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A radiation-hardened Buck converter

Pengbo Yang', Ping Luo'?, Bo Li!, Haoyang Xiao', Rongxun Lin', Xiao Zhou!, and Shaowei Zhen'

Abstract Buck converter is widely used in the aerospace field. However,
radiation in the acrospace environment will result in degradation or failure
of devices and circuits. This paper presents a radiation-hard Buck, which
is an adaptive on-time Buck. A radiation-hard adaptive on-time generator
is proposed by utilizing of leakage current compensation. The proposed
radiation-hard adaptive on-time generator is composed of an adaptive on-
time timing block and a charging current generator. Finally, the proposed
Buck is fabricated in a standard 0.18 pum BCD process. And the radiation
tests show that the Buck still maintains stability after total ionizing dose
irradiation at a total dose of 350 Krad (Si).
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1. Introduction

Buck converter is a very widely used power management
module. The application of Buck in space has to consider
all kinds of radiation effect. For CMOS devices, total
ionizing dose (TID) effect is prone to occur in the radiation
environment, and it will lead to threshold voltage shift
[1, 2], transconductance degradation [3, 4], carrier mobility
reduction and leakage current [5, 6, 7, 8], resulting in the
degradation or failure of devices and circuits [9, 10, 11, 12,
13, 14, 15]. In this aspect, it is of great significance to
research on the radiation-resistant reinforcement of Buck.
However, the existing research on radiation-hardened Buck
is still limited to the analysis of Buck irradiation test and
design of radiation devices [16, 17, 18, 19, 20, 21, 22,
23, 24], and the research on radiation-hard from circuit
design is lacking. In this paper, a radiation-hard adaptive
on-time generator is proposed by utilizing of leakage
current compensation.

2. Structure of AOT Buck

The block diagram of a typical AOT Buck [25, 26, 27] is
shown in Fig. 1. The adaptive on-time generator is the key
block of an AOT Buck since it controls the stability of the
loop and frequency of Buck most directly. And it should be
paid more attention for radiation-hard design.
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Fig. 1. Block diagram of a typical AOT Buck.

3. Radiation-hard circuit design for adaptive on-time
generator

The leakage current caused by TID effect will influence the
stability of Buck. And the leakage current of NMOS is
more than that of PMOS [28]. The radiation-hard adaptive
on-time generator designed in this paper corrects the errors
caused by the leakage current in radiation environment.
The proposed radiation-hard adaptive on-time generator is
composed of an adaptive on-time timing block shown in
Fig. 2 and a charging current generator shown in Fig. 3.
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Fig. 2. The adaptive on-time timing block.

The ratio of current mirrors P8 and P9 in Fig. 2 is 2:1.
When Veoy turns to high level at ¢, P10 and P11 turn on
and N7 turns off, then, the top PMOS turns on and on-time
starts timing. Furthermore, N8 controlled by Vcoy turns
on, and the voltage between gate and source of N6 is 0V,
which is same to that of N7. Meanwhile, because the
capacitance of C2 and C3 are equal and charging current
of C2 is two times of that of C3, V, is two times of Vjp,

1

Copyright © 2019 The Institute of Electronics, Information and Communication Engineers



which also means that voltage between drain and source of
N6 is equal to that of N7. For N6 and N7, same voltage
between drain and source, and same voltage between gate
and source mean that the leakage current of N6 is equal to
the leakage current of N7. Therefore, the error caused by
the leakage current of N7 during on-time timing in the
radiation environment will be corrected with the compen-
sation. The leakage current of NMOS during discharging
won’t influence on-time of Buck.

Besides, it is noteworthy that the leakage current of N8
won’t affect the on-time of Buck. During the top PMOS
on-time, the voltage of Voyn is VDD, which means P16 is
off and there is no leakage current for N§. And the leakage
current of N8 during discharging time won’t influence the
Buck either.
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Fig. 3. The charging current generator of adaptive on-time generator.

Charging current /-4p charges capacitance C2 and C3
with the charging control signal V¢oy. The charging time
Tow 1s:

2VourRsCs

Toy = — 222 1
N Teap(Ry + Rs) O

By means of operational amplifier clamping, /c4p is:

VinRy
Ieyp=—7"—" 2
AP = R R+ R ()
where, Vv is the input voltage of Buck.
Substituting Eq. (2) in Eq. (1), Toy can be rewritten as:

2R3Rs5C3(R; + Ry)
Ton =
Ry(R4 + Rs)

The frequency of Buck is determined by & in Eq. (3), which
is the period of Buck, and this makes the switching fre-
quency of Buck always be near a fixed value.

The path of leakage current of NMOS in the radiation
environment can be equivalent to a resistance in parallel
with MOS, of which the value varies with dose rate [28, 29,
30]. Fig. 4 illustrates the simulation results of improvement
of this paper compared with the normal AOT Buck in
control of on-time with different parallel resistance, which
means different leakage current and different radiation dose
rates. And the normal AOT Buck is the traditional AOT
Buck without leakage current compensation.

X Duty = kX Duty ~ (3)

4. Radiation tests and analysis

The Buck chip is designed and implemented in a standard
0.18 um BCD process. Experiments of irradiation and tests
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Fig. 4. The simulation results of equivalent frequency of adaptive on-
time with different duty of Buck with diverse leakage currents.

are carried out. In this experiment, a Co-60 gamma-ray is
used to irradiate the packaged chips on PCB at a dose rate
of 50rad/s, and the total dose increases up to 350 Krad(Si)
in several steps. The designed radiation-hard AOT Buck
chip and PCB are shown in Fig. 5.
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Fig. 5. The layout of proposed Buck and test PCB.

Fig. 6 shows the radiation testing results, which are
tested at V;y = 6 Vand Voyr = 1.2V and the total dose in-
creases up to 350 Krad (Si) in several steps. From the testing
results, the normal AOT Buck is unstable after TID irradi-
ation at a total dose of 350 Krad(Si). However, the proposed
Buck will still maintain stability and the ripple of output
voltage is much smaller than that of normal AOT Buck.
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Fig. 6. Output voltage of: (a) normal AOT Buck with 350 Krad(Si); (b)
proposed Buck with 350 Krad(Si) radiation.

From results in Fig. 7, the frequency of the proposed
Buck will maintain at 1 MHz with different input and
output voltage at a total dose of 350 Krad(Si).
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Fig. 7. Frequency of the proposed Buck with 350 Krad(Si) radiation of:
(@) Vin=16V, Vour = 1.2V; (b) Vin = 15V, Vour = 6 V.

Table 1. Ripple of output voltage of Buck with different total dose.
Total Dose (rad) 0 100K | 200K | 300K | 350K

Normal AOT Buck | 25mV | 52mV | 53mV [ 56mV [ 66mV
This paper 24mV | 26 mV | 30mV | 24mV | 30mV

Table I illustrates the value of ripple of output voltage

of Buck with different total dose in radiation.

5. Conclusion

A radiation-hard AOT Buck is proposed in this paper.
From aspect of circuit, this paper makes design with
radiation hardening. The Buck chip is fabricated in a
standard 0.18 um BCD process. The radiation tests are
carried out at a total dose of 350 Krad(Si), and the results
show that the proposed radiation-hard AOT Buck can work
more stable than normal AOT Buck.
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