AD=AlD2 728

UNCLASSIFIED

TRW DEFENSE AND SPACE SYSTEMS GROUP REDONDO BEACH CA F/6 9/5
FIVE BITe FIVE GIGASAMPLE TED ANALOG-TO=-DIGITAL CONVERTER DEVEL~-ETC{U)
YU 81 K WELLER» T MILLS» T LEISHERs C C LEE NOOD14=785C-0643
TRw=33730




DATOZ 7238

DTG FILE Copy

FIVE BIT, FIVE GIGASAMPLE
TED ANALOG-TO-DIGITAL

CONVERTER DEVELOPMENT

INTERIM REPORT

TRW NO. 33730

JUNE 1981

Prepared for

DEPARTMENT OF THE NAVY
OFFICE OF NAVAL RESEARCH
Arlington, Virginia

TRW

DEFENSE AMD SPACE SYSTEMS GROUP

ONE SPACE PARK REDONDO BEACH CALIFORNIA 90278

81 7 10 077

Y



oo BB S Sk S & - =T o
.

FIVE BIT, FIVE GIGASAMPLE
TED ANALOG-TO-DIGITAL

CONVERTER DEVELOPMENT

INTERIM REPORT

TRW NO. 33730

JUNE 1981

Prepared for

DEPARTMENT OF THE NAVY
OFFICE OF NAVAL RESEARCH
Arlington, Virginia

TRW

DEFENSE AND SPACE SYSTEMS GROUP

ONE SPACE PARK REDONDO BEACH CALIFORNIA 90278




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE rhen "lll"‘l”'?ldj

REPORT DOCUMENTATION PAGE

READ INSTRUC TIONS
BEFOKE COMPLETING FORM

1 REPORT NUMBER ‘2 GOVY ACCESSION NO

){mut~"& CATALNDG NUMBER

A AL T

FIVE BIT, FIVE GIGASAMPLE TED ANALOG-TO-DIGITAL
CONVERTER DEVELOPMENT . -,

E OF REPORT & PERIOD COVERED

TECHNICAL REPORT
10/1/78 10 3/31/81

6 PERFOAMING OG REPGRT NUMBER

- N
| K/ Weller

8 CONWTRACY OR GRANT NUMBER(s)

-
C. C.|Lee -
T. Mills |’ NODO14-78-C-0643
b- T..Leisher —
5™ FeR? T e mnr e e NAMT ART RODAESS 10 PROTRAM ELEMENT PROJECT TASK
AREA 8 WORK UNIT NUMBERS
TRW Defense and Space Systems Group A PE. 62162N
One Space Park | i RF 62 582 801
Redondo Beach, CA 90278 ' NR 383-047
i in E T, A_NAu( ANC: ADDRES { 12.. AEMOAT HATE
0ffice of Naval Research, Code 427 Q Junems®s]
Navy Department 73 NUMBER OF PAGES
Arlington, Virginia 22217 26
T& M~n T RN AEN + NAME & ACDRESS f different from Controlling Office; | 18 SECURITY CLASS (of thiw report,
NA - UNCLASSIFIED
) ‘ i /" PR ;.._ [isa nggsjzninuaxo; DOWNGRADING
- & - /

6 DiSTRIB. TION STATEMENT fof thas Rep ¢!

‘\’Lfl

/F \"/ '

€

W

17 DISTRIBL T 5T RTEMENT ‘of the abarra.

Centere f1r Blo.k 20, 1 difteren’ ftom Repdrt)

18 SUPPLEMENTARY W TES

ONR Scientific Officer Tel: (202) 696-4218

19 WEv WORDS (Continus on reveres side il necesaary and rdentily by block number)
Monolithic
Microwave
TED A/D Converter
Gallium Arsenide
FET

20 ABSTRACT /Continue on reverse side If necessars and identify by block number)

nology developed at TRW.

serial A/D converter.
matching between the A/D cells manageable, a low

The objective of this work is to develop a high speed (gigasampling rate per
second range) multibit A/D converter based on the characteristics of GaAs
transferred-electron logic devices (TELD) dant the monolithic GaAs IC tech-
The TELD is a threshold device which has been used
in conjunction with a FET comparator circuit in a successive approximation or
In order to make consideration of the delay path in

approach was adopted for a 5-bit three yigasample per second A/D converter.

