Rx

N
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agm = -Im(rollroc) for this differential amplifier

Drawbacks:

Bias stahility is not possible without afeedback circuit
Taking the output from one side still reduces the gain by 50%
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Differential Amplifier with Current Mirror Supply

= By substituting a current mirror (diode voltage source biasing a current source
transistor), this amplifier has a stable bias
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The output node should be held at a constant DC potential
Vour=V" - Va3
so that the amplifier is balanced and the output is a small-signal short-circuit

= Note that thisamplifier is not symmetrical and that half circuits do not apply
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Short-Circuit Transconductance Gyq

»  Approximate circuit analyss:

IB1AS

'p1 = Ip1+9miVgst = —5— T ImVgs1
|

— _ Bias

b2 = Ip2* ImaVgs2 = —5— + ImVgs2

Current mirror forces the drain current -ip, = -ip3 = ip1

Kirchhoff’s current law at the output states that

ig = ipp—(-py) = ips—ipy

. dBiAs 0 B.ias _
lo = 0 2 OV gsZD 0 2 T 0V gsl[] gm(Vgsz _Vgsl)

Kirchhoff’s voltage law at the input states that Ve - Vg1 = Vi2 - Vi1 = -Vig

0= Im(~Vig) > |Gpg = 7 = 9y

= No factor of two in converting differential input into a single-ended current!
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Output Resistance Ry

= The current-mirror circuit is not symmetrical, so the procedure must be applied

to the entire amplifier

+ 0

+

— r03§ l Ima'g3 Vg3 Vg4 l Ima\sga §r04 —

Jin | ©vt

Vgst l Om'\gs1 § To1 roz§ Imo\gs2 l Vo2

Complicated analysis (see Section 11.5), but asimple result

Rod = r02| |ro4
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Two-Port Differential M oddl:
Current-Mirror Supply

= The output port is referenced to ground, in contrast to the earlier model of the
symmetrical amplifier with vy = v

Ra
o—e ) o—o %
v l GV =Ry Vd AV
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| nput Common-M ode Voltage Range

= Therange of DC common-mode inputs over which the differential amplifier can
function is an important practical specification (see op amp spec. sheets)
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Upper limit to V¢
devices 1 and 2 leave their constant-current regions
Lower limit to V¢

bias current device 3 leaves its constant-current region
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All-Bipolar Differential Amplifier V|- Range

= Maximum common-mode input voltage:

Vo1 =V" - (Iziagd2Re
Qy enters saturation when Vgcq = Vg1 - Veg(san1 = 0.7V - 0.1V =06V

_ _ T [’BIAS]
Vicmay = Vo1*+ 08V = V' —g=5—HR:+06V

= Minimum common-mode input voltage:
Vx=Vic-Vee1=Vic-0.7V
Qs enters saturation when Vy - V™ = Vegg3 = 0.1V

Vicmin = Vx+tVeer =V *Vegeast Veer = V +08V

EE 105 Spring 1997
Lecture 26




L arge-Signal Response of MOS Differential Amplifiers

s MOSdifferential amplifier

V+

»  Kirchhoff’s voltage law around input loop

Vib = Vesi—Ves2

For a sufficiently large positive differential input voltage, all of the current I ag
will be sunk through M4 and M, will be cutoff.
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L arge-Signal Response of MOS Differential Amplifiers

= Solvefor thiscritica value V| by setting I = Igjasand Ipp = 0A

s For |V|D| <V|p we can solve for the transfer function

2 2
Ip1 = Kp(Vgs1 V) ad Ip, = K(Vggp—Vip)
where K, = (1/2),,Co(WIL)

s Solvi ng for VGS]. - VGSZ = V|D
Jo1= b2 = JKn(Vesi—Ves) = JKnVip
procedure:

use this equation and IDl + ID2 = IB|AS

solvefor Ip; and I, as functions of V,p
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Large-Signal Transfer Function for
MOS Differential Amplifier

= Transition width is adjustable viaW/L and I gjag

VOUT

V+

V- IiasPD
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L arge-Signal Response of
Bipolar Differential Amplifiers

= Findlarge-signal transfer curves for collector currents |~; and | -, and output
voltages Vo, and Vo, as functions of V|

V+

—O Q————
+ +
VOl VOZ
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Quantitative Large-Signal M odel
= Vip=Vge1- VBE2

n Ebers-Moall for the forward-active region:

_ Veer/ Vin _ (Vi1—Ve)/ Vi
lop = I8 = Ige
_ Veeo/ Vin _ (V12=VEg)/ Vi

Dividing the two equations, the emitter voltage Vg can be eliminated:

lco  (Vii=Via)/ Vi Vio/ Vi
= e = e
C1l

Since the two emitter currents must sum to equal the bias current Ig g the
collector currents are also related by:

1
EbTIE('Cl* lc2) = lgias
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L arge-Signal Differential Response

= Solving for each current as a function of the differential input voltage
Vib=Vi1-Vi2:

- Aelgias
Ci1 —V,»/V
1+e 1D th

= Output voltages:
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Transfer Functionsfor Bipolar Differential Amplifier

= Width of transition region

look at current ratio in base 10 --

| Vp/ 60 mV
€2 - 107" ™ > v, = (60mV)log(l oyl o)

lc1

factor of 10 difference --> V|p =60 mV ... practically, £3V,, will swing the
output voltage between the limiting values

\ouT A
Vo1 Vo2 vt
|
BIAS
VT - IBIASRC
1 1 1 1 1 1 >
-3-2-1 01 2 3 Vio(Mn)
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