H. Majima et al., “A 17MHz Wide-band Isolated Current Sensor for D-mode GaN Half-bridge”,
Extended Abstracts of the 2021 International Conference on Solid State Devices and Materials
(SSDM), Virtual conference, 2021, pp716-717
© Japan Society of Applied Physics

A 17MHz Wide-band Isolated Current Sensor for D-mode GaN Half-bridge

Hideaki Majima !, Hiroaki Ishihara 2, Katsuyuki Ikeuchi !, Toshiyuki Ogawa !, Yuichi Sawahara !,
Tatsuhiro Ogawa !, Satoshi Takaya 2, Kohei Onizuka ? and Osamu Watanabe !

! Toshiba Electronic Devices and Storage Corporation
580-1, Horikawa, Saiwai, Kawasaki, Kanagawa, 212-8520, Japan
Phone: +81-44-548-2457 E-mail: hideaki.majima@toshiba.co.jp
2 Toshiba Corporation
1, Komukai Toshiba, Saiwai, Kawasaki, Kanagawa, 212-8582, Japan
Phone: +81-44-549-2284

Abstract

Inductor current sensing is demonstrated using a 20A
range, 17MHz bandwidth galvanically isolated current
sensor for D-mode GaN power device. The current sensor
utilizes gain compensation to eliminate on-resistance PVT
variations of the current-detecting MOSFET. Sensor out-
put is up-converted and transferred through on-chip HV
isolation capacitors. A calibration loop across the isola-
tion is formed to keep the gain constant.

1. Introduction

A GaN power converter requires multiple current sensors
to increase power efficiency and safety margin. Sensors are
used in series with an inductor for PWM control, and in series
with each power device for over-current protection and short-
circuit protection. The number of these current sensors should
be decreased, because they cause excess power dissipation
and increase converter volume. One possible way is to calcu-
late the inductor current from two drain current sensors as
shown in Fig.1 [1]. Wide-band current sensors are necessary,
because inductor current is switched between high-side and
low-side switches, while conventional inductor current sensor
only need to monitor average current. However, wide band-
width and high accuracy isolated current sensor has not been
demonstrated. In a shunt resistor and an isolation amplifier
configuration, signal bandwidth is limited to < IMHz because
it uses an ADC to achieve high linearity [2]. This configura-
tion also suffers with the shunt resistor power dissipation and
large propagation delay. A Hall sensor is isolated in nature,
but it suffers from magnetic interference, thermal drift and
limited bandwidth. A shunt resistor and ADC-less isolation
amplifier [3] provides wide-band current sensor and isolation,
however extra power is dissipated at shunt resistor.

The aim of this work is to demonstrate inductor current
sensing with wide-band and shunt-resistor-less isolated drain
current sensor for a depletion-mode (D-mode) GaN cascaded
with a low-voltage MOSFET (LVMOS). The cascaded GaN
is known to have higher reliability and freedom of threshold
voltage design compared to an enhancement-mode (E-mode)
GaN. We propose using the voltage drop across a MOSFET
and an ADC-less isolation amplifier as shown in Fig.1.

2. System and Circuit Design
Although the proposed configuration provides wide-band

current sensing, it suffers from current to voltage conversion
gain (trans-impedance) variation in both LVMOS on-re-
sistance and ADC-less isolation amplifier. These gain varia-
tion sources have different requirements, and need different
compensation techniques. LVMOS on-resistance compensa-
tion should track fast temperature changes induced by current
change in AC line phase, load current, etc. An analog feed-
back technique suits well. Conversely, the isolation amplifier
gain compensation needs a wide phase and gain margin and
an analog solution does not work effectively. A calibration
technique is appropriate. We propose a hybrid feedback- and
calibration-loop configuration to track trans-impedance vari-
ation caused by faster temperature change of an LVMOS and
slower temperature change of an isolation amplifier as shown
Fig.2.
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Fig. 1 Conventional and proposed current sensing method.

LVMOS on-resistance is compensated on Chipl. To max-
imize the sensor bandwidth, the signal path is kept outside the
feedback-loop. As shown in Fig.2, IREF1 and a replica
LVMOS (1/a width of LVMOS in series with the GaN
power device) generates a reference voltage proportional to
the on-resistance. The feedback loop controls the trans-con-
ductance (gm) of variable gm cell such that gm is inversely
proportional to the replica LVMOS on-resistance. An identi-
cal variable gm-cell is used to convert current Igr to Isensg in
the signal path. Output voltage Vsenser depends on LVMOS
size ratio a and Rg in Fig.2. This configuration enables




measuring both positive and negative current unlike a com-
mon configuration [4]. Vsenser is up-converted and trans-
ferred to the low-voltage side by a passive mixer and on-chip
high-voltage capacitors on Chip3. Then it is down-converted
and low-pass filtered on Chip2 to obtain a baseband signal.
Gain of the ADC-less isolation amplifier (Vsense2/ Vsenser)
is calibrated to a ratio between a reference voltage generated
by band-gap reference 2 (BGR2) on Chip2 and a reference
voltage generated by BGR1 on Chipl. The accuracy of the
calibration depends on the matching of the two bandgap ref-
erences. Brokaw’s BGR is used. NPN bipolar transistors in
CMOS technology show lower {3, which increases tempera-
ture coefficient variation. To reduce the sensitivity to 3 var-
1ation, a base resistance Rp is added to the NPN transistors.
BGRs are trimmed to have the minimum temperature coeffi-
cient and absolute value difference by two-point calibration
at 27 and 80°C, because Chipl and Chip2 experience large
temperature difference induced by large difference of power
dissipation and high thermal resistance across the isolation
barrier. A variable gm-cell on Chip2 is controlled by an 8-bit
voltage-DAC using a reference voltage generated by BGR2.
DC offset of ADC-less isolation amplifier is calibrated using
an 8-bit current-DAC in advance to the gain-calibration.
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Fig. 2 Block diagram of a low-side isolated current sensor.

3. Measurement Results

Figure 3 top left shows temperature dependence of on-re-
sistance of the LVMOS and trans-impedance of the current
sensor (Chipl) from two different wafers. The on-resistance
almost doubles from -40 to 125 °C, while the trans-imped-
ance maintains +/-2 % accuracy. The error is caused by tem-
perature dependence of poly-silicon resistor Rr and feedback
loop residual error. Temperature dependence of trans-imped-
ance of current sensor through isolation amplifier (Chipl
through Chip2) is shown in the top right. Isolation amplifier
gain decreases with increasing temperature without calibra-
tion due to decrease of clock amplitude in Chip3, while gain
variation is eliminated within +/-1.5% with calibration. Fre-
quency response of Chipl and Chipl through Chip2 are
shown in the bottom left. Current sensor linearity up to 20 A
is also shown. Figure 4 compares inductor current and high-
side and low-side GaN current measured by proposed method
in a high-side double-pulse test. Accumulation and reverse

£

current are detected by the high-side and low-side current
sensor, respectively. Figure 5 shows the PCB layout of the
main power loop and die photos of Chip 1 to 3.
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Fig. 3 Current sensing characteristics.
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Fig. 4 High-side double-pulse test setup and high-side and
low-side current sensor waveform.
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Fig. 5 Printed circuit board & die photo.

4. Conclusions

Inductor current sensing with wide-band and shunt-resis-
tor-less isolated current sensors is successfully demonstrated.
Current sensor and isolator temperature variation is reduced
by a hybrid feedback- and calibration-loop configuration.
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