frequency direct coupling

tj

oD ,’2%5, 1473

LELITION OF | HOV 65 15 UBSOLETE

UNCLASSIFIED

f Bl

SECURITY [4% ASS» "< Anou OF ThiS 9Aot {Whan Date Entered)

o DALl

v




UNCLASSIFIED

SECURITY CLASSIFICAYION OF THiS PAGE(Whaen Deta Enterad)

20. ABSTRACT (Continued)

Following this approach an optimized computer-aided design and a complete
circuit layout has been accomplished.

e

R (‘06:'51,7" F’q;
[TIS ,f-'.b,ltxr

} r'-'_v’—: T'o <

[N I
AT

/ ~'u.:111-~",”e'14‘ f '
! ""l,‘;l q

o
LSty . Sreea
198 45 JPN e
. tiny
/’ "V(!fl"}‘7;.
1ty

(DI "1""";'1

UNCLASSIFIED

SELURITY CLASSIFICATION OF Yo" PAGE/When Dare Entered)




] ] —

TABLE OF CONTENTS

INTRODUCTION AND SUMMARY
HIGH SPEED ANALOG-TO-DIGITAL CONVERTER DESIGN PRINCIPLES

2.1 Introduction
2.2 Principles of Serial Type A/D Design

TED/FET ANALOG-TO-DIGITAL CONVERTER DESIGN AKD LAYOUT

3.1 A/D Cell Electronic Design
3.2 Five-Bit TED/FET A/D Converter Layout

TED MATERIALS AND [.C. PROCESSING

4.1 GaAs Materials for TED and FET Integrated Circuits
4.2 Integrated Circuit Processing

A/D CONVERTER TEST AND EVALUATION PLAN

5.1 Test Fixture Design and Assembly
5.2 Test Procedure and Setup

PLANS FOR COMPLETION

DISTRIBUTION LIST - FINAL REPORT




————

1. INTRODUCTION AND SUMMARY

This report summarizes the work performed by TRW Defense and Space
Systems between 1 October 1978 to 31 March 1981 on Contract No. N0O0014-78-
C-0643 for the Office of Naval Research. The objective of this program is
the development of a high speed multibit A/D converter based on the mono-
Tithic GaAs integrated circuit technology developed at TRW which makec use
ot gate controlled transferred electron logic devices (TELDs). The GaAs
TED/FET A/D bit cell previously developed for the Office of Naval Research
under Contract No. SN0O0O14-76-C-0743 has been used as a basic building block.
The TELD is a threshold device which can be used in conjunction with a FET
comparator circuit in a successive approximation or serial A/D converter.
The TELD is capable of very high speed which is the primary motivation for
this research.

The original goal for '1e A/D converter is to demonstrate 5-bit accuracy
at 5 Gbps sampling rate. The sampling rate is not at all limited by the
TELD function. The TELDs can be designed for operation up to 10 GHz.
However, to account for the limited frequency response of the non-optimum
FET amplifiers fabricated in optimum TELD materials, the sampling rate of
the A/D converter has to be reduced to or below 3 Gbps rate. A simple low~
pass design has been adopted for the amplifier/comparator chain which has an
upper frequency gain rolloff near 3 GHz. This is an inherent characteristic
of the transistor. Since the operation of the cell requires a sampling rate
either at the carrier frequency or at a subharmonic of the carrier frequency
for proper operation, the sampling rate must be Tess than 3 gigasamples per
second.

A considerable amount of effort has been spent on the circuit modelling
and circuit design tasks. A number of design iterations were required to
arrive at a satisfactory design. In order to make consideration of the de-
lay path in the matching between the A/D cells manageable a Tow freguency
direct coupling approach was adopted. Following this approach the current

design and the complete circuit layout has been done.

Another difficult task encountered was the GaAs material preparation.
The active layers for the transferred-electron devices (TEDs) are n-type,
doped to a concentration of 1.5 - 3.0 X 1016cm'3, with an epitaxial thickness
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of 1 to 2 um. These material parameters satisfy the empirical ~elationship
ND > 1.0 x 10‘2cm2 required for TED differential neqative resistance. The
epitaxial material will be thinned in the FET regions to improve the quality
of the FET performance. For optimum gain, an ND2 > 107 criterion is requir-
ed. The epitaxial material has to be thinned to 0.2 um. In addition to the
doping-thickness product, the carrier mobility and surface morphology of the
vapor phase epitaxial-grown GaAs are also important material parameters to
meet these large circuit (approximately 100 x 200 square mils) requirements.
Suitable epitaxial GaAs material must be carefully selected for A/D con-
verter chip fabrication. The material must be chosen to satisfy both the
transferred-electron logic device (TELD) and field effect transistor (FET)

device requirements in a satisfactory manner.

