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1. Single -ended amplifiers de Madrid

A Basic structure of an operational amplifier
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1) M3, M4 turn a voltage into a current.
2) M5, M6 turn a current into a voltage.
3) M7 turns a voltage into a current.
4) M8 turns a current into a voltage.
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1. Single -ended amplifiers de Madrid

A Common-source configuration:

A 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
A Common-source configuration:
Vncijx VD[:j Voo A
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1. Single -ended amplifiers de Madrid
A Common-source configuration: Active PMOS Load
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1. Single -ended amplifiers de Madrid

Active PMOS Load

A Common-source configuration: Frequency response
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1. Single -ended amplifiers de Madrid

A Common-source configuration: Current -source Load

\ . weak inversion
L Q

o P log,o(gain) 1 /
\ . . - strong inversion
U P i P l J O / 9

max gain
reduction of the gain
by 10 per decade

A We a ln v e r/ theogaio is constant.

Freguency response:

Maximum current
for Iy

i ‘ 0 ) The higher the current the higher the
0 0 0 wboL b and wi bdtithe ®wer the gain.
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1. Single -ended amplifiers de Madrid
A Common-source configuration: Push -pull
ot O N - N
“Om2Vin o2 0 P i P l \/—O
Vin ' [
+ N N 1
égmlvln%rol Vout l I R
” o Current depends on Vpp,.
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

A Common-drain configuration:

A  High current gain.
A High input resistance.
A Low output resistance.
A  Low voltage gain.
A Non-inverting stage (no phase shift between input and output).
A Itis commonly used as the output stage in a multi-stage amplifier to provide a low
output resistance with a gain approximately equal to 1.
?VDD AVpp
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1. Single -ended amplifiers

A Common-gate configuration:

A 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.
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2. Miller effect de Madrid
5 b 1bh O 6<p i)
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2. Miller effect de Madrid
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2. Miller effect de Madrid

In low-power designs (less current A lower
BW):
A C, dominates.

A Large devices.
A Reduce Vs A to reduce the current.

In high-frequency designs where we limit C, :
A Miller effect dominates A Reduce Cgp.

A Small devices.
A Increase Vg A to increase the current.

A Miller effect in push-pull configuration:

If C, dominates and g,,;=0»

VDD‘j
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3. Cascode amplifiers de Madrid

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

A For similar BW A higher gain. For the same gain A higher BW.

A Alleviate Miller effect A suitable for high-frequency designs.

A Alleviate short -channel effects .

VD?
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Looking at this node (Va):
-~ Q 1 ~ l l
U U U
‘ : 0 .
| | o ¢ —> Gain doubles A From V, to V,, we

have a common-gate configuration




3. Cascode amplifiers
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No cascode

This point does
not change

» Improving of low-frequency gain
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3. Cascode amplifiers de Madrid

To increase even more the output resistance and then the gain:

Voo A " P
‘ 2T 5
Voezs |y, Lomiigeil S o °
-
Vbiai"— OO oo e
M;
| (o]
v + A Telescopic cascode.
22 MM, = A Suitable for high voltage supply.
1 C Vout A L>120 nm.
ot —L M A Low input and output dynamic range.
_/7;7 777 “Q p
0 ¢l O
l Q 1 1 - Q Qi

A Folded cascode.

A Suitable for low voltage supply.

A Enhanced input and output dynamic range.
A Power consumption doubles.




4. Examples of single -ended R e A DIOISIO)
amplifiers de Madrid

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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N
BW = 60 kHz
e NG S No cascode
- L connectionA Similar gain

ﬁ* but lower BW.
@, o

T | o bs |

| i BW = 25 kHz
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Going towards a narrower node (50nm) A BW enhanced

£7 without  cascode - amplifier - 50nm.asc | I@

BW = 100 kHz

.ac dec 100 100 10Meg
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5. Differential amplifiers de Madrid

\'
’ E; v Vi (1) _\O Single-ended Vout('): (; v
Differential circuits are required to

Electronics
Voutp (1) mitigate common noise

5

Differential

Electronics ) .
K~

VCM

Voutn (t)
Peak amp=Vpk
7\ A

Peak amp=2Vpk

N
PIFH(:'{U' (’) = V;np (f) - Vi’uu (I)

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

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

In data converters A +3 dB SNR improvement .

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

They consume more than i s i e qld escidcoits, but show better noise performance.
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