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FET Current-Mirror Examples

Common-Source Amplifier

Figure 1 shows a common-source amplifier. The active device is Mj. Its load consists of a current-
mirror active load consisting of Ms and Mj3. The current source Igrgr sets the drain current in Mg
which is mirrored into the drain of Ms. Because the source-to-drain voltage of Ms is larger than
that of M3, the Early effect causes the dc drain current in Ms to be slightly larger than Irgr.
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Figure 1: Common-source amplifier.

The voltage Vi is the dc component of the gate input to M;. It is a dc bias voltage which sets
the dc drain current in M;. This current must be equal to the drain current in Ms in order for the
dc output voltage to be stable. In applications, Vi would usually be set by feedback. It will be
assumed that 791 = oo in calculating i,(,) but not in calculating 7o,t. Note that the body effect
must be accounted for in M;. Assume that Ipy = Ipys = Ip3 = IRgF.

(a) Use the source equivalent circuit to calculate the short-circuit output current. Assume that
To1 = OQ.
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where
gm1 = 2v/ K1Iggr

(b) Calculate the output resistance. Assume that ro; < oo.
Tout = Tid1||T02

where
Rs

Tisl

Tidl = T01 <1 + ) + Rs=ro1[1+ (14 x;1) gm1Rs] + Rs



(c) Calculate the output voltage and the voltage gain.
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Common-Gate Amplifier

Figure 2 shows a common-gate amplifier. The active device is M. Its load consists of a current-
mirror active load consisting of Ms and M3. The current source Irgr sets the drain current in Ms.
This current is mirrored into the drain of Ms. As with the common-source amplifier, the Early
effect makes the drain current in Mj slightly larger than that in M3. The dc voltage Vi is a dc bias
voltage which sets the drain current in M;. This must be equal to the drain current in Ms in order
for the dc output voltage to be stable. In an applications, Vg would usually be set by feedback. It
will be assumed that ro; = oo in calculating i,(s,) but not in calculating 7oyt Note that the body
effect must be accounted for in M;. Assume that Ipy = Ipys = Ip3 = IREF.
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Figure 2: Common-gate amplifier.

(a) Use the source equivalent circuit for M; to calculate short-circuit output current. Assume
that rg1 = oo.
io(sc) = _Z.ZII = _ifsl = —

rist + Rs
Ts1 1
I+xi  gm(14+x1)

Tis1 =



(b) Calculate the output resistance. Assume that 791 < oo.

Tout = Tidl Hr02

Rg
Tidl = T01 (1 + > + Rs =ro1 [1 + (1 + x1) 9m1Rs] + Rs
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(c) Calculate the output voltage and the voltage gain.
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(d) Use the source equivalent circuit for M; to calculate the input resistance. Assume that
To1 = OQ.
Ts1 1

1+x;  gmi(1+xq)

Tin = Tisl =

Common-Drain Amplifier

Figure 3 shows a common-drain amplifier. The active device is M;. Its load consists of a current-
mirror active load consisting of My and Ms. The current source Irgr sets the drain current in
M3 which is mirrored into the drain of Ms. As with the common-source amplifier, the Early effect
makes the drain current in Ms slightly larger than that in M3. The dc voltage Vi is a bias voltage
which sets the dc output voltage. Note that the body effect must be accounted for in M;. Assume
that Ipy = Ip2 = Ip3 = IREF.
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Figure 3: Common-drain amplifier.

(a) Use the pi model for Mj to calculate i,s.). Note that the body effect is not present because
Ups1 = 0 when v, = 0.

Z‘o(sc) = gm1Y;



where
9m1 = 2v/ KIRgr

(b) Use the source equivalent circuit for M; to calculate the output resistance.

Tout = Tis1||T01]|702
Ts1 1
I+x1 gm (14+xq)
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Tis1 =
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(c) Calculate the output voltage and the voltage gain.
Vo = lo(sc)Tout = gm1Vi (Tis17o1/702)

Ay = gma (Tis1]|ro1||ro2)

Differential Amplifier

A MOSFET differential amplifier with an active current-mirror load is shown in Fig. 4. The
object is to determine the Norton equivalent circuit seen looking into the output. This consists of
a current source i,( ) in parallel with a resistance rou:. To do this, the output is connected to ac
signal ground, which is indicated by the dashed line. It is assumed that rg = oo in all calculations
except in calculating r;q2 and ros. Assume that Ipy = Ips = Ips = Ips = Ig/2.
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Figure 4: Diff amp.
(a) Use the current-mirror properties to solve for io(sc) iN terms of il and 1.
. o e e ./
Lo(sc) = td4 — U2 = a3 — ta2 = Y41 — Yd2

(b) Because the tail supply is a current source, the common-mode currents are zero. Therefore,
iéll and 1'212 can be calculated by replacing v;; and v;o with their differential components. In this case,
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the ac signal voltage at the sources of M; and M is zero and the ac body-source voltages of M; and
My are zero. Thus the body effect is absent. Let v;1 = v;4/2 and vjo = —v;4/2, where v;q = v;1 —vj2.
Use the pi model to solve for i/, and i/, in terms of v;4. Let g, be the transconductance of M

and M.
Vid ;o Vid

Z'Zil = 9m7 Z:i2 = —gm7
where
I
G = 2 K7Q = /2K1,
(c) Solve for io(sc) in terms of vy = vi1 — via.

. ./ ./ ./ Vid
Yo(sc) = Ud1 — la2 = 2ig) = 29m7 = gm (Vi1 — Vi)

(d) Calculate the output resistance.
Tout = Tid2||T04

Tisl

> + Tis1 = 27102 + T4 2 2702
Tis2

Tid2 = T02 (1 +
A4 Vbso

To2 =
IREF

A+ Vbsa
To4 = —————
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In the last equation for r;49, the small-signal resistance Ryso looking out of the source of Ms is
Riso = ris1. Also, 11 = Tis2 = 135 = 1/ [(1 + X) gm]-
(e) Calculate the output voltage and voltage gain.

Vo = lg(se)Tout = gm (Tid2||T04) (Vi1 — via)

v
Ay = == = g (Tiaz|Iroa)
Vid



