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ABSTRACT

GaAs PIN diode material with 10K foruard resistance and high Q reverse

bias capacitance has been successfully grown for ttie first time. Static performance
data for shunt mounted chips in a microstrip SPST s,;itch slio\i improved insertion loss
for the 2-40 GHz range. Dynamic data show switching speed and switch drive power
advantages of GaAs over Si for both carrier injection and sweep-out modes of operation.
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Gallium arsenide PIN diode wafers v/itl-
I-layer tl)icknesses of &3f vm have keen
successfull~’ groun for the first time in d
computer controlled GaAs-AsC12-H~ vapor
phase epitaxial reactor syste~.* Sequential
growth of the N-type, I and P-type on an Ltype
host substrate ic c~rried out in orte sinyle
growth Silane (Sitk)
dimethyl-zi~ce~~H~ )22n)

and
are LJserj a’s tile N

and P-type dopant gases, respectively, wit!,
carrier concentrations in excess of
10IB/cm3. The I-layer ‘ intentional ly
undopeti at a carrier concent;~tion of 1013 to
101 fl/cm3. The practical upper limit to
I-layer tliickness grown by this process is
40~m. Both mesa chip PIII and gold platc(!

heatsink (PHS) NIP diodes have been proce~sed
and fabricated from these wafers.

Tfie reverse biased breal:dcwn voltage of
these devices compares with silicon PIN diodes
of equivalent I-layer thickness. Junction
capacit~nces of 0.04 pF to 0.4 pF have been
fabricated. The devices typically exhibit
forward bidsed resistance (RF) of 0.$ to ?.5
0;mls at 2LmA~l~m5 at \,eRve);fe o b~~;;~
resi stance l[RR)Ofof Z’

and
.

(devices dre designed to be punched through at
zero bias).

Since GaAs is a direct Larlc!gap
semiconductor, injected charge during forward
conduction is primarily stored at the N1 and 1P
hounddries with little or no charge stored in
the central portion of the I-region, cor,trary to
Si PIN diodes where thu maximum stored chdrge
occurs at the center of the I-region. The

el ectrorl mobility (pe) in GaAs is
approximately four times tl”:at in silicon dnd the
carrier lifetime (’C ) shorter; however, the u?

product is about the same as that in silicon.
The consequences are:

1) The higher carrier mobility results in
an equivalent reverse biased series
resistance (RR) of approximately half
that of silicon.

2) The r.iT product results in a forward
resistance (RF) of about 1 ottm,

similar to silicon. However, the

*U.S. Patent, q,~gr),fl~(), “Production of
Epitaxial Layers by Vapor Deposition Utilizing
Dynamically Adjusted Flow Rates and Gas Phase
Composition”, l!ovember C, 1978.
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forward resistance reaches a minimum limiting
value at IF levels typically less than 100IIJA.
Silicon devices will asymptotically approach
lower vdlues (few tenths of an ohm) at rnucll
I?igher current drives.

2) For capacitance values fabricated to
date, GaAs devices behave more like
ideal PIN diodes in that they exhibit
no RF depend~nce on device area.

A) The reverze bias voltage requircr!wilts

are low (-TV) ak the RF reverse
switching speed is virtually
independent of I-1 ayer thickness,
making GGAS PIN’s ideal for use wit;]
ECL, particL.larly for thicknesses of :r
urn or less. Tilis sme condition holds
true for silicon PIR diodes of fiw:I
mtiximum thickness and TTL.

RF STATIC PERFORMANCE

Chip diodes have been tested in a shunt
mounted 1Oii dielectric permittivity (Euroid
5880) riricrcstr-ip SPST switch circuit. A circuit
schematic is shown in Figure lo The cerlter
conductor to ground plane spacing is nominally
0.15 MCI. SNA j~ck to microstrip iaunc!]e}’s are
employed at the input and output ports. Tile
total microstrip circuit lengt!l is 2.$ cm, and
is soldered to tlie bottorfi of a metal channel
0.12 i nch wide to insure only TEM mode
propagation at frequencies well above 20 GHz.
40 pF lumped element blocking capacitors are
employed on each side of tile diode. Diode

bias/drive is provided through a 22 turn air
core miniature choke with 130 nl{ iriductance at
2C0 PI}lz and by-passed to ground through a 390 PF
chip capdcitor.

RF static performance data for 10 vm

PIN and 3~ pm 111P diodes over the 2-1S GHz
frequencj rarjgc are plotted in Figures 2 ancl :!,
respectively. The insertion loss of a reference
unit which includes a:l SPST si:itcll elements,
but suhstitrites a 50 ohm sectiofi of micro strip
1ine for the diode, are al so plotted so th<it
diode contributierl to loss can be identified.
Isolation data were taker? at several current
levels and samples are plotted in Figures 2 and
3. !41}ile the i-or-ward resistance, RF, of

silicon PIN diodes continues to clecrease at

Iiigher current drives (7200 mA) so that valu(?s
of 0.5 olmr or less can be achieved, the RF (of
GaAs diodes will asymptotically approach some
limiting value, typically 0.8-1.0 ohra at currwnt
drives of 30-50 mA, depending on the I-1ayer
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By June, 1983, static performance data
of F.loum &aAs PINs and NIPs will he extended to

40 GHz. The circuit will consist of WR-28
waveguide to 1Ow dielectric permittivity
nicrostrip transitions and botl} SPST and SPDT
versions of shunt mounted chips on microstrip.

RF DYNAfiiIC PERFORPIANCE

Switching speed measurements have bcun
performed for all three diodes using the test
set illustrated in Figure 4. The figure also
defines RF siiitching speed and total switchirtg
speed, which includes a time delay between drive
initiation and diode response. The toggle speed

for all tests was 1 Mtlz at a 50 percent duty
factor. Test results are plotted in Figures 5
and C for the 10m and 18um diodes. “Injection”
implies forward current flow and “sweep out”

reverse bias. The total switching speeds for
10~m GaAs and Si PIN diodes are compared in
Figure F. The reverse bias in all cases was
driven to -5 volts and the current varied from 8
to 30 MA. At IF . 30 mA and VR = -W, 10~m
GaAs diodes exhibit RF switchil?g speeds of C ns
ant! 17 ns for sweep out and injection,
respectively. For equivalent Si diodes, the
corresponding Val ues are 17 ns and 20 ns.
Figure 6 compares 18 urn GaAs NIP performance at
VF = 5V with 20 ~m Si PIN diodes at VR = -C
and -1OV. In all cases the GaAs diodes have a
faster response time than Si. Note that higk
power T1-L logic is sufficient to drive t!iese
devices. The RF switching speeds of all diodes
up to 36 m I-1ayer are 4-5 ns in tile sueep out
node at TTL voltage levels. This is a
distinctive advantage over equivalent Si devices.
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FIGURE 1 SCHEMATIC DIAGRAM OF SHUNT MOUNTED GaAs CHIP PININIP DIODE SPST TEST CIRCUIT
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FIGURE2 PER FORMANCE DATA OF SHUNT MOUNTED 10PIII1-LAY ERGALLIUM
ARSENIDE PIN 3PST SWITCH
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FIGURE3 PER FORMANCE DATA OF SHUNT MOUNTED 36.111 I-LAYER
GALLIUM ARSENIDE NIP (PHSI spsT SWITCH.
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