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ABSTRACT - This paper presents the latest t&As PIN 
diode rf reliability data. An accelerstion factor predicting 
lifetime as a function of diode perimeter and i-f power level is 
proposed. Power handling measurements of att improved 
PM diode layout that provides superior performance for 
both power handling and small signal loss / bandwidth is 
presented. Finally the design principles for a high power 
limiter will be reviewed. 

I. INTRODUCTION 

Vertical GaAs PIN diodes have been available in MMIC 
circuits since their introduction in 1987 [I]. They have been used 
in limiter circuits [1,2,3], low-loss broadband switches [4], and 
attenuator circuits 121. A new and impmvcd diode layout has 
been made available by TriQuint Semiconductor. This paper 
reviews the new diode layout along with the impmved small- 
signal perfomtattce and improved power handling capability it 
provides. 

Very little data has been published on the reliability of GaAs 
PIN diodes and yet PIN diode circuits have been successfully 
used for approximately a decade in a number of different 
systems and applications. In the 1990 timeframe the small signal 
/ dc reliability of GaAs PIN diodes were tested using a high 
temperature lifetest. The applied stress was a square wave (50% 
duty cycle) turning the diodes on and off to a IOmA current 
level. Greater than 6,000 hours of stress on 10 SPDT switch 
circuits at a temperature of 275°C were recorded with zero 
faihtrcs. In demonstration of this apparent robust reliability 
several thousand broadband switches have been fielded in a 
particular military system over the past -10 years with many 
thousands of hours of operating life and no repotted failures or 
system returns. “ibis paper will examine the latest data available 
on GaAs PIN diode reliability. Two sets of reliability data have 
been taken: I) rfbumout as a function of power level and diode 
perimeter and 2) dc bias reliability - median time to a 10% 
change in Ron of the PIN diode. The relationship between these 
two separate measurements is not fully established. 

Understanding the reliability of PIN diodes under rf power 
levels as a function of diode size allows an optimum limiter 
circuit to be designed for a particular application. A cookbook 
approach to limiter design is included in this paper. 

II. IMPROVED DIODE LAYOUT 

TriQuint Semiconductor has recently introduced a new 
‘improved’ PIN diode with an ‘oval’ shaped layout that provides 
enhanced pafomtance for all types of PM diode circuits [3,5]. 
Figure 1 compares the layout of a shunt PIN i NIP diode circuit 
using round diodes and the new oval diodes with equivalent 
perimeter. As the PIN diode is a venical stmchtrc the words 
‘round’ and ‘oval’ refer to the geometry of the mesa region. As 
published previously [6] the power handling capability of a 
CiaAs PIN diode was mcasucd to be propmtional to its 
perimeter. However, insertion loss and bandwidth of a PIN diode 
circuit are a limction of the parasitic capacitance of the diode, 
which is propottional to the diode’s area Figure 2 compares the 
area as a function of perimeter for round and oval shaped diodes. 
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Fig. 1. Round vs. oval PIN/NIP test structures. 

Fig. 2. Area vs. perimeter for round and oval PIN diodes. 

By using art oval diode geometry, a greater than 50% 
nduction in area can be obtained for larger sized diodes when 

0-7803.7239.5/02/$10.00 0 2002 IEEE 2002 IEEE MTT-S Digest 

1245 



compared to a round diode of equivalent perimeter. This 
reduction in capacitance directly reduces the loss and increases 
the bandwidth of diode circuits. 

Figure 3 shows measured rf bumout data on the new oval 
diodes along with data on round diodes. The bumout data shown 
in this figure is Corn the PIN I NIP test shuctures shown in 
Figure I. As previously reported, I GHz is selected for these 
measurements to eliminate the impedance of the diodes as a 
factor in burnout. Additional details on this measurement are 
available in reference 6. Figure 4 shows the peak power handling 
of mund and oval diodes as a function of perimeter. The data 
continues to show a relationship between power handling and 
perimeter. 

Fig. 4. Peak-power burnout vs. perimeter. 

