PHYS127AL Lecture 8

David Stuart, UC Santa Barbara, October 19, 2021
More transistor circuits: Ebers-Moll, current mirror, differential amplifier, FETs




Review: Transistor rules of operation

1). Ve = 0.6 V or the transistor 1s off C
le., VB=VE+0.6 V
Once the transistor is on, AVp = AVE. . l .
2). Ic=pB Is. b
And by charge conservation Ig =Ig + Ic so Ig = Ic E
3). Vce > 0.2V
With these simple rules we can analyze most transistor circuits. Ver
We’ll add some nuance later today.
— oz
~ Vout
—
o
Vln Cin
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Review: Constant current source

We can use a transistor to pull a constant specified current through a load.

Vece=+5V

To get a constant ImA flow through Ry,
even as Rr changes, we can set Rg to 1k
and VEto 1 V.

That sets the value of Ig, which 1s equal to
Ic, regardless of Ry.

Choose R; and R> to make Vs =1.6 V.
Then VE=1.0 V.

I =1 mA.

Ic = 1 mA, regardless of R.

This works until Vc<Vg+0.2

Note that there is no input signal here.
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Review: Constant current source

We can use this to pull a specified current through a load.

To get a constant 1mA flow through Ry, even as Rp
Vecce=+5V changes, we can set Rg to 1k and VEto 1 V.
That sets Ig which is equal to Ic, regardless of Ry.

Choose the zener diode to make Ve = 1.6 V.
The zener reduces sensitivity to Vcc variations.

5 Y s
Breakdown: Reverse Forward :
- -t :

Vbri

<V
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Constant current source

We can use a transistor to pull a constant specified current through a load.
This 1s actually called a current sink since it pulls current from Ry.

Vece=+5V

If we wanted to push current through Ry
with the bottom of Rr. connected to
ground, then we need a different polarity

transistor. PNP vs NPN.

Rr § I
Turns on when

®
O 2
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Constant current source

We can use a PNP transistor to push a constant specified current into a load.

Vece=+5V

Now we can switch the location of Rr. and Rk.

The base’s bias voltage sets Rg which sets Ig
and hence Ic.

For 1 mA we could set Re = lkand VE=4 V.

That requires Vs = 3.4 V which we get from
R1 & Rz choice.

3.4 =5 Ro/(Ri+R2)
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IEbers-Moll model

The simple transistor rules we have been using aren’t the full picture.
Two examples of features 1t misses.

Gain limit with Rg=0. IL 1s temperature dependent.
Ve
Ri g Rc
|\_78ut
Cout
Vino_” ?
R2 RE RG
T
VEE
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IEbers-Moll model

Gain limit comes from intrinsic resistance in the transistor.
0(

VCC : IN914
Rc
R
|\_78ut
=
Cin Cout g 100 -
I ~
Vin °_| | r
re
R>
10
0 L
V (V)

There 1s a small current-dependent resistance present
even when Rg=0. Call itr,. 1. =25Q /I[mA]

0.6

0.7

0.6

=
~1
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IEbers-Moll model

Gain limit comes from intrinsic resistance in the transistor.

200

t."’[)j(i(“ b,

VCC 1N914
Rc
Ri I
|\_/8“t E C: g
in Cout %:\ 100 1= ;f : ]
Vino_l : |~ ) ) /
T, /
R> /
10
0| A :
— 0 0.6 0.7
VIV /
There 1s a small current-dependent resistance present
even when Rg=0. Call itr.. 1. =25Q/I[mA] /
And it is temperature dependent. T
B
IC — Is (eVBE/”VT _ 1) where VT — ; | .
0.6 0.7

V1 =25 mV at room temperature.

Is is also temperature dependent.
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More complete transistor model

We used simplified (Ot and 1st order) models:

1). Ve = 0.6 V or the transistor 1s off
[e.,. VB=VE+0.6V -
Once the transistor is on, AVs = AVE.

