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High-Speed GaAs Static Random-Access
Memory

GEORGES BERT, JEAN-PAUL MORIN, GERARD NUZILLAT, AND CHRISTIAN ARNODO

Abstract —An 8-bit fully decoded RAM test circuit has beeu designed

aud fabricated using enhancement-mode GaAs-MESFET’s with the LPFL

circuit approach. Correct operation of the circuit has been observed for a

supply voltage varying from 3.5 to 7 V. An access time of 0.6 ns was

measwred for a total power consumption of 85 mW under nominal operat-

ing conditions. This circuit was used to develop and vafidate both a design

strategy and computer-aided design (CAD) tools oriented towards cache or

buffei memories of reafistic complexity. It is showts that a performance-opt-

imized l-kbit RAM exhibiting an access time of 1.1 ns for a power

dksipation of 850 mW would be feasible with the present fabrication

technology.

I. INTRODUCTION

M OST applications of gallium arsenide integrated cir-

cuits in future high-performance digital systems, such

as computers and detection or communication systems, will

require memory circuits with speed compatible with that of

GaAs logic IC’S [1]. The principal utilization of these

circuits could be buffer or cache memories and a complex-

ity of l-kbit, permitted by the present status of GaAs

digital IC technology, appears to be acceptable for many

high-speed digital processing requirements.

Development of GaAs RAM circuits is planned in several

laboratories [2]–[4], but only two prototype realizations

have been reported to date. A 16-bit RAM test circuit was

fabricated by Asai et al. who measured an access time of 10

ns for a power consumption of 2 mW [5]. We have re-

ported recently an access time measurement of 0.6 ns for a

8-bit fully decoded RAM prototype with a power con-

sumption of 85 mW [6]. This circuit was intended to serve

the dual purpose of showing the feasibility of subnanose-

cond memory based on GaAs technology, and of develop-

ing the computer-aided design (CAD) tools necessary to

extend the results obtained with the prototype circuit to

larger GaAs random access memories.

In this paper, the design, fabrication, and performances

of this first subnanosecond access time RAM circuit are

described in detail. Based on the experimental results ob-

tained, the optimized circuit design of a l-kbit GaAs RAM

circuit is presented and its expected performance is dis-

cussed assuming the same design rules and fabrication

parameters.
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II. CIRCUIT APPROACH AND FABRICATION PROCESS

Since random-access memories are basically complex

IC’S, a circuit approach using enhancement-mode

MESFET’S should be preferred in order to optimize the

power consumption. This is the reason why all the GaAs

RAM designs reported to date are based on the conven-

tional normally-off FET circuit approach, known as direct

coupled FET logic (DCFL). In order to ensure more

comfortable fabrication tolerances and improve circuit-

design flexibility we have chosen, for the GaAs RAM

design, our quasi-normally-off approach named low

pinchoff-voltage FET logic (LPFL) [1] rather than the

DCFL [7], [8]. Therefore, the acceptable range of pinchoff

voltage was increased up to 0.5 V centered around 0.0 V.

The main features of the fabrication process are as

follows.

1) VPE-grown active layers with a carrier concentration

of 1– 1.5X 1017 cm–3 were used. The sheet resistance was

1.5–2.5 k!J/ ❑ . The device isolation was achieved either by

mesa etching or deep boron implantation.

2) The pattern definition was obtained by combining

direct-writing electron-beam lithography and lift-off tech-

nique. The MESFET gate length was 0.8 pm, whereas a

2-pm minimum line width was used for the two levels of

interconnection.

3) Recessed-gate FET structures were used. The 1OOO-A

recess was made by 200-eV ion milling, followed by a flash

chemical etching. The Ti/Pt/Au gate was annealed at

450”C for Schottky barrier characteristic stabilization (+B

= 0.75 V, n = 1.05). This routine ensures a pinchoff-voltage

control within Y 0.1 V.

