EXPERIMENT #5
MOSFET MEASUREMENT and APPLICATIONS
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ManWuidﬁhmhmhniﬁmmhm,mﬂmdhhh
properues of MOS wanssions, bolh & and p mnﬂmmumﬂmﬂmmw
applications,

II COMPONENTS AND INSTRUMENTATION
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I READING
’l‘l:uhul.puﬂdfnrlhhpﬂinmmbefuummhnjwlil.ﬂ.i.l,ii and 5.6 of the Text

IV PREPARATION

Fﬂlwh;hmﬂmmhlﬁhhm,muhnhﬂdmwumlqlmu
Fodlowr, through the mﬁﬂ:mmim-mhuiqudﬁﬂinl.h-ilhll'm

* DEVICE-INTEGRITY CHECKING
PL1 Measuring Device Thresholds
(a) mu:mmw-hng.s.zvimhmrmm-ﬁuuummv.mmm
(node A 10 ground) is founsd o be B.9] V. El-t-ﬁlhdnm-lhmlnld—pm
r.2 Measuring the Device Conductivity Parameter
{a) Fu'lhlﬂq:lhm:ilﬁ'.uﬂmm#mm-ﬂ.uqm:IHI
resisior shunting the DVM reduces its reading to 1.53 V. What value of &, =, €, (WA},
appliesT

* THE AMPLIFIER FUNCTION
{a) hlmhmﬁ-ﬂ.ﬂﬂ.hiﬁﬂ.{mh:D-ﬁnw’.'-ﬂlti:njlu“"u.j.l.
:li-:l-ll-l-lhnﬂltuulhudvgnwhdmpnﬂdn'p-ﬂ.lm-ﬁuuist
2.1 Device Transconductance
(a) leh:uu-dmimjmlhuﬁnlﬂhuhnurhmmm For the 10 ki drain
resistor, whal voltage gan would you get? Ntlﬁnwmipdulmlufl?pp.-huinﬂ
would you expect at pode 7 -
* THE FEEDBACK-BIAS TOPOLOGY
P31 A CMOS Active-Loaded Amplifier
(a) For the circuit of Pig. 5.5, in which Wi= |0V and k = 0.6 mAWVE, find the device drain
currents which resuli, and V.,
(B For Vy = 30V, lind g,, r, and gain us,.
(=) H-ﬁmmﬂiwlmmnhmnﬁMMIuMT
P3.3 Measuring the Input Resistance
(a) Fnrd'hltlhnli-nnd-ﬂihqdhH-l[nmhhwlmmmmhﬂmﬂﬁl,
U-mrm{mmumwu;mm-muulmﬂmmn-ud

--ﬂﬁwﬂp&-&.hmﬁu@“mhﬂﬂl-dh
(b) For  signal supplied from sode | 1o node A w:lmm.mhhpimfm
which resules?

¥ EXPLORATIONS

- DEVICE-INTEGRITY CHECKING

Thmm-ﬂn-maphﬁ_um:u-immmmrwnmummurtm
ices in your MOS amay mmmﬂdﬁ-mmrﬂuﬂﬂd&mtjnﬁﬁuﬂ.ﬂhw
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ELl Measuring Device Thresholds
= Groal:
e To expericnce, at first hand, bow much useful information
i mhmndnm:dlphwmmp-:m
wilh E1.2 w follow); Sp-:'ﬁul.lr.huu.lulur..gm:,

T

[
5] T
w
Flgure 5.2 Measmrement of V, for a p-Chansel Device

* Setup:

8 An:lihﬂu:i:uiumrniﬂ;.uulqjmmy. Ensure that both seharsie
hfl#ﬂnnmm’. Alldlhrp---nrhllﬂlnlug_ Emsun
Mhmi'MIMWI“hlﬂ.mﬂi’m#l“
2 momentanily (and reading the DVM),

* Measurement: )
a) melmﬁmmﬁhumtduh,mdlhb‘-’uﬂ. Eslimase V.
b) mummuﬂhﬂnmmm{hpﬁlsmﬂpﬁl
as drsdn].
€} Uumﬂﬂlnm?,uﬂhuhpdn-ﬂhﬁ:-hﬁqu@phﬁ-du.

Consider the easc with which you can messure the i device parameter V. Nowe the degree of
mbhmuﬁq-dnrhﬁlm.nuhnurm

EL2 Measuring the Device Conductivity Parameter
* Groal;
To find &, quickly.

* Selup:
o Use the circuit shown fn Fig. 5.2, the same = in EL.I, sbove,



Measarement:

a)

k)

€]

* Talmdation:

Shorl pins | asd I lo measure the supply voliage. Sel i to some conveniont value (g,
10.00 V).

Now, with the short removed, measure the vollage al the drais-gale common comnection
inede A).

Mow, shunt the DVM with resistors of 10K0) or bess until the DVM reading lowers by a
reasonable amount, say | V. Mete that & comveniont way io do this |3 1o use & (10KkO)
potentiomeier, whose sel value B messured subsequenily with an ohmmseter, Alsrns-
tively, o decade resisior box provides a self-calibrated alwrnative. Of course, just wrying
vanous resislon is OK, wnce the dioes not have 1o be exact, oaly messernble. Use
the relationship ip = Y2k, (ugg = Vi, )%, from Eq. 5.18 in the Texs, 1o find &, = &, (WAL).