2). Ic =B Is.
And by charge conservation
Ie=1Igt+Icsolg=Ic

3). Vee > 0.2V

=1

(eVBE/nVT _ 1)
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More complete transistor model

We used simplified (Ot and 1st order) models:

1). Ve = 0.6 V or the transistor 1s off /
Le., VB=Ve+ 0.6V Io =1 (e —1)
Once the transistor 1s on, AVs = AVE.

2). Ic =B Is.
And by charge conservation
Ie=1Ig+Icsolg=Ic

3). Vee > 0.2V

A 2nd order correction incorporates effects from collector voltage differences

Ve Ve I
Ic = I (eVBE/”VT — 1) (1 + (E) — I (eVB“/”VT — 1) (1 + (E> - — (eVB(‘/”VT — 1)
) VAF VAR /BR

_ I_S ((ZVBE/nVT . 1) . i <(3VB(?/71VT _ 1) )
[317 BR

Iy

(Ebers—Moll equations with Early correction)
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More complete transistor model
We used simplified (Ot and 1st order) models:

1). Ve = 0.6 V or the transistor 1s off
l.e., VB=VE+0.6 V

Once the transistor 1s on, AVs = AVE.

10
N3

2) IC — B IB. - .
And by charge conservation . F—~f—~”/ﬂ’\fl
[e=Ig+Icsole=Ic —
3'[ Ip=10pA
3).Vce>0.2V N |

) 10
Ver (V)

A 2nd order correction incorporates effects from collector voltage differences

=k (GVBE/RVT — 1) (1 + V(E> — I (eVB("/"VT — 1) (1 + VVCE) I (GVB(‘./RVT _ 1)

Var/) Br
I
I, =

— (GVBE/HVT _ 1) . £ <(3VB(1/'71VT . 1) .
B Br

(Ebers—Moll equations with Early correction)
DavidStuart@UCSB.edu
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More complete transistor model

We used simplified (Ot and 1st order) models:

1). Ve = 0.6 V or the transistor 1s off
l.e., VB=VE+ 0.6 V
Once the transistor 1s on, AVe = A

2). Ic =P Is.

And by charge conserva =

Ie=Is+Icsolg=Ic 8

-jf —10p i
3). VCE > 0.2 V “0 5 A 6 8 10
- Ver (V) “
A 2nd order correctg &‘{\ ‘cts from collector voltage differences
Ic — (GVBE/nVT — Is (GVBC/nVT — ].) (1 —+ VCE) — é (GVBC/nVT — ].)
VAR ﬂn

S (eVBE/nVT . 1) . é (eVBC/nVT . 1) .

(Ebers—Moll equations with Early correction)
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Ditterential amplifier

If we try to transmit a signal a long distance, we need to worry about
RF pickup because the wires act as an antenna (or capacitively couple).

We could amplify the signal before transmitting to make it large
compared to any pickup. But then 1t becomes a powerful transmitter
causing pickup on other wires nearby.

DavidStuart@UCSB.edu Phys127AL Lecture 8: More transisu. 14
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Ditterential amplifier

If we try to transmit a signal a long distance, we need to worry about
RF pickup because the wires act as an antenna (or capacitively couple).

We could amplify the signal before transmitting to make it large
compared to any pickup. But then 1t becomes a powerful transmitter
causing pickup on other wires nearby.

Best to transmit signals with small signals that are immune to pickup;
use low-voltage differential signals (LVDS) on twisted pairs of wires.

