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Abstract  
 

This paper presents a high-side switch driver IC capable of improving the current sensing accuracy and providing reverse battery 
protection. Power semiconductor switches used to replace relay switches are encumbered by two disadvantages: they are prone to 
current sensing errors and they require additional external protection circuits for reverse battery protection. The proposed IC 
integrates a gate driver and current sensing blocks, thus compensating for these two disadvantages with a single IC. A p-sub-based 
90-V 0.13-µm bipolar-CMOS-DMOS (BCD) process is used for the design and fabrication of the proposed IC. The current sensing 

accuracy (error ≤ ±5% in the range of 0.1 A–6.5 A) and the reverse battery protection features of the proposed IC were 

experimentally tested and verified.  
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I. INTRODUCTION 

In recent years, automotive switches have undergone 
transitions from the conventional relay switches to power 
semiconductor switches owing to their high stability and 
reliability and low mechanical noise [1]. 

A power semiconductor switch offers the advantages of 
SenseFET-based current sensing without requiring additional 
external sensing circuits. However, the current automotive 
power semiconductor SenseFETs are flawed because of a 
large current sensing error range of ±20%. Efforts are 
underway to reduce the error rates by using additional 
calibration circuits. However, the wide range of error of the 
SenseFETs hampers such error reduction attempts [2]-[5]. 
Moreover, parasitic diodes are structurally generated within a 
power semiconductor, unlike the relay switch circuits that are 
mechanically cut off in the turn-off state. Not only do such 
parasitic diodes cause output current turn-off delays, they 
also induce high currents in the reverse direction to the load 

and driver IC in the reverse battery mode. These factors are 
detrimental to the reliability and stability of the power 
semiconductor switches. Currently, an additional protection 
circuit is used to protect the automotive power semiconductor 
modules from such negative factors [6]-[11]. These 
drawbacks bring about undesirable consequences such as 
lower current sensing accuracy, increased complexity, 
inferior performance, and price rise, and impede the 
conversion transition from relay switches into power 
semiconductor switches.  

In an attempt to eliminate such hampering factors, this 
paper proposes an automotive power semiconductor switch 
driver IC. The proposed driver IC integrates the drive block 
and the current sensing block into a single IC, and is expected 
to contribute to improving the current sensing accuracy and 
enabling reverse battery protection. In addition, instead of 
expensive SenseFETs, a low-cost general MOSFET is used 
as the power MOSFET. The proposed IC is fabricated via a 
90-V 0.13-µm bipolar-CMOS-DMOS (BCD) process, and its 
characteristics are experimentally verified. 

 

II. CONVENTIONAL CIRCUITS 

A. Current Sensing Methods 
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Fig. 1. Current sensing circuits (a) using sense resistor, (b) using 
Hall-effect sensor, (c) SenseFET, (d) current sensing circuit 
using SenseFET. 

 
Fig. 1 depicts three current sensing methods widely used in 

automotive switches. Fig. 1(a) shows a current sensing 
method that uses the voltage generated by releasing the load 
current to the sensing resistor. However, when operated under 
high-current conditions, it is rarely used due to the efficiency 
drop and the alterations in the dynamic properties of the load 
due to the series resistance. Fig. 1(b) shows a current sensing 
method using a Hall-effect sensor, characterized by high 
precision and linearity. Other advantages are high reaction 
speed and the ability to operate even when the drive circuit is 
insulated. Although it has such attractive properties, it is 
more cost-intensive than other methods. Fig. 1(c) and (d) 
show a structure of SenseFET and a current sensing method 
using a SenseFET. In this method, a 1/N-scaled SenseFET is 
built in parallel with the power MOSFET, and it senses 
currents having steady ratios with respect to the output 
current. This method is widely used in many fields owing to 
its ability to sense current without additional external devices 
or efficiency loss [2]-[5], [12]-[14]. 

However, when applied to automotive power 
semiconductor switches, the current sensing based on the 
SenseFET technique has an error range of ±20% [3]-[5], 
which can be attributed to the structural characteristics of the 
DMOS used as the power semiconductor switch. DMOS 
requires a low turn-on resistance to drive a high-current 
device under high breakdown voltages, resulting in a 
structure with a narrow channel and thick epi-layers. 
Moreover, it is relatively large and complicated as compared 
with the CMOS structure as shown in Fig. 2. Such a structure 
is not suitable for a SenseFET-type parallel structure, in terms 
of matching properties. Consequently, a DMOS-based 
SenseFET is prone to large deviations of the current sensing 
ratio of SenseFET depending on the magnitude of current, the  
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Fig. 2.  FET-n type structure (p-sub based) (a) LDMOS, (b) 
CMOS. 

 
temperature, and the process. Therefore, if a system requires 
a high current sensing accuracy, it uses a method that 
constructs the sensing circuit by adding a calibration circuit 
to a DMOS-structured SenseFET [12], [13], [20]. 