A large number of epitaxial wafers have now been either fully qualified
or partially characterized for this contract. Completion of this task is
compulsory before starting the circuit fabrication. The most critical part
of this development work (both in material and design) has already been
completed. The continuing effort will emphasize material characterization,
wafer processing, and RF evaluation.




2. HIGH SPLED ANALOG-TO-DIGITAL CONVERTER DESIGN PRINCIPLES

2.1 INTRODUCTION

It is felt that GaAs TED A/D converters have several advantages over
their silicon counterparts. The A/D converter is a key element in digital
signal processing, as its performance ultimately limits the center fre-
quency and bandwidth to which digital signal processing techniques can be
applied. GaAs TED A/D converters can increase both the frequency of opera-

tion and the bandwidth over conventional A/D converter designs.

A TED can be considered a very high speed threshold device followed by
a short delay line. This makes the TED a particularly useful tool for A/D
converter applications. The serial A/D converter, designed to take advan-
tage of the threshold properties of the TEDs, is intended tc be an inte-
grated circuit that also uses GaAs field effect transistors (GaAs FETs),
bulk GaAs or thin film resistors, and metal oxide metal (MOM) capacitors.
A block diagram of the FET-TED A/D converter in serial organization is
shown in Figure 2-1. The dashed line encloses one of the bit cells. While
there are several ways to organize an A/D converter, the one that takes
best advantage of TED properties is the serial organization. This organiza-
tion is also the most efficient in the number of devices used and the DC
power consumed. However, it requires close tolerances in the circuit
fabrication.
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Figure 2-1. Serial, or Successive Approximation, A/D Converter
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In pursuing the development of a high speed multipie-bit A/D converter,
the design has been based on the monolithic GaAs inteqgrated circuit tech-
nologh developed by TRW which includes gate-controlled transfer-electron
logic devices (TELDs). The design goal for the A/D converter is 5-bit
accuracy at a sampling rate of 3 gigasamples per second in a serial, or succes-

sive approximation, A/D converter confiquration
2.2 PRINCIPLES OF SERIAL TYPE A/D DESIGN

Each bit cell of the multiple-bit A/D converter should perform the

function illustrated in Figure 2-2.

The amplitude of the RF signal X varies from zero to A. If the ampli-
tude is less than A/2, the digital output from the bit is "0." For X > A/2,
a bit output of "1" occurs. The RF output from the cell which is passed on
to the next significant bit cell is 2(X-A/2). So if the input X to the
most significant cell is A, the output to the next cell and all cells fol-
Towing is alsc A. If the input to the most significant bit cell is A/2, a
“1" will be registered for this cell and the RF output will be "0." The
remaining cells will then all register a zero-bit output.

CLOCK
RF INPUT ——————pe ——— 3w RF OUTPUT
X
= 2(X-A/2) for A/2< X < A
(0 -A) Y ( /2)

- 2X for 0 < X < AJ2

|

BIT OUTPUT
0 X - A/2
1 - X A2

Figure ¢-2. Block Diagram ot A/D Cell Function




By this algorithm, an A/D converter of as mdny bits as desired can be
constructed. For a %-bit A/D, 32 quantization levels are available as tab-
ulated in Table 2-1. In this table, the relative RF amplitude levels to
each cell are tabulated for relative input levels from 0 to 31. The result-
ing bit outputs are also tabulated. It is clearly shown that an analog
level between zero and the maximum (31) is quantized and represented by a

digital binary nunber output between 0 and 31.




