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Subthreshold Data Path Circuit Design:
Two Implementations of Low Power Simple Adder

Project Specification:

For this project | will be doing two different inghentations of a simple 8 bit program controlldre Tircuits will have the
same topology, but one adder will be built usiredistCMOS construction, the other using dynamic CdA&dnstruction.
The circuit will be an 8 bit adder with one inpwinniected to a static input of 00000001, the otheut will be connected
to a 2-to-1 flip-flopped Mux. The Mux will contrevhether the input to the adder will be the previsus or a jump to
value. This is designed to simulate the progranirobthat would be required to continuously reaahira memory address
such as in a portable music player, but have tiigyaio skip(jump) to the next song in memory.
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Figure 3. Circuit Topology: 8 Bit Adder With 2-toMux and D Flip Flop Allowing For Jump

The static versus dynamic circuits should be agr@sting comparison. The static CMOS design wily alissipate
dynamic(switching) power as there is no path frappdy voltage to ground. However, the number afigistors in the
static CMOS will be almost twice as many as theathlgit CMOS implementation. Static CMOS with a famiiN requires
2N transistors. This may require more power to&wihore transistors.

The dynamic CMOS will only require N+2 transistéws an input fan-in of N, which is substantiallypter. The dynamic
CMOS also consumes only dynamic power, howeveotegall power dissipation can be much higher. Ryrtéle dynamic
CMOS should be faster due to the reduced load ¢apae attributed to the lower number of transsfer gate. Also the
dynamic gates do not have short circuit currerd, @hthe current provided by the pull-down traiwis go towards
discharging the load capacitance. It will also iegjthe clock, and possibly a skewed clock, be seetery block in the
circuit.

It may be possible that some sections of the desak best in static CMOS and some in dynamic CMT& circuit is
going to be laid out in a modular form in MAX, daésting of the components proves that some gadsld be static,
some dynamic, a third "uber" circuit will be constited in the prototype phase and analyzed.

Block Specification:
8bit 2-to-1 Multiplexor:

This will allow us to select whether the input Wik a jump or the previous sum to keep countingilltoe a basic 8 bit
2-to-1 Multiplexor Designed in Static and Dynami®lOS respectively.
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Figure 4. 2-to-1 Mux ( Choi)

J-K Master-Slave Flip Flop:



This block will keep the adder functioning at thpeed of the clock, and keep the output from reagtiie input before the
next clock edge.
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Figure 5. J-K Master Slave Flip Flop(Gillard)

8-Bit Full Adder:

| will using the ripple carry adder to try and redithe number of transistors used, and based dadhthat the adder will
be used much like a counter, not much carrying lwélte to propogate before the correct answer isiaetl. The text
suggests that if a more complex adder is usedttfteamount of power required to keep a desiredbpeence could be
lowered. However, in this experiment we will teatyothe advantages of dynamic vs. static implentearia.

Because the inverting property of an adder:

S'(A,B,Cin)= S(A', B' Cin") and C'(A,B,Cin) = C(AB', C') the inverters in the carry path becomeassary.
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Figure 6. Full Adder Chain

For the static CMOS implementation a mirror addéirlve used. The mirror adder is an improved desifjthe tradition

full bit adder. It uses only 24 transistors andttiese concerning the carry are placed closedetotitput of the gate. Only
the transistors in the carry stage of the circaitéhto be optimized for speed. The most criticglésin the layout of the cell
is the minimization of the capacitance at carry out
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Figure 7. The Mirror Adder

For the dynamic design the mirror adder is strippiitls pull up network and replaced with a clodigrecharge transistor
and an extra evaluation transistor on the pull doetwork.

—

inputs n-logic
™| block

clk |

Figure 8. Basic Dynamic CMOS Design
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Figure 9. Dynamic CMOS Adder
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