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1. Single-ended amplifiers de Madrid

. Basic structure of an operational amplifier
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M3, M4 turn a voltage into a current.
M5, M6 turn a current into a voltage.
M7 turns a voltage into a current.
M8 turns a current into a voltage.
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1. Single-ended amplifiers

. Common-source configuration:
. High voltage, current and power gain.
. High input resistance.
. High output resistance.
. Inverting stage (180° phase shift between input and output).
. It is commonly used as the amplification stage in a multi-stage amplifier.
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1. Single-ended amplifiers de Madrid
. Common-source configuration:
VDE:jl Vn[:j VDD FAN
‘ | Vbias —I i
+ B [+
+ 4' Vout + 4' Vout + Vout
Vih _ Vin > Vin _
- ﬂL? an - /7]77 7 a /7L} /777
Active PMOS Load Current-source Load Push-Pull
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1. Single-ended amplifiers de Madrid

. Common-source configuration:

s
<? Om2V> % Fo2

Vin |

+
<#gmlv|n%rol Vout

Frequency response
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1. Single-ended amplifiers de Madrid
=  Common-source configuration: Frequency response Active PMOS Load
W,
N Imo _ _\/.upcox /Lz Ip L Im1
! ngz + ngl + CL ngz + ngl + CL ! ngl

P4 < z, = amplifier’s bandwidth is limited by p;.

To enhance amplifier’s bandwidth:

» Increase the bias current. D ocl 13
» Reduce L. YL w
Current-source Load
vout _ gml o 1 r r ||T
~ out — To1ll"02
lo2 Vin 1/r01 + 1/r02 JIp

Vin /
+
gmlvin rOl Vout
h Jmp removed!
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1. Single-ended amplifiers de Madrid

. Common-source configuration: Current-source Load

weak inversion

/ strong inversion

reduction of the gain
by 10 per decade

max gain

Vout o~ Im1 « 1 log,,(gain) T /
Vin 1/r01 + 1/r02 VIp

“Weak inversion” - the gain is constant.

Frequency response:

Maximum current

for Iy
1 1
P~ — /r01 + /’roz " Ip The higher the current the higher the
1 Cgaz + Cgar + C, WL bandwidth...but the lower the gain.
V ?VDD
2 Common implementation is
Vs [ through a current mirror that | I

— defines the bias current
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1. Single-ended amplifiers de Madrid
=  Common-source configuration: Push-pull
1
1 Your  __9m + Im2 &
“Om2Vin ﬁb %roz Vin 1/1‘01 + 1/7”02 \/E
Vin_ ' |
+
¢gmlvin%rol Vout Tout = To1l|7o2
” o Current depends on V.
Vout t
Active load

Current-source load The higher the gain the lower

Push—pull/' the dynamic range at the input
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1. Single-ended amplifiers de Madrid

. Common-drain configuration:
. High current gain.
. High input resistance.
= Low output resistance.
. Low voltage gain.
. Non-inverting stage (no phase shift between input and output).
. It is commonly used as the output stage in a multi-stage amplifier to provide a low
output resistance with a gain approximately equal to 1.

ZPVDD £Vop
CDIbias Vin+ _”:l Vin+ _||:M1
R LA
| |
:|| ||: Vout |;Ij. M, Vout
7 o P
Vout _ ~ 1 Vout Im1 1
~ 1 Tout = ~ out ~
Vin gm1 Vin  9mz2 T 9m1 Im1 t Im2
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1. Single-ended amplifiers

. Common-gate configuration:
. High voltage gain (similar to current source configuration).
. Current gain equal to 1.
. Low input resistance.
. High output resistance.
. Non-inverting stage (no phase shift between input and output).
. Input resistance can be increased with an external resistor.

?VDD
Voutr _
o2 ~ 9ma (7"01”7”02)

| | Vin
| IL_M,

L +

+ Tout = (7”01”7"02)
Vbias _gmlvin rol Vout
CD Ibias ||: Ml -
A 1

1, ~ —
i ' Vin " m




Uni idad
ueam | Canesill 2SS

2. Miller effect de Madrid

1
Cin = CF(l + |AV|) Cout = Cr <1 + _>

CF |AV|
[
" P
] | —p + -Ay N
" + : v,, C,— V C
Vin Vout Equivalent in in —— oult_ Vout
i piy circuits I pu

C,q is multiplied by amplifier’s gain:
I / » Higher input capacitance - slower circuit.
C _~ « Amplifier’'s bandwidth is decreased.