Table 2-1.
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The scheme used for realizing the required A/D cell function using
FETs and the TCLD is shown in the block diagram of Figure 2-3. The RF
input signal is provided to a FET amplifier K1 and TELD 2, the decision
block. A clock signal is provided to TELD 1, which acts as a pulse sharpen-
ing ¢ircuit. The output pulse from TELD 1 provides a c¢lock pulse to TELD 2.
When the incoming RF signal is more negative than the TELD trigger threshold
when a clock pulse is applied, the TELD 2 will generate an output of peak
T The amplified RF signal K1 X is then fed, with the TELD out-
put if one exists, to a differential amplification stage Kp. The output

amplitude V

from K, is the amplified difference of the two input signals KZ(KIX-VT).

To satisfy the requirercnts for the cell design, TELD 2 must trigger
on an amplitude of equal to or greater than A/2, where A is the maximum
amplitude allowed. Also the product of the two gain factors, K1 K2 must
equal ¢ for the proper signal transfer to the next bit cell. The "phase"
of the TiLD 2 output, when triggered, must be the same as the output from
K;. Also the magnitude of K2 VT must equal A. The actual circuit schematic

1
for the cell has been developed with these constraints in mind.

RF INPUT RF OUTPUT
X + - -
K, Y K, (K, X Vo)
- = 2(X - A/2)
Vo FOR A/2- X <A
TELD?2 —P = 2X FOR 0« X< A/2
? SO K'IKZ = 2
TELD1 K,Vy = A
CLOCK BIT OUTPUT

RF OUTPUT - K

Figure 2-3. TED A/D Cell Block Diagram




3. TED ANALOG-TO-DIGITAL CONVERTER DESIGN AND LAYQOUT

3.1 A/D CELL ELECTRONIC DESIGN

The complete schematic for a single cell of the 5-bit A/D converter
is shown in Figure 3-1. The design has been optimized for flat gain as
high a frequency as possible while still maintaining sufficient RF gain
through the cell. Relating this schematic to the block diagram of
Figure 2-3, transistors A and B represents the gain block K1 and transistors
C, D, and E make up the amplifier K2. The major difficulty confronted in
this design was in achieving the desired frequency response in the transis-
tor cascade. First, the upper cutoff frequency fT for the transistors is
relatively low because of the 1-;m gate geometry and non-optimum channel
profile. These parameters could not be improved because of constraints of
the process technology. Second, the loading of the output of one FET stage
by the input impedance of the following stage severely limits the gain band-
width product of cascaded stages.

The second design problem can be Targely overcome by using a buffer
in the form of a source follower stage between each common source stage.
The common source stage A provides most of the gain in the RF amplifier
chain. Stage B is a source follower buffer. The input impedance to B is
much higher than that of € so it does not load the output of A as severely
as would the capacitive 1nput to another common source stage. Hence B acts
as a buffer between A and C. However, the source follower stage has no
voltage gain;, in fact, there is a small acmount of loss.

The differential pair C and D performs the linear differencing ampli-
fier function, with E acting as a current source. The output from the amp-
lifier pair is taken through another source follower buffer G to the next
cell. Inclusion of G ensures that the operation of one cell will not be
soutificantly affected by the loading of the next cell.

The TELD section of the circuit presents Tess of a design problem
although there is more uncertainty in predicting the actual performance
because TELD behavior varies from wafer to wafer with the present GaAs pro-
cess contraol. The decision block, TELD 2, will be triggered by the signal
when the amplitude threshold is exceeded and the clock pulse is applied to
the second gate. The magnitude of the TELD 2 output voltage VT times the
gain of the comparator K2 (which includes the loss of thc buffer G) must
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equal A (nominally 0.4 V). There is a limited amount of control of K2
through dc¢ biasing of the FETs in the pair. The outbut voltage VT will
depend on the dropback current of the TELD 2 and the load resistance. The
dropback current of the TELD can vary significantly from run to run, so
load resistance trimming capability has been included to compensate. Three
resistrrs are placed in parallel with the option of laser trimming to

remove one or more from the circuit.

