Announcements

e HW 5 due Friday.
 Emily Allstot will give Friday’s lecture.

e Exam 1 regrade requests to me by 2pm today
(grades may go up or down upon regrade).

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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MOSFET Circuit Analysis (e.g. 3)

Four-resistor circuit

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

S100kQ 3 +> Solve: Q-point (ip, Vpg)
G + -
o—]1 Vpg Voo * Simplification: Find the Thevenin
100V equivalent circuit of the left side.
S —_
R, ,
[ S
100 kQ *S 4 %0
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MOSFET Circuit Analysis (e.g. 3)

e Same circuit asin e.g. 2, with

_ Ry _
- Ven = Vop 3oz = 5V
lDl 8 k) Rin = Rq|[R; = 50 kQ
+
6 R, G, 2+ C‘)
Vin AWV~ Vos Voo
* 10.0 V
<+> | > _R e Read Example 4.3 in the

- 's l 410 textbook

o — Circuit analysis

— Advantage of 4-resistor circuits
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PMOQOS Transistors

L
LS (Source) [V H . D (Drain)

ip Vp <0

LY p-channel #Z

n-type substrate (body), N,

l Bl! B (body)

VUp

iBz():}iD:iS

VUgs

S (Source)

* T G (Gate)

o

- vBS+

B - D (Drain)
>—-0
B (body) P

Ups +

PMOS Physics
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MOSFET Circuit Symbols

NMOS PMOS

7° G [ 77 5 E-JD iz DG TS
E-Mode | s & o o——o HH |
ls Lls ls I_:LS oS oD

) oD ) f.JDG D ) ol ) DG TS
D-Mode o—|~—f~u.vm—|L_L o—||_T o_||ng o—IL_T H|H
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N/P-MQOS Output Characteristics

Drain-source current (LA )

— -
" Linear =—X Ves=3V —
| region /7?

/1 4= Pinch-off locus
L1 ||
1 T 1 ]
; »| Saturation region _|
/ / L1 1
/— Vs=4V
/ f
/
P/
[ rf [
’If (l I,GS.= ?)Iv 1
Il,/}} [ |
- Veg< 1V
[ | K
0 2 4 6 8 10 I

Drain-source voltage (V)

2

—

Source-drain current (LWA) i,

250
Ves=—5V
200 -
150
/ Vos=—-4V
100
Amny Vo= 3V
50 //,f 11
ﬂf_f I’F{I_g =2V =1 1 1
0 -
N
Vegsz—-1V 4 L |
50 | 1 1 |
42 0 -2 -4 -6 -8 -0 12

Drain-source voltage (V) vpg
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NMOS Operation Region

Operation Current Equation Condition
Region

Cutoff ip =0 Vs < Vry
- . W _ vDs Vgs > Vrn
TI’IOde lD - Kn I (VGS VTN > )VDS ‘UGS . VTN S UDS
i Vgs >V
Saturation  ip = Kn — (s — Ven)*(1 + A(vps — Vpsar)) o 2

Vgs — Vrn < Ups

Channel Length Modulation
Body Effect:

Ven = Vo + V(\/VSB + 2¢r —/2¢F)
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PMQOS Operation Region

Operation Current Equation Condition
Region

Cutoff ip =0 Vas = Vre
. . w Ups Ves < Vrp
Triode ip = Kp Bl (VGS — Vrp — 2 )vDS |vgs — Vrpl = |vps]
| | o Vee < V
Saturation  j, = p — (Vgs — Vrp)?(1 + Avps — Vpsacl) V<

lvgs — Vrpl < |vps]

Body Effect:
Vip = Vo — V(\/UBS + 2¢p —+/2¢F)

Enhancement mode PMOS: V7p < 0
Depletion mode PMOS: Vyp > 0
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