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ABSTRACT

The protection of devices from transients is an important general problem and is investigated here
in regard to a circuit with a sensor and transient pulses. The specific problem uses a sensor
connected in series with a fast pulse source, of about hundred nano seconds duration and five
hundred volts size.

The method of protection employed is based on using both series isolation and a shunt parallel to
the sensor. The goal was to keep the sensor isolated during the time of the fast power pulse and
then to have the sensor active at all other times.

PIN diodes are semiconductor devices commonly used to control RF and microwave signals.
Their remarkable and useful aspect arises from their ability to behave as variable resistors in the
high frequencies domain and their high power handling capacity using relatively low levels of
excitation. PIN diodes are used in this project as solid state switches in order to provide an
alternate path for the current and isolate the sensitive sensor throughout the high voltage pulse.

A prototype of the protection circuit was built using PIN diodes in a modified series-shunt
configuration in order to provide a high isolation during the pulse application while allowing the
sensor to be active and perform its required measurements when the pulse is not present.
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Title: Principal Research Engineer
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Chapter 1 Introduction

1.1 System Overview

An electrical measurement system with a series connected sensor is to be protected. Figure 1.1

shows a simplified diagram of the test system. The sensor is in series with a high-voltage pulser.

The pulser produces a short duration (-100ns) high voltage (--500V) pulse.

Trigger

Figure 1.1 Complete System Block Diagram

A proposed PIN diode switch circuit is to be used to protect the sensor. The protection is achieved

providing an alternate current path and isolating the sensor from the circuit during the pulse

duration. PIN diodes are used as the solid state switches to provide the sensor isolation and the

alternate path for the pulse generated current.

PIN diodes are widely used in the RF and microwave domain as signal controlling devices and

were selected for this application due to their ability to behave as a bias current controlled resistor

for high frequency signals. Due to the short duration of the applied pulse, it can be thought of as a

short duration high frequency signal. PIN diodes are also capable of controlling high levels of

signal using a relatively low level of bias current, a quality that also makes them suitable for the

current application.



1.2 System Modules Description

This section presents a brief description of three of the modules depicted in figure 1.1 that were

implemented in order to provide the desired protection to the sensor.

-Trigger Module: This module receives the trigger signal and generates the trigger signals for the

pulse generator and the bias circuits. The trigger signal to the pulse generator is delayed to allow

the bias circuit enough time to change the PIN diodes state in the Switch Module in order to

isolate the sensor during the pulse application.

-Bias Circuitry Module: This module provides the bias currents and voltages necessary to operate

the PIN diodes present in the Switch Module. It responds to the signal sent by the Trigger

Module.

- PIN diode Switch Module: This module provides the interface between the sensor and the

system. It consists of two PIN diodes connected in a series-shunt configuration. Depending on

the bias state, it will either connect the sensor to the system (Conduction State), or it will isolate it

and provide an alternate path around the sensor for the pulse current (Isolation State). The

necessary voltages and currents needed to bias the diodes in their different states are provided by

the Bias Circuitry Module described previously.

1.3 Project Overview

In the following chapters, an introduction to the PIN diode theory is presented (Chapter 2)

followed by the experimental characterization of some PIN diodes (Chapter 3). Included is a

comparison between the experimental results and the manufacturer data.

Based on both the experimental and the data sheet information, a diode selection is made and a

switch circuit is realized using two PIN diodes (Chapter 4). One of the diodes is connected in

series with the sensor while the other is shunt across it and the series diode. A driver circuit was

developed in order to provide the required currents and voltages to bias the two diode circuit.

The proposed two PIN diode switch circuit and driver is experimentally tested for compliance with

the desired behavior. The goal is to maintain connection of the sensor into the series test circuit

except for a short period when a trigger pulse is initiated. During this short period, the sensor is

isolated from test circuit while simultaneously an alternate current path is provided around the



sensor.

Chapter 2 PIN Diode Theory

2.1 General Description

PIN diodes are semiconductor devices composed of three layers (figure 2.1): a layer of highly

positive doped material (P), an almost pure high resistivity intrinsic layer of finite area and

thickness(I), and a final layer of highly negative doped material (N).

P layeri

I layer W

N layer..---..--.-..-------. 

Figure 2.1 PIN Diode Structure

One of the most important features of PIN diodes is their ability to behave, under certain

circumstances, as a current controlled resistor at RF and microwave frequencies. Although most

PN junction diodes exhibit this characteristic to some extent, PIN diodes are optimized in design to

achieve a relatively wide and linear resistance range [1,2].

The ability to control large RF signals while using much smaller levels of dc excitation makes the

PIN diodes suitable for applications that include attenuating, modulating, limiting, phase shifting,

and switching of RF and microwave frequencies signals.

The performance of a particular PIN diode in a given circuit or application is mainly determined by

its design (geometry, semiconductor material used, packaging), bias condition (forward or reverse

bias and level), and the frequency of the controlled signal.

2.2 Forward Bias Operation

During forward bias operation (current entering through the P layer), holes from the P region and

electrons from the N region are injected into the I-layer affecting its conductance. The amount of



charge stored in the intrinsic layer during forward bias condition is dependent on the diode current

magnitude and the average carrier lifetime (T) in the intrinsic region as related by the following

equation [1],

Qd dQd
If- + (2.1a)

-r dt

When the bias consists of only a constant current, then the stored charge is constant and is equal to:

QD = IF (2.1b)

Carrier lifetime, also known as recombination time, is the average time it takes for the stored

charge to decay to li/e of its initial value after the source of carriers (forward bias) is removed [3].

2.2.1 Forward Bias Resistance with Sinusoidal Signals

The PIN diode effective resistance for an ac sinusoidal signal is dependent on the device and on the

signal itself. The density of charge stored in the intrinsic region, the frequency or period and

magnitude of the non-bias signal applied to the diode establish the resistive performance of the

device. Depending on whether the non-bias signal frequency is smaller or larger than the transit

time frequency (2.2) the PIN diode behaves either like a normal PN junction diode or as a current

controlled linear resistor.

1
ft- 1 (2.2)

2 ir

The transit time frequency can also be expressed as a function of the intrinsic region width instead

of the carrier lifetime,

K
ftW2 (2.3)

where Kp is a device dependent constant (for example, in some diodes Kp=l.3xlO-3 Hzmrn 2) and

W is the I-region width, see figure 2.1.

Low Frequency Case

When the period of the varying signal applied to the diode is longer than its intrinsic region carrier

lifetime the diode behaves as a normal PN junction diode. Its incremental resistance is described by

the dynamic resistance of its DC current vs. voltage characteristic curve (figure 2.2a) at any bias



point. An approximation to the junction resistance at low frequencies is given by,

nKT
R q (2.4)

where n is a device dependent constant (typically n=1.8), K is Boltzman's constant, T is absolute

temperature in Kelvin and q is the electron charge constant.
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Figure 2.2 PIN diode sample (a) I-V characteristic and

(b)
(b) Forward Bias Series Resistance

High Frequency Case

For signal frequencies above the transit time frequency, the number free carrier charges stored in

the intrinsic does not appreciably change within the short period of the signal, and they constitute a

conductive gas or plasma (similar to the free electrons in a metal conductor) for the high frequency

signal. The PIN diode behaves as a current controlled resistance (figure 2.2b) whose value can be

expressed as,

W 2

R,
2 Ilr I,

(2.5)

where g is the mobility of carriers in the intrinsic region, W is the I-region width, t is the carrier

'9;

q,*a

leimr
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lifetime and IF is the forward bias current. This resistance would be the effective resistance of a

bulk crystal having a stored electric charge of free carriers [3].