A very important aspect of the cell design that is somewhat more
subtle is proper phasing and timing. The RF signal impressed on C and the
TELD2 signal, when present, impressed on D must be in the same phase for
proper action. Now to first order, transistor A inverts the polarity of
the amplificd RF signal and B does not. Likewise, the TELD 2 inverts the
polarity from input to output. However, there is additional phase delay
in the RF amplifier chain owing to capacitive loading, etc. There is also
compensating delay in the TELD 2 branch caused by domain buildup time, and
capacitive loading of the TElLD 2 nuftput by the input of D. An estimate of
the phase delay in the TELD 2 branch was made by modeling the TELD as a
voltage-controlled current generator with a built-in time delay between
impressed voltage and output current. Based on this estimate and the phase
delay calculated for the amplifier chain from a SPICE analysis, thc phase
delays cancel one another to first order. The time delays caused by finite
length interconnects between the circuit elements have been taken into

consideration.
3.2 FIVE-BIT FET/TED A/D CONVERTER LAYQUT

The schematic diagram of a single cell of the 5-bit A/D converter is
shown in Figure 3-1. [In this optimized design, the capacitors are reduced
considerably from the initial COMPACT runs. The purpose of this is to mini-
mize the unnecessary circuit capacitance without sacrificing the RF perform-
ance. One of the major yield-loss factors in the present GaAs IC process
is the dielectric pinhole defects. The direct advantage of minimizing cir-
cuit capacitance is to increase wafer tabrication y‘eld. The standard
capacitance value of 0.1 pf/square mil has been commonly used in TRW's
standard process. The average sheet resistance value of bulk GaAs epitaxial
resistors of 425 ¢ /squdare has been adopted for the layout of the A/D con-
verter circuit. The layout of a single cell of the A/D converter is shown
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in Fiqure 3.2. A complete single hit A/D converter including bonding pads
and interconnects is shown in Figure 3-3. A complete five cell pattern
has been generated from the single cell layout. Special consideration has
been given to the situation of an RF input signal propagating through the
FET amplifier‘'s chain to be matched in phase with the signal arriving at
the comparator block from the TELD decision function. The RF delay lines
in the Tayout of each cell have been readjusted to equalize the phase in
both signal paths accounting for the interconnect lengths. The RF clock
line has been examined to make sure the clock signal for each cell is in
proper phase with the RF signal propagation from cell to cell. The final
complete layout (Fiqgure 3-4) is generated for mask making.
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Figure 3-2. Final Layout of 4 Single Cell of A/D Conver ter
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A Complete Single Bit A/D Converter
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4. TED MATERIALS AND 1.C. PROCESSING

This section describes the materials and processes to be employed in
fabricating the 5-bit A/D converter circuit for this contract (N00014-78-C-0643).
The existing technology will be used for TEDs, FETs, and passive elements.
Epitaxial material has been grown for use in these circuits. This material
is optimum for TEDs, but must be selectively etched to optimize for FETs.

4.1 GaAs MATERIALS FOR TED AND FET INTEGRATED CIRCUITS

The success of fabricating any 1C depends on the properties of the
starting material. This is especially true for GaAs ICs. The properties
of GaAs epitaxial materials can vary extensively during epitaxial growth.
The active layers are deposited epitaxially on GaAs semi-insulating sub-
strates. The properties of both bulk GaAs crystal and epitaxial layers
affect the final device performance in the circuit. Bulk properties of the
substrate materials such as dislocation density, dopant concentration, and
mobility have been controlled by working closely with the substrate sup-
pliers. TRW uses two sources at present: materials grown by Horizontal
Bridgman technique from Crystal Specialties, and Czochralski from MRI.

The epitaxial material is grown in a commercially designed, vapor phase
3> HC1, and GaAs the principal recactants. Epitaxial
material from this system has been successfully used to fabricate discrete
TEDs, MESFETs, millimeter wave mixers, and small-scale integrated circuits.

vertical system with AsH

These wafers employ undoped buffer layers prior to the deposition of
the doped active layer. The active layer is doped to a range of 1 — 5 x

1016 cm_3 using H25 source for the sulfur dopant.

Ion-implanted TEDs have also been developed at TRW. They represent a
viable alternate tc the mesa process. The use of jon-implantation per-
mits selectively implanting the FET and TED regions separately to permit
optimization of each.

The active layers for the TEDs are n-type, doped to a concentration of
1.5 - 3.0 x 10! cn?
rial parameters satisfy the empirical relationship ND > 1.0 x 1012 cm
required for TED devices. The epitaxial material will be thinned to 0.2 1m

cm ~, with an epitaxial thickness of 1 — 2 um. These mate-

2
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in the FET regions to improve the quality of the FET performance. For
2 /
10

to be thinned to 0.2 m in these areas. The program plan is to use the

optimum gein, an ND criterion is required. The epitaxial layer has
epitaxial layer with the TED parameters and etch back in the FET regions
for optimum pinchoff voltage. Approximately 20 wafers have been deposited
with epitaxial layers and will be used for this program. These wafers will
be characterized and used to process the ICs.

