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Product Overview 

The NSD5604 / NSD5604N is a 4-channel low side driver 

for industrial and automotive applications including 

programmable logic control, general relays, or other 

solenoid drivers.  

The device includes 4x parallel input interface, which 

controls 4x independent driving outputs for resistive, 

inductive, or capacitive loads. The output channels can 

be parallelized to support high current load and reduce 

device power dissipation. Low side outputs are 

protected against over temperature and short circuit. 

The integrated diodes clamp the voltage transients 

generated during inductive loads turning off; combined 

with different external TVS connection topologies, slow 

decay or fast decay turn-off can be implemented.    

NSD5604 also features an additional 5V max 20mA LDO 

output for on board digital isolator or photo coupler 

power supply.  

Both NSD5604 & NSD5604N are available in a compact 

16-pin, 4.96mm x 6.4mm HTSSOP16 package, specified 

over -40 to 125°C operating temperature range. 

 

Key Features 

 AEC-Q100 (Grade 1) qualified for auto-motive application 

 4x low side driver 

­ Individual PWM input control interface, up to 

200kHz 

­ Low side driver output can be parallel  

­ High speed trise and tfall  

 Typical operating load current: 1 A (four channels，

TA=25°C) / 2 A (one channel，TA=25°C) 

 Integrated active clamping or integrated catch diodes for 

external Vz (clamp) pin path for inductive load fast switch 

off  

 Wide operating ranges from 8V to 50V 

 Integrated regulator 5V / 20mA output (NSD5604 version 

only) 

 Integrated protection 

­ Overcurrent / short circuit protection 

­ Both common thermal and per channel over 

temperature protection  

­ VM Input undervoltage protection  

­ Dedicated nFault indicator pin  

 HTSSOP16, 4.96mm X 6.40mm with exposed PAD 

 RoHS& REACH Compliance 

 

Applications 

 Industrial PLCs /Automotive drivers 

 General relays   

 Solenoid drivers 

 Unipolar stepper motor drivers 

 

Device Information 

Part Number Package Body Size 

NSD5604-DHTSPR HTSSOP16 4.96mm X 6.40mm 

NSD5604N-DHTSPR HTSSOP16 4.96mm X 6.40mm 

NSD5604N-Q1HTSPR HTSSOP16 4.96mm X 6.40mm 

 

Functional Block Diagrams 

 

Figure 0.1 NSD5604 / NSD5604N Block Diagram 
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1. Pin Configuration and Functions 

 

VM 1 

 

16 nFAULT 

Vz 2 15 VDD5_OUT 

OUT1 3 14 IN1 

OUT2 4 13 IN2 

GND 5 12 SGND 

OUT3 6 11 IN3 

OUT4 7 10 IN4 

DIS 8 9 RESET 

NSD5604                                                                                                                             NSD5604N 

Figure 1.1 NSD5604 and NSD5604N Pinout 

 

Table 1.1 NSD5604 and NSD5604N Pin Configuration and Description 

SYMBOL 
NSD5604 

PIN NO. 

NSD5604N 

PIN NO. 
TYPE DESCRIPTION 

POWER AND GROUND  

VM 1 Power supply  Device power supply input.  

GND 5 Power supply Integrated power switch ground. 

SGND 12 Power supply 
Logic interface block ground, connect both SGND and GND to PCB 

ground.  

VDD5 15 - Power supply 

VDD5 output pin. Recommend to place 47nF X7R ceramic 

capacitor close to VDD5. The function is only available on 

NSD5604 pinout.  

NC - 15 NC Not connected. 

CONTROL  

DIS 8 Input Active low enables outputs, drive high to turn off all outputs. 

RESET 9 Input Drive high reset internal logic and OCP, also turn off all outputs. 

IN1 14 Input Channel 1 input, drive high to turn on low side OUT1. 

IN2 13 Input  Channel 2 input, drive high to turn on low side OUT2. 

IN3 11 Input Channel 3 input, drive high to turn on low side OUT3.   

IN4 10 Input  Channel 4 input, drive high to turn on low side OUT4.   

STATUS 

nFAULT 16 Output Fault output pin, open drain, logic low when in fault condition. 

VM 1 

 

16 nFAULT 

Vz 2 15 NC 

OUT1 3 14 IN1 

OUT2 4 13 IN2 

GND 5 12 SGND 

OUT3 6 11 IN3 

OUT4 7 10 IN4 

DIS 8 9 RESET 

 

Thermal 

Pad 

 

Thermal 

Pad 
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OUTPUT 

OUT1 3 Output Power stage, channel 1 output. 

OUT2 4 Output Power stage, channel 2 output. 

OUT3 6 Output Power stage, channel 3 output. 