The suitability of the PIN diodes for RF and microwave application arises from the fact that the

high frequency resistance (2.5) is smaller than the corresponding low frequency resistance (2.4) at

the same bias current.

2.2.2 Forward Bias Equivalent Circuit

Because of the frequency dependent behavior of the PIN diode, two equivalent circuits are

commonly used [1]. The first one at low frequencies (f<ft) is that of a normal PN diode while the

other is for frequencies above (f>ft). Figure 2.3 below shows these equivalent circuits, including

the package parasitic.

f <ft f>ft

4Lp nLp

CP PP Cp IpI I

FR-R . j Cj Rf ' Ci

(a) (b)

Figure 2.3 Forward Bias Equivalent Circuits (a) low
frequency; (b) high frequency

In this figure, Rj is the junction resistance (2.4) and Cj the junction capacitance (a function of

applied voltage); Rf is the I-region resistance (2.5) and Ci the I-region capacitance (a function of

the I layer geometry); Lp, Cp and Rp are the diode's package parasitic.

2.3 PIN Diode in Reverse Bias

2.3.1 Operation Description

When a reverse bias is applied, a majority of the holes and electrons stored in the intrinsic region



during forward bias return to the P and N layers. Almost no charge is stored in the depleted I-

region, which can be thought of as a low loss dielectric. As the level of reverse bias is increased,

the amount of stored charges decreases depleting the intrinsic layer.

R Ct

Figure 2.4 Reverse Bias PIN Diode
Model

Under reverse bias, the PIN diode can be modeled as a parallel plate capacitor in parallel with a

resistor (figure 2.4). The values of these reverse resistance and capacitance are dependent on the

level of reverse bias applied and the frequency of the signals through the diode. (Figure 2.5)

TYPICAL PARALLEL RESISTANCE CHAAACTERISTIC TYPICAL CAPACITANCE CHAPACTERISTIC

v. IvV.orl£ a 1V - REVERSE VOLTAGE V)
1i00 . 5-

hi -5M UHZundepleted portions.
3 GIz C 10 MH1

1 5 3 20 100 20C 5003000 1 2 b 10 20 50 IO 2W 0 5W Iwo
V, R CYgr, EvOur V, - REVNRSE WLTAGE W)

(a) (b)
Figure 2.5 Pin Diode (a) Resistance and (b) Capacitance vs. Reverse Voltage Example

2.3.2 Reverse Bias Equivalent Circuits and Dielectric Relaxation Frequency

As discussed above, as reverse bias is applied the I region is depleted of mobile charges creating a

parallel plate capacitance. However, some charges remain in a portion of the I-layer, the

undepleted portion. The diode intrinsic region can be therefore divided into depleted and

undepleted portions.

Due to the its stored charge, the undepleted portion can be represented as capacitor (Cur) with a

parallel connected resistor (Rur). The value of Rur and Cur are dependent on the reverse voltage and



signal frequency. The higher the reverse voltage, the smaller Rur and Cur (less charge stored)

The depleted region can be represented as a low-loss capacitor (Cr).

Low Frequency

At low frequencies, the undepleted region reactance is greater than its resistance, effectively

increasing the diode capacitance. The PIN diode can be modelled (neglecting parasitic) as the

depleted region capacitance, in series with the undepleted region capacitor and parallel resistor

(Figure 2.6a)

As frequency is increased the reactance of the undepleted region decreases, decreasing the total

diode capacitance (figure 2.5). The frequency at which the undepleted region reactance and

resistance are equal is called the dielectric relaxation frequency. This frequency is calculated as

shown below,

1
fR= Ruru(2.6)

2 c RurCur

where Rur and Cur are the resistance and capacitance of the undepleted portion of the intrinsic-

region at the given reverse bias voltage.

High Frequency

When the frequency increases beyond the dielectric relaxation frequency, the undepleted region

resistance is shorted out by the undepleted region capacitance, and the PIN diode behaves as a

linear capacitor (Cj), independent of reverse bias. A parallel resistance is present in the model to

account for losses in the intrinsic region.

Figure 2.6b shows the reverse bias equivalent circuit frequency signals above the dielectric

relaxation frequency.



f<fr f>fr
Cur Cj

Cdr

Rur

(a) (b)
Figure 2.6 Reverse Bias Equivalent Circuits: (a) Low

frequency; (b) High frequency

2.4 Switching Speed Characteristic

A commonly used definition for the switching speed of a PIN diode is the time required to change

the level of stored charge in its intrinsic region. In most applications (switching, phase shifting,

etc), the switching speed would be the time required to either store or deplete the charge in the

diode's intrinsic region. This time depends on the diode physical parameters as well as the drive

circuits used and bias points at which the diode is being operated.

2.4.1 turn-off time: Forward to Reverse Bias

Figure 2.7 shows a typical current curve through a PIN diode during turn-off. The forward bias
current (If) is forcing an initial charge equilibrium according to equation (2. lb). In order to force t

IF  -" t O

0 I - t
to t t2

td tt

Figure 2.7 turn-off PIN diode current.

the diode into reverse bias, it is necessary to apply a reverse current through the device such that

the charge removed by it (the area between the zero current line and the reverse current curve)

equals the forward bias charge stored in the intrinsic region (2.7).



Go

QD=IF' = f rdt (2.7)
to

The elapsed time between the zero crossing of the reverse current (to) and the moment where the

reverse current reaches ninety percent down from its maximum value (t2) is called the reverse

recovery time (ta) or turn-off time (Toff). This reverse recovery time is commonly used in

industry as a figure of the switching capability of a PIN diode.

As can be seen from figure 2.7, the reverse recovery time may contain two prominent states. The

first state (to to t1) is a plateau of constant reverse current and impedance and is called the delay

time. This time is proportional to the ratio of forward current IF and peak reverse current IR, thus a

reduction of the turn-off time can be achieved by decreasing this ratio and changing the delay time.

The second state (t1 to t2) is known as the transition time. During this period, the impedance of the

diode increases rapidly while the magnitude of the reverse current decreases. This transition time
depends primarily on diode design (geometry and materials), and only slightly on the forward bias
current. The transition time determines the minimum realizable turn-off time for a given device [1].

Although the reverse recovery time is a good indicator of the switching speed of a PIN diode, other
factors such as the driver characteristics, circuit topology and, as reported by Shammas et al.

[10], the junction temperature and rate of fall of forward current, may significantly alter the
resulting turn-off time of the device.

