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1. Introduction 

An IntelliFET® is a high-side power switch that comes in two different types: single channel type and dual channel type. 

The single channel type of IntelliFET comprises a monolithic N-channel vertical power MOSFET and is in an SO-8 

exposed heatsink package. The dual channel type has two N-channel MOSFETs which are in the SO-14EP package.    

Both types of IntelliFETs have integrated temperature and current sensors with a charge-pumped gate drive power supply 

and have a low quiescent current in OFF state. Moreover, both parts incorporate plenty of protective and diagnostic 

functions. 

The single channel type of IntelliFET has an “IN” input pin which can be used to enable/disable the N-channel MOSFET. 

It also has a “DEN” input pin that can be used to enable/disable the IS pin. Both inputs can be enabled by active high 

3.3V and 5V logic level. 

The IS pin is connected to an internal diagnostic current source, which is proportional to load current and a defined 

diagnostic fault signal in case of overload operation, overtemperature, short-circuit or open load conditions. 

The VS pin (the power pad), is the power source pin for the IntelliFET itself and is connected to the drain of the N-channel 

MOSFET. The OUT pins are connected to the source of the N-channel MOSFET and are the output pins of IntelliFET. 

The dual channel type IntelliFET has a similar pin set to the single channel version. However, the dual channel type has 

two IN pins (*IN0 and IN1) that can be used to enable/disable the individual channels. The two channels need to share 

one IS pin and one DEN pin. Nevertheless, the dual channel type IntelliFET has a unique “DSEL” pin which can be used 

to select which channel to diagnose. 

                           

Figure 1. Application Example of IntelliFET 
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2. IntelliFET Power Stage 

2.1. Turn ON/OFF Characteristics with Resistive Load 

Figure 2 shows an example of the turn-on/turn-off characteristic waveform of an IntelliFET when driving a resistive load. All 

parameters of this graph are defined within IntelliFET datasheets. Compared with the turn-on/turn-off characteristic waveform 

of an ordinary MOSFET, it is obvious that the switching speed of IntelliFETs is quite slow. They are specially designed to 

reduce EMI and switching spike voltage. 
 

  

 Figure 2. Switching a Resistive Load 

 

2.2 Switching Behavior in PWM Operation 

Other than simply being used to turn on/off the load, IntelliFETs can also be used in PWM operation to control the output 

average voltage, for example, to control the temperature of a heater. However, there are some limitations of IntelliFETs that 

need to be considered when PWM operation is adopted. These are power loss, switching frequency availability, EMC 

emissions, and diagnostic limits. Power loss and switching time issues are described below. 

As described in the previous section, the Vout of the IntelliFET does not increase very quickly when the IntelliFET is enabled, 

nor does the load current rise immediately. Please refer to Figure 2. 

A similar situation occurs when the IntelliFET is disabled, but in this case, the Vout does not fall down quickly, and the current 

does not immediately fall down.   

Again, these slow-switching speeds must be in automotive applications to ensure low EMI and voltage/current spikes. 

However, one of the costs of slow switching speed is higher switching losses. As shown in Figure 3, the current and voltage 

drop of the IntelliFET are both high during switching, which results in higher switching power loss = (V* I) Integration.  

Another tradeoff is the limited switching frequency: when the switching frequency is too high, the IntelliFET will be turned off 

before it is able to fully turn on. The maximum practical PWM frequency for IntelliFET is around 1K Hz in most cases (*power 

consumption needs to be further evaluated). 

 

Figure 3. IntelliFET PWM Control and Switching Losses Waveform 
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2.3 Power Dissipation Calculation 

The steady-state power dissipated in the switch can be calculated by Equation (1): 

PSS = IOUT² * RDS(ON)                      (1)     

If IntelliFET is turned on/off in a very low frequency, PSS is the total dissipation of IntelliFET. However, if it is PWM operation, 
switching energy loss should also be considered. 

 
The switching energy losses: 

PSW = ( EON + EOFF ) * FSW                        (2) 

    Note that both the EON & EOFF can be gotten by integrate the voltage * current waveforms in switching. 

 
The total power dissipation is:  

PTOT = ( PSW + PSS)                      (3) 

 
This is the overall loss for one channel. If the device has more than one channel, all the PTOT of each channel need to be 
summed up for junction temperature calculation. 

 
To calculate the TJ temperature of the IC, the ambient temperature TA is used, plus the power consumption multiplied by RθJA 
.The formula is as shown below:  

TJ = TA +( PTOT * RθJA )                     (4)     
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3. Lamp Loads, Inductive Loads and Capacitive Loads 

InteliFETs can drive many kinds of loads. Among them, there are three types of loads that are more difficult to drive and 
therefore require design details. These loads are: Lamp loads, Inductive loads and capacitive loads. 

3.1 Lamp Loads 

 

 

 

 

 

 

 

 

 

Figure 4. Bulb Inrush Current Capability 

 

The impedance of a halogen bulb before lighting is quite low, which makes the bulb have a high inrush current (the peak 

may be several Amps to tens of Amps) at the beginning of lighting. But, as the filament ignites, the resistance of the bulb 

increases rapidly, and the current drops. This high peak current is the first consideration for lamp applications.  
 