Shielded twisted pair (STP)

- /::/A/p
S
—

LW
WP
g
Y,
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Ditterential amplifier

Non-inverted

w\'I /,‘,um»rwvn&q\lj fwi-ull \M\MMII ",l‘ r,*mw.wa,-«u\l r’.\,wm-o-»,llll ; MMI ",.A-N':‘Kwﬁll 1"""“\ r..vm»nwwﬂ { WWM& ’
11 ! f | / f | |II
y \”. \‘ f \f A[ \ ‘.II I{I : y
zl l Hll }I L ‘L f ! I| &
J [ " Inverted L | i I
\

‘J |I I| f \ [ Ll II ! | I ‘ L
N.Jq/ \“NWMM “ler L\—»«u—,« kb*’w,.q) k’(h’wvﬁqu“ ,p.. . w.'«}

I |
! ~ f I {
o \""M.-h._.'\.m«pw} \ﬂ.\m) \ﬁwmvﬂmup‘«ﬂj

f |
W \""‘M«Wwym-“ \"\W'v') \*‘-w.mwu‘

Differential
—

A ksl NW@MMMW,

\

10,0/ 1 | | W22 1800

| DC50 [ DCE0 Tbase  -20.4 nsfTrigger (SIS
500 mV/div 500 mV/div 500 mV/diJ 20.0 ns/div |Stop  -30 mV|
0 mV offset 0 mV offset 20.0 ns/di 4 kS 20 GS/s |[Edge Either|

Signal+ =
Signal-
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Ditterential amplifier

A

Sender Receiver

m; L
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Ditterential amplifier

Analyze this by 1st calculating Va.

Va = VEeg + IeeREE

Ieg = Ig1 + Ig2
= (VE1-VA)/RE + (VE2-VA)/RE
= (VE1+VE2)/RE - 2VA/RE

Va = Ve + Ree/Re (VE1+VE2)/RE - 2REEVA/RE

ReEVEE + Reg (VE1+VE)
Re + 2REE

Va=

DavidStuart@UCSB.edu
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Ditterential amplifier

+Vee

+Vee

Analyze this by 1st calculating Va.

Va = VEeg + IeeREE

Ieg = Ig1 + Ig2
= (VE1-VA)/RE + (VE2-VA)/RE
= (VE1+VE2)/RE - 2VA/RE

Va = Ve + Ree/Re (VE1+VE2)/RE - 2REEVA/RE

ReEVEE + Reg (VE1+VE)
RE + 2Ree
REeE
RE + 2REe
[f AVE1 =- AVEg2 then AVA =0

Va=

AVa = (AVE1 + AVr2)

DavidStuart@UCSB.edu
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Ditterential amplifier

+Vee

R

U1

Q1

Va

+Vee

Analyze this by 1st calculating Va.
Va = Ve + [geReE
Ieg = Ig1 + Ig2
= (VE1-Va)/RE + (VE2-Va)/RE
= (VeE1+VE2)/RE - 2VA/RE

Va = Ve + Ree/Re (VE1+VE2)/RE - 2REEVA/RE

ReEVEE + Reg (VE1+VE)
RE + 2Ree
REeE
RE + 2REe
[f AVE1 =- AVEg2 then AVA =0

Va=

AVa = (AVE1 + AVr2)

This makes the right side just a common-emitter
amp with vout = (-Rc/REg) v2
Ifv2 =-AVin/2 = - vin/2 then vour = (Rc/RE)vin/2.

DavidStuart@UCSB.edu
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Ditterential amplifier

+Vee +Vee

R

U1

Q1

Va Va

Differential gain = Rc/2REg

Analyze this by 1st calculating Va.
Va = Ve + [geReE
Ieg = Ig1 + Ig2
= (VE1-Va)/RE + (VE2-Va)/RE
= (VeE1+VE2)/RE - 2VA/RE

Va = Ve + Ree/Re (VE1+VE2)/RE - 2REEVA/RE

ReEVEE + Reg (VE1+VE)
RE + 2Ree
REeE
RE + 2REe
[f AVE1 =- AVEg2 then AVA =0

Va=

AVa =(AVE1 + AVr)

This makes the right side just a common-emitter
amp with vout = (-Rc/REg) v2
If V2 - 'AVin/z - - Vin/2 then Yout — (RC/RE)Vin/z.
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Ditterential amplifier

V.