III. 8-BIT MEMORY DESIGN

The 8-bit RAM test circuit was designed under the

following assumptions for the principal design parameters:

single supply voltage VDD = 4.6 V;

input logic swing Av= 0.7 V;

output drive capability Iou, = 2 mA into a 50-Q load;

nominal pinchoff voltage ~ = 0.0v;
minimum transistor width Zti = 20 pm;

resistive loads Ro=2kfl/D.

The circuit was organized into 4 words of 2 bits (4 rows
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Fig. 1. Addressing schemefor the ax 2 RAM prototype.
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Fig. 2. Read and write systems for the 4X 2 RAM prototype.

and :2 columns) with separate data inputs and outputs.

Only a single l-out-of-4-row decoder was required. The

memory cell circuit diagram was deduced from the 31-LPFL

basic inverter configuration [8] and coupling with the bit

lines was achieved ~ a novel way. Tradeoff considerations

of the present approach and comparisons with previously

propc~sed DCFL memory desigris are discussed in Section

v.
The basic memory cell given in Fig. 1 is rather complex

(10 components per cell), but addition of Schottky diodes

and pull-down resistors allows proper operation with large

pinchoff-voltage tolerances. The novel access mode using

common-drain MESFET’S improves impedance matching

between bit lines and intem~ nodes of the memory cell.

With the minimum transistor width of 20 pm adopted in

the actual circuit, the memory cell power consumption is

about 2 rnW.

The write operation is performed by drawing current

through the gate of the access coupling transistor. This

operation is achieved by the write circuitry shown in Fig. 2.

Also shown in this figure is the read amplifier which uses a

2-stage totem-pole design to drive the output buffer tran-

sistor. It should be noted that the read system remains

.. .......... .—
Fig. 3. Photomicrograph of the realized 4X 2 RAM chip.

always active, and therefore the addressed cell content is

available even during a write operation.

Fig. 3 shows a photornicrograph of the fabricated chip.

The circuit dimensions including pads are 0.5 mm by 1 mm

with an active area of 0.2 mm2 for which 0.049 mmz comes

from the 8-bit cell array, 0.038 mm2 from the address

system, and 0.035 mm2 from the read and write circuitry.

The basic memory cell area is 5900 pm2. The circuit

contains a total of 170 components including 77 MESFET’S,

52 ohmic resistors, and 41 Schottky diodes. The memory

cell matrix can be seen in the center of the photomicro-

graph and the address system is on the left-hand side. Both
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Fig. 4. Access time measurements on six 4X 2 RAM circuits.

the read amplifier and the write circuitry with enable

systems are located at the bottom.

IV. CIRCUIT PERFORMANCE RESULTS

At the present time, 6 wafers have been processed and

have exhibited quite similar results. The wafer-probe func-

tional testing has led to a fabrication yield ranging between

10 percent (7/’72) and 30 percent (22/72).

The access-time measurement results on the 6 best cir-

cuits taken out of 2 wafers are shown in Fig. 4. The supply

voltage was varied from 3.5 to 7 V, for each chip, while

maintaining correct operation of the circuit. The access

time is defined as the elapsed time between an address

change edge and the availability y of the corresponding

information on the output pads. The scope trace illustrates

the read operation performed on 2 words. The mean power

consumption for the standard supply voltage of 4.6 V is 85

mW, of which 15 mW are used by the output buffers. The

corresponding measured access time is 600 ps. The mini-

mum measured power consumption with 3.5 supply voltage

is 40 mW. It is possible to obtain an access time lower than

500 ps with a supply voltage of 7 V.

In spite of the experimental difficulty involved, we have

evaluated the minimum write-enable pulse width to allow a

correct storage of the information. The dependence of this
parameter on total power consumption, measured under

the same conditions as those of access time, is shown in

Fig. 5. The wide dispersion of experimental data is due to

experimental errors rather than deviations in actual param-

eter values. At the nominal supply voltage, the measured

minimum pulse width was found to range between 400 and

500 ps. This result, in conjunction with the access time

measurements, demonstrates the capability of this 8-bit

RAM test circuit to work properly up to a cycle frequency

greater than 1.5 GHz.