h 4

F 3
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2. Miller effect de Madrid

%VDD
j | ' “ o2

gd [ +
|— + <
¢gmlvin%r01:= C, Vout
CD | Vout B
bias Aﬂ

Vout _ gml

If C, is the dominant gain (V/V)

. . 1 1 |

capacitor: Vin [ryy T /1,y T SCL
1 : \

— GBW = o™t '

fe = 2Tyt Cp 2mCy

If not, considering parasitic capacitances:

Vout - Im1 (To1||7”oz)

~ -

Vin 1+s (Rs (Cgsl + ngl(1 + gml(rolllroz))) + (7"01”7"02)(ng1 + CL))
\ J
|

Cgq1 Is small but has a strong influence! Previous dominant pole
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2. Miller effect de Madrid

In high-frequency designs where we limit C: In low-power designs (less current - lower

« Miller effect dominates > Reduce Cgp. BW):
« Small devices. - C, dominqtes.
* Increase Vg = to increase the current. * Large devices.

* Reduce Vg =2 to reduce the current.

. Miller effect in push-pull configuration:

If C, dominates and g,,1=9»

VDD‘j
Vout _ 29m1

M ~ —
Cyq1+C _I 2 Vin 1/7'01 t 1/7”02 +sC,
gdl gd2 _| +
C.
Vm+ Ml p— Vout f _ ; CBW = ngl
-1 - ¢ 2mryy,C, 2nCy,
1777

GBW doubles
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3. Cascode amplifiers de Madrid

Advantages of cascode structures in comparison to previous architectures:
* Higher output impedance - higher gain.

* For similar BW - higher gain. For the same gain - higher BW.

« Alleviate Miller effect > suitable for high-frequency designs.

» Alleviate short-channel effects.

DD
_ o3
Vblai'S — ° +
T+ “Om2V, lo2 Vout
Vbiai”: Vi, —'—Igva ,7#77
Vout > Im1Vin % Mo1

Vin+ I:

_ rAn s

Looking at this node (Va):

Yout _ 2pn Cox W1 % _ %
Vin L1251, Ly L

To2 = To3

(%
—2 ~ -2 ——— @ain doubles = From V,toV, ,w

v.
m have a common-gate conﬂguratlon




3. Cascode amplifiers
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de Madrid

. Viias —”:Mz
Vin+_”:Ml l Vout +—||:

Vout

P CL;E - P CI

1 Im1
BW ~ —— GBW ~ —
anoutCL CL
For both!

/7177 777 :7;7 7777
Vout Vout
V. ImiTo1 ~ —9m1(To19m2702)
in Vin
Royr = o1 Rout = 1519m2to2
Cascode
ain (V /
d (VIV) No cascode
This point does
not change
1 .............................................................
GBW

»  Improving of low-frequency gain
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Voo A

Vbiai'
Vbiai'

3. Cascode amplifiers de Madrid
To increase even more the output resistance and then the gain:
f = 1
=
v 27T, C
[M4 Tout = Gmz2To1702||Im3"03704 ;ut ~ —9ImiTout e
in
Im1
" GBW =
—M3 27TCL
 Telescopic cascode.

[ M, - « Suitable for high voltage supply.

: CL Vout * L > 120 nm.

M, * Low input and output dynamic range.

777 _ 1
Je = 217, CL

Vout
Tout = 9m2T01702 ~ —Im19m2"01702
Vin Im1
GBW =
27TCL
* Folded cascode.
N « Suitable for low voltage supply.
) J_ * Enhanced input and output dynamic range.
T C Vout

« Power consumption doubles.
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vdd_5V

L=1um

3.13V/0.06 = 52 VIV

€
T

L
i

AC1

SINE(1.741 0 100)

4

Cursor 1
Wivout)

Horz:|  1.7156586V Vet:|  4.0287876V
Cursor 2

Wivout)
Horz:|  1.7778406V Vert:|  895.38203mV
Diff (Cursor2 - Cursor1)

Horz:|  62.182024mV Vet:| -3.1334055V

Slope: -50.3909
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ampllflers de Madrid

o || B[ =

b BW = 60 kHz
T m N — No cascode
o L connection—>Similar gain
H_LFA~ but lower BW.
0] .
G | o F=
| =S BW = 25 kHz
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Going towards a narrower node (50nm) - BW enhanced

BW = 100 kHz
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5. Differential amplifiers de Madrid
i G : Vin(t);\— Single-ended £Vout(':) ;; *

Electronics

Differential circuits are required to
Voutp (1) mitigate common noise

Differential

Electronics ) .
X_~"

VCM

Voutn ()

02

- o1 Vint+ = Vint-
Peak amp=2Vpk Pea; amp;ypk o R_;f«f—ﬁwhw’_,'\,‘
N -0.1
I/iud{{.f' (’) = V;np (’) - Vi’un (I) oz - - - |

Interference

Vorrrrﬁﬂ" (f) = I:’::mrp (f) - Vam‘n ('r)

Diff. Components

Differential

5
[V X: Vairr
]
-0.5
o 1 2 4 5 [

£}
time

« Remove common signals between both channels (common interferences and even
harmonics).