However, owing to the suboptimal matching properties of 
the SenseFETs, its yield is not high enough for mass 
production, resulting in uncompetitive prices in comparison 
with the general power MOSFET applications. 

Unlike the DMOS structure encumbered by these 
disadvantages, the low-voltage CMOS employed in analog 
circuits has excellent matching properties, resulting in a 
narrow circuit sensing error range for parallel structures such 
as SenseFETs [15], [16]. 

B. Reverse Battery Protection 

The application of a power semiconductor switch to an 
automotive module will most likely lead to failure of the 
driver module and load in the reverse battery mode because 
of the body diode of the power MOSFET. As reliability and 
stability are absolute priorities for automotive modules, the 
modules are constructed with additional reverse battery 
protection circuits as illustrated in Fig. 3. When driving a 
load of a few hundred milliamperes, the reverse battery 
protection circuit can be easily integrated into the drive block. 
However, in the case of loads with magnitudes of several 
amperes, the reverse battery protection device gets bigger 
accordingly, which makes it difficult to integrate it as an 
embedded element. This problem can be addressed by using 
an additional external device to implement the protection 
circuit [6]-[11], [19]. 

Fig. 4 shows the structural diagram of an automotive 
power semiconductor switch module applicable to driving 
loads of several amperes or more. It is composed of a 
DMOS-structured SenseFET for current sensing and an 
additional external resistance and diode or MOSFET for  
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Fig. 4. Conventional automotive power switch module structure 
with reverse battery protection [3], [7]. 

 
reverse battery protection. This type of circuit structure is 
prone to current sensing errors and requires an external 
device for reverse battery protection. 
 

III. PROPOSED CIRCUITS 

Fig. 5 shows a structural diagram of the proposed 
automotive power semiconductor switch module. The 
proposed switch driver IC comprises a SenseFET using a 
reverse-connected n-type MOSFET for current sensing. 
Additionally, the proposed module completely blocks the 
reverse current flow to the load in the reverse battery mode 
using the body diode while operating the SenseFET current 
sensor. The inner diode D1 completely blocks the reverse 
battery current, which flows into the drive and current 
sensing blocks.  

The n-type MOSFET used in the proposed switch module 
is a low-voltage CMOS device. Not only does it have a 
simple structure compared to the DMOS, and a high device 
conformity, it is also characterized by a very low resistance 
per unit area, compared to the high-voltage DMOS [15], [16]. 
This enables the minimization of the power losses occurring 
in the n-type MOSFET added in series with a small resistance. 
In addition, the low-voltage CMOS provides much lower 
current sensing error ranges due to its superior and proven 
matching characteristics over the high-voltage DMOS. 
Moreover, greater power loss reduction and cost saving can 
be expected because it does not need an additional external  
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Fig. 5. Proposed automotive power switch module structure. 

 
diode or a p-type MOSFET, which would be otherwise 
necessary for reverse battery protection.  

A. Switch On/Off and Reverse Battery Mechanisms 

The gate driver of the proposed circuit is a modified 
self-boost charge pump structure [17]. This driver block is used 
to operate the power MOSFET and the internal low-voltage 
CMOS, simultaneously. At the state of VIN = LOW (switch-off 
mode), the driver circuit is configured to keep the power 
MOSFET and internal low-voltage n-type MOSFET in the 
turn-off state by maintaining VGS = 0 V. In general, the voltage 
for automotive batteries (VBAT) ranges between 12 V and 13.5 
V; however, more than 50 V could be generated during the 
peak load dump transients. In the turn-off state, most of this 
voltage is applied to the power MOSFET in Fig. 5. Therefore, 
the power MOSFETs having a high breakdown voltage are 
should be selected. However, the body diode in the internal 
CMOS is intrinsically forward-biased inside the internal 
CMOS and does not apply voltage in excess of the forward 

voltage drop VD(≒ 0.7 V). For this reason, even a low-voltage 

CMOS with a low breakdown voltage can be used without 
incurring device failure. If this structure is applied, the 
magnitude of the voltage that is applied in the turn-off state is 
as follows: 

