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Transactions Briefs

A 1.0-GHz 0.64+m 8-bit Carry Lookahead Adder Using Fig. 1 is noninverting. The detailed operation of the ANT is described

PLA-Styled All-N-Transistor Logic as follows.
) ) 1) Whenelk = 0, P1is on and the gate at P2 is prechargetta
Chua-Chin Wang, Chenn-Jung Huang, and Kun-Chu Tsai Then, P2 is off and N4 is off. This maintains the output in the

previous state.
2) Whenelk = 1 and the N-block is evaluated as “pass,” the charge

Abstract—Thi ticl It high- d 8-bit -lookahead .
Sac 1S aricie presents a nmdn-spee [ cany ooranse at nodez should theoretically be grounded through the N-block

adder (CLA) using two-phase clocking dynamic CMOS logic with

modified noninverting all-N-transistor (ANT) blocks which are arranged and N1. Note that N4 is on and N2 is also on at the beginning.
in a programmable logic array design style. Detailed simulation reveals If the previous output is high, then N3 will be turned on via N4.
appr?)prtiatg L/\f’fv .9Uid|e"”es f‘l’r thg A‘I"\lhT block dte_Sign-I Thkef""ea (”a”Si_smlro This finding implies that N3 provides another fast discharging
count) tradeoff is also analyzed. The operating clock frequency is 1. ”
GHz, while the output of th)(le addition o? two 89—bit binaryqnumb)(lers is path for the charge at node When the voltage at nodeis de-
completed in two cycles. Simulation results confirm that the proposed creased below the threshold voltage of pMOS, P2 and P3 turn on.
design methodology is appropriate for the long adders, e.g., 64-bit adders, The output is then chargedifg; through paths P2 and P3-N4.
while the correct output is available after four cycles if the 64-bit adder is 3) Whenclk = 1 and the previous output is low, and the N-block
composed of nine hierarchical 8-bit CLA's. is evaluated as “pass,” the voltage at nadsarts to fall. When
Index Terms—Noninverting block, PLA-styled design, two-phase Vo — Vaa > Vi, P3is on, and the gate of N3 is charged to
clocking. Via. The charge at node is discharged faster, and the output

is charged to high through P2 and NA.summarizing 2) and
3) above, the output is high when the N-block is evaluated as
“pass,” i.e., “1,” during clk = 1.

Improving adder designs has received considerable attention [1].4) Whencl/k = 1 and the N-block is evaluated as “stop,” the charge
CMOS dynamic logic is one of the options promising to challenge  at node a is maintained if the previous output is low. There is no
gigahertz operation in adder design [2]. However, all-N-logic [2] discharging path for node because N3 is turned off via N4. If
and robust single-phase clocking [3] cannot operate correctly under  the previous state is high, the output is grounded via N4 and N2
clocks with short rise or fall time. While single-phased clocked before the voltage at nodestarts to fall.
logic-flip-flops are pipelined to assemble it, an adder can only proceggerefore, the output will be low when the N-block is evaluated as
short data words [1]. Therefore, this work presents an alI-N—transist@,top," i.e., “0" during Ik = 1. The functioning of the ANT logic
(ANT) noninverting function block for the high-speed design. Alsg|ock, thus, is conclusively correct and noninverting. The feedback

proposed herein is an 8-bit carry-lookahead adder (CLA) using ANTigansistor pair, N3 and P3, indeed provides extra paths for the oper-
arranged in a programmable logic array (PLA)-like structure anglions.

triggered by a single clock. This design methodology is advantageous

in that it is scalable such that long data words, e.g., 64-bit binary daBa, Sizing Problem

can also be processed. The 8-bit CLA using PLA-styled ANT logic is  reason why other high-speed logics can not run correctly given
measured to be fully functional at up to 1.0 GHz with a 5.0-V POW&l|ocks with short rise time or fall time is that the size of each tran-

supply, and the precise result of the addition is available after Qo can not be tuned properly. Both [2] and [3] possess this inherent

|. INTRODUCTION

cycles. shortcoming, accounting for why they cannot use normal square-wave
clocks in the gigahertz range. Thus, the sizing problem of the transis-
II. HIGH—SPEED8-BIT CLA tors in the ANT, let alone those in the N-block, significantly affects the
A. ANT Function Unit speed.

] ] ) ] ~_ Theoretically, wider transistors have lower resistance. Herein, we
Although possessing high speed, the N-block dynamic logic [1] is iy nducted several simulations to obtain the optimal figure for the sizing

efficient for operation in the gigahertz range for two reasons: the slop§Seach transistor given in Fig. 1 using TSMC Q6 SPDM tech-
of the clock's edges are not gentle, and the number of stacks in the e\glogy- the results are summarized in Table |.

uation N-block significantly affects the size of all of the transistors in

the unit. Therefore, a modified dynamic logic is presented in Fig. €. PLA-Styled 8-Bit CLA Design

The main feature of this modification is the presence of feedback tran- . . . .
sistor pair, P3 and N3, between the evaluation block and the outpg&lgﬁgﬁg_nu'a“on of an 8-bit CLA is represented by the following
In short, P3 and N3, respectively, provide an extra charging and dis* ’

charging path, thus accelerating the evaluation. Notably, the ANT iy, — ¢, _, ¢ P,

Ci=Gi-1+P1Gi2+P_1P_2Gi_3+---+P_ -+ PLPCy.
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Fig. 1. The schematic diagram of the modified dynamic logic.