2.4.2 Turn-on time: Reverse to Forward Bias

The turn-on time can be defined as the time it takes to bring the PIN diode from reverse bias to a
given level of forward bias. It can also be seen as the time it takes to bring the charge in the

intrinsic layer to a given level in order to achieve a desired operation point (figure 2.8). It is
normally measured as the time for the forward bias current to be within ten percent of its final
value.

As mentioned previously, during reverse bias the intrinsic layer is depleted of charge and acts as a
high impedance dielectric while during forward bias charge is stored in the I-region that provides a

conduction mechanism. As in the forward to reverse transition, the turn-on process can be divided

in two steps: the charge injection and charge storage phases.



oj t

on1 t on I

Figure 2.8 Typical PIN diode turn-on transient

When forward bias is first applied, holes and electrons are injected from the P and N layers into the

intrinsic layer. During the first part of the transition the diode impedance remains high until holes

and electrons meet at the middle of the intrinsic region. Once the carriers meet, the depletion region

has been eliminated, charge starts to be stored in the intrinsic region decreasing the diode's

impedance. The charge stored increases until it reaches its steady state value that is given by

equation (2.1 b).

The speed at which the charge is injected and stored, and thus the turn-on time of the diode,

depends on the intrinsic region geometry, and composition, as well as the magnitude and rate of

change of the forward current supplied to the device. The minimum achievable turn-on time for a

given diode is therefore limited by the circuit topology, parasitic impedances (specially inductive

elements) and driver characteristics.

For most PIN diodes, the turn-on time is usually shorter than the turn-off time and is not

considered the important parameter in determining the switching speed of a PIN diode [1].

2.5 PIN Diode Limitations.

Device parameters, such as power dissipation limits and diode reverse breakdown voltage, and

diode operation and signal parameters, such as diode bias, controlled signal frequency an duty

cycle, limit the signal levels that can be safely controlled by a PIN diode without suffering device

degradation or undesired signal behavior.

During forward bias operation, the duration and magnitude of the non-bias current is determined



by the amount of stored charge relative to the charge variations due to the controlled signal. In

order for the diode to remain in its forward bias condition, the amount of charge that might be

removed by the non-bias signal has to be smaller than the bias induced charge. The following

inequality (2.8) must hold,where Tr is the duration of the signal portion opposing the bias current

thus removing charge from the diode's intrinsic region.

QD = IFT > qd= f lidIdt (2.8)

As explained in previous sections, during forward bias operation, the frequency of the non-bias

signal also needs to be greater than the transit time frequency (equation 2.2) in order for the diode

to behave as a resistor whose value is smaller than the dynamic resistance value at the same bias

point (small signal resistance from the I-V characteristic of the diode). During reverse bias, the

threshold frequency for a linear capacitive behavior independent of reverse bias is given by the

dielectric relaxation frequency (equation 2.6).

The maximum instantaneous reverse voltage applied to the diode at any time, must not exceed the

diode breakdown voltage. Operation at reverse voltages above the breakdown voltage, causes the

diode reverse current to increase rapidly and an avalanche or zener effect occurs which may result

in degradation of the diode characteristics or permanent damage to the device.

The maximum power that a PIN diode can dissipate depends on the ambient temperature (TAmb),

its maximum operating junction temperature (Tjmax), thermal resistance and circuit layout. The

maximum power dissipation capability is given by

P = -T (2.9)Pmax 0. +0
jc cA

where 0jc is the junction to case thermal resistance which is diode and package design dependent,

and 0 cA is the case to ambient thermal resistance. The later is determined by the diode mounting

and heat sinking. The sum of bias and non-bias signal average power dissipation through the PIN

diode needs to remain below the maximum power dissipation limit set on equation (2.9). Operation

above this limit decreases the useful life of the device and may cause irreversible damage to it.



Chapter 3 Diode Characterization

3.1 Basic Test Circuit

The characteristic of the PIN diodes were determined using the basic circuit depicted in figure 3.1.

R =50Q V 1
Vb ( < 1S

DUT Cs

V2

Rd =0.097629

Figure 3.1 Basic Diode Circuit used for
Characterization

On the circuit, the diode current is proportional (following Ohm's Law) to the voltage across Rd,

which is measured at terminal V2; the diode voltage is just the voltage difference between the

terminals V, and V2 (3.1)

VD=VI-V
2

V 2  (3.1)

ID- Rd

Depending on the parameter investigated, the different voltage sources are connected at terminals

Vb and Vs, and the value of the coupling capacitor Cs is varied.

Three diodes from Microsemi's PIN diode families UM2100, UM4000, and UM6200 series were

studied in order to determine their I-V curves, diode resistances and switching characteristics. The

three diodes used had an axial package (type A) and were fabricated using similar processes, but

differed in its size, thus presenting different characteristics due to their different carrier lifetimes.

Table 3.1 presents the manufacturer published values for the electrical characteristics investigated.



UM2104 UM4002 UM6204 Condition

Carrier Lifetime 25gs 5gs 0.6gs IF=lOmA

Series Resistance 2.0sK (2MHz) 0.5f2 0.42 100mA,100MHz

I region width >200gm 150gm 40tgm

Table 3.1 PIN Diode's Manufacturer Electrical Characteristics

3.2 Forward Bias I-V Curves

The circuit in figure 3.1 was used to obtain the experimental PIN diode's characteristics. For the

case of the forward bias I-V curve determination, terminal Vs remained open circuited and a DC

voltage source was connected to terminal Vb. The diode voltage and current were then measured at

different values of the voltage source Vb. Figure 3.2 below present the experimental forward bias

I-V curves for the three diodes studied. Matlab was used to fit to the data points a semi-logarithmic

first order equation of the form

log I0(ID)= K VD +K 2

10"

LL

(3.2)

1001
60 '0 650

Figure 3.2 Experimental I-V

7 7 8 0
700 750 800

Forward Voltaqe (mV)

Curves for PIN Diodes UM2104,

850 900

UM4002 & UM6204

As seen from the previous figure, the I-V characteristic of a PIN diode resembles that of a common

PN diode. Figure 3.3 in next page shows the I-V curves for the same three diodes together with

their manufacturer reported mean I-V curves (Appendix B contains the diode's data sheets).

002

6204
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Figure 3.3 Data sheet vs. Experimental I-V Curves

3.3 Diode Resistance

As mentioned earlier, the series resistance presented by PIN diodes is dependent on the frequency

of the non-bias signal applied to them. For low frequency signals, the series resistance presented

is similar to that of a PN junction diode, that is the dynamic resistance from the I-V curve at a given

bias point. The experimental low frequency resistance (Rac) for the PIN diodes investigated was

obtained from the experimental I-V curve. The resistance was computed using the parameters

found for equation (3.2), and follows the relationship:

dVD 1
R- (3.3)

SdID KIID

The high frequency resistance (Rs) for the PIN diodes was obtained by connecting a 20MHz fixed

amplitude sinusoidal voltage source to terminal Vs on the basic test circuit (figure 3.1) used on

section 3.1. A 160pF capacitor was used for the coupling capacitor Cs . The diode resistance was

computed at different values of bias current. The resistance is given by the ratio of the sinusoidal

components of the diode voltage and current.