V 0SFETGS.PowerMOV              (1) 

V) 0.7(     DBATSFETDS.PowerMO VVV  -     (2) 

     V) 0.7(     DDS.CMOS VV          (3) 

At the state of VIN = HIGH (switch-on mode), the driver 
circuit is configured to keep the state of VGS = 9.5 V while 
operating so that the power MOSFET and internal low-voltage 
n-type MOSFET can be kept in the turn-on state. The 
magnitude of voltage applied to the output terminal is as 
follows: 

V 9.5SFETGS.PowerMOV             (4) 

erMOSFETDS(ON)_PowLSFETDS.PowerMO RIV        (5) 

SDS(ON)_CMOLDS.CMOS RIV            (6) 
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Fig. 6. Reverse battery condition. 
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In the reverse battery mode shown in Fig. 6, the drive block 

operates such that the power MOSFET and internal 
low-voltage n-type MOSFET are maintained in the turn-off 
state. During this time, the backward current is completely 
blocked by the internal CMOS body diode and the diode D1 
that operates backward in the reverse battery mode. Since the 
reverse battery voltage is applied to both sides of the internal 
low-voltage n-type MOSFET, it needs to be designed to have 
higher breakdown voltage than the standard reverse battery 
voltage for automotive modules. The proposed circuit was 
designed to have a breakdown voltage of −17.5 V.  

B. Driver Block of Circuit Design 

Fig. 7 shows the driver block circuit used in the proposed 
circuit. The charge pump block of the driver block was 
designed to have the structure shown in Fig. 13, which enables 
simultaneous operation of the output power MOSFET and the 
internal low-voltage n-type MOSFET. This driver block is 
designed to facilitate quick turn-off and prevent device failure 
through output clamping when in an inductive-load operation 
mode. It also performs the actions required to maintain the 
power MOSFET and internal low-voltage n-type MOSFET in 
the turn-off state during reverse battery operation.  

Negative voltage application and reverse battery operation in 
the p-sub-based BCD process turn various parasitic devices on,  
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Fig. 8. ON state of drive circuit. 
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Fig. 9. Turn-off state of drive circuit. 

 
triggering device failure or unstable circuit operation. It is 
therefore of vital importance to identify the parasitic devices 
operating in such conditions and control them. Some devices in 
Fig. 7 operate such that voltages higher than the power supply 
voltage are applied in the turn-on state and voltages lower than 
the ground voltage are applied in the turn-off state. Since these 
conditions are favorable for the operation of various parasitic 
devices, these devices were taken into consideration while 
designing the proposed circuit. Such design details are 
explained according to the following operation conditions of 
the power MOSFET and internal low-voltage n-type 
MOSFET. 
 

1) Turn-on State Operation: In Fig. 7, the condition of VGATE 
=HIGH induces the following states—M4: turn-on, M5: turn-off, 
M6: turn-on, M7: turn-off, and M8: turn-off—resulting in the 
operation shown in Fig. 8. Then, the charge pump block 
supplies a voltage of VBAT + 9.5 V to Node A via M6, which is 
connected to the gates of the power MOSFET and the 
low-voltage n-type MOSFET (M9 and M10), and maintains the 
turn-on state. Zener Diodes DZ1 and DZ4 are used to protect the 
breakdown gate voltages of M6, M9, and M10.  
 

2) Turn-off State Operation: In Fig. 7, the condition of VGATE = 
LOW induces the following states—M4: turn-off, M5: turn-on, 
M6: turn-off, M7: turn-on, and M8: turn-on—resulting in the 
operation shown in Fig. 9. Fig. 9 now displays the power 
MOSFET and the low-voltage n-type MOSFET, but the gate 
and source terminal only. VISO, which is equal to or higher than 
VBAT, is used as the reference power supply, and the states of 
M7: turn-on and M8: turn-on are maintained in the turn-off 
mode. Now, M8, R5, R6, and R7 discharge the electric charges 
charged up at CGS and turn the power MOSFET off. 

) (    D1BATGATED1BATISO VVVVVV   --        (7) 
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) (    D1BATGATED3GATEISO VVVVVV   --       (8) 

3) Inductive Load Operation: In the drive circuit shown in Fig. 
5, the output voltage falls below the ground level during the 
turn-off operation due to the property of continuous current in 
the inductor. When this occurs, the Zener clamping circuit 
limits the voltage across the device to prevent device failure 
from excessive negative voltage.  