":.g. R, l'"-

» Analysis:

Cllﬂlhﬂluuhwh:hhuﬂ.hnlmfmmlm,mwm
Noie (hat the relatively complex process used here 1o measure k, leads to 2 conveaient calculason, but
is olherwise aor cisential  As noted sbove, 3 measurement with any (known) resistor allowing a suit-
sble curreni Bow s all that is needed!

E1.3 Measuring n-Channel Device Parameters

= [roal:

To complelely characterize am n-channel device, by finding

10 ¥ and k, , and to do so in a very simple and direct way.
E"IEI @L
A

!

Figure 3.0 Meaturement of V, and & for An n-Channel Device

= Setup:

O Assemble the circuit shows in Fig. 5.3, Notice the relationship o Fig. 5.2 Note that the

NMOS subsirate is grounded through pin 7.

+ M easur ement:

a)

First, measure Vy,, almost direcily, as the difference between the supply voltage and the
DV reading.
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b)  Then. shunting the DVM by some appropriate resisior, say 1kl finad the device woliage,
curreat, and then &,

+ Tululntion:
K. ¥ (with computed V,, L, and k), for 8 = = or | kil

= Analysis:
Comsider aguin the case wilh which a large amount of mformation can be found shout & MOS device
from & very simple experiment.

-m&-ﬂhﬁmnﬁmnmmh;unmm-nphﬁ-uhnnim;.pmpm_.mpum-
giery using the circuil of Fig, 5.4, Whalke this is ner an appropriste amplifice 1opology for most applications, i
has the advantages in the present conieal of simplicity with adapuability, The vollage V; is a de supply whose
role il is 1o adjust the de componant of vy and hence the de value of iy. The voliage V' is & second de sup-
ply with which one can control the do value of g, once the value of Jp is established. Capacitar C isclules
i:d:Fn-llulnhE.hh]n:mh[mﬂnmmﬂnmhwammm
for signals in the frequescy range of interkst
Vi

]
Vi [+
A Ra [+
1 10k0 & i
@ m% c 8
1&id 0.1uF
Figure 3.4 A Simple Grounded-Source Amplifier Topology

El1 Device
* Goal:
To evalunte devicr transconduciance,

= Setup:
o Assemble the circuit of Fig. 3.4 using the 345 NFET (the one whase pins are 3.4,5) wilh
subswrales comnccied (o ground and v appropriasely.

* Measurement: {Uumrﬂmﬁ:rmpi}ﬂiijﬂﬂjhrmiuwﬂhm'ui
a)  Adjust the signal generator for zero oulpul With Vy = & ¥, sdjust ¥, until Ve = 3 V.,
Measure ¥y (why mot ¥y 7).
b} Apﬂrll\'ppﬁuml1k]-|:iumﬁ:1.'m:d.iiﬂlriuﬂt-mwumdud
and ' on your oscillscope. Use ac coupling ca the channcl cosnecied 1o node C (for
these easly measuremenis). Find the vollage gada A, = 4, /v, from node A 1o node .
Undor the assumption that A, = g, Ry, estimase g, .

* Tabulation:
Vile. . v, 0, /%, ga-

« T =
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* Analysis:
Consider how this value of g, correspomds 1o the calculalion using By, 5.43 in the Text wilki
estimates of Vi, amd £ you have already made. If you da mot have these values, ignare this cal-

culation and carry on.

* Measuremeni:
) ‘W'!I'l-ilp-.l.'q-lnl‘-n,rillil’;mﬂj'h’.lfdﬂunﬂuﬁt'-’;-l!‘l’.Hl:.l.ltll".
MJ’“P.'].
d) Huﬂ.ﬂﬂ-ll\ﬂﬂ!duuul]iﬂ!#nﬂthmrmdmﬂhﬁpﬁﬂ
modes A and C. What is the voltage gain from node A (o node C7 Estimate g, .

* Tabulution:
Viyde. 0y, e, Uy, -

* Analysis:
Consider how the g., and bias data you have obtained in this Exploration, can be used to calculate ¥,
and & of the transistor you are using. {Hint: Think abost Eq. 5.45 and 5.43 of the Teat}

E1.2 Signal Distortion
* Goal:
Tauﬁq-thnmﬂmhmmmnhhqnﬂm

* Setap:
O Use the cirewst of Fig. 5.4 with V3 = |5 V and ¥, adjusted 5o that Ve = 5 V, and & 0.1
Vipp riangle wave & 1 kHz applied to node [,

* Measurement:
%)  Measure nodes A asd C, on oscilloscope channcl A and B8, respectively, with chaanel §
sel to oo coupling, and chanmsel A for signal inversion. Adjust tbe chisnel A position and
gamn conirol channel until the two waveformas exacdy overlap. 2
b) Raise Lhe generator cusput level. umtil the input and output waveforms differ by 10% in
peak amplitude, [Illh-i.ndlputnnhtruhmymmmdmmm-
M|MMﬂﬂmuhﬂm1hhw&-wﬂMhﬂﬂh
wavciorm af nee .
) Hwﬁmmmukmﬁh-ﬂmhtﬂwdhmﬂm
riangle woveform.

