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Abstract The optimization of these dynamic logic families in
terms of sizing of the logic gate and compensating transist-
In this paper design of fast arithmetic circuits using ors and sensitivity threshold and temperature variation is a
GaAs based Feed Through Logic (FTL) family [1] is major design task. There are other difficulties, with the dy-
presented. A modified version of FTL termed Differen- namic designs as well. For example the dynamic design in
tial FTL (DFTL) is introduced and basic aspects of design [2] needs both negative and positive power supplies. The
methologies using FTL are discussed. A 4-bit ripple-carry TDFL design in [6] works on two clock phases with ad-
adder is designed and its performance is evaluated againstded design complexity due to sensitivity to clock skew and
other similar reported works in terms of, device count, chip area penalty for routing of two clock signals. The TTDL
area, delay, clock rate, and power consumption. It is shown design in [5] uses a trickle transistor to compensate for the
how arithmetic circuits based on FTL outperform the eval- leakage from the precharged node. The SPDL design in [8]
uated performance. A 4-bit magnitude comparator is de- relies on a reference voltage for compensating the leakage
signed and performance evaluated against four cascadedcurrent. This requires multiple power supplies, therefore,
1-bit comparators. complicating the design. Furthermore, cascading of dom-
ino dynamic blocks involves incorporation of inverters at
the output of the logic blocks. Not only we pay for the extra
1. Introduction area but also suffer longer circuit delays because of these
inverters.
High performance arithmetic circuits constitute the heart ~ The concept ofeed Through Logi¢FTL) using GaAs
of any digital processor. The performance of the arithmetic @s introduced in [1] overcomes the common problems as-
circuits is usually determined not only by architectural is- sociated with the dynamic logic families. In FTL the gate
sues but also by the underlying logic construction. In re- outputs are reset to low during the high phase of the clock.
cent years a number of Gallium Arsenide based arithmetic Therefore problem of leakage current and charge redis-
circuits which employ dynamic logic structures have been tribution is completely removed. Furthermore the need
designed_ These dynamic |Ogic structures have been pro.for the OUtpUt inverters common to domino structures is
posed as an alternative to static logic basically to reduce theeliminated. This paper presents the design, implementa-
power dissipation, as well as, a means to improve the speedion and performance evaluation of several arithmetic cir-
of operation. cuits (4-bit ripple-carry adder, 1-bit and 4-bit comparat-
Designs based upon dynamic domino, precharge theOfS) using FTL and a modified version termgferential
gate output node to a high voltage during the prechargingFTL (DFTL). The design is compared with other published
phase and conditionally discharge it during the evaluationWorks, thus, demonstrating the superior performance of our
phase [2]-[9]. Charge redistribution, leakage current from novel concept.
the output node and threshold voltage variation are the ma-
jor problems associated with this class of logic. To cir- 2. FTL Design Methodology
cumvent the leakage current problem various compensating
mechanisms have been proposed. They include, a Metal- In this section some of the basic aspects of design meth-
insulator Capacitor [3], a trickle transistor [5], or a weak ologies are discussed, and guidelines are provided to the
DMESFET and diode[9]. approach that might be pursued. The best results, however,



can be obtained by mixing of various techniques. Since FTL
gates are fully compatible with DCFL [1] they are included Voo
in a DCFL standard library.
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Figure 1. (a) Feed Through Logic and (b) Dif- ing in a Cascaded DFTL Chain.
ferential Feed Through Logic Structures.

2.1. Inverting Feed Through L ogic and Differential the Vyx and make the full logic swing back to the wrong
Feed Through Logic side and, therefore, will have to be restored through a full
logic swing to its final value at the other end, as is despited
The block diagrams of FTL and (DFTL) are illustrated in In Figure 2. This also resultin the retardation in the rising of
Figures 1(a), and (b), respectively. FTL and DFTL blocks the other differential output and reversing back to a voltage
can be cascaded in a domino fashion, without intervening Value below/z; and the subsequent need for restoration to
inverters as required in the classical domino logic structures. IS Proper logic value through a full logic swing.
This means faster signal propagation with less chip area be- The degree of the dissimilarity in the rise times at the
comes possible. The circuit latency and the maximum clock differential output, proportionally, depends on the ratio of
frequency change with the number of domino stages. TheCapacitances at the two differential outputs. Closer this ratio
domino stages and inserting pipelining latches in between

them. Furthermore, since both are inverting logic they are Veo

capable of realizing all logical functions. - T
However, it is sometimes more convenient to implement out, ‘