Fig. 10 represents the condition in which the electric charge 
at CGS discharges via M8, R5, R6, and R7. The output voltage 
drops, while maintaining the output current, as the discharging 
stops at the state of VGS corresponding to the output current. If 
the output voltage drops to the state of VOutput = VBAT − 48.5 V, 
the Zener diode is turned on and it protects internal devices by 
initiating clamping action. Fig. 11 is the input-dependent 
output graph based on the input during the inductive load 
operation for fast turn-off. The time-dependent inductor current 
gradient depending on VBAT is expressed by the following 
equations.  

L

tV
I BAT

L


      (ON, build up)     (9) 

L

t)(V
I BAT

L




48.5V
  (OFF, clamping)  (10) 

The circuits within the blue square in Fig. 10 showing 
inductive load operation are operating under a negative voltage 
(VBAT − 48.5 V). This voltage condition causes device failure 
without proper isolation. It is therefore essential that all devices 
within the blue square in Fig. 10 have breakdown voltages 
exceeding this negative voltage; it is also important that they 
should be isolated from one another. Therefore, junction 
isolation is implemented in the proposed design. In this method, 
isolation is ensured using the reverse-bias properties of the PN 
junction. In the p-sub-based process, it is important to set the 
voltage bias of the n-well, the device site, at the highest 
potential to keep the PN junction in reverse bias. Fig. 12 shows 
the isolated n-type CMOS structure used in the proposed 
design. Here, if the ISO terminal is connected to the highest 
potential, devices connected to the p-sub are isolated from one 
another even if negative voltages are applied to the internal 
devices. In the proposed block, VISO is connected to ISO pin, 
which has a voltage equal to VBAT or the highest voltage as 
defined by Eqs. (7) and (8).  
4) Charge Pump Operation: Fig. 13 shows the internal 
structure of the charge pump block used in the driver block. It 
has the structure of a self-boost charge pump modified to 
match the design of the proposed driver block [17]. The state of 
VOSC = HIGH in Fig. 13 triggers the state of M1 to turn-off, M2 
to turn-on, and M3 to turn-on, and the VCP − VDcp voltages are 
charged at CP from VCP via DCP, as shown in Fig. 14(a). The 
state of VOSC = LOW triggers the state of M1 to turn-on, M2 to 
turn-off, and M3 to turn-off, thus charging the CGS of the power 
MOSFET and the low-voltage n-type MOSFET connected to 
the OUT terminal by turning on M1 with the voltage charged to  

Power
MOSFET

I2

D3

DZ2 R3

DZ_48V
M7

M8R5

DZ3

DZ4

R5

R6 n-type
CMOS

Load

VBAT

M9

M10

D4

R4

VBAT
VBAT

VISO

D1

Negative
voltage

M6

Output

R7

M0

Fig. 10. Inductive load output clamping. 

 

 
Fig. 11. Inductive load output clamping graph.  

 

 
Fig. 12. Junction isolation bias.  
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CP, as illustrated in Fig. 14(b). The values of the output 
voltages can be calculated from Eq. (11).  

D2DcpCPBATOUT VVVVV        (11) 

5) Reverse Battery Protection Operation: the proposed driver 
IC has the function of completely blocking the reverse current 
in the reverse battery mode without using any external device. 
Since the protection of the reverse battery for automotive 
semiconductors is designed based on the reference value of 
−16 V, the breakdown voltage requirement was met by 
connecting two low-voltage CMOSs in series. 

In the case of a p-sub-based IC in reverse battery mode, as 
shown in Fig. 6, the p-sub node is at a voltage of VBAT and the 
n-well bias for isolation drops to the ground level. In this 
condition, the diodes are forward-biased and devices fail due to 
over-current unless there is an additional circuit to prevent this 
from happening in the reverse battery mode. Moreover, 
without an appropriate n-well bias, the internal device installed 
for reverse battery protection cannot operate properly. Fig. 15 
shows a circuit providing bias to ensure normal operation of 
devices even in the reverse battery mode. In normal operation, 
a circuit composed of D5, D6, R10, and R9 is used to keep the 
PN junction reverse-biased with the ISO potential biased at the 
highest voltage. Fig. 16 depicts the operations of M9 and M10 in 
reverse battery mode using a vertical structure. Separate 
operation of each device within the ISO (n-well) in reverse 
battery mode was ensured using ISO (n-well) and p-sub diodes. 
M9 and M10 are induced to operate exclusively with backward 
diodes by maintaining VGS = 0 V using R7 and R8, whereby the 
body diodes of M9 and M10 operate to block the backward 
current.  