4.2 INTEGRATED CIRCUIT PROCESSING

The IC process described as an “epitaxial mesa process” will employ the
standard ohmic contacts, rectifying contacts, and passive elements developed
over the past five years. The ohmic contacts are AuGeNi alloyed at 420°C
to give a specific contact resistivity of about 3 x 10_5 Q—cmz. When N+
implants are used in the contact region, the specific resistance reduces to
10_6—10'7 w-cmZ. Gates for the rectifying contacts are CrPtAu. Both metals

are deposited and delineated using a photoresist liftoff technique.

Two passive elements to be used in these circuits are thin film MOM
capacitors and bulk resistors. The bottom plaie of the capacitor is deposi-
ted in the same deposition as the gate metal. The dielectric in the capaci-
tor is SiO2 (Tow temperature Silox, and the top plate metallization uses
TiAl as the final bond and intercon.ect metal. Resistors for the circuits
will be bulk GaAs resistors, with gross trimming provided by removing resist-
ors from parallel paths in the circuit.

The process flow diagram is shown in Figure 4-1.
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5. A/D CONVERTER TEST AND EVALUATION PLAN

5.1 TEST FIXTURE DESIGN AND ASSEMBLY

The two most common types of transmission media used in microwave ICs
to interface with the vutside world are microstrip lines and coplanar lines.
The impedance of a microstrip transmission line is determined by the dielec-
tric constant of the substrate material, the width of the surface conductor,
and the separation of the surface conductor and its ground plane. For a
given dielectric thickness of a certain substrate material, the width of
the surface conductor is fixed for the specific impedance one requires.

For example, a 50- transmission line of a 25-mil alumina substrate (reia-
tive dielectric constant of 11.0) requires approximately a 25-mil-width of
the surface conductor. However, since the width of the chip bonding area

on GaAs is on the order of 2 to 3 mils and i~ separated by 10 to 15 mils,
microstrip lines are incompatible for this case. Furthermore, microstrip
lines having such proximity are subject to field interference and crosstalk
from the other parts of the circuit. The problem of interfacing to the

test fixturec, whicr may be made of different materials (such as alumina)
from the actual IC and of different thickness is difficult to solve by using
microstrip techniques.

The use of coplanar lines offers a convenient solution to these prob-
lems. A coplanar transmission line consists of a narrow strip with two
ground planes running adjacent and pardllel to the strip on the same side
of a substrate. The coplanar configuration is especially convenient for
connecting external shunt elements, such as microwave diodes, resistors, and
capacitors.

The impedance of a coplanar line can be kept constant and independent
of the actual width of the line as long as the ratio between Yine width and
parallel ground plane spacing remdin constant. This means that a line of
50 ~ or any other impedance value can be tubricated with equal facility,
using a large or small physical s1z¢. This property can be used to taper
the transitions from vne substrdate to anather without ever deviating from

a constant impedance.

g
'
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TRW has developed a computational method for solving for Coplanar line
parameters based on a finite differonce method with a network elimination
technique. The calculated impedance for coplanar lines using this technique

is shown in Fiqure 5-1.

In designing RF test fixtures for GaAs ICs, TRW has adopted the
approach of using a tapered coplanar line to provide the RF feed from the
SMA connector interface to the chip. The dc lines are usually supplied by
high impedance microstrip. A typical test fixture design used to test
GaAs TED A/D converters is shown in Figure 5-2.