Good agreement was observed between the experimental

performances and computer simulations. By using the
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Fig. 5. Minimum write enable pulse width measurements on six 4X 2
RAM circuits.

CIRCEC network analysis programl, and assuming a typi-

cal set of parameter values, we have computed a simulated

access time of 530 ps, which is in reasonable agreement

with the measured data of 600 ps.

V. 1-KBIT RAM PERFORMANCE PROJECTIONS

A. Design

By taking advantage of the circuit approaches utilized in

the 8-bit RAM prototype, we have tried to evaluate

achievable performances of GaAs RAM circuits of realistic

complexity. In order to optimize power consumption and

number of circuit pads, the following minor assumptions in

the basic logic operators and in the general characteristics

of the memory have been made:

1) nominal pinchoff voltage of + 0.1 V with an accep-

table range of &0.2 V;

2) minimum transistor width of 5 pm;

3) replacement of ohmic resistor loads by active loads

realized by MESFET’S of —0.4-V pinchoff voltage,

5-pm transistor width, and gate length chosen to

give the desired current;

4) two separate supply voltages for the memory matrix

and the surrounding circuitry;

5) N X 1-bit memory organization using a square ma-

trix with row and column decoders.

The other design rules and fabrication parameters have not

been changed.

The DCFL approach leads to the simplest memory cell

and to the lowest power consumption. But a strictly posi-

tive and well-controlled pinchoff voltage is required to

achieve acceptable noise immunity, especially for low-power

RAM design. In spite of a more complex design, the LPFL

1Interactive nonlineu network analysis program developed by Thom-

son-CSF/DIS.
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memory cell offers the advantage of a wider acceptable

pinchoff voltage range [7] and a higher logic swing (1.1 V).

(See Table I.)

Three coupling modes between the memory cell and the

bit lines are compared in Table II. The common-drain FET

coupling mode is chosen since it exhibits the advantage of

allowing an impedance matching between the bit lines and

the internal nodes of the cell. The write operation is

performed by drawing current through the gate of the

accew coupling transistor.

The chosen electrical scheme for the row decoder com-

patible with the memory matrix is shown in Fig. 6. The

propagation delay and the dimension of the word drivers

depend on the memory-cell power consumption. CIRCEC

simulations show that an optimum partition of power

between matrix and row decoders can be found for a given

total consumption, as seen in Fig. 7. This total consump-

tion represents between 1/4 and 3/4 of the chip’s con-

sumption, depending on the circuit complexity and the

power objective.

In order to improve the dynamic performance, a pre-

charge system is connected to the bit lines (Fig. 8). This

solution presents a disadvantage in terms of circuit com-

plexity and requires one more signal input for the read

operation, but allows a significant improvement in the

speed performance.

The read system is implemented by connection of a

sense amplifier on every matrix column and a further

selection of a logical level by means of the column decoder.

Special interface requirements have not been taken into

consideration in the evaluation presented here. Details of

the output circuitry depend on the particular application,

and clifferent designs can be utilized with the same memory
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Fig. 6. Addressing scheme for l-kbit RAM.
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Fig. 8. E/D-LPFL memory cell and precharge system for l-kbit RAM
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circuit. Propagation delay and power consumption of the

interface circuitry should be added to the results presented

in Tables III and IV. The output circuits considered are

able to drive a 50-Q line with 100–200-mV swing or higher

impedance (500 Q) with 0.7– 1 V.

The propagation delay of the write system is not a

significant parameter, since it only affects the delay be-

tween the address signals and the write signal (setup-time).

This delay must be shorter than the address delay (row
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TABLE IV
MAIN FEATURES OF 64,256, AND 1-KBIT PROJECTS (SIMULATION

().2 MW/CELL)

I
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decoder+ word drivers) in order to avoid an increase in the

memory cycle time. The minimum write-enable pulse width

(tW) corresponds to the switching time of the memory cell

and is not an actual limitation for speed performance

of memories with complexities up to 1 kbit ( = 800 ps for 1

kbit).

