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Two-transistor circuits

Iout =B Iin

Current mirror/amp. Differential Voltage amp.
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Diode-connected MOST

Vbs = VesVr |,
4 DS
Ibs

=Vgs
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Current mirror

VDS1=VGS1 VDS2 VDS

Aigyt _ VDS2 - VDs1

iout

VEL2
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Improved current mirrors

l iout
Vps2 = Vps1
M4
Rout =
'bs2 Imalpsa
M2
VOUTmin
=VgstVps
~ 0.9+0.2=1.1V
Feedback T=g,,4Ri, Is too large !!!
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Low-voltage current mirror

iDS t | VOUTmin
| VGS1
: Rout
|
I VDS
I >
Vps2 = Vps1

Rout = "'bs2 ImalDsa4

VouUTmin = VDs2%VDs4
~0.2+02=04V islow!
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Examples of low-voltage current mirrors

W/L WIL

M6

M2
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Low-voltage diode-connected MOST

Vpsmin = 0.2V

Rout = 'ps2
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Lowest-voltage current mirrors

Better !
l iout

M4

M2

VouTmin = 90 mV Ref.: Charlon, .., ESSCIRC 2004
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Current mirror

. s i R _ kT/q
lout = B lin o_ut = R—1 lout = T In B
lin 2 out

Ref.: Widlar, JSSC Aug 69, 184-191
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Improved current mirrors
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Improved current mirrors

VCcE2 = VCE1

R —

out ~
I"02 gm4ro4

VOUTmin

= VBETVCE

= 0.7+0.1=0.8 V
Ref.: Wilson, JSSC Dec.68, 341-348 Is too large !
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Current mirror at high frequencies

Rout = I"DS
i
l - Cs=(1+B)Cgg+ Cpgy
M2
BW = —=m
B 21 (Cg+Cpgy)
~ f 1
i =Bi T
out in (2 + B)

Ref.: Gilbert, JSSC Dec.68, 353-365
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Current Miller effect

M1 M2

1
A:=B Rny= —
I N Im1
RS = 1lgm1
VIN= iINRs
Bz Im2
Im1

Ref.: Rincon-Mora, JSSC Jan. 2000, 26-32
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Current Miller equivalent circuit

M2

Miller effect :

1
ZTC RsszcM

f3q8 =

RS = 1lgm1 Av2 = ngRL

1
f_ —
3B 9n (1+B)CyR,
Im2
fz = =
27'C CM
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Voltage ditferential amplifier

Vbp
Two equal transistors

C, | I C. Redefine v;, & v,:

Vind = Vin1~ Vin2

Vin1
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Voltage differential amplifier : DC

Vin1 = Vin2=0

Vo1 = Vo2
Vin1 Vin2

Vod = Vo1~ Vo2~ 0
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Voltage differential amplifier : AC Gain

Vbp

Differential input voltage

Vind = Vin1~ Vin2

- i = o Vind
Circular current i, =g, —

Vin2 2
Vind Vod =2 RL ¢
2
Vod
= — = R
Vv Av Vind Im L
SS
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Voltage ditferential amplifier

Av= Im RL

Same as single-tr. !!

Independent of :

Vin2
Noise on VDD . PSRRDD

Vin1

Noise on VSS . PSRRSS
Vgs Noise on Ground : CMRR
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CMOS Voltage differential amplifier : DC range

Vgs -V sets slope
and range
and .... Gain!
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Bipolar Voltage diff. amplifier : DC range

A Vod

-1% at 6kT/q

Vind

0

-RLIB

kT/qg sets slope and Gain
and range
Insert Rg to increase range !
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MOST Voltage diff. amplifier : large input signals

lod _ _ Vid \/1 -l( Vid )2
g (Vas-Vr) 4 Vgs-Vr

vi4 is the differential input voltage

Iog IS the differential output current (g,,v,4) Or
twice the circular current g,,v|4 /2

