EEC 210 Project
Due: 5pm on Dec. 3, 2018.

REQUIREMENTS

The objectve d this project is to design a differential outpuffier with lov power dissipa-
tion under the following conditions:

1. Thedifferential uffer consists of tw dngle-ended bffers, where one operates on the posi-
tive input and the other on gaive input. Eachsingle-ended Wifer should use a "super
source follower" configuration, which usegyaive feedback to impnee the tuffer perfor
mance. (Thiscircuit is cosered in the text book.) The differentiautier schematic is
shown belav.
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2. Thecircuit that operates o, must be identical to the circuit that operates/gn (That
is, the circuit should be symmetric or balanced.)

3. Theonly elements that you may use in your buffer are n- and p-channel MOS transistors.

4. I will post an HSPICE template file on the 210 web sifae template file specifies the
names of the input nodes, output nodesygrsupply node, and bias-current input node of
your kuffer. The file also includes the inputs, output load, a power supplyrent source,

and transistor modelsThe models represent the characteristics of transistors in a 0.4-um,

n-well, CMOS process. This means that p-channel transiatidtsrbindividual wells can
be source-well connected to eliminate the body effect.

5.  Your kuffer should meet all specifications when driving a load of @5rkparallel with 8
pF between its output terminakg.f, to V).

6. Theminimum drawn channel length is 0.5 um.

7. For good matching, use unit elemen¥u may assume that there is no mismatch between
identical devices.

8. Your buffer must meet all specifications with one power supply of ¥4ge=4.5V.

9. You may use the ideal 200 pA current source in the template file as the input to current mir

ror(s) that produce all the constant currdptand|, required in your design.
10. Assumehat the buffer must operate at room temperature only.
11. For each transistor in thauffer, you must specify not only the width (W) and length (L) of

the gate, but also the area and perimeter of the source (AS and PS) and drain (AD and PD).

Use the formulas and formatvgn in the template file.
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12. Thekey performance characteristics of the reference are its small-signal gain, output resis-
tance, total harmonic distortion (THD), step response, and power dissipation.

%
a. Thesmall-signal gin, a,, is defined here a% = % which is the gain of each half
ip in

of the luffer by itself under small-signal conditionSimilarly, the output resistance,
I'out, NEre is defined as the output resistance of each half otiffex by itself. Both
should be measured using the inputs and the .TF statement in the templatbéfile.
requirements are: 0. %¥a, < 1. Oandr,; < 10Q.

b. The THD should be measured on thefaténtial output,Vyy = Vg, = Vg, With a
.FOUR analysis. There idra gecification for THD, but report the THD reported by
HSPICE for a differential sinusoidal input of 4 V peak-to-peak at 1 MHES input
is in the template file. Hopefully THD will be less than 0.5%, which is fairly lo

C. Theinput for the step response test igegiin the template file. The step response is
characterized by toparameters: the finalalue and thevershoot. Thefinal value,
Vo4 fin, 1S defined as the finalalue of the differential output long after the step

Vod max

change. Thevershoot,OS, is defined as: , WhereV g max iS the maximum

od fin
value of V4 during the step response. The requirements a@&V1< V4 5, < 2. OV

for a 2-V differential input step (see the template file) ar@6& OS<1.1. The
purpose of this test is to makure that your buffer is stable.

13. To meet these requirements, you should consider the properties of the current mirrors pre-
sented in class to design current soufgesndl .

OPTIMIZATION

The goal of this project is to meet all requirements with a small power dissipdiien.
power dissipationPyp, is defined here as the product of 4.5 V and the total current drawn from
the 4.5-V supply with zero differential input.

REPORT (Please keep it short and turn in only these items.)

1.  Onthe first page of your report, mala eible that shows the values you obtained&gr
lMout s THD, VOd fins oS, and PD'

2. Drav and label a circuit schematic and provide aycopthe corresponding SPICE input
listing.

3. Addresghe following issues in a brief summary (no more than three one-sided pages):
a. Describg/our strategy to meet the specifications.
b. Describe your strategy to minimize tRg.

4.  Attachonly key SPICE outputs to your report.

GRADING (Your scorewill be deter mined by the following criteria)

Design Stratgy 10%
Meeting Requirements 70%
SmallPp 10%

Report Oganization and Completeness  10%