— VEE

Common mode gain = -Rc/(Rg+2REE)
Differential gain = Rc/2REg

Now consider the common mode

signal, where vi =v2=v =veu
That makes Alg1 = Algz & Algg = 2AlE;

Written with ‘“variation notation’ its
ie1 =igp  and igg = 2iE]

S0, AVa = va = iEeREE = 2iE1REE
Now use Ohm’s law to find ig1 as
ie1 = (Ve-va) / RE

= (vem - 2ie1REE) / RE
So,
ie1 = vem/ (RET2REE)

Vout = -IE1 Rc = - vem Rc/ (RE+H2REE)

DavidStuart@UCSB.edu Phys127AL Lecture 8: More transistors
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Ditterential amplifier

Get positive gain by selecting output
from v, = -v/2

+Vee +Vee

Don’t need output from other side, but
we do need the other side to get the
common mode suppression.

Comment on “CM” jargon.

To maximize the CMRR = Gpitt/ Gem
make REgk large.

A current source has infinite
~ Ve impedance.

Common mode gain = -Rc/(Rg+2REE)
Differential gain = Rc/2REg
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Ditterential amplifier

+Vee

+Vee

—Veg

Common mode gain = -Rc/(Rg+2REE)
Differential gain = Rc/2REg

Get positive gain by selecting output
from v, = -v/2

Don’t need output from other side, but
we do need the other side to get the
common mode suppression.

Comment on “CM” jargon.

To maximize the CMRR = Gpitt/ Gem
make REgk large.

A current source has infinite
impedance.

DavidStuart@UCSB.edu
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Ditterential amplifier

Ve To maximize the CMRR = Gpir/Gem
J make REgk large.
M

A current source has infinite
impedance.

A current mirror makes Rc large for
differential signals and small for
common mode.

So this circuit gives very maximal Gpitr
and a large common mode rejection
ratio. But we no longer control the
gain; we’ll see how to do that

Common mode gain = -Rc/(Rg+2REE) separately later.
Differential gain = Rc/2REg
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ICurrent limiter

Separate from having a constant current, we often want to limit I<Imax.
Vce

If Q2’s VBe<0.6 V it turns off, so no current flows
through Ry and Q1 has a high Vi and Qg 1s on.

If enough current flows to cause the voltage drop
across Rs to go above 0.6 V, Q2 turns on and
current flows through Ry. That reduces the base
voltage of Q1, lowering the current through Qi
and hence the current through Rs to turn off Q..
This rapid on/off leads to an equilibrium at the
max current of 0.6/Rs.

I.e., attempts to increase the load current beyond
I = 0.6/R; (either by higher Vcc or lower Ry) will
lead to a max current of 0.6/Rs.

E.g., Rs = 0.6Q limits load current to 1 A.
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Intuition on transistor operation

It may help your intuition to think about the changing voltage drops

Set gain = 5 and choose quiescent point of
VE=0.5 and Vc=2.5

Requires Vg = 1.1, so pick R»=100k and

calculate R with

VB =Vcc 100k / (R1+100Kk)

R1 =100k Vcc /Ve - 100k =350 k

Vece=+5V

Ri=350k
Rc=5k

Il]gut
C 5 At t=0 ; |
out 85— V()]ta_ge dr()ps
» Q1 e |
Vlno—|CI Lo S RE—>OSSoI OSmA
n 3.5 RC—>25 _
3

Ql—?30 7

VEE 0.5

—_— 0IIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time [ms]

R>=100k
Re=1k
TTTT ””I lllTllllTllllmlllllll|I|[||||||ll||[”
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Intuition on transistor operation

It may help your intuition to think about the changing voltage drops

Set gain = 5 and choose quiescent point of
VE=0.5 and Vc=2.5

Requires Vg = 1.1, so pick R»=100k and

calculate R with

VB =Vcc 100k / (R1+100Kk)

