NMOS examples

Vo=t
For the circuit shown, use the the NMOS 2
equations to find ip and vps. D ll
2 kQ D
For the NMOS, Vr=1.5V and K = 0.5 mA/V2. i
vgs = Vg =4V — the NMOS is on. _,_I_,Z)DS

|z T Ues | =

Assume that the transistor is in saturation. 4N N= =
v

b= K (rea V)P o (o.5mA /VZ) 4V — 1.5V]? = 3.125mA
UODs = VDD == iDRD = 10V — (3125mA) (2kQ) == I Y
Ogs VT:4V—1.5V:2.5V

Ups > vgs— VT — saturation confirmed. Q.E.D.
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Example 2 V.,=10V
For the circuit shown, use the the NMOS R,
equations to find ipand vps. 2 kQ) liD
For the NMOS, Vr=1.0V and K = 0.5 mA/V2. e
Since Vg > VT — the NMOS is on. V. T I Ups
Guess that the transistor is in saturation. 5V ; £ _R

10

iD — K(UGS s VT)2
vgs = Vg —isRs (and is = ip, as always for a FET)
I K = Ra

— K [R%i%) =2tV ViR il VT)z}

Re-arranging:

L ey
- R Rg ~ e Rs
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a5 o o
KR Rs | Rs

Plug in the numbers:

l% — [10 mA]ip + [9 mAZ] =0 —b + \/b2 — 4qac
2a

Use the quadratic equation: SRRt

ip=9 mAorip=1mA. x__?J_ b 2—c
Eamm 2

Which is right? Check the vgs for both.

If ip=9 MA, vgs=Vg—ipRs=4V-9V =-5V. No way! The
NMOS would not be on in that case. This root cannot be correct.

Ifip=1mMA, vgs=Vs—ipRs=4V-1V =3 V. OK, this is consistent.

Finally, Ues = Vr=Vo=1pRs=tVr=2 NV and vps=Vop—=1oRp=1pKs =7V

vps > vcs— VT — saturation confirmed.
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Example 3 %

b Y

For the circuit shown, use the the NMOS equations o

to find ip and vps. .-|l-ZD

or the NMOS, Vr =1.5V and K= 0.25 mA/V2. \ Vi

+

First note that vgs = vps, so the NMOS must be oL =

in saturation. (vps > vgs - V1) No guess needed. It
Since Vpp > Vr — the NMOS is on. 2.2 kQ

And is = ip (always for a FET) and don’t forget that ig = O.
ip = K (vgs — VT)2 vGgs = Vpp — 1s5Rs
s R TR e

=K [Rél% — 2 (VDD — VT) Rgsip + (VDD = VT)z}

(Same basic form as Example 2.)

2 _{ L 2<VDD_VT)}Z-D | [VDD—VT]ZZO
p e e Rg R
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2 _{ 1 Z(VDD—VTHI.D [VDD—VT]Z_O
2 |IKR? Rs Rs

Plug in the numbers:
2 _[6.74 mA]ip + [8.73 mAZ] st
Use the quadratic equation:

ip=4.99mAorip=1.75 mA.

Which is right? Check the vgs for both.

If ip =4.99 mA, vgs = Vpp —ipRs =8V-10.98V =-2.98V. Nope - the
NMOS would not be on in that case. This root is bogus.

If ip=1.75 mA, vgs = Vpp —ipRs =8V-3.85V =4.15V. OK, this
works.

Finally, vps = vgs = 4.15 V.
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Example 4 AT
For the circuit shown, use the the NMQOS equations

to find ip and vps. 5o 11.
21Oy D

For the NMOS, Vr=1.5V and K = 0.5 mA/V2. .

ves = Vg = 10V = the NMOS is on. i T
V. =

+ (Y
This looks like a lot like the first example. So 19 v \.= i
start by assuming that the NMOS is in saturation. v

s T (0.5mA /VZ) 10V — 1.5V]> = 36.125mA
UOpDs = VDD 1 iDRD = 10V — (36125mA) (21(Q) — —62.25V

Red Alert! There is a serious problem here. Apparently the NMOS is not
in saturation. So try the ohmic equation.

iD =K [2 (UGS == VT) Ups|— 2)1235}

Unfortunately, we don’t know either ip or vps. So we need a second

equation.
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iD =K [2 (UGS == VT) vpsi— UIZDS}
Use Ohm’s law on the drain resistor to get a second equation:

e V'bp — Ups
Rp
We can use these to solve for either ip or vps. Setting the two equal and
solving for vps is probably slightly easier.

=11

V L
DDRD D5 =K [2 (ZJGS = VT) JpDg — U%DS]

1 V
. 5 DD
Re-arrange: Ups — 2 \Wes Wnk s KRp = KRp

Plug in numbers: Uhs — [18 V]vps + 10 V2 =0

Solve: vps = 0.574V orvps = 17.43 V.