VdRf=- d (3.4)

UM21 04 UM4002 UM6204



The resulting series resistances for the three diodes are plotted in the following figures. Figure 3.4

Shows the low frequency (Rac) and high frequency (Rf) resistances for the three diodes studied.
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Figure 3.4 Low frequency and High frequency resistance vs. Bias current.

As expected from the theory, see section 2.2.1, the high frequency resistance was smaller than the

low frequency resistance for the same bias current. Appendix A provides more details on PIN

diode resistances. The next plot (figure 3.5) shows a comparison of the high frequency resistance

for the three devices. As predicted from the theory (Equ. 2.5) the resistance is inversely

proportional to the bias current. It should be also noted that the device with the widest I-region,

diode UM2104 from table 3.1, presented the higher high frequency resistance.
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3.4 Switching Speed: On and Off.

The switching speed of the PIN diodes was investigated using the basic test circuit (figure 3.1)

leaving terminal Vs open circuited and applying a bipolar 5Hz, 50% duty cycle square wave source

to terminal Vb. The positive and negative voltage values of the square wave signal determined the

forward and reverse bias conditions, respectively, of the diode under test.

Both the turn-on and turn-off times were measured for different conditions of forward and reverse

bias. A summary the observations on the switching speed is presented using the following general

equations,

fl (VR) g 1()T=
on h (IF) (3.5a)

h2(IF) 92(T)Tf (3.5b)

where f, g and h are some unknown positive functions of the applied reverse voltage (VR) [peak

reverse current, IR, for the turn-off time], the diode carrier lifetime ('t) and the applied forward

current (IF), respectively. This reflect that Ton increases with VR and t, while Toff increases with

IF and t. Similarly, Ton decreases with IF and Toff decreases with IR. The following sections will

present the qualitative effects of these parameters on the switching speed of the diodes. It should

be noted that currents and voltages are set by the circuit design, while the carrier lifetime is given

by the device.

3.4.1 Experimental Turn-off Time

Figure 3.6 in the next page show the turn-off current curves for the three different PIN diodes

studied. It can be seen that the turn-off time is directly proportional to the transit time of a PIN

diode. The PIN diode with the smallest transit time (UM6204) presents the shortest turn-off time,

while the one with the largest transit time (UM2104) has the longest turn-off time.

Figures 3.7 and 3.8 present the effects of varying the peak reverse current and forward bias level,

respectively, on the turn-off time of a PIN diode. The mentioned graphs show the diode current

time response for the device UM4002. Similar graphs were obtained with the other two diodes,
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although scaled in time due to their different transit times.

It should be noted that an experimental value for the diode's transit time value can be calculated

using the current turn-off curves and the stored charge relationship presented in equation (2.7)

which is repeated for convenience,

I F T= f i r dt (3.6)
0

The carrier lifetime would be approximated by performing a numerical integration of the diode

reverse current over the turn-off time and dividing by the forward bias current,

2

I irdt

0= - (3.7)
Iv

See section 2.4.1 for the definition of times to and t2 on equation (3.7) The time period from to to t2

approximates the diode turn-off time. Table 3.2 shows some values computed using figure 3.6

graphs from the previous page together with the corresponding turn-off times.

Device Experimental Value Manufacturer Value Toff (ir is 10% peak value)

UM2104 9.9gs 25gs ~40is

UM4002 6.1 4is 5gs ~ 14gs

UM6204 0.7gs 0.6gis -1.5ps

Table 3.2 PIN Diodes Experimental Carrier Lifetime (t) Values and Turn-off Times

3.4.2 Experimental Turn-on Time

From the experimental results (figure 3.9 To figure 3.11) it can be seen that the turn-on time for the

PIN diodes studied is much shorter than the turn-off time, thus making the turn-off time the

important consideration in the diode speed characterization.

During the diode turn-on , the applied reverse voltage (figure 3.9) and forward bias (figure 3.10)

are not determining factors in the turn-on speed of the device. Decreasing the reverse voltage or

increasing the bias current are responsible for only a minor increase in the turn-on speed. The level

of forward bias applied to a PIN diode in a given application is mainly decided by the desired diode

forward bias impedance.
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Diode Carrier Lifetime (r) I T (within 10% of final value)

UM2104 25ls -16ps

UM4002 Sj5s -1.5[ts

UM6204 0.6ps -75ns

Table 3.3 turn-on Times for Three Diodes with Different Carrier Lifetimes

The turn-on time of a PIN diode depends basically on the transit time of the device's intrinsic

region. As can be seen in figure 3.11 and table 3.3, the device with the smallest transit time

(UM6204) presented the shortest turn-on time, while the device with the longest transit time

(UM2104) had the longest turn-on time, for the same driving conditions.

3.5 Switching Pulse Impedance

Given that the final application of this project is the switching of short timed pulses, an experiment

was conducted in order to asses the ability of the PIN diodes to control the pulses, both in-phase

and out of phase with the bias current. Once again the circuit in figure 3.1 was used with a

coupling capacitor value of 0.56gF and bias and disturbance pulse generators connected to

terminals Vb and Vs respectively.

The bias source was set to produce a 200Hz 50% duty cycle square wave providing a forward bias

current of approximately ninety milliamperes and a reverse bias voltage around minus nine volts.

The disturbance signal was produced by a 10 volts pulse (both positive and negative voltages were

used) approximately ten microseconds long. The pulse was applied at different times in the square

wave cycle in order to study the pulse diode impedance at four diode operation conditions: reverse

to forward transition, forward bias, forward to reverse transition, and reverse bias.

Figures 3.12 And 3.13 show the observed current and voltage waveforms corresponding to both a

positive and a negative pulse disturbances. Table 3.4 summarizes the pulse current and voltage

observations in the four regions of operation when a 10V, 10gs pulse source was used .

Diode State Diode Pulse Current Diode Pulse Voltage Diode Pulse Impedance

Rev. to Forw -200mA -7V -35L

Forward Bias - 195mA -90mV -460pgt

Forw. to Rev. -200mA -500mV ~2.50

Reverse Bias <0.5mA -7V >14K

Table 3.4 UM4002 PIN Diode Pulse Impedances
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Chapter 4 The Two Diode Circuit

4.1 General Description

As mentioned previously, a circuit is needed to isolate and protect a delicate sensor from a high

current short time pulse.and provide. In order to achieve the goal, the proposed circuit while

isolating the sensor needs to: 1) provide an alternate path for the pulse induced current and; 2)

disconnect the sensor from the current path.

Since current flowing through a circuit follows the path of less resistance, introducing a "short

circuit" across the desired element provides the alternate current path sought, while an "open

circuit" in line with the device isolates it. The proposed circuit contains, therefore, a series

connected switch and a shunt switch across the series switch and the protected sensor. Since the

signal to be commuted is a short duration high voltage pulse, the two switches are implemented

using PIN diodes. Figure 4.1 below shows a schematic diagram of the test system.

RB
Sensor

Bias DI 3-
Module D2

20KVac

500V S Sample

Pulse Q

Figure 4.1 Complete Test System

Following the results presented in chapter 3, the PIN diodes used in the circuit are from the

Microsemi's family UM4000. These diodes were selected because of their low impedance

characteristic, high power rating and moderate carrier lifetime.