C. Current Sensing Block Circuit Design 

Fig. 17 presents the current sensing circuit structure used in 
this study. In this structure, the current ISENSE is output by 
equalizing the VDS voltages of the low-voltage n-type 
SenseFETs M9_1 and M10_1 and the output terminals M9 and 
M10, using a feedback amplifier and M12. The output current is 
configured to have a ratio of 1:4500.While driving an inductive 
load, the driver block protects the devices through Zener 
clamping operation, whereby a negative voltage is applied to 
the amplifier input terminal connected to Part A and the source 
terminal of M12 in Fig. 17. In this process, the absence of a 
separate protection circuit results in the failure of the current  
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sensing block. Therefore, protection circuits such as B and C in 
Fig. 17 are applied in the proposed design to protect the 
amplifier and M12. Part B protects the amplifier input terminal, 
and DZ5 and DZ6 operate based on VBAT whenever the input 
voltage drops so that all voltages generated by Zener clamping 
are applied to R11 and R12. Part C protects M12 and the current 
sensing block circuit by maintaining the state of M11 at turn-off      
during Zener clamping operation, whereby all negative  
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Fig. 18. (a) Layout, (b) test board. 

 

 
Fig. 19. Inductive load test circuit. 

 
voltages generated by Zener clamping are applied to the M11 
drain terminal. Therefore, the device for M11 requires 
breakdown voltages exceeding the voltage generated during 
Zener clamping operation. In the proposed circuit, a p-type 
DMOS with a breakdown voltage of 60 V provided via the 
above-mentioned process was used. 
 

IV. MEASUREMENT RESULTS 

Fig. 18 presents the layout and test board of the proposed IC. 
The areas of the die and the internal SenseFET are 2500 × 
2500 µm2 and 1200 × 1060 µm2, respectively. The IC was 
packaged using a 32-pin 4 × 4 quad-flat no-leads (QFN) 
package. The properties of the proposed IC were tested and 
validated through an inductive load operation test, reverse 
battery protection test, and current sensing test.  

A. Inductive Load Operation Test Results 

Fig. 19 shows the inductive load test circuit. IRF3710ZpbF 
was used for the power MOSFET and the test circuit was 
constructed using a 2-mH 13.6-Ω load [18]. Fig. 20 shows the 
output waveforms resulting from inductive load operation 
when VBAT = 13.5 V. The turn-on/off operation, charge pump 
operation voltage, and Zener clamping operation of the drive 
block were confirmed by testing using a 1-ms-wide input. 
Table I outlines the operation test measurement results. 

B. Reverse Battery Protection Test Results 

Fig. 21 shows a reverse battery test circuit with negative 
battery connection using the same device and load conditions. 

Fig. 22 shows the graphs presenting the results of the reverse  

 
Fig. 20. Inductive load test results. 

 
TABLE I 

INDUCTIVE LOAD DRIVE TEST RESULTS 

Parameter Values Test condition 

Turn-on delay 25 µs 
Turn-on time 
to 90% of VOUT 

Turn-off delay 15 µs 
Turn-off time 
to 10% of VOUT 

Charge pump output VBAT + 9.5 V 
Turn-on 
condition 

Zener clamp voltage 48.5 V 
Freewheeling 
Condition 

 

 
Fig. 21. Reverse battery test circuit. 

 
current measurements taken while varying the voltage VREV in 
the range of 0 V to 20 V. A reverse current of 22 µA was 
confirmed at VREV = 16 V, the reference voltage for automotive 
reverse battery protection. This verified that the reverse current 
was blocked in the reverse battery mode with load and IC. The 
maximum breakdown voltage was 17.5 V.  

C. Current Sensing Test Results 

Fig. 19 shows the current sensing test circuit. A Keithley 
4200A-SCS semiconductor parameter analyzer was used to 
measure the output current ISENSE, thereby increasing IOUT by a 
25-mA step. Table Ⅱ outlines the main measurement values. In 
the test, the IOUT-dependent ISENSE values were found to increase 
linearly up to 6.5 A, as shown in Fig. 23. Fig. 24 depicts the 
current sensing ratio (IOUT / ISENSE). The error range for the  
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Fig. 22. Reverse battery test results. 
 

