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Nonlinear Elements

Diodes —
pn junction - 'ﬁ
Zener -

o

Transistors

Field Effect Transistors — (FETS)

Z\VN3306A -NMOSFET
Z\/P3306A -PMOSFET

Bipolar Junction Transistors — (BJTS)
PN2222 -NPN BJT




Instrumentation

Peak Electronics
DCA75 - Atlas DCA Pro Advanced Semiconductor Analyzer




Instrumentation




Instrumentation

' N Peak DCA Pro

DCAPro Data Graph Help
Identify PN Junction BJTIc/Vce BJThFE/Vce BJThFE/Ic BJTIc/Vbe BJTIc/Ib

Test
Diode junction | Anode(+) | | Cathode() |
Red-A Blue-K Diode

V{=0.649V at 5.00mA

A(+)

K(-)

New result received.

I DCA Pro connected

= Diode Junction is displayed for
diodes or diode junctions (pn
junctions).

= Forward voltage measured at
a nominal test current of 5.0mA
+0.25mA.

= Voltage accuracy is typically +
1% +0.006V.

= Valid forward voltage range is
0.15V-1.49V.

® Infra-red LEDs may fall within
this voltage range.

Diode junction .




Instrumentation

& Peak DCA Pro

DCAPro Data Graph Help

A-K

Find turn-on voltage V;

- a X

e

Identify PNJunction BJTIc/Vce BJThFE/Vce BJThFE/Ic BJTIc/Vbe BJTIc/Ib

PN Junction |/ V

7. oo ,

12

I (mA)

0.0 C.1

Anode| Red -A
Cathodg Blue-K
Bias | Forward
Third lea| Open

DCA Pro connected

€ | €176

0.8

VF

Diode junction :




Instrumentation

@ Peak DCA Pro

DCAPro Data Graph Help

Identify PN Junction MOSFET Id/Vds MOSFET Id / Vgs

Test

N-Ch Enhancement mode MOSFET
Red-G Green-S Blue-D
Vgs(on)=2.290V at Id=5.05mA and
lg=2pA

Vgs(off)=1.631V at I1d=5.2pA
gm=25.2mA/V at Id=3.0mA to
5.0mA

Rds(on)=4.5Q at I1d=5.0mA and Vgs=
8.0V

with body diode

DCA Pro connected

N-Ch Enhancement mode
MOSFET D

New result received.

= The gate “on” threshold is »
determined when drain
current is 5.0mA +0.25mA.

= Gate threshold voltage
accuracy is typically +2% +
0.01V.

= Transconductance is
measured for a typical range
of drain current from 3mA to
5mA.

= Transconductance is
generally much larger at
higher drain currents,
particularly for power
MOSFETs.

= Transconductance accuracy
is typically +5% +2mA/V for
values less than 20mA/V.

= Transconductance accuracy
is typically +10% +5mA/V for
values more than 20mA/\V.

= Most MOSFETs have a
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Instrumentation Find threshold voltage V,,

®H Peak DCA Pro - O X
DCAPro Data Graph Help _ I 15
Identify PN Junction MOSFET Id/Vds MOSFET Id / Vgs
MOSFET Id / Vds
—— Vg5=1.400V === Vgs=1500V = Vgs=1600V —— Vgs=1.700V === Vgs=1.800V
e VGS=1.900V = V(s=2 000V —— Vgs 2.100V Vgs 2.200V =— Vgs 2.300V
o) : EE——" e ——— — . — B S T y
DT — Vgs=2 300V]
S -
<
Eof :
= Vgs=2.200V
N - : -
S _ Vgs=2 100V
- S — E~1vgs'190v:ﬂ,
-1 3 4 5 6
Vds
Pinout:
Red- A
G
el st

N-Ch Enhancement mode MOSFET




Transfer Characteristics

Transfer Characteristics

A relation describing the amplitude input-output relationship of a
device (I-V curve).

A sufficient characterization in most engineering problems for
Instantaneous systems (present output does not depend on future or
previous values). These systems are sometimes referred to as

memoryless and are typical of systems with no energy storage
elements.



PN junction diode

int /sloperd
>
: V
| f V
Y _E Reverse Forward D
bias bias
SZVD —> |
+ gD
X Iy
open
V
X D +V
Vi

The band on the component usually
denotes the cathode terminal




Zener diode iz (MA)

Symbol

—Vzk open
( | Vix z (V)
i Reverse
YZ breakdown Reverse fc?rward
+ — bias bias
v, = | | !

e

VzK  + \
Vy i Vz
I, — |

The band on the component usually
denotes the cathode terminal




n-Channel MOSFET

A Metal-Oxide-Semiconductor field-effect transistor
(MOSFET) is presented for charge flowing in an n-

channel:

B — Body or
Substrate

GJ D — Drain
S G — Gate

TATC

S — Source

For many applications the body is
connected to the source and thus
most FETs are packaged that way.



FET Operation

The current flow between the drain and the source
can be controlled by applying a positive gate voltage:

Three Regions of Operation:

Ip Cutoff region
(VGS < Vtr)
+ —— Triode region

oy T—
I P (Vas 2V, Vps< Vgs - Vi)

Constant current region
(CCR) (saturation)

(VGS Z Vtr ’ VDS 2VGS B Vtr)




Cutoff Region

In this region (Vg5 < V,,) the gate voltage is less than the threshold
voltage and virtually no current flows through the reversed biased
PN interface between the drain and body.

— Ip Typical values for V,, (or V,,) range
______ from 1 to several volts.
ety Cutoff region: 1,=0
+ —
Vs =
+ T .
Ves —




Triode Region

In this region (Vg > V,, and Vg < Vg -

V., ) the gate voltage

exceeds the threshold voltage and pulls negative charges toward the
gate. This results is an n-Channel whose width controls the current

flow I between the drain and source.