R1 =100k Vcc /Ve - 100k =350 k

Vece=+5V

Ri=350k
Rc=5k

Il]gut
C 1 ACt=03 | |
out Py e T— V()]ta_ge dr()ps
® Q1 e ‘
Vm°_|c' e Re—0.6501=06mA
m 3.5 RC _) 3 O :
3

Ql—?14 |

VEE 0.5

—_— 0IIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time [ms]

R>=100k
Re=1k
TTTT ””I lllTllllTllllmlllllll|I|[||||||ll||[”
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Intuition on transistor operation

It may help your intuition to think about the changing voltage drops

Set gain = 5 and choose quiescent point of
VE=0.5 and Vc=2.5

Requires Vg = 1.1, so pick R»=100k and

calculate R with

VB =Vcc 100k / (R1+100Kk)

R1 =100k Vcc /Ve - 100k =350 k

Vece=+5V

Ri=350k
Rc=5k

Il]gut
C E] A{=0.9 | |
out Py e T— V()]ta_ge dr()ps
Vlno—|CI A RE—>04soI 04mA
n 3.5 RC—>20 _
3

Ql—?26 7

VEE 0.5

—_— 0IIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time [ms]

R>=100k
Re=1k
TTTT ””I lllTllllTllllmlllllll|I|[||||||ll||[”
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Intuition on transistor operation

It may help your intuition to think about the changing voltage drops

Set gain = 5 and choose quiescent point of
VE=0.5 and Vc=2.5

Ri=350k
A~

V1r1°_|l T

Cm

R>=100k
—_—

Vee=+5V Requires Vg = 1.1, so pick R,=100k and
v calculate R; with
S Vs =Vcc 100k / (Ri1+100Kk)
~ Vo Ri =100k Vce /Ve - 100k =350 k
Cow  L.F  AU=09 1 | ]
5 T Vohgedrops
EPe=0.16 Re—04501=04mA
3.SE—PC_08 Rc—>20 :
o sg—P =104 Q1—>26
I 2.5; : ‘
e 2;—
VEE 05 » |
— 00_I - I0.1I - I0.2I - I0.3I - I0.4I - l0.5I - I0.6I - l0.7I - I0.8I - Iot|9rrllel [Imls]1
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Intuition on transistor operation

It may help your intuition to think about the changing voltage drops

Set gain = 5 and choose quiescent point of
VE=0.5 and Vc=2.5

Requires Vg = 1.1, so pick R»=100k and

calculate R with

VB =Vcc 100k / (R1+100Kk)

R1 =100k Vcc /Ve - 100k =350 k

Vece=+5V

Ri=350k
Rc=5k

| At =03 | |
© Voltage drops:
® Q1
Vm°—|C| EPE=036 Re—0.6501= O6mA
" 3'5_Pc—18 Rc—=3.0" -
s—PQ 084 Q1—>14 |

IIII|IIIIIIIII

h‘J

TTTT

VEE 0.5

—_— 0IIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time [ms]

R>=100k
Re=1k
TTTT lll]l IHTIIIITIIIImIIH
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Intuition on transistor operation

It may help your intuition to think about the changing voltage drops

Set gain = 5 and choose quiescent point of
VE=0.5 and Vc=2.5

Requires Vg = 1.1, so pick R»=100k and

calculate R with

VB =Vcc 100k / (R1+100Kk)

R1 =100k Vcc /Ve - 100k =350 k

Vece=+5V

Ri=350k
Rc=5k

Cout e A0
Vino—| ¢ Qi _\Voltage drops: |
n c' 4 P =025 Re—0.5501= OSmA
3 P —

Ql—?30 7

R>=100k
Re=1k

VEE 0.5

—_— 0IIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
time [ms]

TTTT IIIII lllll]ll T | Illlllllll[lll|llll|l[l]
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Power transistors

If we wanted to drive a high current load, like a speaker, we need a low
Rc (Xout), and a low REg. So transistor dissipates a lot of power.