The column decoder propagation delay must be shorter

than the row addressing time (row decoder + word drivers)

and its power consumption can be reduced to a lower value

than that of the row decoder.

B. Performance Projections

The characteristics presented hereafter have been calcu-

lated under the general assumptions and design strategy

presented in part A of this section. Other chosen parameter

values are as follows:

supply voltages +3.9 V and +2.5 V;

memory cell dimensions 50 pmX50 pm;

width of coupling FET 10pm to 20pm

(depending

on complexity);

enhancement-mode FET current 130 I.LA (Z= 5 Pm,
~= +0.1v); ‘

parasitic capacitances 2X 10-3 pF per

crossover;

8X 10-5 pF/pm

for crosstalk.

The speed and power performance for both 256-bit and
I-kbit RAM circuits are given in detail in Table III, A total

power consumption of about 800 mW was assumed, of

which 500 mW were allocated to the memory matrix plus

the row decoder. The speed–power performance was opti-

mized by using the information available from the curves

in Fig. 7 to partition the power between the row decoder

and the cell array. For the 1-kbit circuit, the corresponding

stand-by power dissipation is 0.2 mW\cell. It appears that

an access time as low as 650 ps can be anticipated for the

256-bit circuit, and that the l-kbit RAM should exhibit an

access time of 1.1 ns, corresponding to the very attractive

figure of merit of 0.92 pJ/bit. For comparison purposes, it

can be noted that a 1-kbit circuit design, assuming no

precharge and a power dissipation of 0.45 mW/cell, has

led to an access time of 1.6 ns with a total power consump-

tion of 1.2 W [6].

The projected characteristics of three RAM circuits of

increasing complexity are listed in Table IV. The same

optimization method was used, but the stand-by power

consumption was now assumed to be constant, with a

value of about 0.2 mW/cell. The power consumption of

the 256-bit circuit is thus drastically reduced, but at the

expense of speed.

VI. CONCLUSIONS

The 8-bit fully decoded RAM test circuit presented in

this paper demonstrates the feasibility of subnanosecond

access-time memories utilizing enhancement-mode GaAs

MESFET’S. A rather complex cell design has been chosen,

(10 components per cell) using a new coupling mode with

the bit lines in order to reduce increase noise immunity and

the sensitivity to pinchoff-voltage variations. The pre-

liminary data of fabrication yield, as well as the observed

wide range of supply voltage allowing correct operation

(3.5 to 7 V), validate this approach.

A computer analysis of the performance of RAMs with

realistic complexities in cache or buffer memory applica-

tion has been carried out in order to optimize the design

and to predict the achievable speed–power performance. It

has been shown that access-time reduction requires bit-line

precharge and that the power sharing between cell array

and row decoder is a very important consideration in speed

optimization. Especially, it has been demonstrated that,

with the cell design presently used, the maximum speed of

l-kbit RAM is obtained by consuming about 25 percent of

the total power in the cell array (200 pW/cell). Under this

condition, it has been shown that a 1-kbit RAM with an

access time of 1.1 ns and a power dissipation of 850 mW

would be feasible with only minor changes in the design

parameters and the fabrication process.

The design strategy presented in this paper is certainly

valid for RAMs of complexities up to 4-kbit, which covers

most applications of fast memories in presently planned

GaAs-implemented high-speed digital systems. For appli-

cations requiring larger memory sizes, 16-kbit or more, the

memory cell will have to be redesigned in order to drasti-

cally reduce the standby power consumption. Such circuit

complexities are well beyond the present status of GaAs IC

technology.

ACKNOWLEDGMENT

The authors would like to thank their colleagues F.

Kavala and E. Peres for their help during this work.