How to select an IntelliFET to drive a halogen bulb:  

The first step is to know the peak current of the halogen bulb. This current can be measured at the highest battery voltage 

condition. Note that the colder the bulb, the higher the peak current. So, in evaluating the peak current, the ambient 

temperature for the bulb should be the lowest actual working temperature, and it should stop the test for enough time to cool 

down the bulb before next lighting.  
 

The second step is to select the IntelliFET that meets the peak current demand according to the load current limit 

specification of the IntelliFET. Theoretically, it is best to choose an IntelliFET with a load current limit higher than the peak 

current, because this has the best reliability and there will be no flicker when the bulb is turned on.  
 

3.2 Inductive Loads 

 

Figure 5. Switching an Inductive Load 
 

 

 
 

Vs=13.5V, CH1: VIN, CH4: Io 

http://www.diodes.com/


AN1188 
 

AN1188 – Rev 1 
Application Note 

6 of 24 

www.diodes.com  

April 2024 
© 2024 Copyright Diodes Incorporated. All Rights Reserved. 

 

Loads like chocks, relays, solenoids and motors have high inductance. Figure 5 shows us that if an IntelliFET turns off an 

inductor load, the load current is reduced. This reduction causes a negative rate of change current. Note: (di/dt) value is 

negative. According to Inductor Law, Vo = L(di/dt). Therefore, when (di/dt) is negative, the Vo will switch to negative in this 

situation and excessive negative voltage could cause the power FET to break down. To protect the power FET of IntelliFET 

against such breakdown, an internal clamp circuit between drain and source is implemented. The clamped voltage is named 

VDS(AZ).  
 

This clamping action will turn the lethal breakdown energy of the inductance into a more acceptable conduction energy, EAZ, 

to the MOSFET.  

 

𝐸𝐴𝑍 = ~ (
𝑉𝐷𝑆(𝐴𝑍)

𝑉𝐷𝑆(𝐴𝑍) − 𝑉𝑏𝑎𝑡𝑡

 ) ∗ 𝐿 ∗ (
𝑉𝑏𝑎𝑡𝑡

𝑅
)2 

 

However, if EAZ is too high, it will still damage the IntelliFET. A solution to this problem is to connect a freewheeling diode in 

parallel with the inductive load and add input resistors to the input pins and the GND Pin of this IntelliFET (*Please refer to 

Figure 8).  

 

When the IntelliFET is turned off, the instantaneous negative voltage of the OUT pin will be clamped by the diode, to a very 

low voltage, -Vf (the forward voltage of the freewheeling diode) and protect the MOSFET from avalanche breakdown. The 

input resistors of the input pins can also help to reduce the current’s flow into the IC in this situation and protect these pins.  

 

The Vf, forward voltage, of a diode is very low (often below one volt). Such a low reset voltage may cause a long reset time 

for the inductive load. If the long reset time is not acceptable, the diode can be replaced with a bidirectional TVS. This will 

change the reset voltage of the inductive load from Vf to the Clamping voltage of the TVS, thus speeding up the reset of the 

inductor. 

  

When selecting the freewheeling diode or TVS, the reverse breakdown voltage of the diode (TVS) needs to be over the 

maximum battery voltage. 

  

If a TVS is used, the TVS clamping voltage needs to < (the IntelliFET’s minimum VDS(AZ) – VBatt(max)). For example, if minimum 

VDS(AZ) is ~41V and VBatt(max) is 16V, the TVS clamping voltage needs to < 25V. 

     

Note that the TVS clamping voltage is highly temperature dependent. In the example above, the TVS’s clamping voltage 

needs to be <25V in any temperature condition. Please refer the datasheet of the TVS for the temperature coefficient of the 

clamping voltage.  

 

For Vbatt(max), please refer to Load dump protection for more consideration. 

 

The peak current rating of the diode or the TVS needs to be higher than the peak inductor (load) current. The power rating 

needs enough to absorb the inductance energy. Moreover, if the load will be turned on/off many times in a short period of 

time; for example, with the solenoids of an ABS system, the diode or the TVS needs to be able to dissipate the accumulated 

energy, not just the energy of one switching cycle. 
 

3.3 Capacitive Loads 

In automotive applications, in order to reduce the input ripple voltage, many electronic modules adopt bulk input capacitors. 

These capacitor(s) can range from hundreds of microfarads to several tens of millifarads or even higher. When a load switch 

turns on to charge these bulky capacitors, it will experience a very high peak current, Inrush:  

Iinrush = C ×
dV

dT
                   (3) 

 

Though the mechanism of the capacitive load is completely different from that of a lamp load, both have high inrush current. 

The method to select an adequate IntelliFET is also similar: First, measure the inrush current of the load. Second, chose an 

IntelliFET that has an adequate load current limit.  
 

