Last updated 4/10/22




W, Coy - Wiy Cox

* Parameters Kn=—;— T
ki W . kp W 3
Ky = 771? kn = UnCox Ky = A kp = tpCox

Un, Hp, Coyx fixed for a given semiconductor process =
K, , k', fixed for a given semiconductor process

Ip = Kn[2(Vgs = Vi) Vps — V5] Ip = Kp|2(Vsg — Vip)Vsp — Vi |
n 2 ’p w 2
Ip = TT [Z(VGS 1 th)VDS Il VDS] Ip = 77 [Z(VSG L th)VSD A VSD]
Vissat = Vas = Vin Vspsat = Vsp - Vin
Ip = K,(Vos — Ven)? o = i (VSG . th)z
k', W k’ 2
Ip = =7 Vgs = Ven)? =95 = (Ve  Ven)

K’ k'
Con =W X LX""/y Cop =W xLx P/
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CE 3101

* Enhancement Mode
* A bias is required to form the channel

P-channel N-channel

* 4-terminal symbol 5| Ly
*—Dl =

* In digital applications the Source is typically tied to

e \VVdd for P-MOS

» Gnd for N-MOS E“j E“_—:

* The simplified logic symbols

Note — almost all N-MOS and
P-MOS devices used today are
enhancement mode — so the
dashed line is omitted

1.
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* Inverter - Design

vdd

Vin —— —— Vout

CE 3101

Assuming Vdd is big enough to keep M2 and M1
in saturation at the switching point

K, W2 k', W1

2
Tﬁ(VSQZ _th) A 2 L1 ( gsl1 th)

Desire a consistent switching point Vin = Vout = Vdd/2

k’ k' wi

2 Vaa/2 = Ven)?

/ 2
Wl/Ll st k D <Vdd/2 N th)
n Vdd/2 1) th



* Inverter - Design

vdd

4

Vin —— —— Vout

CE 3101

Desire a consistent switching point Vin = Vout = Vdd/2

/ 2
Wl/Ll ol k D <Vdd/2 3 th)
WZ/LZ k’n Vdd/2 i th

If we make V,, = V,,, V44 drops out of the equation

And the switching point remains V,,/2 regardless of V"

** as long as both devices are in saturation

5 © tj



* Inverter - Design

CE 3101

Vt =1V

Vtn = 1V

Vtp = -1V (1V)
K'n = 14uA/V2
K'p = 4.5uA/V?
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* Inverter - Design

CE 3101

Designedby. § . . . .. .. ..

Datg:” 4820227 - 000 0 T

UNIVERSITY |ETE R 2 TR
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* Inverter - Design

Vout Transfer Curve

CE 3101

Vg, : Maximum output voltage that will
be considered a low

Voy : Minimum output voltage that will
be considered a high

V, : Maximum input voltage that will
result in a high output voltage

V, : Minimum input voltage that will
result in a low output voltage

Noise Margin (NM) : The amount of noise
in the input signals that the system can
tolerate without causing the output

to change when it shouldn’t

NM, =V, = Vo unity
NMy = Vou unity ™ Vi
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* Inverter - Design

Vout Transfer Curve
VOH e i z\
| VOH unity \ﬁ -1

VOL unity \\"\

Vin

Vdd = 3.3V

Vin=-Vtp =1V

VIL = 1.488V, VIH = 1.813V

VOLunity = 160mV, VOHunity = 3.14V

NML = 1.326V

NMH = 1.326V
CE 3101

3
Vit(a=kp) = Ven + 5 (Vo + Vep = Ven)

5
Vink,=x,) = Vin t+ 3 (Vop + Vip — Vin)

1
Vor unity(Kn=Kp) — 2 (ZVIH — Vpp — th v th)

1
Vou unity(k,=K,) = > (2Vy, + Vpp — Vip — Vin)

NM, =V, = Vg, unity

NM,, = Voy unity ~ Vi
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CE 3101

* C-MOS Gates
3 I EE R R R

rise/fall times

will give different delaysand | w0

Designed.oy. § . .. ... ...

Date:” 482022 L
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* C-MOS Gates

will give different delays and
rise/fall times .
| — :

IZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZZ Bl UNIVERSITY . .

Designed.by. tj . . . . .. . . [ .Revision:. . . .. ... .. .| .
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* C-MOS Gates

| ] | U lvbn Colniioiiin ]
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W450u. D0 | w1500
ug Ui
o vbD Cd GND - -
] R e RS 2
B L=10u ouT ] B B R [ [
WeA50u o W= 150
. :ﬂm‘: s Juz: s Ut ST - A
L T R GhD - GNp - cooii I GNB
CUmAL | ND B ND e | BN R rem Ll
B o b— g5 e g e L] B ]
] R T e b REPREEEEEE : R o w_,g;)u R :
B DUUT] WESOW DT WE50u WH50u |0 ol 11 GND: A i :
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CE 3101

Total transistor gate area

15,000u?

NAND gates preferred

over NOR gates

12

Total transistor gate area

6,000u?
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* C-MOS Gates

* Use a 2 input NAND gate as a reference for size and

loading

Relative Size
2 input NAND gate area = 3000u? = 1 NAND equivalent

INV gate area = 1000u? = 1/3 NAND Eq.

2 input NOR gate area = 7000u? = 2.33 NAND Eq.
3 NAND =2 NAND eq.

4 NAND = 3.33 NAND eq.

3 NOR =5 NAND eq.

4 NOR = 8.66 NAND eq.

Input Load (relative capacitance — 1 input)

INV gate area/input = 1000u? = 2/3 NAND Eq.

2 input NOR gate area/input = 4000u? = 2.33 NAND Eq.
3 NAND/input = 1.33 NAND eq.

4 NAND/input = 1.66 NAND eq.

3 NOR/input = 3.33 NAND eg.

4 NOR/input = 4.33 NAND egq.

2 input NAND gate area/input = 1500u? = 1 NAND equivalent

CE 3101

13
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* N-MOS Transmission Gates

e Use a single N-MOS device as a “pass gate”
* Passesa ‘0
* Reduced value fora ‘1’
* Bi-directional

ml et
1 (Vdd) _C]jny_Jf’, Vdd - Vt 0 (Gnd) _C]jy_jf_
1 (Vdd) 1 (vdd)

GESY.01 14

0 (Gnd)
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* N-MOS Transmission Gates

* Chained N-MOQOS device as a “pass gate”
* Passesa ‘0
 Reduced value for a ‘1’, but no further reduction
* Multiplexer

miE mu Bl Pk

vdd - Vt Vvdd - Vt Vdd - Vt vdd - Vt
1 (vVdd) i i i ;

ag sl gl SN

O] O] O} o

1 (Vdd) 1 (Vdd) 1 (Vdd) 1 (Vdd)
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* C-MQOS Transmission Gates
e Use parallel P-MOS and N-MOS devices as a “pass gate”

e Passes both ‘O’s and ‘1’s
e Bi-directional
e Requires cntl and cntlB

0 (Gnd) 0 (Gnd)
Tt Tt
Vdd Vdd
1(vdd) —{ ~ |—1(vdd) 0(Gnd)—{  |—0(Gnd)

CE 3101 16 © tj



* C-MOS Flip-Flop
* Logical Circuit
* 2, SR latches

| ’D CLK
LI (Gate)

CE 3101 17 © tj



* C-MOS Flip-Flop

e Common Circuit

clk clkB

e *L;“ :
LU Lt

CE 3101 18 © tj



CE 3101

e C-MOS Tristate Inverter
e Common Circuit

vdd

G
enB—-T1—0

-,

Vin
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