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PRELIMINARY 

Radiation Hardened Latching Current Limiter (LCL)- IC 
Enabling Advanced Commercial-Off-The-Shelf (COTS) to ‘Space-Grade’ 

_______________________________________________________________________
 

Product Description 

Semiconductor electronics in Space systems are 

prone to various anomaly, including Single Event 

Latch-Up (SEL) when exposed under radiation.  

These anomalies severely compromise the 

reliability of satellite systems and their mission 

lifetimes.  

To enhance reliability, a current limiter microchip 

such as Latching Current Limiter (LCL) is typically 

adopted. By monitoring the supply current into an 

electronic system, the LCL disconnects the power 

to the electronic system when the supply current 

exceeds a preconfigured threshold. 

LCL(60V) IC Part code ‘ZES744LCL’ is a Smart-

LCL with primary functions are current limiter 

monitoring and power switching, and is a 

Radiation-Hardened LCL with wide input voltage 

range of 4V~60V DC, with integrated power 

transistors that can withstand up to 4A of output 

current, with very low quiescent current <2mA(typ.) 

and packaged in a compact plastic QFN48L.  

ZES’s Smart-LCL IC is designed based on ECSS-

E-ST-20-20C, offering an unprecedented means in 

current limiter switching of the power supply lines.  

Specifically, ZES’s Smart-LCL embodies a unique 

Smart-monitor with two types of operations: 

Latched or Re-triggerable, with built-in Smart 

current limitation for repetitive overloads, with 

Embedded current sense and Digital status for 

system monitoring.   Further, to enable design 

flexibility LCL offers configurable trip-off and 

recovery times, configurable undervoltage 

protection, and Floating ground. 

ZES’ Smart-LCL is realized with Radiation 

Hardening By Design (RHBD) approach, hence 

highly immune towards various radiation effects in 

Space. 

Target Applications 

• Satellite’s Power switches (LCL) for OBC, 
Payloads 

• Radiation hardened and tolerant Power 
Distribution Units (PDU) and Electrical Power 
System (EPS)  

• Current Limiter Protection switches for 
various subsystems 

 

Key Features 

• Wide-range supply voltage: 4V ~ 60V DC 

• Output current up to 4A (internal transistors), 
or expandable using external MOSFETs 

• External On and OFF commands with error 
tolerance 

• Two types of operation: Latched or Re-
triggerable 

• Configurable trip-off and recovery times 

• Smart current limitation for repetitive overload 

• Embedded current sense 

• Digital status for system monitoring 

• Fast transient response with high loading 
inductance (e.g., 300uH) 

• Configurable undervoltage protection 

• Floating ground 

• Space qualified technology 

• Based on ECSS-E-ST-20-20C  

• Radiation Hardened by Design (RHBD) 
 TID: 75 krad (Si) HDR, LDR 
 SEE: free up to xx MeV.cm2/mg (TBC) 

• Temp range operation (Ta = −40°C to 

+120°C) 

• Qualified for Space Enhanced Plastic (SEP) 

• ITAR free 

• Package: QFN48L 9x9x0.75mm 
 

Electrical Performance 
 

Input Voltage 4V to 60V 

Maximum Output Current 
(integrated MOSFET) 

4A 

Quiescent Current <2mA (Typ.) 

Shut Down Current < 0.2 mA 

 
 
Radiation Performance (Cyclotron Verified) 
 

  TID 75 krad (Si) 

  LET xx MeV-cm2/mg (TBC) 

 (TBC: To be confirmed after testing)
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Ordering Information (Tentative Part code) 
 

Part No. Description Grade Form Factor Size 

ZES744LCLGQ-EP ZES744 LCL 60V 4A Ground Model GM QFN48L 9mm x 9mm 

ZES744LCLFQ-EP ZES744 LCL 60V 4A Flight Model FM QFN48L 9mm x 9mm 

ZES744LCLGEV-EP ZES744 LCL 60V 4A Evaluation Board Eval. Kit Evaluation Board 11cm x 11cm 

 

For price, delivery, and ordering information please contact sales@zero-errorsystems.com  

 

*  These units are intended for engineering evaluation only. These units are not suitable for qualification, production, 

radiation testing or flight use. Parts are not warranted for performance over the full specified temperature range of –40°C 

to 120°C or operating life. 