One difference is that many electronic modules cannot accept a “flickering” input voltage. Therefore, it is better for the load 

current limit of the IntelliFET to be “higher than” (not “close to”) the current peak. 
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Figure 6. Capacitive Load Charging Diagram 

 

 4. Protection Functions 

 4.1 Loss of Ground Protection 

To explain what a “loss of ground” fault is, assume first, that there is a system which has an IntelliFET, an MCU that controls 

the IntelliFET, a load that is driven by the IntelliFET, and a metal chassis of an automobile, which is often referred to as the 

“system ground” of the system. There are several possible “loss of ground” conditions for this type of system. 

      

The first condition is that the load ground is disconnected from the system GND. If the load is pure resistive or capacitive, this 

kind of “loss of the ground” is very safe: No device will burn, and the load is always in “off condition”. If the load is inductive, 

but has a freewheeling diode (TVS), it will be safe too. No matter what type of load it is, the IntelliFET can diagnose this fault 

as an “open load” fault. 

 

The second condition, is that the GND pin of the IntelliFET is disconnected from the system ground. If all the connections 

between the MCU and the IntelliFET have protective resistors, then both the MCU and the IntelliFET are safe. The IntelliFET 

will take this situation as a normal condition that both the VIN pin and the VDEN pin are “low” and turn off the internal MOS. 

Then, the load will also be turned off. 

 

The third situation is that the connection between the MCU and the system "ground" is disconnected. This situation is more 

involved than the previous ones. If all connections between the MCU and the IntelliFET have protective resistors, the 

IntelliFET "itself" will be safe (not damaged). However, in this case, since the ground of the MCU becomes floating, the 

output voltage of the MCU will also float (unstable). If the MCU's output voltage exceeds the IntelliFET's VIN turn-on voltage, 

the IntelliFET will turn on the load and cause problems, such as a car horn that keeps honking, or a headlight that stays on 

and drains the battery. 

 

In the above description, a serious "loss of the ground” failure mainly happens when the MCU and IntelliFET do not share 

the same ground. For this reason, it is recommended that the ground of an IntelliFET system be connected according to 

what is shown in Figure 7; Connect the IntelliFET GND pin to the MCU GND first. Then, connect the MCU GND to the 

system GND (the metal chassis). In this situation, no matter the IntelliFET ground wiring (* A-B in figure-7), or the MCU 

ground wiring (* B-C in figure-7) is disconnected, the output of the IntelliFET will always turn off, and none of the MCU, 

IntelliFET, or the load will fail. 

  

Figure 7. Recommended Ground Connection for Better Loss of Ground Protection 
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4.2 Loss of Battery Protection 
 

A "loss of battery" fault will cut off the battery supply to the IntelliFET instantly and cause a very high (di/dt) situation. 

 

This is a very dangerous situation if the load has high inductance (Please refer to the Inductive loads section). Additionally, 

when a "loss of battery" happens, the VS pin of the IntelliFET is not connected to anything, and the internal clamping circuit 

of the IntelliFET cannot function anyway. 

 

Fortunately, an OUT pin freewheeling diode (or TVS) can still work for this kind of fault. Please also refer the Inductive loads 

section for the information about how to use a freewheeling diode (or TVS) for protection. 

 

On the other hand, if the load is purely resistive or purely capacitive, even if the battery connection is cut off suddenly, no 

negative spike will occur. It is not necessary to add parallel diodes or TVSs for protection in this situation, unless the wiring 

inductance is very high. 

 

 

 Figure 8. Loss of Battery When Used Inductive Load 
 

 4.3 Undervoltage Protection 

 The device will not turn on if the Vs supply voltage is below the minimum operating voltage VS(OP) where protection 

functions may not be operational. If the device is already on, then the supply voltage must drop to below the 

undervoltage threshold VS(UV) to turn the output off. Figure 9 shows the undervoltage mechanism.    

  

  

 Figure 9. Undervoltage Behavior 
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4.4 Overvoltage Protection 
 

 

Figure 10. Overvoltage Clamping Circuit 

The Vs pin has an internal active protection clamp, operating much like a low noise high voltage zener device. This internal 

clamp can protect the VS pin from overvoltage for high Vvs transients. During a Vvs transient overvoltage event, the voltage 

is clamped and the excess voltage, Vvs-VS(AZ), is applied across the ground resistor RGND raising the potential on the GND 

pin. Additional high value resistors may be needed to prevent high VIN and VDEN being applied directly to the external driving 

circuits or MCU. 

 

The IS pin also has an active protection clamp and during Vvs transient overvoltage the voltage is clamped and excess 

voltage, Vvs-VIS(AZ), is applied across the sense resistor RIS. An additional high ohmic series resistor RS may be needed in 

the application to prevent high VIS being applied directly to the application monitoring circuit or MCU.  
 