In order to analyze and test the designed circuit, a simplification of the system was made. The

protected sensor was modeled by means of a 500 resistor, and the bias module was substituted by



a bipolar square wave generator. To simplify the prototype of the circuit and the measurements, the

disturbance pulse is applied through a coupling capacitor. Figure 4.2 shows the simplified model

used to test the two diode circuit, being the voltage across the 50Q load resistor the output of the

system.

VB RB v
Square VB RB - Pulse
Wave DC Generator

Generator U2 CsUM4002
Vout

-1 50 Q=RL

Figure 4.2 Two Diode Simplified System Circuit

4.2 Two Diode Circuit Operation

In the circuit configuration shown in figure 4.2, the two diodes are biased in complimentary

modes: when diode D 1 is forward biased, diode D2 is reverse biased and vice versa. One of the

diodes is in a low impedance state while the other is in its high impedance state creating two

operation states of the circuit which would be named the conduction and isolation states.

During the conduction state, diode D2 would be forward biased (diode D 1 reverse biased) allowing

current to flow through the sensor. Isolation mode would correspond to diode D2 being reverse

biased (diode D 1 forward bias), thus effectively isolating the load.

4.2.1 Steady State Analysis

To put the circuit into the conduction mode state, a negative voltage is needed at VB (figure 4.2) to

forward bias diode D2 and reverse bias diode D1. Under this conditions, the diode D2 bias current

is determined by the load line equation (4.1) and the diode I-V characteristic (3.2).

I ,B- I= D + ID,(R B+R L)

lD )=K IVD,+K 2(4.1)

The diode D1 can be taken to be an open circuit, having almost zero current through it. The series



diode bias current will generate a negative constant voltage present at the circuit output.

Zs R S

RF2 +

R B Zt Vout VS

RL

Figure 4.3 Small Signal Conduction State
Equivalent Circuit

Figure 4.3 shows the small signal equivalent circuit when in conduction mode. The series diode

behaves as a linear resistor (RF2) whose value depends on the bias current set by the equation

system (4.1). The shunt diode can be represented by a capacitor (Ctl) dependent on the diode's

reverse bias voltage.

The circuit transfer function during the conduction mode is given by the following relationship,

V R RB1IZT, I(RL+RF)

Vs R+R RIIZ, II(RL+R, )+Zs+R s
Conduction Mode B 1 (R R2 (4.2)

RL

R +R, +Rs(RL+RF2 + RB) /RB

The simplification realized in equation (4.2) is based on the assumptions that the coupling capacitor
impedance is negligible for the signal Vs applied, and that the reverse bias diode capacitance is very

small, thus making impedance ZT1 big compared to RB and (RF2+RL). Since the forward biased

diode resistance (RF2) is usually small compared to the load (RL), then (4.2) simplifies into,

B R
- RB R, RL>R BVs R, + Rs

Vout R (4.3)
- RL+ R <RVs RL+R s



During isolation mode operation, a positive bias voltage is applied and the shunt diode (D1) is now

forward biased, while the series diode (D2) is reverse biased. As in the conduction state, the

forward biased diode operation point, in this case the shunt diode, is set by its I-V characteristic

and the circuit load equation, with the assumption that the series diode can be replaced by an open

circuit ignoring any diode reverse leakage current. No voltage appears across the load.

VB,= VDI +ID RB

ln(ID )= K VDI + K 2  (4.4)

The small signal equivalent circuit is now depicted in figure 4.4. Diode D2 behaves as a small

value capacitor and diode D 1 as a current controlled resistor.

Zs RS

,-. Zt 2 +

R B R F1 V ut s

RL

Figure 4.4 Isolation Mode Small Signal
Equivalent Circuit

During the isolation mode, the circuit transfer function is given by equation (4.5) where the

assumptions that 1) the diode series resistance (RF1) is much smaller than any other impedance in

the circuit, and 2) the reverse diode impedance (Zr2) is much greater than the load resistance RL

were made to the simplification the equation.

Vout RL R B1RF II(RL+ZT2)

Isolation Mode V RL+ZT RIIRF, II(RL+ ZT2)+Zs+R(4.5)
Isolation Mode (4.5)

RLRF
- , R F << RL<Z,, RF <RB

ZT R '
2



It can be seen that the output voltage is a function of both the series diode reverse bias and the
shunt diode forward bias point. As the shunt diode bias current increases, its equivalent series

resistance decreases causing a decrease on the output voltage. The reverse diode impedance (Zr2)

can also increase from lower reverse bias capacitance (CT) at higher reverse voltages.

Table 4.1 below presents the circuit transfer functions for both the conduction and isolation modes

for the circuit model in figure 4.2. It also present the transfer function for the circuit that results

directly from figure 4.1 ignoring the components to the right of the sensor loop. The bias resistor

RB in the test system will be in series with the pulse generator source resistance instead of being in

parallel with the two diode and sensor loop.

Circuit State Simplified Model Test System

Conduction RL/(RL+Rs), RL<RB
RB/(RB+RS), RL>Rs RL/(RL+RF2+R's)

Isolation (RLRFI)/(ZT2Rs) (RLRFl)/(ZT2R's)

Table 4.1 Two Diode Circuit Model Transfer Functions

4.2.2 Transient Analysis

Since the diodes in the circuit are complimentary biased, during the circuit state transitions, from
conduction to isolation mode or vice versa, one of the diodes is turning off while the other is

turning on. As presented in chapter 3, the switching speed of a PIN diode is dominated by its

turn-off time, therefore in the proposed two diode circuit, the state transition time is dominated by
the turn-off characteristic of the diode going into reverse bias. The circuit state transition time

should be similar to the turn-off time of the diodes used under the operation conditions set by the
circuit (Equations 4.1 and 4.4).

It is seen that for the circuit transitions, it is the diode turning off that controls the circuit state

transition behavior. The circuit conduction to isolation state transition time is controlled by diode

D2 (series diode) turn-off time. In contrast, the circuit isolation to conduction state transition is

governed by diode D 1 (shunt diode) turn-off time.

Given that the turn-off time of a PIN diode (see section 2.4) depends on its carrier lifetime, applied

forward bias current and on the peak reverse current applied to switch it off, the two diode circuit

state transition time will depend heavily on the chosen PIN diodes and their operation points.



4.3 Circuit Experimental Behavior

The two diode circuit in figure 4.2 was implemented using two Microserm's PIN diodes model

UM4002, a bipolar 200Hz square wave generator for the bias source, and a 5V lIgs long pulse as

the disturbance source. All resistor were chosen to be 50U and the coupling capacitor 0.56gF.

4.3.1 Circuit Response in Fixed State

Table 4.2 below shows the measured operation point for the diodes in the isolation circuit (figure

4.2) , together with the theoretical operation points for both the conduction and isolation states.

This values were measured using the circuit described in the previous paragraph and computed

using the equations from the previous section.