It should be obvious that the larger value is way too big — it’s bigger than
Vbp. Also, since the NMOS is in ohmic, we expect vps to be small. So

we choose the smaller value as correct.

e 10V — 0.573 V
i e — 471 mA

RD 2kQ) NMOS examples — 7

EE 230



Example 5

EamaE : V=8V
For the circuit shown, use the the NMOS equations ;
to find ip and vps.
For the NMOS, Vr =1V and K =0.25 mA/V?. R, % Kp liD
150 kO 2.2 kO
First note that since ic =0, R; and R, form a +
simple voltage divider, and V. ¢ - I -
R
- RZ Sl Rl 7 RZ R
S
Since Vg > V1, the NMOS should be on. Guess 1o e 1 kQ)

that it is in saturation.

tee — Ve oo — Ve inke

iD — K(UGS = VT)2 =rK (VG =ret iDRS AR VT)2
This is exactly the same as example 2.

g [
T RR? Rs Rs
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{ ot
Siskes e Tiee Rg LRy

Plug in the numbers:

2, — [10 mA]ip + 9 mA* =0

Use the quadratic equation:
iD= ImA orip = Fm7
Which is right? Check the vgs for both.

IfiD=9mA, Z)GszVG—iDR5=4V—8.24V=—5V, and
ifip=1mA, vgs=Vg—ipRs=4V-1V=3V.

Clearly, ip =1 mA is the only answer that makes sense.
Finally, Voo Vr=r) V, and vps = Vpp — IDRp — iDRs =48YV.

Ups > vUgs— VT — saturation confirmed.
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Example 6

EEE Voh=o

Same as example 5, but values for R; is increased ?
to 680 kQ. It is the same NMOS: Vr =1V and K =
0.25 mA / V2. R, % R, liD

150 kQ < 2.2kQ
Following the same procedure as Example 5, we +
obtain Vg =6.55 V. Guessing saturation and V¢ I o
performing the same calculation to find ip, ';

Csril
ip=2.44 mA orip=12.7 mA. R, R

680kQ < 110

Again, the larger of these is clearly too big to

make any sense. Checking the smaller value for
consistency with saturation:

vgs— VT =Vg—1pRs - Vr=23.11 V, and
0UDS = VDD = iDRD = iDRs =(0.19 V.

Oops!! vps < vgs— Vr = This is not in saturation!
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So start over, assuming ohmic operation:

This is gonna be messy...

iD = [2 (UGS T VT) Opsit 01235}

D

K

Ves - M =iVMa—1phs =V

vps = Vop — ipRp — 1pRs

2|Vg —ipRs — V7| |[Vpp —ip (Rp + Rs)| — [Vpp — ip (Rp + Rs)]2

After a whole lotta algebra...

iD

1

[

2RsVop  2(Ve—V:)  2Vpp

K (RS — Rp)

(RS = Rp)

(Ouch! That one hurt...)

Plug in the numbers: ip

224

" (Rs—Rp) (Rs—Rp) 1

TSR e S
(RS = Rp)

1.12 mA]ip — 6.45 mA* =0

and the two roots are: ip =2.04 mA and ip = M

Definitely ohmic.

ops =8V —(2.04 mA)22kQ +1kQ)=147V
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Example 7

Design the circuit at right (by choosing K for the
NMOS and the value of Rs) so that ip =1 mA and l i
ops = 2.5V. The NMOS has Vr=1V.

By writing a loop equation around the drain- Verex o -

source loop, we see that vrs = Vpp — vps = i
25V.AndsoRs=25V / 1 mA=25KkQ. 5

Now writing a loop equation around the gate-
source loop, we see that vgs = Vg —vrs = 1.5 V.
This value of vgs means that the NMOS must be
operating in saturation.

Then, since in saturation ip = K(vgs — V1)?,

e D i 1 mA :4m_A

i B VR v R e
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Example 8 Vo e 1N
Design the circuit at right (by choosing K for the .
NMOS and the value of Rp) so that ip = 10 mA and R, llD
vps = 0.2 V. The NMOS has Vr =1 V. How much ot
power is being dissipated in the resistor and the IEEgEEsase

NMOS? il
Vot
BV N 5

If vps = 0.2V, then vrp = 9.8 V. For a current of 10 v

mA, Rp=ovrp / ip=9.8 V/10mA = 0.98 kQ.

With vgs = 5V and vps = 0.2 V, the NMOS must be working in the
ohmic region. For ohmic operation:

iD =K [2 (UGS T VT) ODs 01235]

K — 1D i 10 mA e mA

2(vgs — Vr)vps — v3s]  2(5V —1V)(0.2V)— (0.2 V) V2

Prp = (9.8 V) (10 mA) =98 mW  Pryos = (0.2 V) (10 mA) = 2 mW
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