 

 Figure 11. Typical VVS-VIS Clamp Characteristic 

 Additionally, during VVS overvoltage transient the voltage Vvs-VOUT is clamped to VDS(AZ) and the excess voltage, Vvs-

VDS(AZ), is applied across the load RL. Please refer the “Inductive loads” section for more detail. 
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 Figure 12. Load Dump Protection  

4.5 Load Dump Protection 

In automotive applications, a load dump condition occurs when the alternator charges the battery with high current, but the 

battery is accidentally disconnected.  

 

Load dumps can cause extreme overvoltage conditions: peak voltages can be as high as 120V and decay time up can be up 

to 400mS. To protect the electronic components on the car from this overvoltage condition, very large TVS devices are often 

installed near the car's alternator. However, more comprehensive protection can be provided if an additional TVS diode is 

added to the power input of each module, such as the VS Pin of IntelliFET.  

 

The input TVS mentioned above can be an industry standard component such as the SMCJ28C/Q packaged in a 1.5kW 

(10/1000μs) rated SMC package. It can also be a more advanced, smaller, higher power TVS, such as the D28V0H1U2P5Q 

from Diodes Incorporated (Diodes). The D28V0H1U2P5Q can handle 20% more power than SMCJ28CA/Q does, while 

occupying only 40% of the PCB area. Please refer to https://www.diodes.com/assets/App-Note-Files/TVS-in-Automotive-

Applications.pdf for more detail. 

 

If Load Dump from an alternator occurs, it may keep the Vs Pin voltage at the clamping voltage of the above “Vs pin protecting 

TVS”. This voltage is often much higher than the normal VBatt(max). This situation needs to be considered when deciding the 

clamping voltage rating, Vaz, of the freewheeling TVS that will be used. 
 

4.6 Reverse Battery Polarity Protection 
 

To prevent the IntelliFET from being damaged in reverse battery polarity conditions, one guideline is to place a resistor/diode 

network on the ground pin of the IntelliFET, as shown in Figure 13. Such a network can be as simple as a single 150Ω resistor 

(1206 size). A better solution is to use a Schottky diode in parallel with a 1 kΩ resistor. The anode of the Schottky is connected 

to the GND pin of the IntelliFET. The cathode is connected to the ground. 

 

A Schottky in parallel with a 1K ohm resistor network is not expensive. It consumes almost no power during normal operation. 

This is due to the fact that during normal operation, the Schottky diode is forward biased to ground and bypasses the 1KR 

resistor. On the other hand, when it is in a reverse polarity condition, the 1KR resistor can limit the GND pin current to a lower 

(safer) level than what a 150R can do. 

 

Besides the GND pin, the conditions of other pins of IntelliFET need also be considered and limited the abnormal currents 

with external resistors of adequate value. Please refer to the ZXMS8 Series of IntelliFET datasheets for the current limit of 

each pin. 
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 Figure 13. Reverse Battery Polarity Protection 

Figure 13 shows how to protect an IntelliFET from being damaged in reverse battery polarity condition. However, in a 

reverse polarity condition, the load current will flow through the body diode of the N-MOS channel of the IntelliFET to the 

battery. An IntelliFET can’t turn off or limit this reverse current. 

 

Extra protection(s) may be needed for load if reverse battery polarity could happen. For example, adding “input fuse and 

input reverse polarity diode (TVS)” to the load: If “reverse polarity condition” happens, high current will flow through the high-

current diode (TVS) and blow out the fuse. 
 

4.7 Overload Protection 

 

During overload, the output current is limited to a value depending on the VDS voltage and the load impedance. This high 

current results in high dissipation in the output power stage. Sustained operation in this mode will raise the junction 

temperature of the output MOS until dynamic or absolute overtemperature protection cycling begins. Figure 14 describes the 

overload protection. 

 

IntelliFET has a dynamic (∆TJ(SW)) and an absolute (TJ(SC)) temperature sensor for overload detecting. If the “dynamic 

temperature rise” of the power stage versus the cooler control area exceeds ∆TJ(SW), the device will be turned off until the rise 

falls to a reset level. However, each such cycle will cause the absolute temperature to increase a little. 

 

If the “absolute temperature” reaches TJ(SC) then the device will be turned off until the absolute temperature falls by ∆TJ(SC). 

The device will continue to cycle to TJ(SC) provided that the fault condition remains. 

 

The IS pin will output a continuous current, IIS(FAULT) during: the load current limitation, dynamic overtemperature cycling, and 

absolute overtemperature cycling. 
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 Figure 14. Overload Protection Timing Diagram 
 
 

5. Diagnosis Functions 
 

In normal operation, the IS pin outputs a small analog sense current proportional to the main OUT current flowing in the power 

MOSFET. In the case where the current sense function is disabled by the DEN pin, the IS pin becomes high impedance. 

 

During overload / current limit operation / overtemperature / high temperature gradient or open load in the OFF state, the IS 

pin outputs a defined current IIS(FAULT). This special IIS is greater than the normal sense currents for normal loads. 

 

During ON-state operation with open load, normal OFF-state, or OFF-state with inductive load ring-off current still flowing, the 

IS current is approximately zero. 

