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I ntrOd UCtion * *indicates out of syllabus

CMOS circuit design consists of defining
I/ps,o/ps hand calculations, ckt
simulations, layout of the ckt etc.

CMOS ICs are fabricated on thin circular
slices of Si called wafers. Each wafer
contains individual chips or “die”.
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MOSFET symbols*

nd (D)
fos
+
P"l
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MODULE 1

Reference
“CMOS Circuit Design Layout, and

Simulation” Baker,Li,Boyce

Page no 165-184
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Analog MOS models

Low frequency model.
® Study Expressions for Threshold voltage VTHN,Ib beta

MOS in saturation (Refer fig9.1 &9.2)
® When MOSFET is in saturation Vbps>Vas-V1HNn

: ]n_'_]d:lD

@ IJ[«

—

Gate

Drain
v
—_— gm as

<

Source ,substrate

/
S




7

High Frequency Model (rage 171)

To obtain high frequency model add
capacitance to the low frequency model
® Capacitance b/w gate and Source Cgs
¢ Capacitance b/w gate and drain Cgd

® Capacitance b/w drain and source diffusion
region Cdb,Csb

® Capacitance of gate over field region
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Temperature effects in MOSFET

Threshold voltage and Trance conductance
parameter changes with temperature.

PHI(T)=PHI.T - 3kT.In{T/To)}-Eg{To).T+Eg(T)
To q To

Eag Silicon Band gap Eneragv
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Noise in MOSFETS

The noise generators in MOSFETS are
due to

® Thermal noise and
® Flicker(1/f “one over f noise

The rms thermal noise current is
generated by

* the effective channel resistance(3/2.1/gm)
® Parasitic drain, source, gate and substrate

\ resistances (Rp,Rs,Rg,Rs) /




Noise in MOST........

—Maain motivation for RMOS is MODULATION OF RESISTANCE.

TRICODE RECGIOMN:
Spectral densie,
AR

Hinl 1 = —Ftli-',..—i:r

Lo

= i (F) = 41’1"1";.4!:'__-':.,?(1-#’,, — 5

SATUURATION RECGION:
In this region.

T — FilVas.Vas] + Farncise

=
—r Jﬁ':ﬂl:_f:l — '_II"E.FI. Th I
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Swm(f) = TE'F{T#C"-E-IT("’:QE — Vi)




Noise cont.........

2.2 FLICKFEFR NOISE IN MOS:

Due to impurities @ interface = Flicker noise

Spectral d-:sit}r&-% = Flicker noise is also called %n:::isc.

Sy - Kyt

Spectral desity
S1(fovla

= at V¥, = 0 there is no flicker noise.

Ar LOW FREQUENCIES (up te 100MH=z) flicker noise domin ates.




Module 2

Reference
“CMOS Circuit Design Layout, and

Simulation” Baker,Li,Boyce

Page no 427-488
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Current sources and Sinks

Ideal Current Source




e

Current sources and Sinks

Real Current Source
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Simple source..

\_

Vo

bipolar diode exponential |

Ip
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diods connected transistor qua dratic

Vo5 = Vgy— Fr } After we reach the point Fj, = F;, the transistor will always be in Sat.
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Simple source..
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Simple source...

Current Calculation :

Analysis :
Fropg — ¥
Iy = Iy = ij_sr =
._!
2 I |
FE] = 'P’_'__ ;r = I‘Fr_:'ly
I.AJ-._.I
' L.
Ir "-.%
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Ippp = VFpp— Vr—1 E_er
i }.I' H.?'
| v —
i -[ .,-'

Tterative Solution !
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Simple source...

Design :

fier = 1004 Viop = 5, Vr = 0.7

F=90x10"

Rusr = 4159 ( Pretty Big! )
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Simple source...

Small Sienal :
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NMOS —= current SINK
PMOS —e current SOURCE F_] [ll

R

IEIL'." = ]D!L‘i
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Ror = 10MQ
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Simple source...

How to make R, Detter (ie. larger) 7

Degeneration?
Voo
Fllr-::u,':r::" F.D-&.II+ID1._."'-R!
L Rus: 1
Ror = 1,-[1 (1 +x)-g. - &]
3 {
Vo= Vot - [(Fet2-0-(2-00°1 3
R, Rs
e

» F; NOTAT GROUND

Not a very efficient way to get high Ro;; too much area for resistor.
Berer method is 10 use fransistors mstend of resistors.
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Cascode source

™

To increase the output resistance of a current
source or sink.

VDD
3‘: V,+2-F
= '_'_':-::- R RIF Did

j .
- ] t _"—| M2 Let v = 0 ortie all wells to sources
{ VT + VDE.—!.I:I

Vit VPour for EOS

]—'—{ M1
Vit Vosar
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Cascode source

l I-ﬂf,'.r
Ropr = raa- [ {1+ %) - 202 - 72
Roaor
o ﬁ{]‘—'_:':ij 'gmf'rn'.'rﬂ
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1 _ woo\ .
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'r-::ll
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Ryz=107.[ —L—| = 10"
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Triple Cascode

lL:IL:r
M3
-
] Roor = (L 00) (1 %) - Gan s 8oa  Tar* Par* T
M2
- HUGE!
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Other Current sources or Sinks

The basic current mirror can be improved

significantly with negative feedback such as

® Wilson current mirror
® Regulated cascode

Both offer stable current values for wide
voltage swings and enhanced output
impedance.

Regulated cascode offer higher degree of o/p
k impedance & current stability.
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Wilson current source

I
= G> o F“’” Assume y= 0

(ar resistor)

Vﬂ'ﬂ
|:Mrl loyr = Ipgr
Vpss = 2+ (Frt Vpgr)
M 3] ]71—{ [ME
Equivalent to Cascode
v
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Regulated cascode

Regulated cascode Offers significant
advantages over others

O/p impedance is significantly higher
Minimum value of Vo is lower than most of
the other configurations.

Higher degree of current stability.
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References

In CMOS circuits we derive reference
voltages from power supplies by
Resistor and MOSFET
MOSFET only voltage references
Band gap voltage references
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Voltage References

\_

Voltage divider has the advantage of
® Simplicity
® Temperature insensitivity
® Process insensitivity

But

® In order to reduce the power dissipation the
resistors must be made large. Large resistance
require large area in the die-> Not practical .
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Voltage References

The voltage divider formed between
resistor and MOSFET is the same ckt

used for a bias in the current mirror res
Page 463

A MOSFET only Reference is a voltage
divider formed between an n and p

MOSFETSs. It has the advantage that
the layout can be small.
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Biasing schemes for voltage \
references

The resistor-resistor, resistor-MOS,MOS
only voltage references are very
sensitive to the power supply voltages
and temperature.

So to reduce these the circuits must be
properly biased.
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Current source self biasing

THREE TYPES

Threshold voltage referenced Self —biasing
Diode referenced Self Biasing
Thermal voltage referenced Self Biasing
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Band gap References

Band gap references combine the +ve Temp
Coefficient of the thermal voltage with the —ve
Temp Coefficient of the of the diode forward
voltage in a circuit to achieve a voltage
reference with a zero Temp Coefficient.

Once we have a temperature independent
voltage reference, with the use of an op-amp
we can generate multiples of this reference.




to be continued
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