 

 

 

1. ZES744LCL Functional Block Diagram 

(On Chip or Off Chip)
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2. Typical Application Circuit  

2.1. LCL Configuration (Latch mode, 5V < VCC ≤ 60V) 
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2.2. RLCL Configuration (Re-Triggerable mode, 5V < VCC ≤ 60V) 
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2.3. LCL Configuration (Latch mode, 4V ≤ VCC ≤ 5V) 
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2.4. RLCL Configuration (Re-Triggerable mode, 4V ≤ VCC ≤ 5V) 
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2.5. RLCL Configuration (Re-Triggerable mode, with off-chip MOSFET) 
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3. Recommended Resistor and Capacitor (RC) values  

Recommended RC Values for LCL (VCC = 60V) 

Symbol Class 0.5 Class 1 Class 2 Class 4B 

RH 1.2KΩ 

RU1 20KΩ 

RU2 510KΩ 

CVDD1 220nF 

CVDD2 220nF 

RON1 1.1MΩ 

RON2 100KΩ 

CON2 1μF 

CON 1.68μF 1.68μF 1μF 0.356μF 

COFF 10μF (Re-triggerable)/ Short (Latched) 

RG 30KΩ 

RTM 42.2KΩ 

RSTS 4.99KΩ 

RCS 4.99KΩ 

CTM 2.2nF 

CSTS 2.2nF 

CCS 2.2nF 

RTMS 1KΩ 

RS 160mΩ 80mΩ 40mΩ 21mΩ 

CS 0.47μF 
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4. Pin Configuration  

4.1. Preliminary Pin Configurations (QFN48L: 9mm x 9mm Top View) 
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4.2. Pin Description Table 

Table 1. Pin description 

Pin Name Type Description 

1 to 4, 43 to 48 VIN Power input Power input of the on-chip power transistor. 

5 ISNSM Analog input 
Inverting input of the op-amp current limitation loop. The pin is 
tied directly to the hot (negative) end of the external current 
sense resistor. Never leave this pin floating. 

6 ISNSP Analog input 
Non-inverting input of the op-amp current limitation loop. The 
pin is tied directly to the hot (positive) end of the external 
current sense resistor. Never leave this pin floating. 

7 VG_IN Analog input Gate of the on-chip power transistor. 

8 VG_SRE Analog output Slew rate enhancement (SRE) for the power transistor. 

9 VG_OUT Analog output Gate drive output for the off-chip power transistor.  

10 TMSM Analog input Inverting input of the telemetry circuit. 

11 TMSP Analog input Non-inverting input of the telemetry circuit. 

12 VTM Analog output 
Output source current for the analog telemetry. A resistor must 
be connected between this pin and the true ground. 

13, 23, 24, EP VSSL Power supply True ground. 

14 VDDH Power supply Supply input voltage. 

15 CDIS Digital input 
Configuration pin. If connected to VDDH, the embedded 
counter is disabled. 

16 HYS Analog output 
External setting of the under-voltage protection block 
hysteresis. A resistor has to be connected between the supply 
voltage and this pin. 

17 UVP Analog input 
External setting of the under-voltage protection block turn-on 
threshold. The pin must be tied to the mid-point of a resistor 
divider that senses the supply voltage vs. the true ground. 

18 VZL Power supply 
Floating ground. Connected to the true ground through a 
decoupling resistor to operate in the floating ground 
configuration. 

19 VSSH Analog output 
Internal circuits dc ground. Zero-voltage reference for all 
internal circuits. 

20 VSSH_SW Analog output Internal circuits switching ground.  

21 TC_ON Digital input 
Telecommand interface input for on pulsed signal. Global 
enable and disable. 

22 TC_OFF Digital input 
Telecommand interface input for off pulsed signal. Conditional 
reset and restart. 

25 VCS Digital output 
Telemetry digital status for the 4-bit counter state. A resistor 
must be connected between this pin and the *VDDL. 

26 VSTS Digital output 
Telemetry digital status for the tripped state. A resistor must be 
connected between this pin and the *VDDL. 

27 TOFF Analog output 

Used to set the tripped time. This pin has a double 
functionality. If the COFF capacitor is connected between this 
pin and VSSH, it sets the tripped time value in the RLCL. If the 
pin is shorted to VSSH, the device is configured in LCL mode.  

28 TON  Analog output 
Used to set the trip-off time. A capacitor CON is connected 
between this pin and VSSH_SW. 

29 EN_TSD Digital input 
Configuration pin. If connected to VDDH, the thermal 
shutdown (TSD) block is enabled.  

30 VTR3 Digital input Trimming code 3 for the sensing voltage (100mV). 

31 VTR2 Digital input Trimming code 2 for the sensing voltage (100mV). 

32 VTR1 Digital input Trimming code 1 for the sensing voltage (100mV). 

33 to 42 VOUT Power output Power output of the on-chip power transistor. 