 

For diagnosis purposes, IntelliFET provides a combination of digital and analog signals at the IS pin. In case the diagnostic is 

disabled via DEN, the IS pin becomes high impedance. In case DEN is activated, the IS of the channel is enabled, and will 

output different currents because of the IC working conditions. As for which channel of the dual-channel IntelliFET is to be 

diagnosed, it can be selected through the status of the DSEL pin. Please refer to Table 1 and Table 2 for the meaning of each 

IS pin current. 

 
5.1. SENSE Signal in Different Operating Modes 
 
 

 

Table 1. Diagnostic Truth Table 

  

VIN

VDEN

IL(sc)

IL

IOUT

Tj(sc)

∆Tj(sw) ∆Tj(sc)

Tj(mos)

Tamb

Iis(FAULT)

IIS
TsIS(FAULT) TsIS(OT_blank) IL/KLIS

OVERLOAD CURRENT LIMITING NORMAL LOAD
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Operating Condition VINx VDEN VOUTx IS output current, IIS 

Normal operation 
L 
H 

H 
H 

Z 
H 

Z 
= IL / KILIS 

Current limiting H H H IIS(FAULT) 

Short circuit OUT to GND 
L 
H 

H 
H 

L 
L 

Z 
IIS(FAULT) 

Over temperature 
L 
H 

H 
H 

Z 
Z 

Z 
IIS(FAULT) 

Short circuit OUT to VS 
L 
H 

H 
H 

H 
H 

IIS(FAULT) 
< IL / KILIS (Note 1) 

Open load 

L 

L 

H 

H 

H 

H 

< VOL(OFF) 
> VOL(OFF) 

H 

Z 
IIS(FAULT) (Note 2) 

< IIS(OL)  

Inverse load current 
L 

H 

H 

H 

H 

H 

IIS(FAULT)  

IIS(OL) 

All X L X Z 

Table 2. Operational Truth Table (Note 3) 

Notes:   
 

1. A low resistance short between OUT and VS will reduce the output current (IL), and therefore reduce the analog sense current 
(IIS). 

2. With external pull-up resistor 
3. H = high level; L = low level; Z = high impedance, voltage depends on external circuit; X = doesn’t apply. 

 
 
 

5.2. Current Sense 
 

In high-side power SW applications, the system designer often needs to know the amplitude of the load current. There are 

two methods that can be used for this purpose; using Hall sensors or shunt resistors to measure the current. However, the 

cost of the former is very high, and the latter must solve the problem of DC level shifting and extra power loss. Neither of the 

two is ideal.  

To solve this problem, the IntelliFET IS pin provides a current sense information (IIS), which is a current proportional to the 

load current (IL): 

𝐼𝐼𝑆 =
1

𝐾𝑖𝑙𝑖𝑠
× 𝐼𝐿 

The above IIS signals are useful under normal conditions. However, in exceptional cases, a "Fault" status flag would be more 

helpful to the system designer. IntelliFETs can meet this requirement by sourcing a "fault" status flag (IiS) current well above 

the maximum sense current value. This makes it easy to distinguish fault flags from normal detected currents. 
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5.3. IS pin Signal in the Nominal Current Range 
 
Figure 15 is an example of the relationship between IIS and IL of IntelliFET under ideal conditions. The kILIS factor value in 

Figure 15 is ~1200. 

 

When the IIS signal is transferred into a more useful voltage format, a current sense resistor RIS (*Please refer the “Diagnostic 

Timing” section of the data sheet EC table for the typical RIS value that can be used) is needed. This resistor (RIS) can convert 

the IIS signal into voltage as VIS (= IIS * RIS). Then, the MCU can get the load current information and fault status with an A/D 

converter (ADC). For the best measurement results, the (RIS) should be placed closely to the ADC pin of the MCU. 
 

 

 Figure 15. Current Sense for Nominal Load 

 

5.4 Open Load in IntelliFET ON-state Diagnostic 

An MCU can be used to check if the load is open, by checking whether the current of the IntelliFET IS pin is lower than normal. 
The IIS(OL) current of IntelliFET specification is recommended for use as the threshold for open load condition. If the IS pin 
current is below or equal to IIS(OL) when DEN is selected (*DEN pin is high), then MCU can take it as the sign that the load is 
open. 

Ideally, the load current should be high when the load is normally connected. When open load occurs, the load current should 
drop to zero. The currents of the IS pin in these two conditions are very different, and are easily distinguishable. However, in 
practical cases, the current of some loads may be not very high, and when the load is open, the system may have some 
leakage current. In these two situations, the difference in the IS pin current can be so small that it is difficult to distinguish. 

Moreover, the current sense ratio (KILIS) of the IntelliFET chip is different from chip to chip. Figure 16 and table 3 provide more 

detail on this KILIS deviation. This deviation could make the open load judgment of the MCU incorrect, especially because the 

IS pin current difference is so small. 

