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due on
0.18um technology parametersir, = 0.5V, Vp, = vdd o ¢
0.5V K, = 300 uA/V? K, = 75 uA/V?;, Ayr = 100 . oo o |
35mVum; Ag = 1%pum; Vig = 18V Ly = y :% A :
i C, !
0.18 pum, Wi, = 0.24 um; Ignore body effect unless Vie ! w [ i

Otherwise - model of the single stage opamp
’ adjust Ry,C; , and gy, to model the pole-zero doublet
(a) and the transconductance of the single stage opamp
1. Bandgap reference: Bias a 1x sized diode con- (b)
Vvdd

nected PNP at 10uA as shown in Fig. 1(a) and —

sweep the temperature from 0 to 2@0 Determine VW/L |
dVBE/dT at27C.

Re

V,

Design the bandgap shown in Fig. 1(c). Chodge

for a quiescent current of 10A and R, to get zero
temperature coefficient dt,;. ChooseRs = R,.

What is the role ofR3? Simulate the bandgap ref-
erence with the model of a single stage opamp de-"*
signed in the previous assignment (Fig. 1(b)-model
the gm, and the pole zero doublet). Chodsg N
for ringing < 10%. Test the bandgap reference by Mf—d
sweeping the temperature from 0 to 2@and plot W’LE” W single stage opamp
Vig. Test the transient response by applying a 1u4, | vy
pulse to the output of the opamp. Adjust the values V- Vu why | [T %

1pA pulse for
transient test

1pA pulse for
transient test

of R, Ro, R3 (= R») if necessary to get zero TC at &, % Rs Ce
27°C. Vi vy =

Modify the circuit as in Fig. 1(d). How shouldl,,, connect the opamp inputs to
V,, andV;, change? What is the purpose of this 8x A
modification? Resimulate with the opamp model as

before and test the temperature sensitivity, transient = (d) -
response and the loop gain.

Substitute the differential pair opamp designed in the Figure 1. Bandgap reference

previous assignment and simulate the temperature

sensitivity ofV,, and the transient response to a cur-2- Sample and hold: Design the sample and hold cir-
rent step at the output. cuit in Fig. 2 using the fully differential folded cas-

code opamp designed above. Use ideal switches with

1Use the model deal _pnp ini deal _di ode. |ib
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Figure 2: Sample and hold circuit

1k on resistance. Us¢; = 4MHz and f;,, =
{1/4,9/4} MHz (sinusoidal input with 1.6 Vppd
amplitude) and plot the output waveforms. Provide a
plot that shows the settling behavior of the opamp.

Bandgap
reference

Bandgap | 1.2V
reference I:Ml
Vout o |
20pA (¥ i]l:_c i Load
Lo
L

(b) -
Figure 3: Low dropout regulator

3. Low dropout regulator (LDO): A voltager regula-
tor is nothing but a noninverting amplifier whose
input is the bandgap voltage from a reference. In
Fig. 3(a), the output voltage i€R2/R1)Vs,. By

2V/ppd: volts, peak-peak differential

making R variable, one can get a variable voltage
output.

e The outputimpedance should be very low: This
is accomplished by realizing a very high loop
gain over as wide a bandwidth as possible.

e The efficiency (Voui 1)/ (Vaalsup)) should be
very high: For this, the current,,,, — 1L con-
sumed by the circuit should be minimized (This
makes it hard to satisfy the previous condition).
The “dropout” Vy; — Vout should be mini-
mized.

e Usually only a positivel;, needs to be driven.
The output voltage is constant over time. These
are departures from conventional amplifiers.

Fig. 3(b) shows a “pass transistab/; enclosed in

a feedback loop. For simplicity, a unity gain case is
shown. M, should have a high enoudl/L to re-
main in saturation with the desired dropout and the
highest output current. Miller compensation around
M, is usually not used because it severely compro-
mises power supply rejection (Incremental voltage
gain fromV,, to the output voltage).

Use the model in Fig. 1(b) for the single stage
opamp. Use a 50A quiescent current il/;. Ad-

just the width (with minimum length) of\/; for a
dropout of 300 mV with a 50 mA current. You can
use a 1.2V voltage source in place of the bandgap
reference. Compensate the loop using a load capac-
itor C', for a phase margin of 45at I;, = 0 and

I, = 50 mA and choose the higher one. Do the fol-
lowing (except the last one) for two caség (= 0
and/; = 50 mA—you can use a current source for
the load):

(&) VaryVy, from 1.4V to 1.8V and plot/,,:

(b) PlotZ,,; from 1 kHz to 10 MHz

(c) Plotthe transfer function frorviy, to V,,,,; from
1kHz to 10 MHz

(d) Plot the small signal step response for au20
step in the output current

(e) Plot the large signal step responke éwitch-
ing from zero to 50 mA and 50 mA to zero)