OUT4 7 Output Power stage, channel 4 output. 

Vz 2 Output 

Load clamp voltage pin. Connect directly to the supply rail, or by 

an external Zener or TVS diode to the supply rail or to PCB ground 

or leave it floating if not used.  

Thermal Pad 

Thermal 

Pad 
- Power supply 

Thermal pad. Must connect to board ground. For good thermal 

dissipation and EMC, use large ground planes on multiple layers 

and multiple via connecting these planes. 

 

2. Absolute Maximum Ratings 

SYMBOL PARAMETER MIN MAX UNIT 

VM Power supply voltage  –0.3 55 V 

Vz Vz voltage  –0.3 VDEMAG V 

INx, DIS, Reset, nFault Logic input / ouput voltage –0.3 6 V 

OUTx Output voltage –0.3 VDEMAG V 

VDD5_OUT VDD5 Output current  –0.3 6 V 

 

3. ESD Ratings 

SYMBOL PARAMETER VALUE UNIT 

VESD 
Human Body Model (HBM) ±3000 V 

Charged device model (CDM) ±1000 V 

 

4. Recommended Operating Conditions 

SYMBOL PARAMETER MIN TYP MAX UNIT 

VM VM Power supply voltage 8  50 V 

Vz Vz external clamp voltage   0  55 V 

Reset, DIS, INx Logic input voltage  0  5 V 

fpwm Logic input PWM frequency (INx) 0  200 kHz 
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5. Thermal Information 

SYMBOL PARAMETER MIN TYP MAX UNIT 

Ta Ambient operating ambient temperature -40  125 °C 

Tj Junction temperature -40  150 °C 

Tstg Storage temperature -65  150 °C 

Rthjc Thermal resistance, junction to case  3  °C/W 

Rthja 

Thermal resistance, junction to ambient, on 2-layer PCB   50  °C/W 

Thermal resistance, junction to ambient, on 4-layer PCB 

based on JEDEC standard 
 39  °C/W 

 

6. Electrical Characteristics 

Valid for industrial version at Tj= 25°C, VM = 8 to 50V and for automotive version at Tj=-40°C to 150°C, VM= 8 to 50V, unless 

otherwise specified. 

SYMBOL PARAMETER TEST CONDITIONS MIN TYP MAX UNIT 

POWER SUPPLY (VM) 

VM  VM operating voltage  8  50 V 

IVM  
VM operating supply 

current 
VM = 24V, VDD5 no load   3 mA 

VUVLO  
VM undervoltage 

lockout 

VM falls until UVLO triggers 6.5  7.5 V 

VM rises until operation recovers 7  8 V 

VUVLO_HYS  VM undervoltage 

hysteresis 
  500  mV 

tUVLO  
VM undervoltage 

deglitch time 
  10  μs 

Regulator (VDD5_OUT only on NSD5604)  

VDD5  VDD5 output voltage 0 to 20mA load current 4.65 5 5.35 V 

IVDD5_LIMIT  
VDD5 load current 

limitation 
VDD5 short to GND 20  35 mA 

Vline_VDD5  VDD5 line regulation 
VM = 8V to 50V, Load current 20mA, Cvdd5 

= 100nF 
  30 mV 

Vload_VDD5  VDD5 load regulation 
VM=24V, load current from 0mA to 20mA, 

Cvdd5 = 100nF  
  80 mV 

VOS_VDD5  
VDD5 overshoot 

during power up 
   5.5 V 
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PSRR_VDD5  
power supply ripple 

rejection 

Design information 

f = 100kHz 
40   dB 

Logic Control Input (DIS, Reset, IN1, IN2, IN3, IN4) 

VIL  
Input logic low 

voltage 
   0.8 V 

VIH  
Input logic high 

voltage 
 2   V 

VHYS  Input logic hysteresis   0.5  V 

IIL 
 Input logic low 

current 
VIN = 0 V  -5  5 μA 

IIH  
Input logic high 

current 
VIN = 5 V  50 100 μA 

RPD  Pulldown resistance to GND  100  kΩ 

TDeglitch  
Deglitch filter on DIS, 

Reset 
  2  μs 

Power stage output (OUT1 / OUT2 / OUT3 /OUT4) 

RDS(ON) 
Low-side FET on 

resistance 

VM = 24 V, I = 0.5 A 

Ta=25°C 
 0.26 0.36 Ω 

VM = 24 V, I = 0.5 A 

Ta=125°C 
  0.56 Ω 

Ileak   OFF-state leakage VOUT = 24V -10  10 μA 

VDEMAG  
internal clamping 

voltage  
 53 58 65 V 

tRISE  Output rise time 
VM = 24 V, OUTx rising from 10% to 90%, 

Resistive load 
0.1 0.2 0.3 μs 

tFALL  Output fall time 
VM = 24V, OUTx failing from 90% to 10% 

Resistive load 
0.1 0.2 0.3 μs 

tPD  Propagation delay 
INx to OUTx OFF->ON  0.5 0.8 μs 

INx to OUTx ON->OFF  0.5 0.8 μs 

Power stage output (Vz ) 