The computed and measured values correspond to a bias voltage source of ±3V. For the constant

state transfer functions magnitude computations the following approximations were made: a

reverse diode capacitance of 10pF was used for both diodes; a forward resistance RFI=0.5Q for

diode D1 and RF2= 1.00 for diode D2 were used; and an operating frequency of 2MHz was

assumed for the circuit.

Shunt Diode Series Diode
Parameter VDI D VD2 D2 ouVs

VD1 I D VD2 ID2

Measured -1.25 V -0 mA 0.66 V 12 mA 0.57
Conduction Computed -1.84 V <10gA 0.68 V 23 mA 0.33

Measured 0.7 V 46 mA -.7 V -0 mA 1.52x10- 4

Isolation Computed 0.71 V 46 mA -0.71V <10pA 62.5x10-6

Table 4.2 Two Diode Circuit Steady State Results

4.3.2 Circuit Response vs Bias Point IF

Given that the amount of isolation provided by the circuit is dependent on the bias applied to it, a

test to investigate this variation was performed. The circuit in figure 4.2 was used with the same

components values as before and a constant positive voltage source for bias.

A 5V ILgs pulse was applied for different values of diode D 1 bias current, and the output voltage

measured. The ratio of the output voltage pulse to input pulse (circuit gain) is plotted versus diode



D 1 bias current in figure 4.5. A computed circuit gain versus D 1 bias current using data sheet

values for the UM4002 (Appendix B) at a small signal frequency of 2MHz is also plotted on the

figure.
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Figure 4.5 Circuit Gain vs. Bias Current
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4.3.3 Circuit State Transition Response

Figure 4.6 below shows the conduction to isolation and isolation to conduction state transitions

observed for the two diode proposed circuit. Different amplitude symmetric square waves were

used to see the effect of bias voltage variation in the circuit transition times. The figure below

shows the transition for two different bias voltage conditions.
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The steady state output voltage present in the isolation mode approximates zero volts. During the

conduction state, a negative constant voltage is seen at the load due to the series diode bias current.

Both observed state transitions for the circuit are similar to the turn-off time observed for the PIN

diodes used on it (figure 3.7 and figure 3.8). However, it can be seen in figure 4.6 that the

isolation to conduction transition is slightly longer than the conduction to isolation transition. As

explained previously, even though the two diodes are "identical", the bias current in the shunt

diode during isolation is greater than the bias current during conduction in the series diode, causing

a longer turn-off time for the shunt diode.

The link between the circuit transition times and the diode device turn-off time is emphasized in

table 4.3 below

Diode UM4002 2 Diode Circuit

turn-on turn-off Cond. To Isol Isol. to Cond.

1.5-3.Ogs 10-30ts 15-20ps 20-30ps

Table 4.3 Single Diode and 2 Diode Circuit State Transition Times

As seen in the previous figure, higher bias voltages (bias currents) applied to the circuit cause

slower state transition. This transition time variation is, however, not big enough as to put an

important constraint on the bias currents used on the circuit.

The desired isolation level and the magnitude of the signal controlled by the circuit are more

important factors while choosing the bias currents to be used on the circuit in a given application.

If significantly lower transition times are required, these might be achieved by using PIN diodes

with smaller recombination times.

4.4 Pulse Impedance during Circuit State Transition

During circuit state transitions, a period exists during which charge is removed from and stored to

the diodes. Since the impedance of a PIN diode depends on the amount of charge stored in its

intrinsic region, the circuit isolation level is expected to vary during state transitions. To estimate

this isolation level variation, a one microsecond disturbance pulse was applied at different instants

during the state transition and the circuit output voltage measured at those instants. Figure 4.7

shows the observed circuit response when the pulse was applied during the conduction to isolation

state transition.
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Figure 4.7 Circuit Conduction to Isolation State Pulse Transmission with UM4002 diodes

The output pulse magnitude decreases as the circuit enters the isolation state. When the series diode
is totally in reverse bias (current approx. zero), and the shunt diode forward biased, then the pulse

transmitted to the load resistance becomes minimal, and maximum isolation is achieved.

Figure 4.8 shows the output voltage pulse signal during the isolation to conduction state transition.

It can be seen that once currents starts flowing through the series diode (output voltage non-zero)

the magnitude at the output of the disturbance pulses increases considerably until the diode current

reaches its steady state value.
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Figure 4.8 Circuit Isolation to Conduction State Pulse Transmission with UM4002 diodes
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Figure 4.9 provides an evaluation of the raw data of figure 4.7 by interpreting the circuit transfer

function gain between Vout (at the sensor) and Vs (at the pulse source) as a time varying function.

The plot shows how the circuit gain , which can be thought of as the isolation provided by the two

diode circuit, varies during the circuit transition to from conduction state to the isolation state. The

measurements were performed with the circuit using UM4002 diodes,a bias of 47mA for DI, and a

5V lits pulse. In the figure the gain is expressed in decibels (dB) units defined as

GaindB = 20 log(Gain) (4.6)
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Figure 4.9 Circuit Isolation variation with Time during transition to the Isolation
State



Chapter 5 Conclusions

5.1 General Problem

The purpose of this project was to investigate the protection of a sensor from transient pulses. The

goal was to establish a technique to isolate the sensor during the time of a short time power pulse,
and yet still allow the sensor to be active when the pulse is absent. The power pulse (100ns, -
500V) comes from a series connected source and is necessary for the system operation.

The approach used to protect the sensor was a series-shunt circuit configuration. This circuit
employs a series isolation switch and a shunt switch parallel to the sensor. PIN diodes are the
active elements used to implement the series and shunt switches. Two distinct issues were

investigated; the PIN diode as a device, and the series-shunt circuit configuration for protection of
the sensor.

The electric characteristics of three PIN diode families (made by Microsemi Corp.) were studied in
order to assess their capabilities to perform as solid state switches for short time pulses. The PIN

diode high frequency resistance, power handling capability and switching speed were used in the

selection criteria for choosing the diode to be used in the sensor protection circuit. The design

included trade-offs between high power handling, low series resistance and moderately fast

switching speed. The series-shunt circuit was selected to maximize the protection of the sensor.

5.2 PIN Diodes

The behavior of a PIN diode is determined by the device parameters and the nature of the signals
applied to it. From the diode operation point of view, signals are cataloged as high or low

frequency signals referenced to the diode transit-time frequency, which is inversely proportional to
the intrinsic region carrier lifetime.

For low frequency signals, PIN diodes act as normal PN junction diodes. The forward bias
resistance being the dynamic resistance from the forward I-V curve at a given quiescent point.
This behavior was confirmed for the diodes investigated.



The distinctive characteristic of PIN diodes is that in the forward bias region they behave as current

controlled linear resistor for high frequency signals. This resistance value varies with the inverse of

the bias current. The higher the bias current, the lower the resistance. However, a constraint is

imposed on the high frequency signal applied to the diode in order for this diode behavior to

persist: the amount of charge that might be removed from the diode by the non-bias signal should

not exceed the stored charge induced by the bias current.

For the PIN diodes studied, it was shown that higher bias currents resulted in lower resistance

values, in both high and low frequency conditions. However the high frequency resistance was

generally smaller than the low frequency resistance at the same bias point. Among different

devices, the diodes with longer carrier lifetimes displayed the higher high frequency resistances.