 *VDDL is from downstream load, e.g., FPGA voltage supply.  
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5. LCL Input Telecommands Scheme (Latch mode) 

TC_ON/TC_OFF TC_ON = 0 *TC_ON = 1 

TC_OFF = 0 OFF ON 

TC_OFF = 1 OFF 

When LCL is not tripped, TC_OFF = 1 is blocked. 
 
When LCL is tripped, TC_OFF = 1 will reset all 

internal latches and keeps LCL in tripped state 

and later when switch TC_OFF = 0 will release LCL 

from trip and turn on VOUT. 

 

*Note: In Latch mode, when TC_ON = 1, set CDS = VDDH (Vcc), otherwise TC_OFF will be blocked. 

 

5.1. LCL Input Telecommands Timing diagram (Latch mode) 
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6. RLCL Input Telecommands Scheme (Re-Triggerable mode) 

TC_ON/TC_OFF TC_ON = 0 **TC_ON = 1 

TC_OFF = 0 OFF ON 

TC_OFF = 1 OFF 

When LCL is not tripped or counter counts < 8 times, 

TC_OFF = 1 is blocked. 

When LCL is tripped and counter counts ≥ 8 times, 

TC_OFF = 1 will resets all internal latches and keeps 

LCL in tripped state and stops the retriggering. If later 

switch TC_OFF = 0 will release LCL from trip and turn 

on VOUT. 

 

**Note: In Re-Triggerable, when TC_ON=1, set CDS = VSSH (floating ground), otherwise Counter status 

invalid. 

 

6.1. RLCL Input Telecommands Timing diagram (Re-Triggerable mode) 
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7. Specifications and Functions 

7.1. Retrigger Functionality 

ZES744LCL initiates a Re-trigger Interval when it detects an over-current and the over-current has to last 

longer than customize Ttrip-off time interval.  

Re-triggerable LCL (RLCL) retriggering can be stopped (RLCL remains off) by external ground-based 

command (TC_OFF) if all the two following conditions are true:  

- The counter status pin VCS goes to low. (The counter status pin VCS is clamped to ground when 

the counter counts 8 times or above of retriggering event, otherwise counter status pin is high.)  

- RLCL is in trip state. 

 

7.2. Customizable Settings 

ZES744LCL initiates a trip-off Time: 0.5ms – 300ms (minimum trip-off time of 0.5ms to satisfy the HLCL 

requirements), the Ttrip-off can be approximated by the “trip-off” time duration by the following equation.  

𝑇𝑡𝑟𝑖𝑝−𝑜𝑓𝑓 ≅ 𝑇𝑂𝑁 ≈ 12.6 × 103  ×  𝐶𝑂𝑁     𝑠𝑒𝑐          

where CON is the capacitor connected to TON pin. 

 

In typical application, the Ttripped (at Room temp 25degC) can be approximated by the “tripped” time duration 

by the following equation.  

𝑇𝑡𝑟𝑖𝑝𝑝𝑒𝑑 ≅ 𝑇𝑂𝐹𝐹 ≈ 2.75 × 106  ×  𝐶𝑂𝐹𝐹      𝑠𝑒𝑐          

where COFF is the capacitor connected to TOFF pin. 

 

Limitation (Trip-off) Current that is specified in ECSS-E-ST-20-20C for the following LCL classes: 0.5, 1, 2, 4B.  

RLCL classes: 0.5, 1, 2, 4B.   

 

Limitation (Trip-off) Current is defined by RS with the following equation,  

𝐼𝑙𝑖𝑚𝑖𝑡𝑎𝑡𝑖𝑜𝑛 (𝑇𝑟𝑖𝑝−𝑜𝑓𝑓) =
100×10−3 𝑉

𝑅𝑆
  𝐴         
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For the operating voltage VCC
 > 6.6V, the embedded Zener clamp is turned on with the floating ground resistor 

RG. RG
 is defined with the following equation, where ICC is the total current consumption can be set by user. 

The recommended value of ICC is 2mA.  

𝑅𝐺 =
𝑉𝐶𝐶 − 6.2

𝐼𝐶𝐶
     𝛺 

Note: ICC must be greater than 1.5mA.   

For operating voltage of 5V < VCC ≤ 6.6V, RG is set to 200Ω and for operating voltage of 4V ≤ VCC
 ≤ 5V, just 

set RG to zero ohm.  

 

When RG is fixed, VCC has a lower limit of VCC_min, as shown in the following equation. This equation defines 

the minimum VCC value that guarantees the normal operation, especially when VCC is unregulated.  

𝑉𝐶𝐶_𝑚𝑖𝑛 = 𝑅𝐺 ∗ 1.5𝑚 + 6.2    𝑉 

 

Moreover, the under-voltage lockout (UVLO) turn-on threshold voltage (VTH) should be greater than VCC_min
.  

