EE 140 ANALOG INTEGRATED CIRCUITS SPRING 2011
C. Nguyen

PROBLEM SET #6

Issued: Tuesday, Mar. 1%, 2011
Due: Tuesday, Mar. 8th, 2011, 5:00 p.m. in the EE 140 homework box in 240 Cory

1. Design a differential amplifier with an active load as shown in Fig. PS6.1 to meet the
following specifications:

i.  Differential gain A4, = 8OV/V.
ii.  Iggr=1=100UA.
iii.  The DC voltage at the gates of M; and Mg is +1.5V.
iv.  The DC voltage at the gates of M, M, and M5 is -1.5V.

M, and M, form the differential pair while the current source transistor M, and Ms form
the active loads for M; and M, respectively. The DC bias circuit that establishes an
appropriate DC voltage at the drain of M; and M, is neglected here. Use the following
technology parameters for your design:

2nCox = 3ptyCox = YOUAIN?, Vi = IV, = 0.7V, Vg = IVl =20V

Your design should include the value of R and the W/L ratio of all transistors. Also
specify Ip and |Vgsl at which each transistor is operating. For DC bias calculation, you
may neglect channel length modulation.
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2. A differential circuit employing active loads is shown in Fig. PS6.2. Bias voltage V is
adjusted so that the drains of M; and M; are at +5 V dc. Assume that biasing resistors Rp;
and Rp; set Ips = 1 mA. Calculate the midband small-signal voltage gain v,/v; and
estimate the dominant pole frequency. Use inspection analysis wherever possible.

Use the following equations in calculating capacitances:
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3. Determine the unloaded voltage gain v,/v; and output resistance for the circuit of PS6.3.
Check with SPICE and also use SPICE to plot out the large-signal V-V, transfer
characteristic for Vsyp = 2.5 V. Use SPICE to determine the CMRR if the current-source
output resistance is 1 MQ. Assume no device mismatch. Use the parameters in the table
below as necessary.

Parameter npn pnp

Br 200 50

Br 2 4

Va 130V 50V

n 2e-4 Se-4

Is Se-15 A 2e-15 A
Ico le-10 A le-10 A
BVcEo 50V 60 V
BVcgo 90V 60 V
BVEpo 7V 90V

T 0.35 ns 30 ns
TR 400 ns 3000 ns
Bo 200 50

T 200 Q 300 Q
r. (saturation) 200 Q 100 Q
Tex 2Q 10 Q
Cieo B-E junction 1 pF 0.3 pF
Woe 0.7V 055V
n, 0.33 0.5

Cuw B-C junction 0.3 pF 1 pF
Ve 055V 055V
R, 05V 0.5

Ceso C-S junction 3pF 3pF
Wos 052V 052V
ng 05V 05V
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4. Assuming all of the circuits in show in Fig. PS6.4 are symmetric, all of the transistors are
saturated, y=0, and 1 #0,

1. Calculate the small-signal differential voltage gain of each circuit. You answer
should be symbolic in terms of gn1, €m2, Em3> Emd> Emss Tol> To2s To3s Tod, Tos, R, Ro.
Circuits (a) — (d) can be solved by inspection, but you may need to draw the small
signal model to solve (e).

ii.  Sketch V,, as Vj,; and V;,; vary differentially from zero to Vpp. In other words,
plot Vo vS. Vini-Viuz (commonly referred to as Vig).



EE 140 ANALOG INTEGRATED CIRCUITS SPRING 2011
C. Nguyen

<

Fig. PS6.4