* Aualysis;
Consider the natare of the distonion you are seeing: There are two kinde, one & resubt of ihe square-
h-dnh:mmictmﬂq.ﬂiufmmluhuhhumihmﬂm
What kind do you see” How could you demensiraie the other kind? {Hint: Consider changing ¥3.}

* THE FEEDBACK-BIAS TOPOLOGY

’Tﬁihnﬂnhu-l-ri-lw-l--'uuwnuh—ﬂu-phm- Sen iha
Comneslary om “rormaliios” @ Biperimen #0
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ﬁrm-ﬂlhumiﬂ-mrmu-uumnmummum.smurm
T::thrd:nlr.lh:u:-iunﬁwwmt'unpu Them are several reasons for this
choice, some practical, some pacdogogical First, this topolagy allows direct prounding of the source,
avoiding the noed for & source-bypass capacitor, which must be very large in practice. Second, this
topology always guarasiees opsration of the FET in the saturation region, independent of FET parume-
bers. Third, it extends relatively pracefully from the discrete version 1o more integrated ones. Fowrth, a
we shall see, the ibea can be gencralized 10 include load biasing as well, Fifth, the resisior from drsin io
mdhwﬂrmlhdhhhﬁlﬂhhm.ummmhmwi-mlmmﬁm
amplifier designs. although ofiem on 8 more global scale, Finally, though s large resipor is sceded, and
mll-iut{p'ﬁ-:ulih'h]luﬂjnmlyhmﬂtmﬁmi:rﬂnimiumdﬂﬂ.nmuh
relatively easier io create with usual IC wechaologies.

E31 A CMOS Active - Loaded Amplifier
+185V

By s oyd

0+—2 w2 bl TR
B I_ J@' | o u.'ﬁr 1ora
@ = 1 G @
. 0.1pF

Figure 3.5 A CMQS Common-Source Amplifier

= (oal:
To demonstraic the relatively high gain availsble from an active-loaded CMOS ampdifies,

= Selup
O Assemble the circuil shown in Fig. 3.3 using (73, () and {4 1o provide a constani-cument
load 1o 0. Nole the substrale connections, &5 essential/

* Measurement:
a)  With the supply at |5 V, measure the dc voliages m nodes £ and ©. Eslimate the current
in @ and its g, using carlier messured data,
b)  Wilth a 0.1 Vpp tnangle wave at 10 kHz applied 10 node A. display the waveforms st
¥ nodes A, C and . Caboulaie the gains U, /v, , 0,/ 9.

* Tabulation:
Ve Woo U, Ty, B ANy, Wy S,

= Analysis:
Consider the relatively larpe guin you find with an active cument-source load. How does it
mﬂlﬂhuhhmml.ﬂh’ ijdwﬂuﬂﬂﬁﬂr,nl’ﬂ and {57

What is the effect of C; on amplifier performance? (This is easier w0 soe if you lower the input



Erequency somewhal |

E}.2 Noalinear Distortion
* Goal:
To evaluase the effects of signal size oa amplifier performance.

= Selup: :
O Use Fig. 5.5, as in E3.] above, with a 0.1 Vipp triangle wave at 10 kHz applied a1 A.

* Measurement:

a)  Superimposs the input and output signals (al A, D) by adjusting the gain of the "sode-A *
channcl appropriasely., {Note that you may want 10 we € a the ouput node 1o aveid Lhe
frequency dependent effecta of €y, which wad 1o "bend” the sides of the triangle wave.)

b Hw.rﬂ-ﬂnﬁwtuﬂlhh.uu-ty.uh'mﬂmnnrﬂum.ﬁuddlpﬁu,
Miﬂh‘muﬂﬁmmmpmmhﬁu:—muhﬂnm
C.

E33 Measuring the Input Resistance
Groal:

To evaluate the ¢ffect on input resistance of the feedback-biss technigue.

= Setap:
o mmﬂlhchnﬂtnlﬁ;lj.htwhhllm.nﬁmm-ﬂdhmnﬂ:ﬂ
and the gescrator af node |, '

* Measuremieni:
a)  Apply a 02 Ypp sine wave a J. Mcasure i peak-to-peak volisges sl nodes F, A, C.
Bstimaie the gain v, /v, and the squivalent input resivance £, evalused 1o the right of
node A .

* Tabulation:
e Uy Wy W A, M.

* Amnalysis:
Consider the valse of dse inpul resistance you have found What value did you expect? What
happened? [Hint: Think sbout the fact that the feedback resistor Rg has vy at lts laft and 4wy

at its rightl] [s your confidence shaken of reinforced?

lh—umhquumrmummm:

How did you like ihe idea of sctive losds? Now you realise that passive loads, like passive people,
are rather dull!