:

Vino_” ? Ql

m

Vecce=+5V

Heat sinks

Ri=350k
=5k

Rc

R>=100k
=1k

REe

VEE
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Power transistors

If we wanted to drive a high current load, like a speaker, we need a low
Rc (Xout), and a low Rg. So transistor dissipates a lot of power.

Vece=+5V
v
=
A 7
I I
o § ~
Il]gut
Cout
Vino_” ? Qi

R>=100k
Re=1k

VEE

Speakers are usually 8Q, so we
need a very small Rc to match.

And a very large Cou for audio
frequency: 20 Hz = 1/RC = 1/8*C
C =1/160 = 6mF!
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Power transistors

If we wanted to drive a high current load, like a speaker, we need a low
Rc (Xout), and a low Rg. So transistor dissipates a lot of power.

:

l
Vino] 'm [ 2 1 Better to set the Vour quiescent
point at ground, with a dual
power supply, and DC couple the
output.

Speakers are usually 8Q, so we

=+
Vee >V need a very small Rc to match.

Ri=350k
Rc=5k

And a very large Cout for audio
Vout I frequency: 20 Hz = 1/RC = 1/8*C

C=1/160 = 6mF!

R>=100k
Re=1k

VEe=-5V
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Power transistors

If we wanted to drive a high current load, like a speaker, we need a low
Rc (Xout), and a low Rg. So transistor dissipates a lot of power.

B Even better to use an emitter
Vee=+35V

9 follower as the output stage.
Amplification done in a previous
stage. This just drives the speaker.

RE still needs to be small, with

Vin high power to V.

Vee=-5V
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Power transistors

If we wanted to drive a high current load, like a speaker, we need a low
Rc (Xout), and a low Rg. So transistor dissipates a lot of power.

Fix that by making the speaker be Rg

+VCC .
Connect it only to ground
But need two transistors to drive it;
They push and pull current.
‘/in o——* I
_VEE
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Power transistors

If we wanted to drive a high current load, like a speaker, we need a low
Rc (Xout), and a low Rg. So transistor dissipates a lot of power.

Fix that by making the speaker be Rg

+VCC .
Connect it only to ground
But need two transistors to drive it;
They push and pull current.
But there 1s a cross-over distortion

Vi, o—o between +0.6 and -0.6 V.
re— Vy
_VEE

DavidStuart@UCSB.edu Phys127AL Lecture 8: More transistors 38



mailto:DavidStuart@UCSB.edu
mailto:DavidStuart@UCSB.edu

Power transistors

If we wanted to drive a high current load, like a speaker, we need a low
Rc (Xout), and a low Rg. So transistor dissipates a lot of power.

+Vee
Fix that by making the speaker be Rg
Connect it only to ground
But need two transistors to drive it;
They push and pull current.
But there is a cross-over distortion

v .. I between +0.6 and -0.6 V.

Fix that by biasing each transistor by
— just enough (0.6 V) to turn on when
Vin goes above or below zero.

~Viw A diode does that, but temperature
sensitive.
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Power transistors

If we wanted to drive a high current load, like a speaker, we need a low
Rc (Xout), and a low Rg. So transistor dissipates a lot of power.

Ve
0 Fix that by making the speaker be Rg
Connect it only to ground

But need two transistors to drive it;
They push and pull current.

But there is a cross-over distortion

Via I between +0.6 and -0.6 V.

Fix that by biasing each transistor by
— just enough (0.6 V) to turn on when
Vin goes above or below zero.

