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Note: Use the device parameters given in the class handout “Device Parameters & SPICE Models” and also
available on the EECS 140 websltétp: //kowloon.eecs.ber keley.edu/~cour se5/140. Assumef3 — o« and

and Computer Sciences

Homework #2
Due 09/08/99 before noon in 497 Cory

V- oo for all BJTs ana - 0 for all MOSFETSs. You will have to modify the standard SPICE Models from

the website to match the idealized parameters.

1) Givenisthe self-biasing Vge reference circuit in Fig.1. Theresistor R hasa
temperature coefficient of 1500ppm/°C. Assume dVgg/dT =-1.8 mV/°C for Q1.

a) Calculatethe current oyt at room temperature (R.T.), 0°C and 100°C.
Hint: Use an iterative approach or anumerical solver to find Vge a R.T.

b) Use SPICE to verify your hand analysis. In the device models, set all A=0,
V A=1000V and p=10° . Printout your SPICE input file and aplot of Iour versus
temperature. Mark the result from part (a) in the plot with three circles. How good

IS the agreement? Explain all discrepancies.

¢) Compute the maximum deviation of |oyt over the temperature range 0°C...100°C

as a percentage of the nominal output at room temperature.
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2) Figure 2 shows a bandgap reference with startup circuit. For Q1, it was
experimentally determined that dVgg/dT =-1.8 mV/°C at the operating temperature
To and the given biasing conditions. The MOSFETSs are sized such that
(W/L)3=(WIL)4 = (WIL)s and (W/L)s =(WI/L)7.

a) Findtheratio R1/R2 that yields a zero temperature coefficient for Vo at To.

b) Determine the value for R2, so that I=10pA at room temperature.

c) Explain the operation of the startup network consisting of M5...M9 by analyzing
the currents and voltages in all branches and all nodes before and after startup.

d) When the bandgap circuit is operating properly, M9 is supposed to be off. In
order to ensure that M9 does not disturb the operation of the bandgagsits V
should be at least 400mV below threshold (i.ese®600mV). What is the largest
value for (W/L} that satisfies this requirement?
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