         

Figure 16. Open Load in ON state 
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ZXMS 

81045 

ZXMS 

81090 

ZXMS 

81200 

ZXMS 

82090 

ZXMS 

82120 

ZXMS 

82180 

kILIS ratio typical 1200 1460 300 1480 560 560 

IIS(OL) (μA) 8 8 33 8 22 22 

IL(OL) min (mA) 5 5 5 5 5 5 

IL(OL) max (mA) 30 30 15 30 30 30 

Table 3. IntelliFET Open Load Definition 

To eliminate the possible mistakes in open load judgment, it is necessary to set the minimum load current at a different 

amplitude than the leakage current. Please refer to the section How to eliminate misjudgement in open load diagnosis in 

this file for more detail. 

 

5.5 Open Load in OFF Diagnostic 

When in OFF Mode, the IntelliFET cuts off the current to the Out pin. At this time, if the load is connected to the Out pin, the 

voltage of the Out pin should be close to 0V. On the other hand, if the voltage of the Out pin is close to the VS pin, then the 

load should be open. 
 

In actual application conditions, (in addition to the load current), the output pin may also have some leakage current to GND. 

Even if the load is open, this leakage current will pull the voltage of the OUT pin low, making it impossible for the IntelliFET to 

detect the open load. For this reason, it is recommended to add an external output pull-up resistor to eliminate leakage current 

effects. 
 

As for how to select the resistance value of this pull-up resistor and how to avoid battery leakage caused by this resistor, 

please also refer to How to eliminate misjudgement in open load diagnosis section of this file for more detail. 

 

Figure 17. Open Load in OFF state 
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5.6 Open Load Diagnostic Timing 

Figure 18, the open load timing diagram, shows the timing sequence for the detection under ON and OFF conditions.  
 

In the “power stage” section of this application note, when Vin dropped, the Out voltage would drop, but the slew rate would 

be limited. This means that after Vin dropped, there will a short period of time when the Vo will still be “high”. In order to 

blank this transient condition from causing a fault in “open load detecting”, IntelliFET has an internal blank time 

tsIS(OL_BLANK).  
 

In some conditions, for example, when the input capacitance of a module is too high, tsIS(OL_BLANK) may not be long 

enough. In these conditions, it is suggested to pull the DEN pin low at the same time when Vin drops. Then, wait for a while 

to let the OUT voltage drop to low. Next, turn the DEN voltage to enable an open loop diagnostic. The fault caused by 

insufficient tsIS(OL_BLANK) blanking time can be prevented with this method. 

 

                          

        Figure 18. Signal Open Load Timing Diagram 

6. The Input Pins 
 
6.1 Input Circuitry 
 

Figure 19 shows the electrical equivalent input circuitry of the average IntelliFET. The input circuitry is compatible with 3.3V 

and 5V microcontrollers. The input signal is either OFF or ON but cannot be in a linear or undefined state. A Schmidt trigger 

is used to avoid any undefined state if the voltage on the input pin is slowly increasing or decreasing. The input circuitry is 

compatible with PWM applications. In case the pin is not needed, it must be left opened, or be connected to IntelliFET GND 

pin (not MCU ground). 

 

 

 Figure 19. Input Pin Circuitry 
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7. Other Frequently Asked Questions of IntelliFET 
 

7.1. How to Connect the DEN Pin when It Is not Controlled by a Dedicated GPIB Port 
 

When a system designer wants to know the load current of an IntelliFET, they can use an A/D converter (ADC) to monitor the 

IS pin of the IntelliFET. However, when a system uses many IntelliFETs, monitoring each IntelliFET by an independent ADC 

may be impossible. In this case, all of the IS pins can be connected to the sensing resistor of one ADC. Then, the GPIO 

channels can be used to enable the DEN Pin of the IntelliFET that needs to be monitored (*keep the DEN pin voltage of the 

unselected IntelliFET low). What the ADC reads at this time is the status of the selected IntelliFET. This method can greatly 

save the ADC numbers needed to monitor the IS pins.  

 

However, in some cases, it is the GPIO numbers that need to be reduced. For example, when the MCU has enough ADCs to 

monitor each IntelliFET, the DEN pins of these IntelliFETs can be connected to a fixed 3.3V or 5V voltage source (= IntelliFET 

always selected). This can save one GPIO channel per each IntelliFET.  

 

If there is no fixed 3.3V or 5V voltage source available, the DEN pin can be shorted to the Vin pin of the same IntelliFET. The 

disadvantage of this method is that three diagnostic functions are only available when VIN=High: (A) Short Circuit OUT to Vs, 

(B) Open Load, and (C) Inverse load current. However, this method also has its advantage: If only one IntelliFET's Vin is High 

at one time, one ADC can be used to monitor several IntelliFETs.  

 

If the system uses many IntelliFETs, it is recommended to use a logic gate IC, like 2_to_4 decoder (or 3_to_8, 4_to_16… etc.) 

to increase the available GPIB channel number. 