» In data converters > +3 dB SNR improvement.

« Common-Mode Feed-Back (CMFB) control circuits are required.

« They consume more than “single-ended” circuits, but show better noise performance.
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5. Differential amplifiers de Madrid
. —+
i L ¥ Vo V,, V,yV,, are single-ended signals -
- _ - they are referred to GND
A i d
Vd%+ Vi, h V1=VCM+Vd/2 Vd=V1-V2
O—- o VRV Vy2 Veu=(Vy+V,)/2
VCM i Vd/2 _ Yout
77 ” V, is the differential mode input voltage
d

Vcu is the common mode input voltage

V..t €an be expressed as a combination of both the differential and the common mode

signals:
V1 + %)
Vout = AaVa + AcmVem = Ag(v1 — v2) + Ay ( > )
Differential-mode gain Common-mode gain

Ay
CMRR = 201og;, —
Acum

ICMR (Input common-mode range): Vg
Common-Mode Rejection Ratio range to keep differential gain
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5. Differential amplifiers de Madrid

+

+
/7]77
TANVAR
os @

Ipias = lg1 +ig2

la2

pnCox Wy,
gm(vd=0>=J o

N

The higher |, the higher g,,




5. Differential amplifiers
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de Madrid

lout = la1 — laz

_ Juncoxw/lbias

Si V>0 - i, increases, V, increases
SiV4<0 - i, decreases, V,, decreases

Simple way of turning a differential signal into a single-ended one (Vout).
Typically used in the input stage of operational amplifiers and comparators.

Saturation requirements:

VOU
Vps2 =2 Vgsz — Vinn '

~

Vout = VCM - O-Svd - VthN

Vspa = Vsga — Vinp

~
Vout < Vop — Vsga + Vinp

M, ohmic

M, saturation

Voutput, common-mode

M, saturation

M, ohmic
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5. Differential amplifiers de Madrid

ZFVDD

| ——— Common-source configuration:

Vout _ (o |[T0s) = 2 UnCox W
Im1\To21T04 1, + Ay IiasL

Ad=

Va

Example: W/L=2 e l,;,s=10UA 2> A, ypyos = 52

Ad,PMOS = 35

PMOS transconductance
is lower than NMOS one

lbias ()
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5. Differential amplifiers de Madrid

General circuit

Differential mode Common mode

Vo1 _  Ima + s
Y 20, Om3Vs V3_ o3
Vic
- +
(%
Yoz S Im2 / gmlvg51< Fo1 Vo1
Va 297714- 2r /75_
05
Vo1
Vid
CMRR = 20 log;, Y € = 2010810 8m1Tos Vo 1
Vic Vic ng37'05
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5. Differential amplifiers de Madrid

 Differential amplifier with current-source load

AVop
> > < e V3 Vs _ oy |[1on) = 2 pnCoxW
M7 }—| | M3 I__| M4 d vd gmd 02 o4 /12 + /14_ IssL
| +
~
I ias 1 ' i 2
b QD |V|1 M2
V
M6 I / I M5 out

M3 is not diode connected - higher ICMR

CMFB - to control output DC voltage
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5. Differential amplifiers de Madrid

» Degenerated differential pair - to improve linearity

%VDD ZFVDD
Suitable for low

M3:|} }[M4 i M3:||——|EM4 i voltage supply.

out out

+ +
Va/2 ﬁ%&&@g%_vdz Vd/z_”:Ml R M :”_'Vd/Z
M M, AR

1
v ~
_”:M_r, out II_ I_ Vout
Vbiai_ Vbias I\I/|_. M_'
/l 7 an  n 7 If large use a
transistor biased in
linear region
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Simulations are performed through software LTSPice, provided courtesy of Analog Devices
and authored by Mike Engelhardt.

Spice models of transistors come from http://cmosedu.com/, website maintained by R. Jacob
Baker.
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