III. RF POWER HANDLING 
With the peak burnout level of a GaAs PIN / NIP dircuit 

established it is only natural to question how long this circuit 
would survive with reduced d stress. A test examining the cw rf 
power handling of PIN diode limiters has been conducted at 
mom temperature. Figure 5 shows the schematics for three X- 
band limiter circuits. The critical dimensions of the diodes have 

been included. Figure 6 shows the measured power handling 
capability at 7 to 8 GHz for the three circuits of Figure 5 as the rf 
power level is decreased t?om the levels established in Figure 4. 
A linear fit to all three data sets shows nearly parallel lines. An 
acceleration factor predicting time-to-failure as a timction of rf 

--F= 
DUT A: Oval Diodes, Dzde Perimeter = 157pm 
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DUT 8: Oval DiodG. Diode Pe%xter = 110vm [3] 

Fig. 5. Schematics for 3 limiter circuits. 

power level is proposed by this data. A reduction of -6 dB from 
the peak power level is required to achieve 1~10~ hours of 
lifetime under cw conditions at man temperarae. For most 
system applications, the limiter functions as a protection circuit 
and is only huned on when exposed to high power levels. Based 
on the expected use of a limiter in a particular application, a 
different back-off level could be selected. The effects of 
temperature on the time-to-failure have not yet been measured. 

30 35 
tnput P.vl.,,dBm; 

45 

Fig. 6. Measured power handling for the limiter circuits of 
Figure 5. 
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Although the initial dc lifetest conducted cm PIN diodes in the 
-1990 timeframe indicated extremely good reliability, it is 
possible that this test missed a small hut very important 
degradation that was occurring in the PIN diode sttucture. As 
current passes through the PIN diode structure the ‘on resistance 
(Ron) of the PIN diode begins to change due to non-radiative 
recombination events at or in the vicinity of defects in the crystal 

IV. DC BIAS RELIABILITY signal drive levels the diodes and transmission lines form a low- 
pass filter structure. The length and impedance of each 
trammission line supply B series inductance with the diodes 
providing parasitic shunt capacitance. By double stacking the 
input diodes, the shunt capacitance is reduced by a factor of 2. 
The advantages of stacking arc most apparent when using larger 
size diodes. 

stntcture. This change in Ron is a tit&on of the cunwtt de&y 
in the PIN diode. Figure 7 shows the measured median time to .- 
10% change in Run-as a timction of the current density in the 
PIN diode at roan temperature. There is a corresponding 
reduction in the carrier lifetime of the PIN diode. 

Fig. 7. Median time to 10% change in Run. 

The typical bias currents used in PIN diode circuits are 
relatively low. Using SmA bias per diode in a standard switch or 
attenuator circuit shows that the time required to see a.lO% 
change in Run is -2.5 years. Simulations show a barely 
perceptible change in the insettion loss (less that 0.1 dB change) 
of au attenuator or switch for increases in Ron as high as 30%. 

III. BROADBAND HIGH-POWER 
LIMITER DESIGN - COOKBOOK 

A ~mmnun application of * limiter circuit is receiver 
protection in a transmit/receive (T/R) module. The limiter 
protects the receiver components from high-power signals 
through reflection of the incident signal. The diodes are turned 
on by high tf drive levels and provide a low impedance to 
ground, which reflects the incident signal. At low signal levels 
the insertion loss of a limiter is only a few tenths of a dB, but 
adds directly to the noise figure of the receiver, and therefore 
needs to be minimized. The major source of insertion loss in a 
limiter circuit is the off-state capacitance of the PIN diodes. A 
small amount of loss is also contributed by the matching 
elements. 

A two-stage limiter can be designed to maximize limiting, 
power-handling capability and bandwidth. Figures 8 shows the 
schematic for a two-stage limiter. In this topology, at small- 

Fig. 8. Schematic for a two-stage Limiter. 

To optimize power handling, limiting and insertion loss of a 
limiter circuit, the design must start with the input section. The 
diode stack consists of 2 PIN and 2 NIP diodes in a shunt 
confi&ration. The diode size Dl should be selected tu handle 
about 6 dB more than the peak power requirement. Then diode 
size D2 is chosen to equal the capacitance of the Dl stack. 
Finally, the inductance between Dl and D2 is chosen to 
complete the low pass filter design: If  the peak power-handling 
requirement is extreme, a triple stack of Dl diodes may he 
required to achieve the desired bandwidth. 

V. CONCLUSIONS 

Data on dc and rf reliability and limiting characteristics of 
GaAs PIN diodes have been gathered to provide design 
information for high-paver limiter circuits. Design techniques 
for optimizing the performance of a two-stage limiter have been 
reviewed. 
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