 

 
Figure 20. Connecting DEN Pin to a Fixed V Source 

 

 Figure 21. Connecting DEN Pin to The IN pin 

  

7.2. What to do with IS pin when it is not used? 
 

For better PCB mounting, solder this pin to its soldering pad. However, there is no need to connect the soldering pad to any 

other point of the circuit. 
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7.3 How to determine if a condition is “output is short-to-battery”. 
 

     

Figure 22. Electrical Signals in Normal Load and Short-to-Battery Condition 

 

 

When the output is ON and the load is shorted to the battery (=VS) via a low impedance loop, this condition can be easily 

determined: The IIS in this short-circuit condition will be much lower than the normal IIS, because this short circuit loop will 

share most of the load current. The current flow through the IntelliFET will then decrease. 

 

If the resistance of the above short circuit loop is higher, the IIS in this situation could be very close to the normal IIS, and this 

short circuit condition is difficult to distinguish from a normal condition. When the output is off, this “higher resistance short 

circuit” fault is very easily detected. It will be similar to an "open load in off-state”, whereas an external pull-up resistor is 

connected to the OUT pin. Please refer the "open load in off-state" related sections of this application note for more detail.  

 

However, if the impedance of the short circuit loop is too high (up to several kΩ or higher), it is possible that the IntelliFET will 

not be able to distinguish this kind of short circuit from a potential battery-to-load leakage. 

  

http://www.diodes.com/


AN1188 
 

AN1188 – Rev 1 
Application Note 

19 of 24 

www.diodes.com  

April 2024 
© 2024 Copyright Diodes Incorporated. All Rights Reserved. 

 
 

7.4. How to Eliminate Misjudgement in Open-Load Diagnosis 

 

7.4.1. Open Load in the “ON” Condition 

 

Below is an example of how to eliminate misjudgment in open-load diagnosis in the “On” condition: 

 

Table 4 shows the open-loop detecting threshold of ZXMS81045. If the minimum load current is less than IL(OL) max =30mA, 

it can be seen that the Iis(OL) of some IntelliFET Ics will be less than 8µA (*the recommended threshold for open load 

detecting). The MCU will mistakenly think that an open loop has occurred. 

  

On the other hand, if the system leakage current is higher than IL(OL) min = 5mA, (even if open load occurs), the Iis(OL) of 

some IntelliFET Ics will still be greater than 8µA. Under this condition, the MCU will mistakenly think that the open loop did 

not happen.  

 

If the ZXMS81045 in the above example were to be replaced with the ZXMS81200, then the IL(OL) max can be reduced to 

15mA. Reducing system leakage can make the open loop current <5 mA. Doing these two things can avoid misjudgement by 

the MCU. 

 

             

Table 4. Parameter: Open Load Detection Threshold in ON State 

 

7.4.2. Open load in the “OFF” Condition 

In some applications, it may be necessary to know whether the load is open even when the IntelliFET is OFF, for example, to 

know if the solenoids of an ABS braking system is open. In this situation, the following methods can be used for detection: 

  

First, connect the OUT pin of the IntelliFET to the battery supply with a high value resistor. When the IntelliFET is OFF and 

the load is not open, the load impedance should pull the voltage on the OUT pin close to GND. On the other hand, when the 

load is open, the pull-up resistor will pull the voltage of the OUT pin close to the battery voltage. When IN pin voltage is low, 

and DEN pin voltage is High, as long as (VVS – VOUT) < VDS(OL), IntelliFET will send IS pin current = IL(OL). When the MCU 

detects this current, it knows that an open circuit has occurred.  

 

The value of the external pull-up resistor needs to be determined carefully, according to the application: The current needs to 

be small enough (usually a few milliamps), to reduce power loss and not activate the load during detection. On the other hand, 

the current also needs to be large enough that any existing normal level of leakage current will not be considered a load 

presence condition. Note, that when the battery voltage changes, the load current and leakage current also change. When 

selecting the value of the external pull-up resistors, both the highest and lowest battery states must be considered. 

  

The problem with using the pull-up resistor is that it will cause battery leakage when the IntelliFET is OFF. If the user finds it 

necessary to eliminate this leakage, a switch can be added between the pull-up resistor and the battery. It is only necessary 

to turn on this switch when performing open circuit detection; this will solve the leakage problem. This switch can be a relay, 

a PNP transistor, a PMOS, or even a photocoupler. 

 

Examples of the open load detection at "OFF" for a single output and for multiple device or outputs are shown in Figure 23 

and 24. A transistor switch S1 in between the ROL and the battery can be used to turn off the detecting current when not in 

detecting period.   
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8. Application Information 

8.1. Application Circuit Examples 

 

Figure 23. Single Channel Application Circuit 

 

 

Figure 24. Dual Channel Application Circuit 

 

Notes:  

4. The above application circuits, Figure 23 and 24, are for reference only. They must be modified to meet the 

different requirements of real applications. 

