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Problem 1 Stacked transistors
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Figure 1: Stacked transistors.

1.1 Voltage Vb as a function of transistor’s β1 and β2

Calculate the voltage Vb in circuit shown in Fig. 1 as a function of the betas (β1 and β2) of transistors and of the
thermodynamic voltage (in weak inversion) or the pinch-off voltage (in strong inversion), assuming:

• Both transistors are biased in weak inversion.

• Both transistors are biased in strong inversion.

1.2 Channel voltage

If the transistors have the same width W , then
β1

β2
=

L2

L1
, (1)

and the circuit can be considered as a single transistor with length L = L1 + L2. The channel voltage can then be
extracted at a fraction ξ along the channel by the common source and drain diffusion of M2 and M1 respectively

ξ =
L1

L1 + L2
=

β2

β1 + β2
, (2)

Knowing that the current Ib is due to diffusion of minority carrier, it is given by,

Ib = −µ · W
L

· Qi ·
dV
dξ

(3)

with ξ = x/L. Show that Vb is actually equal to the channel voltage along the channel V (x).

Problem 2 The Vittoz current reference [1]

Fig. 2 shows the Vittoz current reference generating a current Ib which for M1 and M3 biased in weak inversion is
proportional to absolute temperature (PTAT) [1]. The bias current Ib is available as a source current from M6 or a
sink current from M5. Transistors M2 and M4 are assumed to be identical whereas M3 is made K -times larger than
M1 (i.e. β3 = K · β1). All transistors are biased in saturation.
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β3 = K β1

β5 = β1

β2 = β4 = β6
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Figure 2: The Vittoz current reference.

2.1 Weak inversion

Calculate the value of the current Ib as a function of the transistor ratio K assuming that both M1 and M3 are in weak
inversion. Do the transistor M2 and M4 need to be in weak inversion as well?

2.2 Strong inversion

Calculate the value of the current Ib as a function of the transistor ratio K assuming that both M1 and M3 are in strong
inversion. Do the transistor M2 and M4 need to be in strong inversion as well?

Problem 3 The Oguey current reference [2]

β3 = K β1

β2 = β4 = β6 = β8

β7 = A β9
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Figure 3: The Oguey current reference.

The resistor in the Vittoz current reference of Fig. 2 can actually be replaced by a transistor M7 which is biased in the
linear region by making it A-times larger than M9 [2]. All other transistors are assumed to be biased in saturation. M1

and M3 are biased in weak inversion, whereas M7 and M9 are biased in strong inversion. Find the expression of the
bias current Ib in terms of ratios K and A and the specific current Ispec9 of M9 and Ispec7 of M7.
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