Under reverse bias, charge in the intrinsic region is removed and the PIN diode can be modelled as

a parallel plate capacitor. Capacitance value depends on the reverse voltage applied and the signal

frequency. For high frequencies, however, the PIN diode behave as a low value linear capacitor

independent of reverse bias.

The switching performance of PIN diodes was investigated. A voltage pulse was applied to a PIN

diode at both forward (on) and reverse (off) biases. In forward bias, the applied pulse resulted in a

high diode current and minor change in the diode voltage. This was because the forward biased

diode was in a low impedance state. In contrast, when the diode was in reverse bias the same

applied pulse resulted in a very small diode current and a hugh change in the diode voltage

(comparable to the pulse magnitude). This was because the diode was in a high impedance state.

The dynamic conditon poses a different problem. The turn-on and turn-off times of a particular

PIN diode are governed by its recombination time, and the currents and voltages applied to the

diode. Under fixed drive conditions, devices with longer carrier lifetimes had longer turn-on and

turn-off times. For all diodes studied the turn-off time was much longer than the turn-on time. In

PIN diodes, the turn-off time, or forward to reverse transition time, is the longer switching time

and hence the important consideration while evaluating the switching speed of the device.

5.3 Two Diode Protection Circuit.

The series-shunt protection circuit chosen for this work has two clearly distinguished states relative

to the protected sensor: a conduction state and an isolation state. During the conduction state a



series diode is forward bias while the shunt diode is reverse bias so that current is allowed to flow

through the sensor. Alternately, when the circuit is driven into the isolation state (when a

triggering pulse is applied) the shunt diode is in forward bias and the series diode in reverse bias so

that then no signal shows at the sensor, thus protecting and isolating the sensor.

The protection circuit was implemented using two type UM4002 diodes in a series-shunt

configuration. These were selected on the basis of the earlier device test and represent the medium

switching speed case with low forward bias impedance. The first diode is in series with sensor to

be protected and the second diode is connected across the sensor and series diode.

Three attributes of the circuit were investigated; the transition speed (switching) between

conduction and isolation states, the amount of isolation provided when fully in the isolation state,

and the dynamic isolation during transition between states.

State transition times in the circuit are dominated by the turn-off characteristic of the diodes used.

The conduction to isolation state transition is governed by the series diode. The isolation to

conduction state transition is controlled by the shunt diode. On the circuit tested, the state transition

times were similar to the turn-off times observed for the type UM4002 diodes individually under

similar applied forward and reverse switching currents.

The amount of isolation provided by the circuit was quantified by applying a pulse voltage at the

circuit input and measuring the response at the sensor position. This was done for the circuit in

both the conduction and isolation states. During the conduction state, a pulse at the input generated

a response at the sensor position of about half the pulse size. During isolation, the same input pulse

generated a greatly reduced response pulse, indicating high isolation. A reduction by a factor of
approximately 4000 was observed for the response between the conduction and isolation states.

Pulses were applied to the circuit at different times during the transition between states to
investigate the dynamic circuit isolation behavior.The isolation increased smoothly following the
circuit transition from conduction to isolation, but decreased sharply during the isolation to
conduction transition. This sharp decline in isolation while going into conduction mode is due the
faster tun-on time of the series diode compared to its turn-off time.

A succsessful isolation and protection of the sensor was achieved for the case of the series-shunt
PIN circuit when biasing provided good turn-on and turn-off responses.



Appendix A: Microsemi Diodes
Experimental Characterization

The diode characterization was done by measuring the diode voltage for different levels of bias

current. The forward bias I-V characteristic was obtained by fitting a curve of the form

loglo(ID)= K, VD+ K2 (A. 1)

to the de diode voltage (VD) and current (ID) points measured. Three other parameters are used

besides the forward bias I-V curve to characterize the PIN diodes. These are the DC resistance

(Rdc), the ac resistance (Rac) and the high frequency resistance (RF). The first two are based on the

I-V curve by the following relationships,

VD
Rdc - (A.2)

dVD 1

SdI - KIID (A.3)

The ac resistance corresponds to the small signal (dynamic) resistance at the bias point. In

contrast, the high frequency resistance depends on the amount of stored charge in the diode

intrinsic region instead of its I-V characteristic.This resistance can be expressed as,

W 2

Rf-= (A.4)

where p is the mobility of carriers in the intrinsic region, W is the I-region width, t is the carrier

lifetime and IF is the forward bias current. Experimentally it was determined by superposition of a

high frequency (2MHz) signal to the diode bias, and taking the ratio of the high frequency

components of the measured diode voltage and current,

Vd
R=- , high frequency (A.5)

id

The following pages show the experimental diode characteristic (I-V curves, Rdc,Rac and RF)

obtained for three Microsemi PIN diodes: UM2104, UM4002 and UM6204.
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I-V curve for diode UM4002
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I-V Curve for diode UM6204
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Appendix B: Microsemi Diodes Data Sheets
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B.2 UM4002

PIN DIODE

Featuses
* Power dlrsspatln to 37.5W
* M'Vol ratings to I000O
0 Gees reeiltai e rated Oa.W
* Crfte Ilifetlne greater than 54

The UM4000 and UM4900 saries feature
high power PIN drodes with Io-.g carrier Ilfe-
times and thick I.rWlains. They are especiatty
suitable for use in low distortion switches
and attenators, in Ihe HF through S bane
frequrutle Whitle bot serles are electri-
cally equivalent, the UM490 series havo
higher power ratings due to a shorter therma
path between cichip a package, High chwge
storage and long carrier Iifet me en able nigl
RF levls to be controlfcd with relatively low

-UMeSOeNEa

bias urentml Shml .ary, peak RF v~llgs cam
be handled well in excees of app led ver0a
bli wVlttage

Both serfes hame ben fuly quwalied in
hig pft Un power UF Phase shiftersd l maga.
watt peak-power dupleam s nsouamsug
thousands of hours of provse paformanoe
Beth typ have bom ued in the dealg of

rlie ar capactive aemdients a kre aswtled in
and out of fitter or afLty networks

MAXIMUM RATINGS

Awrmgle Pomr Oissipalon and Thermal Realstane Rall fgs

Pastge Condtion vMi -U04g

A' 2'C Pia Jemperatur. 25W - tS 3m7W 4POW
B&E (Axial Leed4s iLn. (12.7mnm) Total Length

lo 25 C" Contact 12W 12.5C CW 12W 12.5*CW

B&E (Axl Leads: Free Air 2.5W - 2.W -
C (Studed) 25'C Stud Temperature 25W 6CieW S*.. N 4*OWNI
D ulate Stud~ 25 C Stud Terneaurue 1~IltW atN 25WN *COW

Peak Pow D pon Rating
AN Pka 1 W3 Pulse Sngre) 10 KW

at26 C Ambient

Operating sad hSorago Trmp.rature Rang: -6C to + 75'C

6-16 -a _



UM4000 UM4900

Voltage Ratrngs (26C)