5. A 1µF capacitor can be placed in parallel with the RGNS of Figure 23 and 24 to eliminate the noise on RGND.  
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8.2. What to consider for PCB layout when using an IntelliFET 

Please refer to the example PCB layout below to better understand the guidelines here: 

▪ RIN, RDEN, RDSEL should be placed as closed to the digital input pins (IN, DEN, DSEL) as possible, to decrease 

parasitic capacitance effect. 

▪ Place RGND and D as close as possible to the device. 

▪ Place RSENSE and RIS to be close to the MCU ADC pin (Not IS pin). This is because the function of RSENSE 

and RIS is to transfer the IS pin current into a voltage format for the ADC pin. Placing them close to the ADC pins 

reduces ground noise and induced noise. 

▪ Place Vs capacitor and Vout capacitor as close as possible to the device. 

▪ Put more thermal via around exposed pad, to reduce both the loop impedance and the thermal impedance. 

▪ For thermal pad layout, see the below figure for the best system performance. 

▪ Place at least 2 via for the GND connection of each Vs capacitor and Vout capacitor. The via should be placed as 

close to the capacitors as possible. 

 

                                         

                          Figure 25. Layout suggestions for single channel IntelliFET 

 

 

                         

Figure 26. Layout Suggestions for Dual Channel IntelliFET 
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8.3 How to Design a PCB Land Pattern that both Single Channel and Dual Channel Devices can use. 

In some applications, different but similar modules must share one bare PCB. Some of these modules may need a single 

channel IntelliFET, whereas others may need the dual channel version. This requirement can be satisfied by adopting the 

land pattern of the dual channel IntelliFET in PCB design, because the upper half land pattern of a dual-channel IntelliFET is 

identical to that of a single-channel version (please refer Figure 27). For IntelliFET products, NC pins are not used. To 

enhance soldering strength, all NC pins must be soldered to PCB GND. 

 
 

                             

Figure 27. Pin-out of Single Channel and Dual channel IntelliFET 
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8.4. IntelliFET Family 

Parameter  

 

Symbol 

 

ZXMS 

81045 

ZXMS 

81090 

ZXMS 

81200 

ZXMS 

82090 

ZXMS 

82120 

ZXMS 

82180 Unit 

 
KILIS ratio (typ) KILIS 1200 1480 300 1500 550 550 − 

Power Dissipation 
(Max) 

PTOT 
1.6 1.6 1.6 1.9 1.8 1.6 

W 

Energy dissipation 
(single pulse) (Max) 

EAS 40 40 40 42 15 30 mJ 

Junction to ambient 
Thermal impedance 
(Typ) (Notes 1 & 2) 

RthJA 42 42 42 47 47 46 °C/W 

On-state resistance 
(150°C) 

On-state resistance 
(25°C) 

RDS(ON) 
90 (Max) 

34 (Typ) 

200 (Max) 

90 (Typ) 

400 (Max) 

200 (Typ) 

180 (Max) 

75 (Typ) 

240 (Max) 

100 (Typ) 

360 (Max) 

150 (Typ) 
mΩ 

Nominal load current 
(Typ) 

IL(NOM)_1 ch 

IL(NOM)_2 ch 

4 

- 

3 

- 

1.5 

- 

3.5 

2.5 

2.5 

2 

2 

1.5 
A 

Inverse output current 
(Typ) -IL(INV) 3 2.5 1 2.5 2 1.5 A 

Switch ON energy 
(Typ) 

EON 0.8 1.1 0.19 0.7 0.4 0.4 mJ 

Switch OFF energy 
(Typ) 

EOFF 0.7 0.8 0.16 0.8 0.3 0.4 mJ 

Load current limit 
(*Vs=5V) 

IL5(SC) 

25 (Min) 

32 (Typ) 

40 (Max) 

15 (Min) 

23 (Typ) 

30 (Max) 

6 (Min) 

9 (Typ) 

12 (Max) 

17 (Min) 

25 (Typ) 

34 (Max) 

10 (Min) 

13.5 (Typ) 

17 (Max) 

8 (Min) 

11 (Typ) 

15 (Max) 

A 

Load current limit 
(*Vs=28V), (typ) 

IL28(SC) 
16 15 - 18 7 5 A 

Load current during 
over-temperature 
cycling, (typ) 

IL(RMS) 
4 3 2 3 2 2 A 

Open load IIS 
threshold in ON state 
(typ) 

IIS(OL) 
8 8 33 8 22 22 µA 

IL for KILIS0 IL0 0.05 0.05 0.01 0.05 0.05 0.05 A 

IL for KILIS1 IL1 0.5 0.5 0.05 0.5 0.25 0.25 A 

IL for KILIS2 IL2 1 1 0.2 1 0.5 0.5 A 

IL for KILIS3 IL3 2 2 0.5 2 1 1 A 

IL for KILIS4 IL4 4 4 1 4 2 2 A 

Table 5. Summarizes the Differences between Different IntelliFET 
 

      Notes: 1. Not subject to production test, guaranteed by design 
  2. Device mounted on vertical PCB, 2” x 2” x 1.6 mm, FR4 with 2oz copper for all connections. 
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