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Lesson 1

CMOS Analog Modeling
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Figure 4.8 Layout of a MOSFET, cross-sectional and angled view.
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Figure 4.11 Layout used to illustrate oxide encroachment.
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Figure 9.2 Small-signal model of the circuit in Fig. 9.1.






o= R
‘ Ip+ig=ip
+‘ - C_f Vos
vVGs — .

7
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Figure 9.4 Small-signal MOSFET with body-effect current source.
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Lesson 2

Current Sources and Sinks I

Tutorial Visuals







Symbol

Figure 20.1 The basic current mirror schematic and symbol.
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Figure 20.3 (a) The drain of M2 is at the same potential as the gate of M1 or M2 and
(b) using this to bias M3. For biasing purposes, we treat M3 as if its
gate were tied to the gates of M1 and M2.
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Figure 20.10 Temperature characteristics of the simple current mirror of Ex. 20.1. Notice
that the voltage on the drain of M2 is swept from-1 Vto+ 1 V.
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Figure 20.12 Simulated pulse response of the current mirror in Ex. 20.1.
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Figure 20.13 Layout of a MOSFET mirror to eliminate oxide encroachment effects.
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Figure 20.15 (a) Large device with a single contact and (b) its equivalent circuit.
(c) Adding more contacts to reduce parasitic resistance.



mmy poly strip

7
=

e

[/

(b)
3\\ ‘ o AN & Resist Larger undercut
L . r
(@ Etched layér

(c)

Figure 20.16 (a) A parallel device with dummy strips, (b) the equivalent circuit and
(¢) undercutting.



Figure 20.17 Devices with differing orientation.

e ret]

dow't doHhic



Y

(a)

DI D2
Ml ‘-*—i M2
S1,2
(b)

Figure 20.18 (a) Layout of a simple current mirror using interdigitation and
(b) equivalent circuit.
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Figure 20.14 Basic current mirror with differing values of drain to source voltages.
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Figure 20.6 Biasing of the cascode current source for lower minimum voltage
across the current source (body effects neglected).

==




N S A R S

SR EE R T IR N S e R SR R e T D




;‘ 'wi LI - e-:-.g
— sl i M% ’
e o R A
—;'-5# SHAGT SATHM L r;b sale 4 ASED g |
Wt~ waV
k= t \1 -.!. o 5'( \
g, {éﬁ- a":‘\‘i,; P Vd

2V = VAS 4 i

N rrnenrnir

el el alalalslnl RSl slalaRsEsSal sEalaRalnl ¥









VDD VDD VDD

R1 = M2
+ b 5
/ T Mi Vg iy,

igure 21.1 Implementation of voltage dividers in CMOS.

ch2/
CAN e.;WPQ (a"fe l‘-y”'(m‘“-

( MOSEET anly

J; woce.ss # Te——p

(9S€As 04"’(




Figure 21.3 MOSFET-only voltage divider used between VDD and VSS.
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Figure 21.6 Use of the three-MOSFET voltage divider to bias the cascode current source:
(a) full schematic and (b) simplified schematic.
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Figure 21.8 (a) Two possible operating points of self-biased circuit. (b) A startup circuit.
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Figure 21.9 Layout (a) and cross-sectional view (b) of the parasitic pnp transistor
available in an n-well CMOS process and (c) schematic representation
of a minimum-size parasitic pnp, that is, emitter area of 6 ym by 6um.
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Figure 21.10 Diagram of two parasitic pnp transistors and their implementation in SPICE.
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Figure 21.14 A bandgap voltage reference.
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Figure 21.18 Temperature characteristics of the beta multiplier voltage reference.
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Figure 21.19 Simulation results of Ex. 21.6, the design of a subthreshold current source.
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Figure 22.1 The four active load configurations available in CMOS.



Figure 22.2

Simplified circuit of Fig. 22.1a.






Figure 22.8 An implementation of the transimpedance amplifier.
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Figure 22.14 DC transfer characteristics for the amplifier shown in Fig. 22.11.
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Figure 24.1 Differential amplifier.
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Figure 24.5 DC sweep of the differential amplifier of Ex. 24.2.
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Figure 24.8 Differential amplifier with AC currents shown.
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Figure 24.17 Source cross-coupled differential amplifier, n-channel input devices.
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Figure 25.1 Block diagram of two-stage op-amp with output buffer.
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Figure 25.5 Voltage follower configuration, an example of a closed-loop amplifier with
unity feedback factor.

)AOL'B‘ - l
LPorB = 807
B’ B = "I

Ao = |
Ao = 180°



Drainof M2and M4  Ce Drain of M7 and M8

— \ 4 I I . g * 2 g Vour

VDI gmvpi Rig CiT w2 gmma R: _"CZ

Figure 25.6 Small-signal model of two-stage op-amp.
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Figure 25.44 Biasing circuit for the op-amp of Fig. 25.43.
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Figure 25.47 Output buffer for use with a folded-cascode OTA (unity gain).
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Figure 25.48 Output buffer for use with a folded-cascode OTA (with gain).
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Figure 25.54 Formation of a differential output op-amp using two single-ended op-amps.
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Figure 25.55 Differential output op-amps showing parasitic capacitance and noise.



SnUE I

+
A'AA%
b
@) (b)

Figure 25.56 (a) Simple gain configuration using differential output op-amp and (b) the
use of a common mode feedback circuit to adjust the common-mode output
voltage.
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Figure 25.63 Fully differential folded-cascode op-amp.
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Figure 25.69 Fully differential folded-cascode OTA with gain enhancement.
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Figure 25.70 Simulation results for the op-amp of Fig. 25.69.
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Lesson 10

Comparator Design

Tutorial Visuals
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g )
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,v - 7 Figure 26.1 Comparator operation.
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Figure 26.2 Block diagram of a voltage comparator.
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Figure 26.3 Preamplification stage of comparator.
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Figure 26.4 Positive feedback decision circuit.




VDD =5V

M41 :{ M4
3/2 3/2
i M1 M2 =
_1,, 1072 10/2 I——+ i Ml l gl
V+_ ’ V-

Vot = o Vo

M6 M
12 = 3/2
<~

Figure 26.5 Schematic of preamp and decision circuit.
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Figure 26.6 Simulation results for case 1 of Ex. 26.1.
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Figure 26.7 Simulation results for case 2 of Ex. 26.2.
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Figure 26.8 A self-biasing differential amplifier used as the comparator output buffer.
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Figure 26.9 DC sweep of the self-biasing amplifier of Fig. 26.8.



Figure 26.10 Use of a large MOSFET, M17, to level shift the output of the decision circuit.
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Figure 26.11 Complete schematic of comparator.
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Figure 26.12 DC characteristics of the comparator of Fig. 26.11 with —input connected to 2.5 V.
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Figure 26.17 Clocked comparator.
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