a function and its complement together. Extension of FTL 2T, x

to DFTL is straightforward. It also has the added advant- 1

age of providing functional blocks for the delay insensitive B

asynchronous circuits [12]. As seen in Figure 1(b) true and EMESFET

complement branches can share some logic. This sharing of Treel ) Qut,

some transistors might result in some area saving and speed
improvement if the cross connections between the transist- L

ors are not excessive. EMESFET
In [1] it was said that as the clock signat)(goes low

all the FTL outputs (gates outputk:t) charge towards the

gates switching threshold voltager(;;) and the effect of

the external inputsi(Vs) are propagated through gates out-

puts. Therefore, when valid inputs to each gate are asserted

the gates need only to make a partial transition from the

Vrg to low or high. In a similar fashion the differential

outputs in DFTL charge towardé ;. However, difference  2.2. Multiple Outputs L ogic Function with DFTL

in values of the capacitive loading at the differential outputs

(Out andOut), causes one of the differential outputstorise ~ FTL can also be employed in much more complex iter-

faster than the other one. ative network structures. An iterative network consists of
In a cascaded gate structure, this effect is accumulativeone dimensional array of identical modules [13, 14]. An it-

and would result in one of the differential outputs to cross erative functionS of n vector variablegag, a1, ...,an_1}

Outn

Figure 3. Multiple Output Logic Function Iter-
ative Network in DFTL.



can, iteratively, be decomposed into a functi®mf only 2 DMESFET transistors were chosen 890(um x 2.0 um)

variables. FunctiorP is much simpler tharb, and inter- and the reset transistors as((um x 1.0 um). In the per-

mediate results are also available as outputs. An iterativeformance characterization all the sum outputs, as well as,

array network can be built by organizing several identical the last carry and carry-complement outputs, were loaded

FTL in an one dimensional array. ConcepiMidltiple Out- with two inverters (pull-up EMESFET .0 pm x 2.0 pm

puts Logic FunctioifMOLF) [15] using iterative networks  and pull-down EMESFET ofl0.0 gm x 1.0 um). In

is depicted in Figure 3. addition, a post layout extracted interstage capacitances
Design with iterative network is generally more regular, (backannotated wiring parasitic capacitanced)of F' and

uses less transistors and takes up less area and results 21 fF for the sum and carry outputs, respectively, were in-

more efficient interconnection routing. Testing of iterative cluded in the simulation.

networks is also simpler [16]. These advantages make the The total area wa8.028 mm?. Propagation delays for

use of iterative network using MOLF attractive in VLSI. the last sum and carry bits wet@5 ps and120 ps, respect-

In MOLF the deterioration in the noise margin will be a ively. The circuit was simulated to up oG H z frequency

limiting factor in determining the length of the EMESFET and found to be operative in the typical process corner. The

trees. The noise margin can be improved using the ad-power dissipation wa3.7 mW .

ditional cross-coupled regenerative difference amplifier, as

shown in the shaded region of Figure 3. 1532 ym

3. Design Examples

In order to demonstrate the usefulness of FTL, several
circuits were designed and their performance evaluated.
These circuits include: both cascaded simple functional
blocks, as a ripple carry adder; and a single complex iterat-
ive functional block, like a complex magnitude comparator.

wrig'e6T

3.1. 4-bit Ripple-Carry Adder

The circuit digram for a 1-bit full adder carry and sum
functions are illustrated in Figure 4(a) and (b), respectively.
As seen, the sum is a FTL block whereas the carry a DFTL
block. This is because both carry and its complement are
needed. A 4-bit ripple-carry adder was obtained by cascad-
ing four such 1-bit adder units and its layout is shown in
Figure 5.

Figure 5. Layout for the 4-bit Ripple Carry Ad-
der. The Technology is 0.6 um H-GaAslll from
Vitesse.

The 4-bit adder circuit also was simulated with@ fF
output pad load connected to the sum outputs, as well as, the
last carry output. The simulated propagation delays for the

Figure 4. FTL Circuit Diagrams for 1-bit Full last sum and carry bits web27 ps and455 ps, respectively.
Adder () DFTL Carry and Carry Logic and The circuit was simulated to be operative u®t833 GH =

(b) FTL Sum Logic. (Tz: (10.0 pm X 1.0 um), frequency in the typical process corner.

Tpy: (2.0 pm X 2.0 pm), Tr: (8.0 pm X Table 1 compares the performance of FTL in relation
1.0 pm)). to other reported works. As can be observed FTL has

the best performance in terms of deld@q ps), chip area
(0.028 mm?) and gate count), and its power dissipation
All EMESFET transistor dimensions¢dth x length) is only marginally more than TDFL [7].
in the logic gates werel(.0 yum x 1.0 um). The pull-up To provide a method for comparison between the various



Table 1. Performance Comparisons for the 4-bit Ripple-Carry Adder.

