
FEt	  Diode	  Diamond	  X-‐ray	  sensor	  
PHYS476	  Final	  Presenta7on	  

UHM	  KeitaF	  5/8/2012	  



Background	  radia7on	  sensors	  for	  FEL	  
A RadFET 2

(a) A RadFET is hooked up to a constant current
source and a unity buffer.

(b) The two insulator thickness adjusts the sensitivity
range.

(c) Picture of RadFET.

FIG. 2: RadFET

TABLE I: RadFET threshold voltage of the gate to radiation conversion chart.

Range Conversion Factor [Rad/mV]

R 2.67

K 13.2

B. Silicon Photodiode

For the silicon photodiode on Fig. 3(a) Fig. 3(c), the photoelectric effect produces a electron-hole pair
Fig. 3(d) an this electron production can be converted to current. We put this current through current-
to-voltage converter shown in Fig. 3(b) and read the output as the radiation measure in volts. This is an
almost instantaneous signal of the radiation dose rate. The average energy required for the electron-pair
production is EPE = 3.6[eV]. if an incoming X-ray with an frequecny, f [Hz], loses an energy of EX through
the photoelectric effects, the total current generated is given by,

I =
EX

EPE
ef, (1)

where e is the electron charge. thus we can put this current through a resistor to get voltage as shown in
Fig. 4(b),

V = R
EX

EPE
ef. (2)

where, R[Ω] is the resistance of the current-voltage converter shown in Fig. 3(b).
Assuming for a 1[MeV] X-ray, silicon has an absorption length, λ = 10[gcm−2]. The percent of X-ray

energy lost in the silicon is proportional to the percent of intensity attenuation. For an silicon of density,
ρ[gcm−3], and thickness, t[cm] ,the attenuation percentage is,

B Silicon Photodiode 3

(a) the two photodiodes are placed back to back against
a lead shield.

(b) Current to voltage converter of the photodiodes.
The gain is adjusted by choosing the buffer resistance

with a multiplexer.

(c) Picture of the photodiode. (d) Electron-hole pair production due to a photoelectric
effect inside the silicon. it requires an average evergy of

3.6eV.

FIG. 3: Photodiode

EX

EX0
=

I

I0
= e−

tρ
λ (3)

As shown in Fig. 3(a) we also have a lead layer in between the two photodiodes. We can calculate the
attenuation of the radiations due to this layer using the same technique. We assume that the lead has the
same attenuation length on Fig. 3(c). For a lead of thickness, tPb = 0.1[cm], density, ρPb = 11.34,

EXafterPb

EXbeforePb

=
IAfterPb

IbeforePb
= e−

tPbρP b
λ = e

− 0.1[cm]11.34[gcm−3]
10[gcm−2] = 0.892 (4)

so we expect to see a 10% attenuation in the diode signal after the lead layer. Lastly, the radiation dose
is given by the frequency of energy absorbed (= energy lost in the material) per unit mass,

DoseRate =
EX

mSi
f

⇒ DoseRate =
EPE

emSiR
V (5)

From the measurement taken off our device Fig. 3(c), the dimension of the silicon is given on Table II.
Then, we can calculate the radiation-to-current-to-voltage conversion coefficient for various resistor, R[Ω],
shown on Table III.
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B Silicon Photodiode 4

TABLE II: Dimension char of the silicon photodiode.

length, l[cm] 2.013

width, w[cm] 1.003

thickness, t[cm] 0.03

Area, A = lw[cm2] 2.019

volume, V = lwt[cm2] 0.06057

Si density, ρSi[gcm−3] 2.329

Si mass, mSi[g] 0.14107

TABLE III: Photodiode output voltage to radiation conversion chart for one before and after the lead shield

Resistance, R[Ω] Conversion Factor Before[/mV] Conversion Factor After[/mV]

10 25.5[mRad] 28.56[mRad]

1k 25.5[mGy] 28.56[mGy]

1M 25.5[µ Gy] 28.56[µ Gy]

100M 255 [nGy] 285.6 [nGy]

II. SYSTEM DIAGRAMS

Fig. 4(a) shows the diagram of the circuit for the two sensors. The four output channels are put through
sample and hold which is picked out with a multiplexer. The sample and hold switch will be connected
with an accelerator to synchronize the timing. More detailed schematic is shown on Fig. ??. We will need
to further design a -15[V], -10[V], GND, 5[V], 15[V] DC voltage source. Also we need an accelerator input
module for the ’4066 switch. And lastly, we will need an output module.

(a) Block diagram of the readout circuit. the signal is
put through a sample and hold and them picked out

with a multiplexer.

(b) Detailed readout circuit diagram. the voltage
source, accelerator input, and the output module is not

yet designed.

FIG. 4: Circuit Diagrams.

III. PARTS

the parts needed to build the circuit os shown on. We will need more parts to design a -15[V], -10[V],
GND, 5[V], 15[V] voltage source. Also we need parts for an accelerator input module for the ’4066 switch.
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energy lost in the silicon is proportional to the percent of intensity attenuation. For an silicon of density,
ρ[gcm−3], and thickness, t[cm] ,the attenuation percentage is,
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For the silicon photodiode on Fig. 3(a) Fig. 3(c), the photoelectric effect produces a electron-hole pair
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Fig. 3(d) an this electron production can be converted to current. We put this current through current-
to-voltage converter shown in Fig. 3(b) and read the output as the radiation measure in volts. This is an
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A RadFET 2

(a) A RadFET is hooked up to a constant current
source and a unity buffer.

(b) The two insulator thickness adjusts the sensitivity
range.

(c) Picture of RadFET.

FIG. 2: RadFET

TABLE I: RadFET threshold voltage of the gate to radiation conversion chart.

Range Conversion Factor [Rad/mV]

R 2.67

K 13.2

B. Silicon Photodiode

For the silicon photodiode on Fig. 3(a) Fig. 3(c), the photoelectric effect produces a electron-hole pair
Fig. 3(d) an this electron production can be converted to current. We put this current through current-
to-voltage converter shown in Fig. 3(b) and read the output as the radiation measure in volts. This is an
almost instantaneous signal of the radiation dose rate. The average energy required for the electron-pair
production is EPE = 3.6[eV]. if an incoming X-ray with an frequecny, f [Hz], loses an energy of EX through
the photoelectric effects, the total current generated is given by,

I =
EX

EPE
ef, (1)

where e is the electron charge. thus we can put this current through a resistor to get voltage as shown in
Fig. 4(b),

V = R
EX

EPE
ef. (2)

where, R[Ω] is the resistance of the current-voltage converter shown in Fig. 3(b).
Assuming for a 1[MeV] X-ray, silicon has an absorption length, λ = 10[gcm−2]. The percent of X-ray

energy lost in the silicon is proportional to the percent of intensity attenuation. For an silicon of density,
ρ[gcm−3], and thickness, t[cm] ,the attenuation percentage is,

Current	  to	  Voltage	  Converter	   Diode	  SchemaFc	  
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