Practice 11:

Pass Transistor Logic

Digital Electronic Circuits — Semester A 2012




Using a MOSFET as a switch




Looking at an nMOS as a switch
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Is a PTL switch an AND gate?
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Exercise 1: PTL Switch



— : C,, =50u; u.C,, =20u; N.o|=1V;
Exercise la HnCox = 50413 41,Cos = 20415 o
y=05VY% @, =-0.3V; 1=0.1

» A.Draw theVTC of the Voo =5V (W/L), =4u/2p; C_=501F
PTL switch shown here aue = Vyp
(with V=Vp). _l i
2 } - % € Ty
—

» Starting with Vin=0:

We can mark the source atVin. —

VGSn :VDD _Vin >VT — ON

Therefore, Vout will discharge down to 0.
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/uncox :50/1’ /upCox = 20/”’ [VT0| :1V’

Exercise la )05V @, ——0V; 2201

Voo =5V; (W/L) =4u/2u; C, =50fF

» As we raise Vin: g% Voo
We can mark the source atVout. o I o
As long as Vg, =Vpp —Vou > Vi ° L . u
The PTLisonand V=V, . L

» When Vout reaches V,5-V;
Now VGSn :VDD _Vout :VT
The PTL is cut-off.
We continue to raise Vin, but:

VOH max :VDD _VT
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luncox :50/1’ /upCox = 20:”’ [VT0| :1V’

Exercise la )05V @, ——0V; 2201

Voo =5V; (W/L) =4u/2u; C, =50fF

» So let’s draw the VTC: § 7= Voo

» We see that: " Elv o, ou
The PTL is non-inverting. —
The PTL is non-digital. L

The PTL has a “Weak 1”
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/uncox :50/1’ /upCox = 20:”’ [VT0| :1V’

Exercise 1b )05V b, =0} 4=0.1

Voo =5V; (W/L) =4u/2u; C, =50fF

» B. Calculate Vo0 e Vo
We already saw that: Vo mex = Voo — Vs o QL .
But we can’t help noticing that: L -
VSB :Vo -0= Vout >0 L

Therefore, the PTL is Reverse Biased with
VT >VTO

We know that: V. =V +7/<\/|—26DF + Vo | — \//| 2CDF|)

And at V, =Voum We get:

Vormax = Voo — Vs =Vpp _|:VTO +7/(\/‘_2(D +Von max‘ - ‘_ZCDF‘)}
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/unCOX :50/1’ /upCox = 20:”’ [VT0| :1V’

Exercise 1b F=08/¥; &, =03V; 401

' Voo =5V (W/L) =4u/2u; C_=501fF
VOH max :VDD _VTO _7/(\/|_2(DF +VOH max| _\/|_2CDF |) i‘ﬂ-r= Vi

» So now we can find Vg .. o E .

VOH max :VDD _VTO _7/(\/|_2(D|: +VOH max| — |_2CDF |) —
=5-1-0.5(,/0.6 + Vo, —/0.6

Nt max —8—0.77 = /0.6 + Vo, 1

NZ 35V,  +T7=0.6+V,,

OH max

Vor ma = 3.42V
VT :VDD _VOH max =1.58V
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/unCOX :50/1’ /upCox = 20/,!, [VT0| :1V’

Exercise 1c )05V @, ——0V; 2201

Voo =5V; (W/L) =4u/2u; C, =50fF

» C.Assuming V, (0)=0, find the propagation §re= Vo
delay for charging the output to V/2: I

» At t=0,V. rises to V,,, with V. low 4

out —

The source is at Vout.
VGSn :VDD -V :VDD

out

VDSn :VDD -V :VDD

out

VBSn :O_Vout =0 :>VT :VTO

Therefore the PTL is in saturation with:

Kk 50, 4
los (0) = =2 (Vip =Vig ) (14 AVpp ) = =22

5-1)° (1+0.1-5) =1.2mA
; 2 24 )'(1+0.1:5)=1.2m
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/uncox :50/1’ /upCox = 20/”’ [VT0| :1V’

Exercise 1c )05V @, ——0V; 2201

Voo =5V; (W/L) =4u/2u; C, =50fF

» At Vyp/2 we will first find Vo g% = Voo

out

~25V)=1+0.5(J0.6+ 2506 ) =149V .o ¥ == .,

v, (V ,

» At this point: Vesn =Vosn = Voo —Vou :VDD/Z =

So the transistor is still saturated with:

V K (V ’ V
| | BB |—_n| DD _ 14 ] —DD
(zj 2(2 M zj

50,u 4u

(25— 1.49)" (1+0.1-2.5) = 64 A
Y7
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Exercise 1c

» Therefore the average current is:

1.2m+ 64 u
Avg = =632 A
Vo, /2-0 2.5
ton =C, o0
IAvg 32,Ll
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/unCOX :50/1’ /upCox = 20/,!, [VT0| :1V’
y=05V"; d_=-0.3V; 1=0.1
Voo =5V (W/L)n =4u/2u; C =50fF

j:.'*"'u‘.'“ = Vip

n
v —>

Q

=50f -6—:198psec
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Exercise 1d

» The input now changes from | to 0.

