Lab 5.12 – A PMOS Source Follower
In this lab we are going to use a PMOS transistor (take care, the Multisim symbol for a PMOS device is confusing) and build a “Common Drain” amplifier (AKA a Source Follower). It is called a Source follower since that describes its behavior, the source (output) AC voltage is always approximately equal (there is a DC offset due to the Device threshold voltage) to the Gate AC voltage.
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Notes:
· Rsig is the output impedance of the AC signal generator
which is 50 ohms for the function generator on our lab bench so do not put a physical source resistor in your actual circuit.
· The capacitors are there to block DC and at audio
frequencies should have a negligible reactance.
· V+ and V- (15 volts) are ideally at AC ground

As with any design, you first select the resistors to put the transistor at a reasonable operating point. Then draw the AC (small signal) version of the circuit (capacitors are short circuits and the power rails are AC grounds and replace the PMOS device by a small signal model (see your Text) to calculate the voltage gain (approximately 1), input impedance (approximately RG, and output impedance (very low – ignore RL).
The source follower is an effective “Buffer Amplifier” to isolate your signal source from the load. 
· It will not “load” the signal source (high input impedance)
· The output “follows” the input (unity voltage gain)
· The output voltage is almost independent of the load resistance (low output impedance)
Most of these characteristics are due to a high degree of negative feedback in this circuit. Note that the input to the transistor is Vgs which is the input voltage minus the output voltage and the feedback gain is high due to the transistor gain.
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LABS.12

PMOS Source Follower
(See Section 5.8.5, p. 321 of Sedra/Smith)

OBJECTIVES:
“Tostudy  PMOS-based soutesfllowe by

+ Compleing the DC and smallsignal analysis based on s thorctical
behvior

+ Simulatin t o compare the resuls withthe paper analyss.

© Implementing it inan experimental etting,taking messurcments,and com-
ing s performance with heoretical nd smulated rsuls

- Qualtatively secing the impact of ransistord-transistor varatons.

MATERIALS:

Laboratory setap, ncuding breadboard
¥ enhancement ype PMOS transistor (e, MC4007)
3large e, 7o4F) capacitrs

Several esstors ol varying szes

Wirss

PART 1 DESIGN AND SIMULATION
Consides the circuit shown in Figure LS 12
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A Usesplicsof ¥, = .= 15V,
S00,and R, = 100 Whatis th minimum value of R, that stishes the eque-
ments? Obta th datashee for the PMOS transistortht il be wed. n your
lab book, perform the following.

0 Operaing PointAnsge
* Sketcha DC model o heciruit n your ab bk, eplcing thearge-valued
Couplingcapaciors Coyan Cs by opencircuts forsmplcity you may siso
it 14, Ry, a0 Ry} What s the DC ourrent though Ry
+ Bascd n the required value of I, what s Vo = V- [Vyl? What value o
Rymustyou use?

sgnal model of the iecuitin your lab book, eplcing the

transistor with s smallsgnal model (ry 3 T model, gnoring ) repac-
ing the capacitors with short circuis, and repacing Y. and ¥ with an AC
sround. Liel the ate of the transistor 8 , . the smalsignl volsge st
the nput.

* What is the ratio of vjv? How would you approximte it in further
calcvlatons?

Deriv anexpresion for 4, v,

Whatis the value of g7 What s 47

What i the minimum value of R, that satises the design requirements!

(Calulae the output resistance o your i

+ Simulatethe performance of your cireuit, Use capuctor valus Cey = Cy
47 4 and the vlue of Ry based on your preceding caleuations. Ust a
102V,1 s, 1411 sinusoid ith o DC component appieda v,
FromJodtimalation,rport the DC vaiue Vg, Vspyand T fow losey
0 they match your calultons? (Remember: The Smlaor has s o,
more comple model of the el ranaor s thee should b som sl
aisions)

+ From yoursimulatio,teport A, How closly dos it match sour calelations

PART 2: PROTOTYPING

+ Asscmble theciruit onto your breadboard using te specfied component
e and thos st caleulted. Note tht R repress the output et
e of the funcion generato,and hereforeyou hould ot nclce t i your

PART 3: MEASUREMENTS

* DCbiaspont measuremen: Usinga dightal mulimtes measure the DC vol.
ages of your circuit at the gae (V) and source (V) of yous transisor,
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+ AC measuremens: Using & function generator, apply a 10-mVou e, 1kHZ
imord with o D component o your circit. (Note: Some funcion gen-
rator only alow inpus s sl s 0 Ve . 1 s i hecase, se hat
ilus istead)

Using an oseiloscope, enerat pots of v, a0 . 1
© Uling  igital mltmetr,measure all resistors o hre sgnificant diis

OST-MEASUREMENT EXERCISE

- Caleutate the valucs of Vg and Vs tha you obtined i the L. How do
ey compare 1o your pre I calcstons! Expain any discrepancies

+ Based onthe asured vacs f ¥ and Vs, and your measuredreisior al-
s, what i the el valic o I based o your Iab measurements?
Whit i the measured valu of 4 How does it compare 10 you pre-ab cal-
culstions! Explan any discrepancis.

+ What would happen ifyou used th function generator with S0-0 output
esistance to diretly drive your load resstor! What gain would y0u gt?
‘Wht would happen fthe utput essance of the funcion gaeration wis
hanged fom 5012 o KR What do ou concludel Recall hevalu ofovt-
put resitance you caleulated caler.

= Hint: The sinle bigesst soure of aritions from your pre-ab simulation
results will be due to varations i th tranistorsthreshod volage 1
Remersber: 1 valuc will be somewhere within the range indicated on the
ransistor'sdatasheet

PART 5 [OPTIONAL]: EXTRA EXPLORATION

- A 8 500-0 sistor between the function generator output and capacitor
ey How docs thegain ofyour cireu change! Can you explain this?




