
    

   

  

  

  

    

INTRODUCTION 

A conventional Schottky diode detactor such as the 
Hewlett-Packard 5082-2750 or 5082-2624 requires no bias 
for highlevel input power — above one milliwatt. However, 
at low levels. a small amount of dc bias is required for 
detection to take place. Even though this bias currentis at 
the microamperelevel, this requirement is often difficultto 
supply. A new Sohottky diode has been developed to 
eliminate this need for dc bias. This new diode is also 2or 
3 times more efficient as a detector compared to 
conventional biased detectors. 

FORWARD VOLTAGE CHARACTERISTIC 

Since all diodes in this discussion are Schottky diodes, the 
forward current obeys the equation: 
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The ideality factor. n. is close to unity for these diodes, so 
the equation may be written: 

=) 
where the values for the constants , electron charge, T, 
room temperature, and k. Boltzmann's constant, have 
been inserted. The main difference in the behavior of the 
different types of diodes is embodied in Is, the saturation 
current. There may also be minor differences in R, the 
series resistance. 

  

  

  

Figure 1 shows the forward current characteristics of the 
5082-2750 detector diode and two versions of zero bias 
diodes, HSCH-3171 and HSCH-3486. These curves are 
close to the curves predicted by the diode equation with 
the constants shown in Table 1 

Table 1 

  

  

    
  

  

        

  

Figurs 1. Forward Character 

VOLTAGE SENSITIVITY 

A detector diode may be treated as a current generator 
across the diode video resistance. (1) The voltage sensitivity, 
7,18 the product of the current sensitivity, 4, and the video 
resistance, the inverse of the derivative of current with 
respect o voltage.



The Perfect Detector 
Neglecting parasitic and reflection Iosses 
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The theoretical current sensitivity is 20 amperes per 
watt(2) so: 
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This analysis indicates no improvement in using the niew. 
diodes because sensitivity varies inversely as saturation 
current and the standard 5082-2750 diode has the lowest 
saluration current. In fact, no improvement is needed 
since the sensitivity is 
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750 x 108 volts per watt    

or 760,000 millivolts per microwatt 

Since the actual sensitivity of the 5082-2750 detestor with 
zero bias is close to zero, some major corrections in the 
analysis are needed. Consideration of the effects of 
junction capacitance, load resistance, and reflection Ioss 
will bring this analysis close 1o reality. 
Junction Capacitance 
The effect of junction capacitance on current sensitiuity 
has been derived in Section 11.2 of Reference 1. Adding 
this effect to the voltage sensitivity analysis gives. 
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For a typical case, 

  

026 Gj= 07 pF, Ry = 15 ohms,and Ry = =~ 

so that 
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with frequency in gigahertz and saturation current in 
amperes. Figure 2 shows how capacitance modifies 
voltage sensitivity. Since the change is due 1o the rf 
current spit between C, and Ry, the reduction is more 
severs at higher frequencies. when the capacitive 
susceptance is higher The inverse relationship with 
saturation current s stll present al low frequencies or 
high saluration current values. Howsver, predicted values 
of voltage sensitivity are still unreasonably high 
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Figure 2. Effect of Capacitance o Vohage Semsitvity. 

Load Resistance 
A detector diode may be considered as a video voltage 
source of impedance Ry feeding a load resistance R, The 
voltage acrosstheoad, vz, s reduced by the ralio of Ry to 
Ry + R 

  

When the ratio of video resistance Lo load resistance is 
small, ¥;=vy. This is a common condition for biased 
detectors. However, at zero bias, the diode resistance is 
usually not small compared to load resistance. For a 
typical load resistance value of one megohm, the 
sensitivity is: 

The effect of oad resistancs is shown in Figure 3. The 
inverse retationship between sensitivity and saturation 
current iny combined with the direct relationship due to 
load resistance results in a maximum voltage sensitivity 
when Ig = 4.43 x 10°%(, However, these theoretical results 
are still unreasonably high, particularly at the lower 
frequencies. 
Retlection Loss. 
The analysis 5o far has assumed that allincident power is. 
absorbed by the diode. Normally this is a good 
assumption because low loss matching circuits can be 
Gesigned 1o eliminate reflection losses. With zero bias 
detectors, nowever, the mismatch may be so severe that 1 
is not possible 1o eliminate these reflection losses. In fact, 
most of the incident power may be absorbed by osses in 
the matching netwrk. If we go 10 the other extreme and 
assume no matching, the sensitivity becomes: 
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where pis the reflection coefficientof the diode. Assuming 
the diode impedance, 2, terminates a 50 chm system: 
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Tne diode impedance is a function of the package 
parasitics as well as the frequency. 
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Figure 3. Effect of Load Resistance and Capacitance on Sensitvty. 

  

  

  

  

           Figurs 4. Eftect of Mismatch, Load Resistance and Capacitance 
on Sensitiviy. 

  

Figure 4 shows the effect of mismatch loss on sensitivity. 
The package parasitics of outlines 44, 49 and 15 were 
considered at 1, 3and 10 GHz. The results were all quite 
close to Curve A in Figure 4 with the exception of autline 
15 at 10 GHz. At this frequency the high package 
inductance of outline 15 nearly resanates the circuit 
eapacitance 5o that the reflection losses are not so severe. 
With the addition of tuning to overcome some of the 
reflection losses, the measured sensitivity of the Hewlett- 
Packard 2610 bias detectors usually exceeds the values of 
Figure 4. However, the reflection Insses for the 5082-2750 
detector are so great that tuners do not help much. These. 
diodes are not useful withoul bias. The measured 
sensitivity of the MSCH-3486 is less than the value 
predicted by Figure 4 Apparently a more complete 
analysis would shift the curve 1o the left. 

    

TEMPERATURE EFFECT 
Canventional Schottky diode detectors Improve at colder 
temperatures. This behavior s similar to that of the HSCH- 
3486 diode whose temperature characteristic Is shown in 
Figure 5. When matching losses are small, the sensiltivity. 
varies inversely as saturation current, improving at low 
temperatures. 

  

  

  

  

  

          
Fiaure 5. Temperature Characteristios, HSCH-3486. 

Figure 6 shows the temperature characteristic of diode 
HSCH-3171. This diode has maximum sensitivity just 
above room temperature, degrading at cold as well as a 
hot temperatures. The high temperature behavior s 
expected from the higher value of saturation current, The 
low {emperature behavior indicates that the room 
temperature value of saturation current is nearly optimum 
for this diode. At lower temperatures the reduced value of 
saturation current is not able to improve sensitivity 
because the corresponding large diode resistance causes 
a large mismatch lass which cannot be tuned out. At low 
temperatures. diode HSCH-3171 approaches the behavior 
of diode 5082-2750, the standard biased detector. 

  

  

  

      
  

5. Temperature Choractoritios, HSCH-3171. 
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Figura 7. Package Outfines for Zero Bias Schottky Diodes. 
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