» D. Calculate the time it takes the PTL to
discharge the output past V,/2.

» The most important aspect here is that
the Source and Drain change sides!

/uncox :50/1’ /upCox = 20:”’ [VT0| :1V’
y=05V"; d_=-0.3V; 1=0.1
Voo =5V (W/L)n =4u/2u; C =50fF

j:.'*"'u‘.'“ = Vip

™ ) iy

v —

VGSn :VDD _V'n :VDD
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/uncox :50/1’ /upCox = 20:”’ [VT0| :1V’

Exercise 1d )05V b, =0} 4=0.1

Voo =5V; (W/L) =4u/2u; C, =50fF

» In this case: g% Voo
— — R SN
Vegn =0= V7 =Vig T

VGTn :VDD — V10

VDSn :Vout _Vin =V

out

» So the PTL is in linear throughout the transition, because:

VDS_ outS OHmax<VDD_ T0 — VGTn
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/unCOX :50/1’ /upCox = 20:”’ [VT0| :1V’

Exercise 1d )05V b, =0} 4=0.1

Voo =5V; (W/L) =4u/2u; C, =50fF

4 SO at t=0 i"’-f“:v:.i.'.:-
— = .,

—

1
IDS (Vout :VOH max ) — I(n |:(VDD _VTO )VOH max EVOZH max:| — 783luA

2
| ps (Vout =2.5V ) =k, |:(VDD _VTO)\%_%(\%j } =687 uA

_ (83u+687u

Avg

=735uA

=G, Voums: ~Voo/2 _go.342-25 g5 oo

| g 135u
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Exercise le

» Looking at the VTC, we see that the PTL gate is not digital.
No regenerative property

No distinguished | and 0
Non-positive Noise margins

» Therefore to make it digital, we can cascade
a CMOS inverter after it with. o= Vo,

» E.Find the static power dissipated .o } —
when a CMOS inverter with )

(W/L), =2.5(W/L), =104/2u; L

is connected to the output of the PTL gate.
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#,Co =305 12,Cy =204 Vil =1V;
y=05v¥ o, =-0.3V; 1=0.1

Voo =5V; (W/L) =4u/2u; C =50fF
INV :(W/L)IO =25(W/L) =10u/2u;

Exercise le

» When Vin=0,Vout(PTL)=0, therefore:

The nMOS of the inverter is cut-off. I —0| M2
—1Im1
Vout(lNV)=VOHmax(INV)=VDD ___|_= _| M3

No static current exists.

P...=0

static.
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#,Co =305 12,Cy =204 Vil =1V;
y=05v" ®_=-03V; 1=0.1

Voo =5V; (W/L) =4u/2u; C =50fF
INV :(W/L)IO =25(W/L) =10u/2u;

Exercise le

» However, when

Vin=V,, I T
Vout(PTL)=Vay ~|[m2
—iM1
VSGp =Voo —Vou (PTL) T —| M3

=Vop ~ (VDD Vol >o) > Vo0 =

» So both the pMOS and the nMOS of the inverter are
conducting!
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#,Co =305 12,Cy =204 Vil =1V;
y=05v" ®_=-03V; 1=0.1

Voo =5V; (W/L) =4u/2u; C =50fF
INV :(W/L)IO =25(W/L) =10u/2u;

Exercise le

» We can calculate the static current

in two ways: I T
|. Find the linear current —o| M2
through the nMOS. —Im1
2. Find the saturation current —

M3
through the pMOS. I _l

» In both cases, we need to first find V. (INV) =

» But to shorten things, let’s just neglect the channel length
modulation and find the saturation current of the pMOS:

K 10
| atic = |3Dp=7"((VDD ortmax )~V \) =204 ;‘(5 3.42-1) =17 uA
I:)static — Istatic °VDD — 84lLl\N
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%

xercise 1f

» F.How can we solve the “weak |” problem?
» Method |:Bleed Transistor
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» F How can we solve the “weak |”’

Exercise 1f

Method 2: Pass Gate
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