+ —_—
- Vs =

Triode Region:

(Vs > Vir» Vps < Vgs - V)

tr v
Ip = (vaj%[Z(\/Gs —VirVDs —VSS]
where: Ky = unCox

product of surface mobility of
channel electrons x, and gate
capacitance per unit area C_, in
units of amps per volts squared,
W is the channel width, and

L is channel length.



Constant Current Region (CCR)

In this region (Vg4 >V, and Vg - V,, < V5s) the drain-source voltage
exceeds the excess gate voltage and pulls negative charges toward the
drain and reduces the channel area at the drain. This limits the current

making it more insensitive/independent to changes in V.

CCR: Vs > Vi, Vs = Vs - Vy

L

K
10~ |52 Vs Vi)’

) * T—" The material parameters can be
I_ Vbs ——— combined into one constant:

B lp = K(Vgs — V)
At the point of beginning of CCR
(Saturation), for a given Vg, the

_ following relation holds:
5= KVpq

VGS




NMOS Transfer Characteristics

The relations between 1 and V¢ for the operational regions of the
NMOS transistor can be used to generate its transfer characteristic.
These can be conveniently coded in a Matlab function

function ids = nmos(vds,vgs,KP,W,L,vto)

% This function generates the drain-source current values "ids" for

% and NMOS Transistor as a function of the drain-source voltage "vds".
% 1ds = nmos(vds ,vgs,KP,W,L,vto)

% where "vds" is a vector of drain-source values

% "vgs" is the gate voltage
% "KP" is the device parameter
% "W" is the channel width
% "L" is the channel length
% "vto" is the threshold voltage

% and output "ids" is a vector of the same size of "vds"
% containing the drain-source current values.



NMOS Transfer Characteristics

ids = zeros(size(vds)); % Initialize output array with all zeros
k = (W/L)*KP/2; % Combine devices material parameters
% For non-cutoff operation:
if vgs >= vto
% Find points in vds that are in the triode region
ktri = find(vds<=(vgs-vto) & vds >=0); % Points less than (gate — threshold voltage)
% If points are found in the triode region compute ids with proper formula
if ~isempty(ktri)
ids(ktri) = k*(2*(vgs-vto).*vds(ktri)-vds(ktri).”2);
end
% Find points in saturation region
ksat = find(vds>(vgs-vto) & vds >=0); % Points greater than the excess voltage
% if points are found in the saturation regions compute ids with proper formula
If ~isempty(ksat)
ids(ksat) = k*((vgs-vto).”2);
end
% If points of vds are outside these ranges, then the ids values remain zero
end
end



NMOS Transfer Characteristics

Plot the transfer characteristics of
an NMOS transistor where KP =
50 uA/V?, W= 160 um, L= 2 um,
V=2V, and for VGS =[5, 1, 2, 3,
4,5, 6] volts 301

35

Triode Region
<+—— Boundary

25~

vgs=[.5,1,2,3,4,5, 6]
vds =[0:.01:4]; o VGS =6
for kc = 1:length(vgs)

<

S
ids = nmos(vds,vgs(kc),50e-6,160e-6,2¢-6,2); 5 nl ves=s
figure(1); plot(vds,ids*1000)
hold on ok VGS = 4 vQaturation Region
end Boundary
ids = (50e-6/2)*(160e-6/2e-6)*vds.A2; al NG IDS=K(VDS)?
figure(1); plot(vds,ids*1000,'g:") VGS =3
hold off LT . \es=21.80s,
XIabeICVDS in VI) 0 0.5 1 1.5 VDSZinV 2.5 3 3.5 4

ylabel('ID in mA")



Find K from Curves

Recall at the start of CCR the following holds:

From graph: 1, =KV
0.4 = K1.5
0.7 = K2.6?

1.5=K3.4°

One way to estimate K is to
compute it for each equation and
take the average. In this case it
becomes K=.137 A/\VV2, which for
W=L=1, implies:

K,= K*2=0.274 AIV?

2

—
i

| o DRAIN-S0URCE CURRENT (A}
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I, = KV,
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Vpg - DRAIN-BOURCE VOLTAGE (V)



Find K from Curves

From graph: | — KV2 A better approach uses a least-squares solution
P PS that gives the error in each equation equal

0.4=K15%  weight. Find K to minimize mean square error
0.7 = K2.62 for the measured data:
M 2
— 2 2 1 2
1.5=K3.4 <E >:_Z(| o _KVDSi)
M=
Take derivative with respect to K and set equal to 0 to obtain:
M
> Vil or)

K . =it < - (4x1.52 +.7x2.6> +1.5x3.4°)
R s 2 2 2 2 2 2
Z(\/DZSiVDZSi) (1'5 x1.5°+2.6°x2.6°4+3.4°x3.4
i—1

which for W=L=1, implies: K,= K s*2 = 0.2492 A/V?

=.1246
)

< >



Diode TC (I-V curve)

Use Atlas DCA Pro Advanced Semiconductor Analyzer to
obtain the diode I-V curve. Find the turn-on voltage V.

Diode Transfer Characteristic

25 = L L L L
Saturation from instrument range
20 - y
Vg |
I, =1 | exp -1 r
!
nV; |
8 15- .
£
© h
= i
IS )
= ."//
5 10 ] 1
5 | J/ |
0.8 1

0
0 0.2 0.4 0.6
Vd in Volts



FET TC (I-V curve)

Use Atlas DCA Pro Advanced Semiconductor Analyzer to
obtain the FET I-V curves. Find the threshold voltage V.
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