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A Study on the Design of a Beta Ray Sensor for True Random

Number Generators

Young-Hee Kim*, HongZhou Jin*, Kyunghwan Park**, Jongbum Kim*** Pan-Bong Ha*
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Reference) 3|2& o]8slo] T5H FHRFE ol8soto] A5 Y& VCOM A Hd7kx] FHstE=z S ARt ¥
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Abstract In this paper, we designed a beta ray sensor for a true random number generator.
Instead of biasing the gate of the PMOS feedback transistor to a DC voltage, the current
flowing through the PMOS feedback transistor is mirrored through a current bias circuit
designed to be insensitive to PVT fluctuations, thereby minimizing fluctuations in the signal
voltage of the CSA. In addition, by using the constant current supplied by the BGR (Bandgap
Reference) circuit, the signal voltage is charged to the VCOM voltage level, thereby reducing
the change in charge time to enable high-speed sensing. The beta ray sensor designed with
0.18um CMOS process shows that the minimum signal voltage and maximum signal voltage of
the CSA circuit which are resulted from corner simulation are 205mV and 303mV, respectively.
and the minimum and maximum widths of the pulses generated by comparing the output
signal through the pulse shaper with the threshold voltage (VTHR) voltage of the comparator,
were 0.592us and 1.247us, respectively. resulting in high-speed detection of 100kHz. Thus, it is
designed to count up to 100 kilo pulses per second.

Key Words : beta ray sensor, BGR, Charge Sensitive Amplifier, PVT insensitive, true random
number generator
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Fig. 1. Block diagram of beta ray sensor.
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Fig. 2. Analog front end (AFE) schematic consisting of a
PIN diode, test capacitor, and a CSA circuit.
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Fig. 3. Conventional CSA circuit for applying DC voltage
to the PMOS feedback transistor gate.
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Fig. 4. Circuit diagram that applies DC voltage to the
PMOS feedback transistor gate of a conventional
CSA circuit: (@) I-to-V converter and (b) voltage
follower.
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Table 1. Signal voltage simulation results for PVT
fluctuations in the CSA circuit applying the DC
voltage VBIASP_CSA in Figure 3.

VoD TEMP | SSModsl | SFModsl | TT Model | FSMaded | FFMedel
SC | 27BMV | 22amV | 240mV | 320mV | 199mV

45V = 229mV | 165mV | 183mV | 262mV | 146mV
BSC 169mY | 134mV | 14ZmV | 18BmY | 118mV
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Table 2. Comparator output pulse width simulation
results for PVT fluctuations of a beta ray sensor
using a CSA circuit applying the DC voltage
VBIASP_CSA in Figure 3.
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Fig. 5. A proposed CSA circuit applying a DC current
bias to the PMOS feedback transistor gate.
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Fig. 6. A current bias circuit that supplies a DC current
bias to the PMOS feedback transistor gate of the
proposed CSA circuit.
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Table 3. Signal voltage simulation results for PVT
variation of the proposed CSA circuit applying the
DC current bias IBIASP_CSA in Figure 5.

Voo TEMP S5Moded | SFEModel | TT Model | FSModal | FF Modal
—ArFC 225mv 256m\v 253mv 25tmv 287mv

asv 25 215mv 243mv 24Tmy 239m\y 274mv
B5C 205mv 27TV 235m\ 215m\ 281mv

—49C 230mv 262m\v | 238m\V 255m\V 292m\v

5 ST 220mv 251mv 248mV 246mV 280mV
BFC 21 my 288my : 247my 222my 201 mv

| |

e | 233my ] 264my | 261my [ 260my | 208mv

S5 5 225mv 252my 251mv 250mV 283m\V
B5C 215mv ‘ 293my 245mv 2EmY 03mv
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Table 4. Comparator output pulse width simulation
results for PVT fluctuations of a beta ray sensor

using a CSA circuit applying the DC current bias
IBIASP_CSA in Figure b.

DD TEMP | 5SModei | SEModwl | TTModel | FSModal | FFModal
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a5 T.0a4ps | 1.iB3ps | OT78ps | 0672y | 0668
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Fig. 7. Corner simulation results for signal voltage in the

beta ray sensor circuit using the proposed CSA
circuit.
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Fig. 8. Layout image of beta ray sensor chip designed
with 0.18um CMOS process.
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