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• Example: If  is pic ked to be 0.2 V ,  set to , , , power
suppl y rails at 3.0 V , (bias v olta ges sho wn belo w) then s wing fr om about 0.6 V to 2.4 V .
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• single sta ge (output current is directl y ) high
frequenc y capability

• gain = ,   typical gain about 1000 or 60

dB.  is high due to cascodes

• Dominant pole , UGBW is set b y load capacitance
thus lar ger load results in more stability

• Set current b y desired sle w rate and kno wn
capacitor load.
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Common-Mode Feedbac k Cir cuits

• Circuit and f eedbac k often define diff erence mode

• Common mode can drift, potentiall y putting cir cuit
into bad region of operation

• Need common-mode correction cir cuit to pr ovide
low , with minimal reduction of

• Can sum outputs to obtain . If this is not z ero,
feed bac k a correcting signal. If output is purel y
diff erential,  and the sum will be z ero.
An example belo w uses resistor s for summing
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Example of Common-Mode Feedbac k Cir cuit f or Folded-Cascode Amplifier

vop

bias

von

• Capacitor C acr oss resistor R impr oves high-
frequenc y perf ormance

• Operation:

- If both outputs are high,  will go high
with respect to .

-  will also go high, since the e xtra
amplifier is non-in ver ting

-  and  will ha ve their current reduced

- The output v olta ge will be reduced (o verall
negative f eedbac k)

vc
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• summing: use resistor s, switc hed capacitor s,
transistor s in linear region, or diff erential pair .

• resistor s acr oss output, or SC can reduce DC
gain, ho wever, equiv alent R can be ver y high.

• Note: f eedbac k of the appr opriate polarity could
instead be f ed bac k to  or to  and .

• Things to watc h out f or:

- Stability of CM loop (T ests open loop, or
with common-mode step)

- If summing with SC, restricted to time-
domain sim ulations (or replace with )

- linearity of sum f or lar ge diff v olta ge
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Two-sta ge opamp with pole splitting compensation
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Small Signal Model

Transf er function:

Low Freq. gain:

dominant pole:

next pole:

RHP zero:

Where: , ,
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Cz parasitic (small)= CL load capacitance=

, Slew Rate = ,

Stability

• A normal (LHP) z ero would ad d phase lead to
impr ove stability , but RHP zero adds phase la g
whic h reduces stability (45 o at ).

• Increased load capacitance reduces stability since
 moves to lo wer frequenc y.

•  and  must be be yond UGBW enough so total

phase shift due to  and .
Rules of thumb : Gregorian and T emes

 phase mar gin

                          Allen and Holber g ,
 phase mar gin
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Additions to P ole Splitting, Offsets, Gain Err ors, Buff ers
The zero in the RHP can result in instability . Can
remo ve, or compensate f or with the f ollo wing
techniques:

1. Buff er, typicall y sour ce follo wer,
to allo w feedbac k onl y (remo ving f eed forwar d)

2. Series Resistance

 to , this allo ws one to mo ve

, or bring it into the LHP where it can cancel

out  appr oximatel y

Offsets

vo
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source follower

current source

This remo ves the z ero, and
the system is left with tw o
poles. These should be
separated b y the DC gain,
or more f or stability .
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For gain ,A
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Calculation of Gain Err or

Here, desired gain , Gain err or

where  = loop gain Open loop gain in dB,

Closed loop gain is  in dB

Buff ers

• Sour ce output has lo w inpedance , limited s wing,
can onl y get within  from the rails, (assuming

 can go all the wa y to the rails).

• Drain output is a current output, i.e ., higher
impedance compared to sour ce output, b ut good
swing, can g et essentiall y all the wa y to the rails.
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Layout and Cr oss Sections of CMOS T ransistor s (Sour ce - Substrate Connected)
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Other Components
Resistor s

• design inf ormation documents often give , the sheet resistance in ohms per square . e.g., if

then  whic h we see as 6 squares

• matc hing: , , ,

L
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• a typical resistor:

- in counting total length, corner square

is about 0.5 square . Result 57

• Absolute tolerance:

-  for wide resistor s

→

20%±≈ 10 µm>
30% for W± 5µm=
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Capacitor s                                                      Transistor s

topplate
oxide

cap poly
poly

• Parallel plates of Area A, capacitance per area C o

 where .

•  if ,  for SiO 2 is 3.9 then

 example:

transistor estimate , with

has .

• capacitor s can be metal-metal (MIM), pol y-pol y or
pol y-diffusion. (pol y-pol y sho wn belo w)

• typicall y design as m ultiples of a unit capacitor f or
best matc hing, e .g., unit could be 0.5 pF , then could
get accurate 1.5 pF matc h to 2.5 pF.

• Otherwise , need to keep area to perimeter ratio the
same.
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• Often W/L >> 1, so can use m ultiple contacts f or
minimal sour ce or drain series resistance

• Diagram same f or p or n. If PMOS, then in n-well
with p+ mask, NMOS in p-substrate with n+.

• can ha ve multiple stripes. This can reduce total
drain or sour ce area to minimiz e capacitance .

• two gate pol y stripes, could be common sour ce,
e.g., diff pair , or common connection or since we
often cannot tell sour ce and drain apar t, it might be
a series cir cuit (f or Nand, or cascode).
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Transistor la yout:

G1D1 D2G1

S
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Diff erential P air

• can minimiz e drain area and
perimeter of diff pair to mini-
mize capacitance .

• In an opamp, the second
(parasitic) pole ma y be at the
drain, so minim um capaci-
tance here can help to
increase freq response .

Common Centr oid Diff erential P air

• Can interlea ve tw o transistor s, as in the e xample abo ve, where there
are a total of eight transistor s of whic h four f orm M1 and f our f orm M2.

• This minimiz es the eff ect of pr ocess v ariations and temperature v aria-
tions acr oss the c hip, thus resulting in better matc hing, and lo wer off-
set. This is called the common-centr oid topology .

• Note: the same interlea ving tec hnique can be used f or tw o resistor s
whic h need to be matc hed.

Drain connections
are not all sho wn.

These missing con-
nections are sho wn
dashed on the sc he-

matic belo w
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