 
 

Fig. 23. Current sensing test results. 
 

 
Fig. 24. Current sensing ratio. 

TABLE Ⅱ 
CURRENT SENSING TEST RESULTS 

IOUT (A) ISENSE (µA) Sense ratio(ISENSE/IOUT) 

0.1 22.12 4521 

0.5 109.68 4559 

1 219.68 4552 

2 445.69 4487 

4 894.18 4473 

6.5 1445.11 4498 

 
TABLE Ⅲ 

CHARACTERISTICS OF PROPOSED DRIVER IC 

Parameter Values 

Operating range 8–28 V 

Turn-on delay 25 µs 

Turn-off delay 15 µs 

Internal CMOS RDS(ON) 34 mΩ 

Maximum load current 6.5 A 

Current sense ratio 4500 

Current sense ratio accuracy ±5% 

Clamping voltage 48.5 V 

Reverse battery Protection −16 V 

 

measurement results is ±5%.  

The performance of the proposed IC is outlined in Table Ⅲ, 
and the factors showing improvement or difference from the 
conventional results are compared in Table Ⅳ. 

The reference papers and products in Table Ⅳ are all related 
to the power MOSFET switch for automotive applications. 
References [3]-[5] supports current sensing but does not have a 
reverse battery protection. While, references [9], [11] have a 
built-in reverse battery protection function but does not have 
current sensing function. In contrast, the proposed IC in this 
paper supports an improved current sensing function with a 
reverse battery protection. 

The cases presented in [3]-[5] have smaller RDS(ON) compared 
to the proposed IC; however, if a device for reverse battery 
protection is added in these cases, additional RDS(ON) will occur, 
resulting in levels similar to that of the proposed IC. Moreover, 
they are characterized by large current sensing errors due to the 
irregular current sensing circuits using DMOS-structured 
SenseFETs. 

In the case presented in [9], although the reverse battery 
protection function is embedded, its level (−15 V) does not 
meet the standard for automotive module reverse battery 
protection. 

Reference [11] presents a structure that uses two power 
DMOS arrays for reverse battery protection. This model was 
found to generate reverse currents that were larger than that in  
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TABLE Ⅳ 
COMPARISON OF CHARACTERISTICS 

Parameter 
This 
work 

[3] [4] [5] [9] [11]

RDS(ON) (mΩ) 
14  

+ 34 
30 15 16 — 170 

Minimum 
sensing 
current 
(mA) 

100 500 500 500 No No 

Current 
sense ratio 

4500 2150 3500 3500 No No 

Sense ratio 
accuracy 
(%) 

±5 ±20 ±15 ±20 No No 

Fast turn-off 
function 

Yes Yes Yes Yes No No 

Reverse 
protection 
for load (V)   

−16 No No No −15 −71

Reverse 
current 
under -16V 

−21 
µA 

No No No — 
−750 
µA 

 
the circuit proposed in this study because of the leakage 
currents intrinsic to the DMOS structure. Moreover, current 
sensing circuits constructed according to this model will most 
likely incur large deviations.  

All other ICs compared in Table IV were fabricated through 
n-sub-based processes, but the proposed IC is different from 
them in that it was designed using a p-sub-based process which 
is most popular one in worldwide foundry. 

 

V. CONCLUSIONS 

This paper has described a high-side switch driver IC 
capable of current sensing accuracy improvement and reverse 
battery protection. When applied to automotive power 
semiconductor switches, the proposed structure could not only 
improve the accuracy of the protection and diagnostic circuits, 
it could also eliminate some of the external additional 
protection devices currently being used for reverse battery 
protection. In additions, it is cost-effective because the power 
MOSFET could use a low-cost general-purpose MOSFET 
instead of the expensive SenseFET. 

The IC used in this study has been fabricated through a 
p-sub-based 90-V 0.13-µm BCD process and its characteristics 
have been tested and verified. It operates without any parasitic 
phenomena, in spite of being designed using widely distributed 
p-sub-based BCD processes instead of using special n-sub 
processes by each manufacturer in order to reduce the 
influences of parasitic devices under negative voltages. 

The current sensing accuracy has been found to have 
improved, with error rates of ±5% or lower in the output 

current range of 0.1 A − 6.5 A and a reverse current of −21 µA 
has been confirmed at a reverse battery voltage of −16 V. From 
these results, it has been confirm that the current sensing error 
improvement and reverse battery protection could be integrated 
into a single IC using p-sub-based processes.  
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