Revearse Voltage
CVfI - Vol

OR = 10 I Amps)
Types

100 UM4001 UM4901
200 UM4002 UM4902
400 - -
60 UM4000 UM906
1000 UM4010 -

Elecirkial Speficaltions (25'C)

UM4000
Tet Symbol Ul400 CMnditions

Total Capacitance :Max) C 3 pF 1004, IMHz

Series Resi slarte (Max) 0.5S 1l00l, 110MHz

Parallel Resistance (Min) R , 10 KG 100, 100MHz
Carie L itlnie (Min) r Sa 1F = 1OnA

Reverse Current 4Max) I' 10 V, Ratlng
I-Region Width (MiA) W 150,M -

T'WICAL FOMWARD RESIrTAnCE
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B.3 UM6204

PIN DIODE

Features
Ca pacitance specified as low as 0.4 pF (UM66W00)

r Resistance speciied as low as 0.452 (UM6200)
' Voltage ratings to 10O0V

* Powr dissipalti n to 8W

Description
Tnese series of PIN aloaes are aesignen

for applioation requiring smrrill pac ag ize
and moderate average power handli g capa-
bility, The low capacitance of the UM&00O
and UM6600 allows them to be used as series
swilching elements :oa 1 GHz. The low reals-
taetct i the UM6 71 It .tse.f in applicatiort.r
wlhere forward bias currenl must be mini.
mized.

Because vf its thick I-regio width and
long lifetime the UM6000 rand UMSI600 have
bejri used in dikturliull sendiIive arid siygh
peak pcwer applications, in0hllding re~eive'
protectors, TACAN, and ( FF equipment. Thel
low capacitance allows them to be useful as
attenuator ciodes at frequencies qreater
than 1 GHz. The UM6200 has been used suc,

CSitally irt switmes in wnfih Oa Ilnsertion t~le
ai low Ubia currncrt is rcquirod,

The 'A' slyfe package 'or this series is the
smaget Microsemi PIN diode package. It has
been used successful y ,n many microwave
applications using coaxial, microstrip. and
stripline lechtniques at frequencies beyotd
X-Band, The B" and "E" style, leaded pakages
Offor tho Ihnghest availale power dissipation for
a packiage this rll. They have been used
extensively as series switch elements in
microstrip circuits. The *C style package
duplicates the physical outline available in
crvrttional clrurmic-m e Il paukae es but
incorporates the rmany reliaNAity advntages ot
the Microsemi construction

MAXIMUM RATINGS

Averwae Power Dissipation and Therma Rslstance Ratings

LI"000 uM2
Package Condition UMADsO

P. s P

A&C 25'C Pin T rraerature 6W 25C;GN 4W 37.5CNV
B&E (Axial Leads) It .n. (12.7mm) Tatal Lesd Lpngth

ro 25cC Contact 2.5W 5O'C1W 2.0W 75CrW
B&E (Axia Leads) Free Air .5SW - .5W -

Peak Power Dissipation Rating

All Packages 1 s Pulse (Single)t UMS00 - 25 KW IUM6600 - 13 K
at 25'C Ambient I UM6200 - 10 KV

Operaling and Storage Temperature Range: - 65'C to * 175'C

G-23
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UM6000 UM6200 UJM6B00

(V)-VH Types

TOOV UMA6001 UMt62O Umm6i
200V I UIA6OW2 UNM2 UM6802
400V -UM604 ..
600V UMGOO6 I -UM0530

1 ooo UM601O UM610

EVelfica) SpecIfications (26t'C)

Tst Symbiod UIM ~ U1M6I UNM0 c4flom
Total Capacitance WMakx CA p.-F T SPr 141 PF low, 1Mff~z
SomIa Reel stance (Max: R4 2-50 1 1.7i 0.40 IOCmA, 10OMI~lz
Parartel Rewtftfce NMil) R.. 3 K9 300 K2 W6O KQ 100V. 1OaMHt
Co rlef Li fetime 4 Min) r 1.09 1a 1.0 fis 0.6 A = 10 rrA
Rleverso Current WMax) IR 10 IA 10 04A 110 #.A V~ = Rating
l-ReoIon Width IMin) w 150u 10I* 0 r
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Appendix C: Two Diode Circuit Matlab
Scripts for Steady State Computations

C.1 Shunt Diode Operation Point

A Matlab script was created to compute the operation point of the shunt diode (D1 ) when the circuit

is in the isolation mode. The script provides a numeric and graphic solution to equations (4.4).

% Shunt Diode Operation Point Script

% Bias conditions for Microsemi's PIN diode

UM4002

vd=linspace(.2,.85,1200);

% Diode i-v curve from data sheet

y=160e-6 4e-3 300e-3];
x=[.4 .6 .8];

m=polyfit(x,log 10(y), 1);

id= 10.A(polyval(m,vd));

% Circuit component values

Vbb=3;

Rl=50;

Rb=50;

Rs=50;

% Diode load line equation

id2=(Vbb-vd)/Rb;

% Ploting load line on diode i-v

curveplot(vd,id,vd,id2)

grid

xlabel('Forward voltage')

ylabel('Forward current')

% Finding diode DC operation point

[ipt,ind]=min(abs(id-id2));

disp('Operation point')

Id=id(ind)

Vd=vd(ind)

C.2 Series Diode Operation Point

A Matlab script was created to compute the operation point of the series diode (D2) when the circuit

is in the conduction mode. The script provides a numeric and graphic solution to equations (4.1).

% Series Diode Operation Point Script

% Bias conditions for Microsemi's PIN diode

UM4002

vd=linspace(.2,.85,1200);

% Diode i-v curve

y=[60e-6 4e-3 300e-3];

x=[.4 .6 .8];

m=polyfit(x,log l0(y),l);

id= 10.A(polyval(m,vd));

% Circuit component values

Vbb=3;

R1=50;



Rb=50;

Rs=50;

% Diode load line equation

id2=(Vbb-vd)/(RI+Rb);

% Ploting load line on diode i-v curve

plot(vd,id,vd,id2)

grid

xlabel('Forward voltage')

ylabel('Forward current')

% Finding diode DC operation point

[ipt,ind]=min(abs(id-id2));

disp('Operation point')

Id=id(ind)

Vd=vd(ind)

C.3 Transfer Function Computation

The following Matlab script evaluates equation (4.5) for different bias currents using UM4002

forward resistance and reverse bias capacitance from data sheets. The values are computed for a

2MHz signal.

% Output Voltage Data Points

vout=[2.68e-3 2.12e-3 1.2e-3 .96e-3 .76e-3

.60e-3];

isole=vout/5;

ibias=[10 20 30 40 50 60];

% Circuit Components

RI=50;

Rb=50;

Rs=50;

f=2e6;

% Reverse Capacitance and Forward

Resistance from

% UM4002 Data Sheets

CO=1 le-12:-le-12/6:1Oe-12;

Zt= 1./(2*pi*i*f*CO(2:7));

rf=[1.3 .8 .6 .5 .4 .32];

% Transfer Fct Computation

isol=R1./((RI+Zt)+Rs*(RI+Zt+rf)./rf);

loglog(ibias,isole,ibias,isole,'o',ibias,abs

(isol))
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