VFCD  
Catch diode forward 

voltage  
VM = 24 V, I = 0.5 A  1 1.2 V 

IRCD  
Catch diode reverse 

current 
Vrrm = 55 V   10 μA 

Current protection   
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IOCP 
Over current 

threshold 
 2.3 3 3.8 A 

tOCP 
 Overcurrent deglitch 

timing  
  3.5  μs 

tRETRY  Retry timing    1.2  ms 

Typical operation load current 

IOUT 
Continuous output 

current 

Single channel on, Ta=25°C   2 A 

Four channels on, Ta=25°C   1 A 

Thermal protection 

TSD_Central   

Chip central thermal 

shutdown 

temperature 

 150 160 180 °C 

TSD_Channel    
thermal shutdown 

temperature 
 150 160 180 °C 

THYS  
Thermal shutdown 

hysteresis 
  20  °C 

nFault output 

VOL Output low voltage Io = 2mA   0.5 V 

IOH      
Output high leakage 

current 
Vo = 5V   1 μA 

 

 
Figure 6.1 INx to OUTx propagation timing, OUTx rise timing and falling timing 
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7. Functional Description 

7.1. VM & VM UV / OV protection 

VM is the supply voltage, range from 8V to 50V with typical case 24V industrial power supply.  

It is recommended to put at 1μF ceramic capacitor closed to VM pin.  

When VM power supply pin voltage falls below the undervoltage threshold (VUVLO) over 10μs typ. undervoltage deglitch time, 

low side outputs OUTx becomes OFF and internal logic are disabled. When VM rise above the VUVLO, the device automatically 

resumes operation according to INx pin control table. 

7.2. VDD5_OUT on NSD5604 

VDD5_OUT pin provides stable 5V linear regulator output to external load, such as digital isolator etc. Max 20mA load current 

capability is supported.  

Load current limitation is integrated to against overcurrent or load short to ground fault condition.  

It is recommended to put 47 or 100nF X7R ceramic type capacitor on VDD5_OUT for gain regulation loop stability.  

It should be noted that internal linear regulator has high power dissipation when VM in high and high load current is drawn. 

The power dissipation (VM-VDD5) x IVDD5 result the self-heating of device, for example:  

VM=24V, VDD5 average load current = 15mA, PVDD5 = (24-5) x 0.015 = 0.135w 

When NSD5604 triggers internal thermal shut down, the VDD5 regulator is automatically turn off and nFault pin asserted. 

Normal operation will be resumed when internal junction temperature drops below TSD-THYS, and release nFAULT pin.  

Note:  

VDD5_OUT is NOT allowed to work as power source which directly connecting to external load of board outside without 

protection. 

7.3. GND, SGND and Exposed Pad 

GND internally connect to the source of low side MOSFET, and it is used as power ground. SGND stands for the signal ground 

and provide the reference level for logic interface.  

GND and SGND pins must be externally shorted on the application board.  

The exposed pad at the package bottom allows better heat dissipation. It must be connected to PCB ground for best thermal 

performance. 

7.4. Reset, DIS, IN1, IN2, IN3, IN4 Input control 

INx pin accepts the ON/OFF (high/low) or PWM (max 200kHz) input signal. When it is driven high, internal logic switch on the 

corresponding low side output channel, vice versa, setting INx low switches off the corresponding OUTx.  

Each INx input pin has typ 100kohm internal pull-down resistance. 

The Reset pin signal is common for all four channels, when it is driven high, internal logic is reset and all INx inputs are ignored.  

DIS pin must be low to allow output channel switch on, if DIS pin logic is set to high, all outputs switch off.  

Typical 2μs filter is applied on RESET and DIS pin. 
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Table 7.1 RESET, DIS, INx control truth table 

RESET DIS INx OUTx 

1 X X OFF 

0 1 X OFF 

0 0 0 OFF 

0 0 1 ON 

 

7.5. Low side output stage, OUT1 / OUT2 / OUT3 / OUT4 

The four low side drivers are designed to drive inductive/resistive/capacitive load which connects between power supply and 

OUTx pins.  

The four power stages can be in parallel to support higher load current.  

7.6. Vz pin 

The device integrates internal catch diode between each OUTx and common Vz pin. It provides different decay option 

according to Vz pin application external connection, see section 8.2 for more details. 