BERT et al.: GSAS STATIC RANDOM-ACCESS MEMORY

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

REFERENCES

G. Nuzillat, “ GaAs integrated circuits for gigabit applications: in
Proc. 7th European Solid-State Circuits Conf., (Freiburg, West
Germany), Sept. 22-24, 1981, pp. 65-78.
R. Zuleeg, J. K. Notthoff, and G. L. Troeger, “ GSAS junction FET
LSI~ in Proc. 1980 Electronics and Aerospace Systems Conf., (Arfing-

ton, WV), Sept. 29–30, 1980, pp. 146-150.
D. K. Kinell and D. O. Wilson, “ GaAs static random accessmemory
,x11design,” presented at 2nd GaAs IC Symp., Las Vegas, NV, Nov.
4-6, 1980, Paper no. 9.
R. E. Lundgren and M. Waldner, “High-speed GaAs static RAM
technology and design: in Proc. Eascon ’81, Washington, DC, Nov.
16-19.1981. rm. 94–98.
K. A&.i, M. ‘~rio, K. Kurumada, Y. Kanasaki, and M. Ohmori,
“ GaAs E/D FET: Technology for application to static RAM~’
presented at Int. Symp. on GaAs and Related Compounds, (Oiso,
Japan) Sept. 20-23, 1981.
G. Bert, J. P. Morin, G. Nuzillat, and C. Arnodo, “ High-speed GaAs
static random access memory,” presented at 3rd GaAs IC Syrup.,
(San Diego, CA), Oct. 27-29, 1981, Paper no. 4.
G. Nuz.illat, G. Bert, T. P. Ngu, and M. Gloanec, ” Quasi-normally-off
MESFET logic for high-performance GaAs IC’S,” IEEE Trans.

Electron Devices, vol. ED-27, pp. 1102-1109, June 1980,

G. Nuzillat, G. Bert, F. Damay-Kavala, and C. Arnodo, “High-speed

low-power logic ICI’S using quasi-normally-off GSAS MESFET’s~

IEEE J. Solid-State Circuits, vol. SC-16, pp. 226–232, June 1981.

1019

Jean-Paul Morin was born in Clichy-La Garenne,
France, on October 23, 1954. He was graduated
from Paris XI University, Orsay, France, in mi-
croelectronics, in 1979.

He joined the Thomson-CSF Centraf Research
Laboratory and received the “Third Cycle”
Doctorat for his work in design of GRAS random
access memory.

G&ard Nuzillat was born in Paris, France, on
February 8, 1943. He was graduated from Paris-

Sud University, Orsay, France, in electronics in
1966, and received the Doctorat degree in 1968.

From 1966 to 1971, he was with the Paris-Sud

University as a Teacher in the areas of signaf
processing and electronic circuitry. In 1968, he

joined the Thomson-CSF Centrrd Research

Laboratory, Orsay, France, as a research fellow,

and became a ~ermanent member in 1972. In
1974 he was res~onsible for a ‘group working on

design and development of monolithic- GaAs digital IC’S. He is now
Manager of the Efectron Devices Grou~ of laboratories in the Thomson-

CSF ~entraf Research Laboratory. ‘

+

Georges Bert was born in Marseillej France, on

September 28, 1946. He received his engineering

degree from Enseeiht of Toulouse in 1971, and

joined Centrrd Research Laboratory of Thom-

son-CSF where he has been engaged in work on

Si MESFET IC’S. Since 1975 he has been work-
ing on simulation, design, and evacuation of GSAS
MESFET digitaf IC’S.

*

Christian Amodo was born in Paris, France, on’
March 20, 1942. He obtained the Diplome En-
gineer degree in physicaf engineering from the

Conservatoire National des Arts et Metiers, Paris,
France, in 1971.

Since 1969 he has been a member of the tech-
nicaf staff at the Thomson-CSF Centraf Research

Laboratory, Orsay, France. Since 1976 he has
worked mainly on the application of electron-

besm lithography, ion-beam etching, and ion im-
plantation to the fabrication on new semiconduc-

tor Si devices. At present, his main activities have been concerned with
GaAs IC technology.


