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Circuits

Carsten Wulff, carsten@wulff.no

I. CURRENT MIRRORS

MOSFETs need a current for the transistor to be biased in
the correct operating region. The current must come from
somewhere, we’ll look at bias generators later. Usually there
is a central bias circuit that provides a single, good, reference
current.

On an IC, however, there will be many circuits, and they all
need a bias current (usually). As such, we need a circuit to
copy a current.

In the figure below you can see a selection of current mirros.
They all do the same thing. Try to ensure that ¢; and ¢, are
the same current.

Which one we choose is usually determined by what we mean
by i; = i,. Do we mean “within + 10 %”, or “within £ 2 %”.

b) Self Cascode

a) “normal” ¢) Cascode d) Lazy Cascode

A. Normal current mirror

The normal current mirror consists of a diode connected
transistor (M;) and a common source transistor M.

If we assume infinite output resistance of the MOSFETs, then
the drain voltage does not affect the current.

If the two transistors are the same size, threshold voltage,
mobility, etc, and they have the same gate-source voltage, then
the current in them must be the same.

A current pushed into M; will cause the Vzg; to rise, and at
some point, find a stable point where the current pushed in is
equal to the current in M;

M, will see the same Vgg1 = Vigga so the current will be
the same, provided the voltage at i, is sufficient to pinch-off
the channel of Ma, or the Vpgo ~ 3kT/q if the transitor is in
weak-inversion.
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1) Input resistance: To see the small signal input resistance
we can apply a test voltage to the diode connected resistor, as
shown in the figure below.
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Observe the current

iy = 9dsVy + gmUy

While the input resistance
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which, assuming g4s >> ¢, reduces to B. Source degeneration

Lo~
Tin ~
m

Assume now I apply 1 puA current to the diode connected
transistor, and the g,, = 1 pS.

Would the voltage be v, = i, = }Zg‘ =1 V?NO! It’s

important to understand the difference between the small signal
input resistance, and the large signal impedance.

The large signal impedance is a highly non-linear function
(we’ve seen before that the current in a MOSFET has both
an exponential, and a square-law, and sometimes a linear with
voltage), as such, there is no single function describing what
the gate-source voltage will be.

What is the operating region of M3 and M4?
To see the DC voltage, apply a current in SPICE, and use a

simulator to find the voltage. What is the operating region of M1 and M2?
1) Input resistance: M1 and M2 are in linear region, can be
¢« o simplifigd to resistors
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2) Output resistance:
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3) Current gain:
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C. Output resistance

2) Active cascodes:

Tout =~ Tds2 (Ards4gm4)

; Vg LL{]A $ E ou.z‘%

. — Vg
ly = m2Vgs +
ds2
. . Vg — Za:Rs
1y = _ngmQRs +
Tds2

Vp = Uy [Tds2 + R (gm27“d52 + 1)]

Rearranging

—
-~

Input resistance

Tout = TdsZ[l + Rs(gml + gds2)] ~ rds2[1 + gmle]

1) Cascode output resistance: From source degeneration
ignorin 1k eff

(ignoring bulk effect) II. AMPLIFIERS
III. SOURCE FOLLOWER

Tout = Tds4[1 + RS (gm4 + gds4)]

/2 00
Rs = ras2
Gain
A e
Tout = Tdsall + Tas2(gma + 9asa)] Vi
Output resistance
Tout

Tout =~ Tds2 (rds4gm4)
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B. Why use a source follower?

Assume 100 electrons

AV =Q/C = —~1.6 x 107 x 100/(1 x 107'%) = —16 mV

T T/%N(G"S‘b Tasse

. Output resistance

1o = Uo(gds + gs) — ImVi + Vogm

Ui:O

io = Uo(gds + Js + gm)

Tout =

m

1

12 B Im + gds + gs
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IV. COMMON GATE
Input resistance
Gain

Output resistance

le %

Jgs =~ | > qmdas %%A&

[ [rees

A. Input resistance

1= gm¥ + gdsv

1 1

~
~

- Im + 9ds Im

Tin

However, we’ve ignored load resistance.

1 R
Tin < — (1 + L)
9m Tds

B. Output resistance

oﬂ_{_ l o l§MJ
Ugs = O 1> qmias % cé/&&
T L

C. Gain
. UO ’UZ
o = —gmVi +
Tds
i, =0
0= —gmviras + vo — v;

Uz(]- + gmrds) = Vo

v
7(? =14 gmras

?

We’ve ignored bulk effect (

Js
), source resistance (
Rs
) and load resistance (
Ry,
)
A= (gm +9s + gds)(RL”rdS)
1 ()
If
Rp >> rys
Rs =0
and
gs = 0

A= (gm + gds)rds

=1 mTds
1 + gmTd
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V. COMMON SOURCE

Tin ~ OO

Tout = Tds

, it’s same circuit as the output of a current mirror

Gain

A. Gain
. v
lo = gmV; + —
Tds
o6, =0
Vo
—gmVi = —
Tds
Vo
— = —9gmTds
Vi
Covk
‘_
0—O
O 0> +
S + l o l ﬁé Us
Vas | gnis %rgbs 1

B. Why common source?
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Match ——1
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VI. DIFFERENTIAL PAIR

Input resistance

Tin =~ OO
Gain
A= ImTds
Output resistance
Tout = Tds

Best analyzed with T model of transistor (see CJM page 31)
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A. Diff pairs are cool
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Can choose between

Vo = gmTdsVi

and

Vo = —GmTdsVi

by flipping input (or output) connections
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