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Motivation

 How to achieve very high gain?

* How to achieve very high CMRR?

mput I

Differential pair output
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Rin = 0 How to achieve large gain?




Voltage gain in fully bypassed CS Amplifier
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Terminal voltage gain between
gate and drain is:

—— Overall voltage gain from source v,
to output voltage v, across R; Is:
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* Canincrease gain by increasing R, & R;.

But DC bias issue if increase R, = voltage headroom limited due to V
 E.g.:lfl,,,,=1mA &Ry =100 kQ,

need V,, = 100 V!!



CMRR in Differential Amplifier

Common-mode half-circuit
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* For single-ended output, CMRR =

cm—se




Active load

Need resistor with different AC & DC resistance = transistor as solution!

vep (V)

%
Current mirrors allow R,

to be different from R ..



DC & AC resistances

A o What happens in a resistor?
R
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Current source

Diode (Rpe > R )
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BJT as Active Load
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Current Mirror

e Current in the MOS/BIT current source is fixed
by the Current Mirror

O+

' cC
* Also has advantage of making many copies with Current Mirror
arbitrary gain! \
Output current > ICE I
R
Circuit to be biased with DC current Input
current

from transistor
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MOS Current Mirror: DC Analysis

V4o ™ ]D2
Ipiy 0y
VGS
A\
Vs

M, and M, are matched

with identical V' ,,;and K.

[prr provides operating

bias to the current mirror.

2

K
Logr =1p, = 2?? (VGSl - Vm)
K}"?
]0 :Im — 5 (VGsz _Vm)
VDSl — VGS] — VGS2 — VGS

2

Mirror Ratio, MR = L,

/ REF

Let’s start from the
ideal devices, i.e.,
no early effect.

The current mirror is designed to have /, = /5 with MR =1

But =2 (See next page)



MOS Current Mirror: DC Analysis

M, and M, are matched

with identical ¥y, K,, and . |

mn

Iprr- provides operating bias
to the current mirror.

K
Logr =1p =" (VGSI —Viy )2 (1 T j’VDS‘l)

2 Real
K , transistors
lo=1p, = 2” (VGS2 _VTN) (1 T /IVDSQ) always
have an
Vst = Vst =Vas, =Ves early effect!

Mirror Ratio, MR = lo 14+ AVps, 14+ AVps,

Lgr 1+AV, 1+ AV,

where I_. =V _|_\/ 2L ger ~V 2 gpr

Kﬁ (1 T ﬂ'VGS ) o K

n

The current mirror is designed to have /, = I with MR =1, but
mismatch in V¢ causes errorin MR: V', is a fixed by Iz, while
Vs is floating; they are not guaranteed to be the same!



Early Effect & Connection with Small-signal
model
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Early Effect & Connection with Small-signal

model

Linear Change of 7. with V:
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MOQOS Current Mirror: Example

Calculate the output current for the
given current mirror, if it is given
that 1,, =1V, K,=250 uA/V?, and
A=0.0133 V1.

Let’s first try
to neglect
I+ AV
term to
simplify
calculation.

. 21 rof
VGS — VT n T K

n

2x150x10°
V.o =V..=1+
Pt e \/ 250%107
P 1+0.0133x10 11
1+00133x2.1

I,=1.1x150x10"° =165 uA

=210V

Actual current is found to be
mismatched by approximately 10%

from the ideal output current of 150 uA.



MOQOS Current Mirror: Example

Calculate the output current for
the given current mirror, if it is
giventhat V,, =1V, K =250
UA/V2 and 2=0.0133 V1.

= Q 150 pA

ID]" 0Oy

T R

If you do not
neglect 1+ AV,
It is difficult to do
manual calculation

2x150x107°
Vs =1+ 6
250x107°(1+0.013V,,)

=2.08 V (lterative Solution)

MR=1.1

I,=1.1x150x10"° =165 pA

You can note very minimal error,
compared to the previous page,

= (1+ AV;4;) can always be ignored
during calculation of bias V.



MOS Current Mirror: Gain (MR # 1)

Mirror ratio can be changed by modifying
W/L ratios of the mirror transistors.

K =K (I/LV) where K' = u C

m Knl = K:: (W} and an = K;; (W}
ERAnAR L 1 L 2

K' (W
[REF — [1)1 — 2]? (L) (VGSl - VTN )2 (1 + j'VDM)
1
K' (W
[0 :]DZ — 2” (L) (VGS2 _VTN )2 (1+2'VD.S'2)

VDSl — VGS] — VGS2 — VGS

(W) (1+ AV s,) (W) (1+ AV 5, )
/, L o L o
MR =0 =2
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MOS Current Mirror: Example

) (e an)
MR — ]O L 2
e () (420,
1
Vas W _
r i [Lj (1+/1VD52)
3 — 2
. . W
(a) Calculate mirror ratio for 4 =0 7 (1+ V)
1
(b) A=0.02 V!
v, =1V,K,’=25uA/V2 and I~ 50 pA 21,
In > T xn H , ref H VGS = VTn + i




MOS Current Mirror: Example

(Cont.)

