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Capacitive Coupling Noise
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Abstract In this paper, the beta-ray sensor circuit used in the true random number generator
was designed using DB HiTek's 0.18ym CMOS process. The CSA circuit proposed a circuit having
a function of selecting a PMOS feedback resistor and an NMOS feedback resistor, and a
function of selecting a feedback capacitor of 50fF and 100fF. And for the pulse shaper circuit,
a CR-RC2 pulse shaper circuit using a non-inverting amplifier was used. Since the OPAMP
circuit used in this paper uses single power instead of dual power, we proposed a circuit in
which the resistor of the CR circuit and one node of the capacitor of the RC circuit are
connected to VCOM instead of GND. And since the output signal of the pulse shaper does not
increase monotonically, even if the output signal of the comparator circuit generates multiple
consecutive pulses, the monostable multivibrator circuit is used to prevent signal distortion. In
addition, the CSA input terminal, VIN, and the beta-ray sensor output terminal are placed on
the top and bottom of the silicon chip to reduce capacitive coupling noise between PCB traces.
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Fig. 1. CSA circuit using a conventional PMOS
feedback resistor.
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Fig. 2. Proposed beta—ray sensor circuit.
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Fig. 3. Proposed CSA circuit.
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circuit.
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Table 1.

proposed one.

EiE

F=l 3| 2.
Comparison of pulse widths by corner
simulation conditions for monostable
multivibrator circuit: (a) conventional one and (b)

(a)
Model Parameter

VDD | TEMP = = e = =
-40°C | 4.26ps | 447ps | 613ps | 7.53us | 7.66us
A5V | 25°C | 2.750s | 3.99ps | 5.63us | 7.00us | 7.19us
85°C 3.58us | 3.70ps | 5.23ps | 6.57us | 6.76us
-40°C | 417ps | 4.25ps | 5.86ps | 7.36ps | 7.50ps
5V 25°C | 379us | 3.86ps | 5.46ps | 6.84ps | 7.07us
85°C | 351ps | 3.60ps | 5.11ps | 6.48ps | 6.60ps
-40°C | 4.05ps | 4.11ps | 578us | 7.189us | 7.31us
E.5V | 25C | 3.69us | 3.71ps | 5.33us | 6.74us | 6.85us
85%C 3.45ps | 3.49us | 5.01ps 6.260S 6.4605

(b)
. . Model Parameter

Ml Lot s5 SF T s FF
-40°C | 4.28ps | 4.02ps | 4.04ps | 408ps | 3.91ps
4.5V | 25°C | s.7ips | 5.38us | Sa1ps | 546ps | 5.20ps
85°C | 7.08us | 6.76ps | 6.73ps | 677us | 6.50us
-40°C | 397ps | 3.73ps | 3.75ps | 3.76ps | 3.63ps
5V 25°C | 5.27us | 497us | 4.96pus | 5.06ps | 4.84us
85°C | 6.50us | 6.1%us | 6.24ps | 6.2%us | 6.04ps
-40°C | 3.66ps | 3.53ps | 3.53ps | 3.55ps | 344ps
5.5V | 25°C | 484us | 467us | 4.66us | 470us | 4.60us
85°C | 6.04ps | 5.78us 5.8208 5.8508 5.681S
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E 2. Chx CISYURID| 3| 2o theh 2oy =Y
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Table 2. Comparison of dissipation currents by
corner simulation conditions for monostable
multivibrator circuit: (a) conventional one and (b)
proposed one.

VDD | TEMP
58 SF T FS FF

-40°C 3.389 4.931 5.285 5.386 9118

4.5V | 25¢ a3ss| 8292| 7ses| 5.835| 1079

85°C 3.858 6.522 6.674 6.981 13.73

-40°C 4717 7.128 7942 | 8202 1372

5V 25%¢ 4795 6.870 7.902 7.805 13.19

85°C 5296 7.006| 7.905 11.06 19.54

-40°C 6256 | 8595 10.67 11.58 1946

G5V | 25C | s213| 60| 1058| 1381| 2212

85°C 6.064 11.09 10.71 9.181 19.45

VDD | TEMP

-40°C | 0.748 0.830 0.850 0.874 1019

A5\ | 25°C | 0753 | 0906 | o918 | 0928 | 1.095

85°C | 0.802 0954 | 0958 0972 1.087

-40°C | 0857 | 0981 | 0991 | 1.037 | 1.204

GV | 25C | 0899 | 1054 | 1.074 | 1091 | 1273
85°C | 0949 | 1112 | 1108 | 1145 | 1322

-40°C | 0987 | 1137 | 1243 | 1155 | 1347

5.5V | 25°C | 1042 | 1195 | 1221 | 1242 | 1460

85°C 1.081 1.246 1.263 1.292 1571
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