5.2 TEST PROCEDURE AND SETUP

A single bit A/D cell and dual-gate TEDs have been added to the mask
design. The dual-gate TEDs will be used for process and material charac-
terization. The testing of single cell of the A/D converter will help to
determine the following parameters:

1) Approximate bias conditions required for each cell

2) Proper bias adjustment for adjusting gain within the cell to
provide the necessary gain - a factor of 2 for each cell

3) An estimate of the bandwidth that can be obtained.
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Figure 5-1. Coplanar Transmission Line Impedance Characteristic
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Figure 5-7  Pnotugraph of Test Fixture Assembly

The serial design of this 5-bit A/D converter is based on two basic
building blocks in the cell: a FET differential amplifier and a dual-gate
TED as @ decision block. The sampling process in the A/D circuit design is
carried out by the FET and TED combination. The circuit design requires
that the analog signal be translated up in frequency. The circuit can be
tested by using a 3-GHz CW signal and varying its power. Referring to
Figure 3-1, one gate of TELDZ receives the clock pulse from TELDL. A sinu-
soidal clock signal is provided to TELDL, which acts as a pulse-charpening
circuit. The output pulse from 1h. TELD has a fast risetime, reducing the
false triggering, hence reducing bit crrors at the output of the cell. The
other gate of TELDZ receives the RF input signal.

The digitizing of the analog i1gnal takes place as follows. The trig-
gering of TELDZ produces a pulse, after o small delay, at the bit output
port of the cell. This takes place when the analog input signal amplitude

is above the midrange input level ot the cell. When the analog input is less
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than the midrange nput fevel, the bit output i o digital "0." When the
analog input is greater than the mideange level, the bit output is a digi-
tal "1."

For a serial organization of multiple-bit A/D cells, the gain and
summat ion operations of cach cell are oritical to the proper operation of
a serial A/D converter.  The summation and feed-forward operation of this
coell are actomplished in the FET differential pair. (The A/D cell circuit
Sacp le s an analoq sigqnal, digitizes that signal, and supplies a feed-forward
signal to allow the cascading of single cells to form a multiple-bit A/D

converter. )

The evaluation of the single and 5-bit A/D chips can be performed using
the system shown in Figqure 5-3. The input to the chip consists of an RF
carrier which can be amplitude-modulated and a clock signal which can be
properly synchronized. The initial test will be to bias the cells properly
and apply a cw signal of sufticient amplitude to produce a high or "1" state
in all cells. The RF auplitude vequired to accomplich this is "A," the max-
jmum allowed input amplitude to the chip. The input amplitude will then be
reduced slowly to step the A/D through the proper output sequence following
the truth table of Table 2-1. This test will ensure that the threshold of
each sampling TED 14 set properly and that the proper signal transfer is

made from cell to cell.

Once the thresholds are set properly, the bandwidth of the A/D will be
evaluated. As the frequency of the amplitude modulation on the input RF
carrier is increased, the input signal spectrum is spread. Because of the
limited bandwidth of the FET amplifying chain, the propagated signal will
be distorted causing bit errors to occur. This condition will occur first
in the least significant bit and yrogress to the more significant bit as the
input bandwidth increases further.  The bandwidth of the A/D will be deter-
mined as a function of bit vesolutc o o, tallow,:

1) The input amplitude will e ot ot a ~uitable level and the bit
outputs will be not |

2) A slowly varying AM wodalation will be applied with the peak
amplitude being the same o in step 1o This will cause a bit
pattern output trom cach cell which retlects the time varying
input amplitude.
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3} Holding the modulation index constant, the frequency of the AM
modulation will be increased until the bit output pattern for
the least significant bit cell becomes erratic. The frequency
of the AM modulation at this point determines the maximum band-
width for 5-bit resolution.

4) The AM modulation frequency will be increased further to deter-
mine the bandwidth for 4-, 3- and 2-bit resolutions.

The two tests described will fully characterize the performance of the
TED~based A/D converter chip.

5-6
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t.  PLANS FOR COMPLETION

A high speed 5-bit A/D converter design and layout has been completed
which has a relatively high probability of being successfuily implemented
with TRW's standard GaAs IC fabrication techniques. The design has been
made as simple as possible while still demonstrating the feasibility of
using a TELD for performing the RF analog-to-digital conversion with 5-bit
resolution. Based on the result from numerous iterations between SPICE
and COMPACT modelling, a design of optimized overall voltage gain for the
amplifier/comparator chain was defined. The final layout of this design
has been generated. The plans for completion of this contract are:

o Final check of the Tayout and bonding pads
o fabrication ut mask sets

o Charucterization and selection of GaAs epi materials; if necessary
additional GaAs e¢pi material will be prepared

e I[.C. wafer pricessing and D.C, probing

e A/D converter test fixture design and fabrication
e Complete A/D converter evaluation

® Reporting (bimonthly and final report)

o Demonstration hardware delivery
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