(a) (b)

mr=2_g33 |y, =1ve [ ZOUBD) 56y pmr=833 0020 gy
371 325 pA/V?) 110.02(2.16)

Im' MR =22~ 0 400 | Ve =1V + 29 “A)z =189V | MR=0.4 1+0.02U9) _ 4 463
5/1 5(25 pA/V?) 1+0.02(1.89)




BJT Current Mirror
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e ~ Similarly, if the BJT transistors are ideal
Verr =Veer™ Ve = Ve = without Early Effect, life will be much easier.

m * Eveninideal case, BJT current mirror has MR < 1 due to base currents!!
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Multiple Current Sources

O,

Reference current enters diode-connected
transistor M, establishing gate-source voltage
to bias M, through Ms, each with different
W/L ratio.

Absence of current gain defect permits large
number of MOSFETSs to be driven by one
reference transistor.

Similar multiple bipolar sources can be built
from one reference BJT.

As base current error term worsens when
more BJTs are added, number of outputs of
basic bipolar mirror are limited.



Terminal Resistances of Current Mirrors

What do we ideally want in terms of input and output resistances?

l ]z'n l]c)ur' ]z'n ]om .
"~ Surrent Mitror \-F----F===43----, Model of a current mirror
,  urrentvirror | SRy ZR.(J 41, ' including terminal impedances

We want:

* Loy =Alg

« Allof/(togotol > R, ~0

« AllofAl, togotol, 2> R, ~»®

out




MOS Current Mirror: AC Analysis




Advanced Current Mirror: Increasing R_

MOS Widlar current mirror

® Current through R is given by:
- 146~ Ips — vo.—v.. 1( [21 2]
<_[R J = -GSl GS2 _ REF 0
' out 0 R R K K
- IIMZ |Ew2 nl n2
Vs — |
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If /.- is known, /, can be directly calculated —
quadratic equation!

ZIREF
VGSI — VTN + . .
K Small-signal model for MOS Widlar source
27 represents a C-S stage with resistor R in its source.
0]
Vc;sz = VTN +

an Rom =T (1 + g’7’2R)




Advanced Current Mirror: Increasing R_

® Since [;= 0, the gate is effectively shorted to ground.
I
L y O Z-g ‘ ]O
= R@% N i—T <
I IE VO vgs* gmvgs <> r o Vo
_ = =&V
Ra) % ERS o >
_ R .
v First, V. =1 R,
~Vep : :
Rom.‘ = ro (1 T ngS)

By KCL atoutput, /, =—g V. +(V,-V.)/r,=—(g, +g)Vs+ gV,
=—(g,8,),Rs +g,V,

Hence, / (1+(g, +g,)R.)=V /R

Therefore, R, =V, /I, =1,(1+(g, + &, )Rs) = 1,(1+ g, Rs)
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BJT Current Mirror: DC Analysis

(O, and O, are assumed to

have identical /i, V,, and g.

Ippp = 1oy + g + 1y

Im Verr = Veer= Ve = Vi
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However, real transistors always have an
Early Effect!

VaE VeE
1., =1 e'r I =1, —]Se”
I .= I 1.
e D S Lo _ts
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Vpe v VBE VBE VaE
o ] [ : 2 o




BJT Current Mirror: DC Analysis

o i
= E;)JREF L ~ However, real transistors always have an
A  Early Effect!
I - | arly Effect!
' 1 1 |: l
Ql B1 B2 Q3 I
—;BE i V VBE V VBE
- I =1 1+ CEl er ., =1 1+ LE? ef
v |
_VEE

(0, and O, are assumed to 7 :h =1, cEl e Vr
have identical /g, V,,and g "% g

|
Ippp = 1oy + 1 + Iy

Im Verr = Veer= Vaey = Ve New definition of 5 including Early Effect
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BJT Current Mirror:

DC Analysis

(), and (), are assumed to
have identical /., V,, and S.

lppr = Loy + g T g,

1@' Verr = Veer Ve — Ve
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However, real transistors always have an
Early Effect!
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BJT Current Mirror: Changing Gain

14~ 1>

Apy = ndg v
Ve

Mirror ratio can be changed by
modifying the emitter.

A
]S — ISO [?E)

where /g, /A4 is the saturation
current per unit emitter area.

Again, If the transistors are ideal:
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Ideally, MR = n, but for finite p,
n
" n+1

J54

MR =



BJT Current Mirror:

Changing Gain

Ve

Mirror ratio can be changed by
modifying the emitter.

A
[S — [SO (f]

where /q,/A is the saturation
current per unit emitter area.

Real transistors always have Early Effect
= complicated:

A, )
I, =1, [f}(l + %]e &
A

A,
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n| 1+ £Z N
MR = ly _ V, | =>ldeally, MR = n, but for finite S,
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