An under-voltage protection (UVP) circuit protects the device from an incorrect bias condition. The setting of 

the disconnection and reconnected thresholds (turn-off and turn-on) is performed by means of the RH-RU1-

RU2 external divider connected between VCC and MGND. Hysteresis is implemented in order to avoid 

undesired oscillations caused by bus voltage transients. RH, RU1 and RU2 can be chosen using the following 

equations, 

𝑉𝑇𝐻 = 1.8 ×
𝑅𝑈1 + 𝑅𝑈2

𝑅𝑈1
     𝛺 

 

𝑉𝐻𝑌𝑆 = 𝑉𝑇𝐻 − 1.8 ×
𝑅𝑈1 + 𝑅𝑈2 + 𝑅𝐻

𝑅𝑈1 + 𝑅𝐻
     𝛺 

where VTH is the under-voltage lockout turn-on threshold while VHYS is the undervoltage lockout hysteresis.  

 

 

The telemetry circuit gives information about the current across the load. This circuit provides on the pin VTM 

a source current whose value is proportional to the current flowing from the bus supply line to the load. VTM is 

the voltage drop on the external resistor RTM, which reflects the linear conversion of load current (ILOAD) to 

voltage (VTM).  

 

𝑉𝑇𝑀 =
𝑅𝑇𝑀 × 𝐼𝐿𝑂𝐴𝐷 × 𝑅𝑆

𝑅𝑇𝑀𝑆
   𝑉 
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7.3. Telecommand Interface (3.3V/ 5V) 

- LCL On command TC_ON pin, level trigger; Active high for both LCL and RLCL; Global enable and 

disable. 

 

- LCL Off command/ reset TC_OFF pin, level trigger; Active high for both LCL and RLCL; 

Conditional reset and restart (see “Retrigger Functionality”). 

 

7.4. Telemetry Interface 

ZES744LCL has an On-Board Telemetry Sensors 

Current (5% at Class Current) (Analog Output) 

 

Tripped state status: 

When the LCL is off or in the tripped state, VSTS is high as logic “1”; Otherwise, VSTS is low as 

logic “0”. 

Tripped state: If the trip off time criteria is met, the LCL/RLCL is turned off. This off-state of the 

LCL/RLCL is referred to as tripped state. 

 

Retrigger counter status: 

For RLCL, when the retriggering event counter counts 8 times or above, VCS is low as logic “0”; 

Otherwise, the output voltage is high as logic “1”. 

For LCL, the output voltage keeps low as logic “0”. 
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8. Latch, Trip and Re-Triggerable waveforms 

TA = 25oC, VCC = 60V, RG = 30kΩ, unless otherwise specified. 

8.1. Class 4B, 60V 

Latch     Trip     Re-Triggerable   

       

 

8.2. Class 4B, 37V 

Latch     Trip     Re-Triggerable 

       

 

8.3. Class 2, 37V 

Latch     Trip     Re-Triggerable 

       

 

8.4. Class 1, 10V 

Latch     Trip     Re-Triggerable 
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9. Repetitive Load waveform (Class 4B, 60V) 

TA = 25oC, VCC = 60V, RG = 30kΩ, RS = 20mΩ, unless otherwise specified. 

    

 

10. Fast transient response (low IL peak) with 300uH loading inductance waveform 
(Class 4B, 60V) 

with Slew Rate Enhancement (SRE)     without Slew Rate Enhancement (SRE)  

    

 

11. VTM vs Load current chart  

TA = 25oC, VCC = 37V, RG = 15.5kΩ, unless otherwise specified. 
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12. Electrical characteristics 

Table 2. Electrical characteristics 

TA = -40oC to 120oC, VCC = 60V, RG = 30kΩ, RS = 21mΩ, RLCL configuration, unless otherwise specified. 

Symbol Parameter Test conditions Min. Typ. Max.  Unit 

VCC 
System operating 
supply voltage 

 4  60 V 

VZ 
Vcc vs. VZL internal 
clamp voltage 

VZ = VCC -VZL  5.8 6.2 V 

ICCON 
Supply current, on-
state 

VCC = 5V, VZL = MGND   2 mA 

ICCOFF 
Supply current, off-
state 

VCC = 5V, VZL = MGND   200 μA 

VTH 
Undervoltage lockout 
turn-on threshold RH=1.2kΩ, RU1=20kΩ, 

RU2=510kΩ 

 48  V 

VHYS 
Undervoltage lockout 
hysteresis 

 2.4  V 

VLIM 
Current limitation 
sense voltage 
threshold  

  100  mV 

RDSon 
Power transistor on-
resistance 

   100 mΩ 

VgsON 
Gate voltage range, 
on state 

  4.5  V 

VgsOFF 
Gate voltage range, 
off state 

  0  V 

TON Trip-off time 
CON = 0.356μF 

(TON = 12.6K x CON) 
  4.5 ms 

TOFF Recovery time 
COFF = 10.57μF 

(TOFF = 2.75M x COFF) 
 29  s 

TDELAY01 
Delay time (from 
TC_ON enable to 
VLOAD = 0 to 10%) 