Ig is the total DC current in the pair

g
Note that g, = =K'WIL (Vgg - V1)
Vs - V1
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Bipolar Voltage diff. amp. : large input signals

i Vig eX.eX  2eX.1
0d - tanh = 22

tanh x = =
Iz 2 kT/q eX+eX 2eX + 1

vi4 is the differential input voltage

Iog IS the differential output current (g,,v,4) Or
twice the circular current g,,v|4 /2

Ig is the total DC current in the pair

I
2 kT/q

Note that g, =
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Voltage differential amplifier: transfer function

lod

‘ 1% V4= 2.67 x 2kT/q=0.14V
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Vid

Vig= V2 (Vgg-V7) =V2x 0.2V
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Voltage ditterential amplifier with g_rpq gain

-

Ay = 9m1(rps1/lrps2)

Vin1

O
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Diode-connected MOSTSs with resistors
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Voltage differential amplifier with high gain

Ox

M1 M1
Vin1 Vin2

Ay=dm1(R/lrg)
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Differential diode-connected MOSTs

2 2

7N 7N
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Differential diode-connected MOST's

2
Im2 = Im1

7N

M2 M2

Values close to « |
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High gain because of current cancellation

oy

M1 M1

Im1
Im2 - 9Im3
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Input impedance

ZlN Z|N

_I

_ Ces _ _ G,
CNE — RN=2Tr, CIN_';
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Low-Pass Voltage Ditferential amplifier

A
R IAvl
Avo N\ -20 dB/dec
v L
VIN f
b(A)y o
90° : >
f
00 fe
_— 0 e -90° :
Avo 1 Im
— — f.= GBW =
Avo= 9mR Av ] P™ 27 2RC, 27 2C,
ri—
(1+] fp)
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High-Pass voltage differential amplifier

A

R IAvl
AVO

20 dB/dec
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Calculation High Pass differential amplifier

Vout/2 VouT/2
v|n/2 I v|n/2
gm R - gm R
A, = A =
(1 + g_m ) 1+ gm y4
2Cs
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Operational Transconductance Amplifier (OTA)

VDD

M1

M3

M el
DC lss=lop q Vss AC lss=lpptl, #Vss
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Single-stage OTA: operation

QO

e - .
Ul in +Return) +
500 m\v
[
T4
4% l
| Vo
e
Vin | E T Tz:ll
48
74% 2|5% 77 l
100% 7
-500my L ‘
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Single-stage OTA

Av = gm1 Rout

Rout = 'psz2 ! Tpsa

1
BW =
275 ROUtCL
GBW= —m
27[ CL
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Bootstrapping for low input capacitance

A1

.F Vour

&

a2

C.., = 0 Il
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Bootstrapping for high input impedance

1
f,=
21 (R1+R;)Ck
1
f, =
VIN 21 R,Ck

f, Vf,GBW f
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Bootstrapping for high input impedance

Zy = o I
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Bootstrapping out a load resistance R

R is
bootstrapped out :
Very high gain !

Ref.: Nordholt
JSSC June 85, 688-696
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Bootstrapping out an output resistance

rog 1S
bootstrapped out !

Av ~ gm1 r02

Same GBW !
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Bootstrap for high gain Ay»

—y L 2 7 O v+
Rm -> X B3
&
—+ w1 p = { 1
Rout = X—
H Your B3
R, O—v—K M3
Ava = 9m1To2 X B3
M2
Rout
¢ — Same GBW'!
Ref.De Man JSSC June 77, pp. 217-222
2 *>——O0 v- LT1008, LT1012
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Current differential amplifier

Is the same !

O
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Current differential amplifier

1 1

Im1 9m3lo3
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Current differential amplifier

lout =l ¥ 11 -1

11
Rin1 = —
Im1 9m3lo3
1
R. .= —
In2 Im4

Ref. Fischer, JSSC June 87, 330-340
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4-input current amplifier
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Low voltage operation

VDD=1V

lout =l ¥ 11 -1

VGS =085V
Vpssat = 0.15 V

Voutmax = 0.7 V

ForV;=0.7V
Vbbmin = 0.6 V
ForV: =03V
Vopbmin = 0.6 V
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