TABLE |
SiZES OFANT LoGIC BLOCK
Transistor L (um) W (um)

N1 0.6 15
N2 0.6 10
N3 0.6 3
N4 0.6 10
P1 0.6 20
P2 0.6 20
P3 0.6 6
N-block 0.6 10

Fig. 2. A conceptual PLA-styled design for CLA.

sible solution to achieve high speed operations. Thus, the PLA-stylsldcks. Another half cycle is then required to produce all of $h's.
design is appropriate for such a function block. The final result is available after two cycles.

A conceptual PLA-styled design for CLA is presented in Fig. 2. A Area:for an 8-bit CLA adder using PLA-styled ANT logic, the total
typical PLA consists of aaND array and amRrarray. As is well known, transistor count is 928.
the series nMOS in the evaluation blockvaiND or AND gates produces
long discharging delays, subsequently decelerating the entire circhit. Design ofe-Bit CLA Adders
The nOninVerting feature Of the ANT |OgiC can be taken adVantage Of toThe de|ay is the same, i.el, two Cyc|eS, even i |arge, as |0ng as

utilize aNOT-OR-NOT-OReonfiguration instead of the typicaND-OR  the PLA-styled design is adopted, because the critical path from input
style, where the twmr planes are made of ANT logic blocks. Thetg output is unchanged. The transistor count of the PLA-styled imple-
noninversion feature can also minimize the series transistor countin figntation for CLA using ANT logic strictly adheres to the following
evaluation block. Therarray consists of ANT logic with a predefined general forms.

evaluation block. The inputs to the firsk array are the inverte Carry Out: The number of total product terms in the firs plane
(propagate) and’; (generate) signals which are also produced by othef summarized as

ANT logic units. Notably, the propagate signals are defined differently "

from the traditiona P, = A; + B, becauseP; = A; @ B; can be T,=1+243+-+n= Z, = l,,(n +1). 2)
reused to generate the sum tefim i=1 :
D. Speed and Area Analysis The number of the nMOS residing in the evaluation blocks for these

- . ) . product terms is
Speedthe critical path of an adder resides in the generation of carry

signals, i.e.( in the 8-bit adder. When the binary data are ready, the N o

generation of?;'s andG,'s using ANT logic requires the high half of Ny = Z Zf = Z {5’(7’ +b- 1}

afull cycle. The inverted”;'s andG;'s are then be fed into the firsk =2 =2 =2

plane of the ANT-based PLA. The inverted outputs of the first OR plane = %(n +D(n+2)(n+3)—(n+1). (3)

are presented to the secaprlin the high half of the second cycle. The
final C; results are then ready in the low half of the second cycle. As Now, the total number of transistors in the ficg plane, excluding
soon as itis generated, ed@¢his inverted and fed into th&; s’ function the inverters required between the first and seamplanes, isl}, - 7+
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Fig. 3. The hierarchical architecture of 64-bit CLA.
N,, where each ANT logic block requires seven transistors according TABLE I
to Fig. 1. The number of output terms in the secorglane isr. Now, PERFORMANCE COMPARISON OFDIFFERENTDESIGNS
the total tran;istor couqt for the secqnel plane ?571 T+ T, +n. Togic Delay Firansistors | Technology
In(;/ertelrs Ifl%nalsPV\I/hlch gwgst be |gvehrted include fthﬁ w;put data SEPLAANT CLA e 538 oG
words, clock,Cin, P;'s, andG;'s, and the qutputs of t e irsir _ S PLAANTCIA X 1908 o
plane. Therefore, the total number of transistors for the inverters is P A AN T icarehica CLA T30 55
I=2-(n-44(1/2)n(n+1)+2). b PLA-ANT hierarchica Ons 06pum
P;'s andG;'s generationthe total number of transistorsis- (2 + 32-b EMODL adder (4] 27ns | 1537(gates) 1.2pm
N+n- (4 + 7)_ 8-b TSPC adder (1pum) [1] 7.5ns 1832 1.0pm
S; 's generationthe total transistor countis- (447)+n-4 = 15n, All-N-logic [2] Failed 2062 0.8pm
wheren x 4 is the number of transistors required to in@rts andp;'s.
In sum, the total number of transistors required to implementhit
CLA with PLA-styled design using ANT logic is IV. CONCLUSION
This work has proposed a novel high-speed PLA-styled ANT logic
Toownl = [Tp - T+ Np] 4 [ T+ Tp + 1] design for the implementing adders. Simulation results not only verify
1 the accuracy of the function in the gigahertz range , but also indicate
+ {2- <n -4+ §n(n +1)+2 } that the proper size of each transistor is adjusted such that a usual

, _ , _ - square-wave clock can be used to run the 64-bit long adder. The PLA-
Tl @+D+n- (@D +[n @+ T) +n 4 styled ANT-based structure, using only one clock, causes the result of

= l(n + D) (n4+2)(n+3) +5n(n+1)+50n+3. (4) an 8-bit adder to be obtained in two cycles (2.0 ns if the 1.0-GHz clock
6 is used), or that of a hierarchical 64-bit adder to be available after four

Notably, a 64-bit adder can theoretically be constructed usir‘fé{des- We also estimated the number of transistors (area) for larger

the same PLA-style design methodology, and a delay of two cycll9f!d adders using the proposed approach.
(nanoseconds) is expected. However, the number of transistors would
then be over 70 000, which is very large. Another alternative is to use REFERENCES
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