7.7. Protection function 

7.7.1. VM undervoltage protection 

When VM power supply pin voltage falls below the undervoltage threshold (VUVLO) over 10μs typ. undervoltage deglitch time, 

low side outputs OUTx becomes OFF and internal logic are disabled. When VM rise above the VUVLO, the device automatically 

resumes operation according to INx pin control table. 

7.7.2. Overcurrent protection  

In case of IOCP threshold is triggered and the load current limit persists for longer than the tOCP time, the low side output will 

be disabled and nFAULT pin driven low.  The driver will remain disabled for tRETRY, then the fault will be automatically cleared, 

and output retry to switch on if INx remains high state. See figure 4 for over current limitation behavior. 

If one of four channel triggers current limitation protection, other channels remain normal operation until fault condition like 

common over temperature happens.  
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Figure 7.1 Overcurrent Iocp, tOCP & tRETRY behavior 

7.7.3. Over temperature 

To protect power stage from overheat, a dedicated thermal sensor is placed close to each power MOSFET, once the sensed 

temperature over TSD_Channel threshold, the corresponding power MOSFET channel is automatically disabled and nFAULT 

pin assert low.   

The thermal protection of 4x output power stages is independent.  

The device also monitors die central temperature. It will disable all four power MOS and VDD5 outputs when central 

temperature rises above TSD_Central. 

Normal operation will be resumed when the temperature drops below TSD-THYS, and release nFAULT pin. 

7.7.4. nFault Protection Summary 

Table 7.2 nFAULT & low side behavior vs. Fault condition 

Fault Condition nFAULT status Low side Recovery procedure 

VM 

undervoltage 
VM < VUVLO LOW OFF VM > VUVLO 

OCP I > Iocp LOW OFF 
Auto retry depends on tOCP, 

tRETRY and INx 

Over 

temperature 

Low side TJ > 

TSD_channel or TJ> 

TSD_Central 

LOW OFF TJ < TSD - THYS 

 

 

8. Application information 
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8.1. Typical circuit in PLCs or Relay application 

 

8.2. Typical circuit in unipolar stepper motor application 
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8.3. Slow decay and fast decay with external or internal active clamping 
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9. Package Information 

9.1. HTSSOP16 package information 

 

 

9.2. HTSSOP16 packaging information 
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10. Ordering Information 

Part Number 
Automotive 

/ Industrial 

DIS / 

RESET 
OCP VDD5_OUT Package Type MSL SPQ 

NSD5604-DHTSPR Industrial YES YES YES HTSSOP16 3 4000 

NSD5604N-DHTSPR Industrial YES YES NO HTSSOP16 3 4000 

NSD5604N-Q1HTSPR Automotive YES YES NO HTSSOP16 3 4000 

Note: All packages are ROHS compliant with peak reflow temperature of 260°C according to the JEDEC industry standard 

classifications and peak solder temperature.    

 

 

11. Revision History 

Revision  Description Date 

1.0 Initial version 2022/12/8 

1.1 Add a few max & min parameter 2022/12/28 

1.2 Update output current characteristic 2023/1/19 

1.3 Add automotive part number 2023/4/9 

1.4 Template update 2023/8/17 

1.5 Add tape reel information 2023/10/31 

 

 

 

 

 

 

Pin1 

User direction of feed 
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IMPORTANT NOTICE 
 

The information given in this document (the “Document”) shall in no event be regarded as any warranty or authorization of, express 

or implied, including but not limited to accuracy, completeness, merchantability, fitness for a particular purpose or infringement of 

any third party’s intellectual property rights.   

 

Users of this Document shall be solely responsible for the use of NOVOSENSE’s products and applications, and for the safety thereof. 

Users shall comply with all laws, regulations and requirements related to NOVOSENSE’s products and applications, although 

information or support related to any application may still be provided by NOVOSENSE.   

 

This Document is provided on an “AS IS” basis, and is intended only for skilled developers designing with NOVOSENSE’ products. 

NOVOSENSE reserves the rights to make corrections, modifications, enhancements, improvements or other changes to the products 

and services provided without notice. NOVOSENSE authorizes users to use this Document exclusively for the development of 

relevant applications or systems designed to integrate NOVOSENSE’s products. No license to any intellectual property rights of 

NOVOSENSE is granted by implication or otherwise.  Using this Document for any other purpose, or any unauthorized reproduction 

or display of this Document is strictly prohibited. In no event shall NOVOSENSE be liable for any claims, damages, costs, losses or 

liabilities arising out of or in connection with this Document or the use of this Document.   

 

For further information on applications, products and technologies, please contact NOVOSENSE (www.novosns.com ). 

 

Suzhou NOVOSENSE Microelectronics Co., Ltd 

 