Vi A diode does that, but temperature
sensitive. So use 1dentical copies of
the push-pull transistors. (Ebers-Moll)
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Field effect transistors (FETS)

The NPN and PNP transistors we’ve discussed so far are called bi-polar
junction transistors (BJT). FETs operate under a different mechanism.

drain This is a junction FET (GJFET) where a p-type
T Ip  region is implanted within an n-type bulk. The
depletion region can be controlled by the gate.
— N Lower Vg increases the depletion.
N [=nAqv
So changing the gate voltage controls n and I.
. Like pinching off a hose.

gate o—

anode ©° N o cathode

net F-field
depletion zone | B — \\ .
_ . o
. + | | . B
OV o— | - I ———o +V
+ ) I
+ : < [/ \\ | -
source — ~ \

net — charge depletion zone et + charge
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Field effect transistors (FETS)

The NPN and PNP transistors we’ve discussed so far are called bi-polar
junction transistors (BJT). FETs operate under a different mechanism.

drain This is a junction FET (GFET) where a p-type
T Ip  region is implanted within an n-type bulk. The
_ depletion region can be controlled by the gate.
N N Lower Vg increases the depletion.
< I=nAqv
A So changing the gate voltage controls n and I.
1 Like pinching off a hose.

gate o—

|
/ anode ©° N o cathode
/

/ net F-field
y P \
P . I - \ T —
_ + . :
== + - :
OV o—— n | | —o +V
| € I -
t )~ — =
source N, ~ \

net — charge depletion zone et + charge

DavidStuart@UCSB.edu Phys127AL Lecture 8: More transistors 42



mailto:DavidStuart@UCSB.edu
mailto:DavidStuart@UCSB.edu

Field effect transistors (FETS)

The NPN and PNP transistors we’ve discussed so far are called bi-polar
junction transistors (BJT). FETs operate under a different mechanism.

drain

T Io

gate o—

source

This is a junction FET (JFET) where a p-type
region is implanted within an n-type bulk. The
depletion region can be controlled by the gate.
Lower Vg increases the depletion.

[=nAqv
So changing the gate voltage controls n and I.
Like pinching off a hose.

drain

o
gate —»—‘

source
n-channel
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Field effect transistors (FETS)

The NPN and PNP transistors we’ve discussed so far are called bi-polar
junction transistors (BJT). FETs operate under a different mechanism.

drain

gate o—

source

This 1s a junction FET (JFET) where a p-type
region is implanted within an n-type bulk. The
depletion region can be controlled by the gate.
Lower Vg increases the depletion.

I=nA

qvVv

So changing the gate voltage controls n and I.
Like pinching off a hose.

drain

o

gate —»

n-channel

-

source

drain

o

gate —e

-

source

p-channel
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Field effect transistors (FETS)

The NPN and PNP transistors we’ve discussed so far are called bi-polar
junction transistors (BJT). FETs operate under a different mechanism.

drain This is a metal-oxide-semiconductor FET
T (MOSFET) where a thin capacitor is placed over
a p-type region between two n-types. No current
N P flows because of depletion regions. But a positive
voltage on the gate (wrt the body) induces

‘ negative charge carriers in the p-type region.
—\ Called n-channel since n-type carriers move.

metal layer 3 : body drain
gate o e [ induced n-channel |
oxide insulator |I < bOdy
N gate ‘
l source

source
n-channel
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Field effect transistors (FETS)

The NPN and PNP transistors we’ve discussed so far are called bi-polar
junction transistors (BJT). FETs operate under a different mechanism.

drain _ .
If we switch to n-bulk then a negative voltage
on the gate (wrt the body) induces positive
p charge carriers in the p-type region.
P R (p-channel).
\ N
+|
+ |
+ |
metal layer . \ body drain
1\
+
gate o & [ induced p channel
oxide insulator P | | bOdy
X gate ‘
l source
source

p-channel
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Field eftect transistors (FETs)

Electro-static discharge (ESD) 1s a risk for
MOSFETs due to thin oxide.

drain

|
metal layer \ body

+ —~;
gate o ELgN induced p channel

oxide insulator P
N

source

DavidStuart@UCSB.edu Phys127AL Lecture 8: More transistors

47


mailto:DavidStuart@UCSB.edu
mailto:DavidStuart@UCSB.edu

