Announcements

e Exam 1 grading issues:

— Write out the basis for your request for regrading
and staple it to your exam.

— Return to me by class on Tuesday.

— Grades can either rise or fall on regrade (will look
at whole problem).
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Threshold voltage (V)

Body Effect (Substrate Sensitivity)
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Body Effect (Substrate Sensitivity)

o e Transistor M1: S1 and Bl
. tied together, vgg; = 0.
e E? No Body effect
S2 e Same as Transistor M2.
D1
-
M1 = Bl
S1
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Body Effect (Substrate Sensitivity)

tied together, vgg; = 0.
No Body effect

e Transistor M2:

j e Transistor M1: S1 and Bl
D2

G2 ‘I 4
M2 B2

UBZ — O, USZ — le +* O
o1 Vsgo # 0. Body effect exists!
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MOSFET Circuit Analysis (e.g. 1)

Known: NMOS, V;p = 1.0V, A =
iDl R 0, Ky, = 25nA/V%, % = 10

10 kQ
5 Solve: Q-point (ip, vps)
+

(")
N

G
Vps Voo ® First determine threshold

|
30V L 10.0V  voltage:
<+> _ Since vsg = 0, so no body effect.
_ i¢

VTN — VTO — 1OV
e Step #1: Guess operation region.

S
é Vs = 3.0V> VTNJ VDD =10 V,
' guess ON and saturation.
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MOSFET Circuit Analysis (e.g. 1)

e Step #2: Use proper equation

. K, W
lp = 7”; (Vgs — VTN)2

e Step #3: Solve the circuit

-> lp = %% (Vgs — VTN)2 =
Vo 10-(3 — 1)?V? = 500pA
100V yye=Vpp—ip-Rp =10V —
500uA-10kQ =5V
e Step #4: Double check

25 uA

. Rp
D l 10 kQ
D +
G +
Veo | Vbs
30V o
+ "
- ls\l/
L

vDS > UGS _VTN = 2V=>
Saturation. Correct!
Q-point: (500 pA, 5.0 V)
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MOSFET Circuit Analysis (e.g. 1)

Now Ry changes to 50 kQ

(")
N

Known: NMOS, V;p = 1.0V, A =
0, Ky, = 25pA/V2, = = 10

Solve: Q-point (ip, vps)

Voo ® First determine threshold
10.0 Vv voltage:

Since vsg = 0, so body effect.
VTN — VTO — 1OV
e Step #1: Guess operation region.

. Rp
‘D l 50 kO
D
G +
Ve | Vps
3.0V o
+ "
i lsl
aa

Vs = 3.0V> VTNJ VDD =10 V,
guess ON and saturation.
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MOSFET Circuit Analysis (e.g. 1)

e Step #2: Use proper equation

. K, W
lp = 7”; (Vgs — VTN)2

e Step #3: Solve the circuit

-> lp = %% (Vgs — VTN)Z =
Vo 10-(3 — 1)?V? = 500pA
100V yye=Vpp—ip-Rp =10V —
500 uA-50kQ) =—15V
e Step #4: Double check

25 uA

. Rp
‘D l 50 kO
D +
G +
Veo | Vbs
3.0V o
+ "
i lsl
=

Ups < Vs — VTN = 2V =>N0OTIin
saturation. Wrong gUESS!
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MOSFET Circuit Analysis (e.g. 1)

. Rp
‘D l 50 kO
D
G +
Ve | Vps
3.0V o
+ "
i lsl
aa

Guess ON and triode.

w v
. - ! DS
lp —an(vas—VTN——z )UDS @

. . Vpp—v
KVL: vDS = VDD - lDRD = lD = DD “DS

@ "
Eliminating ip using @@, and plugging
in numbers, we get

25v5s — 104vps + 40 = 0
Solving the quadratic equation:
vps = 043 Vor3.73V
Triode region:
UGs >vDS+VTN = VUps <2V

Thus vpg = 043 V,ip = == =
191 pA

Q-point: (191 pA, 0.43 V)
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MOSFET Circuit Analysis (e.g. 2)

. Rp
‘Dl 8 kQ

- 1. O
lG RG G + -

>

Ves WW | VDS@ Voo

5.0 V] 100 kO 10.0 V

Orgws 2%,

Known: NMOS, V;p = 1.0V, A =
0, Ky, = 25pA/V2, = = 10
Solve: Q-point (ip, vps)

* First determine threshold voltage:

Since vgg = 0, so body effect. Iy =
Vro = 1. O V

* Analyze circuit loops:

Loop 0: VGG == iGRG + Vgg + iSRS =
Vs T iSRS

LOOp g . VDD = iDRD + Ups + iSRS
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MOSFET Circuit Analysis (e.g. 2)

e Guess: CUTOFF

¢ iD=OrvGS=VGG=5V>VT=1V
j Rp Not CUTOFF!
D 8 kQ2 e @Guess: Saturation
+ !
. . K. w
lg Re G D| + -) lp = 7"'?(7705 — Vry)? @

Vee WW | VDS'{Q\ Voo Vgs = Vg — IpRs = ip = @ @

5.0V] 10 10.0 V s
100 k&2 Sy~ e Eliminating ip using @@, and
(i)f\il) l Rg plugging in numbers, we get
@ 4k v2s—9 =0

e Solving the quadratic equation:

— Vs =3 Vor =3V
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MOSFET Circuit Analysis (e.g. 2)

Ves =3 Vor =3V

: R . _ (5-3)V _
lDl 3 KO ip = — 00 HA
lc R. .2+ C) Vps = Vpp —ip(Rp + Rg) =4V
— s e . .
Voo WW—! VDS{@\ Vbp Check: B _
+ - vDS=4V>VGS_VTN=2V
C_ r\lD RS S S . P
(1] 4 kO o, Saturation it is!

— Q-point: (i,=500 pA, v,=4.0 V)

EE 331 Spr 2014 Microelectronic Circuit Design © UW EE Chen/Dunham



MOSFET Circuit Analysis (e.g. 2’)

Now Ry changes to 16 kQ

Known: NMOS, V;p = 1.0V, A =
: Rp r_ 2 W __
in | 218k 0, Ky, = 250A/V2,% = 10
: + Solve: Q-point (ip, vps)
lG RG G D + -
—_—
A | Vv V  Everything would be the same until the
;'/((;)GV WW- Ds@ 18% y last check for saturation:
. 100 k€2 S| — vps = Vpp — ip(Rp + Rs)
C)f\i R, — 10V — 500pA - 20kQ = OV
T 0 S 4 kO UDS:OV<VGS_VTN:2V.NOtin
saturation.

e @Guess in triode:
. W N
lp = an(vas —Vry — 5 )VDS @
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MOSFET Circuit Analysis (e.g. 2’)

Now Ry changes to 16 kQ

. Rp

lDl 16 kQ
+

| . O
lg RG G + -

—

Ve WW | VDS@ Voo

5.0 V| 100 kQ 3 -
D)
Orvis |27
- l S
rﬂ\sl 4kQ

Q-point: (447 pA, 1.06 V)

10.0V

e KVL:
Vps = Vpp — ip(Rp + Rs) @
ves = Ve — ipRs @)

e Substituting @ @ into @, we get a
quadratic equation of ij. Solution is:

ip = 186 pA or 447 pA
Check:

— First root:

Ves = Ve — ipRs = 425V > Vy V
vps = Vpp — ip(Rp + Rs)
=6.27V > vss — Viy

— Second root:

Ves = Ve —ipRs = 3.21V > V7, \J

Vps = 1.06 V<ves—Voy V

X
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