Dynamic Domino CMOS Logic

* One technique to help decrease power in MOS
logic circuits 1s dynamic logic

* Dynamic logic uses different precharge and
evaluation phases that are controlled by a system

clock to eliminate the dc current path in single
channel logic circuits

« Early MOS logic required multiphase clocks to
accomplish this, but CMOS logic can be operated
dynamically with a single clock
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Dynamic CMOS Logic
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fabricated m a 0.18-um CMOS technology for which Vp,=18V, F,=05V. and
1,Cpy = 441,C,p = 300 HA/V: To keep C; small. NMOS devices with /L = 0. 27 pm/0.18 pm
are used (mncluding transistor @, ). The PMOS precharge transistor 0, has 7L = 0.54 um/0.18 pm.
The total capacitance C; 1is found to be 20 fF.
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A=B=C=D=1 (evaluation)
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At vy = Fpps2, Q. will be operating in the triode region; thus,
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Cascading Dynamic Logic gates
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Dynamic Domino CMOS Logic

* The figure demonstrates the basic concept of domino CMOS
logic operation
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Simple Dynamic Domino Logic Circuit
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Domino CMOS Logic gates 1n cascade
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Dynamic Domino CMOS Logic

It should be noted that domino CMOS circuits only produce
true logic outputs, but this problem can be overcome by using
registers that have both true and complemented outputs to
complete the function shown by the following
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Cascade Bufters

» In some circuits, the logic must be able to drive
large capacitances (10 to 50 pF)

* By cascading a number of increasingly larger
inverters, it 1s possible to drive the loads
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Cascade Bufters

The taper factor 3 determines the increase of the cascaded
inverter’s size in manner shown of the previous image.

v G
Pr=c

o

where C 1s the unit inverter’s load capacitance

The delay of the cascaded buffer is given by the following:

C 1/N
Ty = N| =L T where 7, 1s the unit inverter’s
(0] .
CO propagation delay
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Optimum Design of Cascaded Stages

* The following expressions can aid in the design of
an optimum cascaded buffer

N,, = 111(&)
CO

T popt = lnt%jgra
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C; = 30 pF: technology has C, = 50 {F.

Analysis: The optimum value of N 15 Nyyy = InC /C, = In(1000) = 6.91, and the optimum
delay 1s Tgom = 6.91 x (2.72) x £, = 18.84,. N must be an integer, but either N =6or N =7

N==6 1z==6(10001"%), = 19.0¢,
N=T tz=T10001"), = 18.81,

C I/N 5{:} F 1/6
B = (_‘) — (_P) = (1000)"* = VIO = 3.16

Ca 50 fF
N 2.4C 2.4(50 tF) 0.24
Ip = = = - = U ns
K.(Vpp — Vry)  2(100 pA/N®)(3.3 — 0.75)
and the estimated buffer delay i1s Tz, = 4.5 ns.
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Pass Transistor Logic (PTL)
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Pass Transistor Logic (PTL)- II
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uC, =50 PA/V. uC, =20 PAIV |V = 1V, =05 V2 2¢,= 06V.
(W/L)n=2/1, (W/L)p =5/1

Vog = Vop — V3

vhere ¥, 15 the value of the threshold veltage at a source—body reverse bias equal to ¥V, Usmng
=q. (14.21), we have

V, = Vig+ ¥ ([ Vor+ 20, /20,
= Voo+ ¥ ([Vop - V,+ 20, 26

V.= 16V
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Agtrtovpyia Transmission gate (I)
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Agtrtovpyia Transmission gate (II)

Korkhoua (o)
. 1 - 2
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[coovvaun avtiotaon wog Transmission gate
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[coovvaun avtiotaon wog Transmission gate
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The CMOS Transmission Gate

A iO ¥ 2 SV
e The CMOS
NMOS . .
transmission gate
(T-gate) 1s a useful
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The CMOS Transmission Gate

e The main consideration that needs to be
considered 1s the equivalent on-resistance which 1s
given by the following expression:

Transmission Gate Resistance
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