Logic Family — DCFL| BFL | CCDL| TTDL | TDFL | SPDL FTL

Characteristics I I3] [3] [3] [5] [7] [8] [9]
Area ( mm?) 0.32 | 0.75 | 0.70 | 0.55 0.16 0.45 - 0.028
Gate Count 62 62 28 15 68 34 - 8
Device Count - - - - - - - 88
Delay ( ns) 1.40 2.0 1.1 0.8 - 0.5 1.34 | 0.195

Frequency ( GHz) - - - - 0.770 - - 1.0
Power ( mW) 47 190 96 130 1.7 128 4.8 2.7
L (mm? x pJ) 21 285 74 57 - 29 - 0.01

logic families, we define &"igure of Merit (T'), which is
defined as the product of the three performance parameters,
chip area, power dissipation anddelay. The figure of
merit for FTL is 0.01 mm? x pJ) being approximately
2000 times smaller than DCFL.

Since the high phase of the clock is only used for reset-
ing the output, througll'’y, we can use an asymetric clock
(< 50% duty cycle) where the high phase of the clock is
much smaller than its low phase, therefore, increasing the
frequency. Simulation result shows that it is possible to re-

duce the high phase @f from 400 ps to 200 ps, thereby Figure 6. Feed Through Logic 1-bit Compar-
increasing the frequency 1025 GH z. ator. The shaded area is the logic for 1-bit

comparator. (ITr: (10.0 pum X 1.0 um), Tpy:
3.2. FTL 4-bit Magnitude Comparator (2.0 pm x 2.0 pm), Tr: (8.0 pm X 1.0 pm)).

To evaluate the performance of DFTL for the implement-
ation of MOLF structures, an iterative 4-bit comparator was
designed and simulated. The results are compared with the
similar results for the four cascaded 1-bit comparators. Fig-
ure 6 is the schematic for 1 bit comparator in FTL . It has
been, recursively, cascaded into an iterative 4-bit compar-
ator of Figure 7. Sincd’, devices are not in the critical
path their size has been made smaller. The performance
comparison between the iterative and cascaded versions of
the 4-bit magnitude comparator is given in Table 2. Post
layout extracted capacitance values268ffF' and34 fF,

respectively, for the cascaded and iterative networks, were b b
used in the simulation. In addition each output node was i - P
loaded with an inverter2(0 ym x 2.0 um pull-up and . . TLE

3T, T,

10.0 gm x 1.0 pm pull-down transistors).
As seen the iterative network perform much better than =

cascaded form in terms of area and power dissipation, how-

ever, due to larger capacitive load at the output, it is notas Figure 7. Differential Feed Through Logic It-

fast as the cascaded form. The Figure of Merit for the it-  erative 4-bit Comparator. The shaded area is

erative network i$.1 times better than the cascaded form.  the logic for 1-bit comparator. (Tz: (10.0 pm

The cross coupled differential network is quite insensitive X 1.0 pm), Tps: (4.0 pm X 1.0 pm), Tpy:

to the variations in the geometrical and technological para- (2.0 pm X 2.0 um), Tg: (8.0 um X 1.0 pm))

meters. A variation 020% in the threshold voltage, width

and length of the devices increases the del&y23%.



Table 2. Performance Comparisons for the It-
erative and Cascaded Versions of the Mag-
nitude Comparator. Thetechnology is 0.6 um

H-GaAslll from Vitesse.

Design — ITERATIVE CASCADED
Characteristics d

Active Area ( pum xpum) || 166 x 1| 416 x 1
Area (mm?)x 10~4 85 167
Gate Count 1 4
Device Count 34 48
Delay (ps) 297 207
Frequency (GH?2) 0.833 1.0
Power (mw) 0.45 1.8
Noise Margin (mV) 170 168
I' (mm?2 xpJ)x10—4 10 61

4. Conclusions

In this paper concept of GaAs based Feed Through Logic
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A 4-bitripple-carry adder was designed and performance
evaluated and it was demonstrated that the adder desig
based on FTL is superior in performance in terms of chip
area, speed, power dissipation when compared with other

logic families.
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A 4-bit magnitude comparator was designed and per- [13]

formance evaluated. Results were compared with the sim-

ilar results for the four cascaded 1-bit comparators. The it- [14]

erative network performs much better than cascaded formin
terms of area and power dissipation, however, due to larger

capacitive load at the output, it is not as fast as the cascadec{15]

form.
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