TC_ON and TC_OFF 
are controlled by 
telecommands,       

ILOAD = 1A 

 0.22  

ms 

TRISE 
Rise time (VLOAD from 
10% to 90%) 

 2.40  

TFALL 
Fall time (VLOAD from 
10% to 90%) 

 32.10  

TDELAY02 
Delay time (from 
TC_OFF restart to 
VLOAD = 0 to 10%) 

 0.22  

VTC_ON 

VTC_OFF 
Telecommand input 
voltage turn-on/off 

  1.1  V 

Tpulse 
Telecommand 
minimum pulse time 

  68  μs 
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13. Maximum Ratings 

Absolute maximum ratings are limits beyond which damage to the device may occur. Exposure to absolute 

rating conditions for extended periods may affect device reliability. Functional operation of the device at 

these conditions is not implied.   

Table 3 Absolute maximum ratings 

Parameter Min Max Unit 

Storage temperature TSTG −55 +150 ℃ 

Operating Junction Temperature TJ  TBC ℃ 

Thermal resistance junction-case  TBC ℃/W 

 

 

 

14.  ESD Ratings 

Parameter Test Conditions Value Unit 

ESD Susceptibility  
 

Human Body Model  TBD V 

Charge Device Model TBD V 

Machine Model TBD V 
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15. Package Information 

15.1. Package Outline (QFN48L 9mm x 9mm)  
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16. Soldering Reflow Profiles 

 

 

 

Reflow Profiles (per Jedec J-STD-020D.1)
Profile Feature Pb-free Assembly

Preheat/Soak

Temperature Min (Tsmin) 150˚C

Temperature Max (Tsmax) 200˚C

Time (ts) from (Tsmin to Tsmax) 60-120 seconds

Ramp-up rate (TL to Tp) 3˚C/second max.

Liquidous temperature (TL) 217˚C

Time(tL) maintained above TL 60-150 seconds

Peak package body temperature (Tp)

For users Tp must not exceed the Classification temp in Table 

4-2. For suppliers Tp must equal or exceed the Classification 

temp in Table 4-2.

Time (tp)* within 5˚C of the specified classification 

temperature (Tc), see Figure 5-1. 30* seconds

Ramp-down rate (Tp to TL) 6˚C/second max.

Time 25˚C to peak temperature 8 minutes max.

* Tolerance for the peak profile temperature (Tp) is defined as a supplier minimum and a user maximum.
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17. Revision History 

Version No. Notes Date 

V0.0.1 Preliminary version 9th Oct. 2025 

V0.0.2 Included TID test result 26th Feb. 2026 
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18. DISCLAIMER AND TERM OF USE 

ZES PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING, BUT NOT LIMITED TO, 
DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE DESIGNS), APPLICATION GUIDANCE, 
AND OTHER RELATED MATERIALS (COLLECTIVELY, THE “RESOURCES”) ON AN “AS IS” BASIS, WITH 
ALL FAULTS. ZES EXPRESSLY DISCLAIMS ALL WARRANTIES, WHETHER EXPRESS, IMPLIED, 
STATUTORY, OR OTHERWISE, INCLUDING WITHOUT LIMITATION ANY IMPLIED WARRANTIES OF 
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF THIRD-
PARTY INTELLECTUAL PROPERTY RIGHTS. 

The Resources are intended solely for use by experienced and qualified developers engaged in the design 
and development of products incorporating ZES components. It is the sole responsibility of the user 
(“Customer”) to: 

1. Appropriately select ZES products suitable for their specific application; 
2. Design, validate, and test their application; and 
3. Ensure compliance with all applicable standards, regulatory requirements, and safety 

or security obligations. 

ZES reserves the right to modify or discontinue the Resources at any time without notice. ZES grants Customer 
a limited, non-exclusive, non-transferable license to use the Resources solely for the development of 
applications that incorporate the ZES products referenced therein. Any reproduction, redistribution, or public 
display of the Resources beyond this limited use is strictly prohibited. No license, whether express or implied, 
is granted under any ZES intellectual property right or any third-party intellectual property right. 

ZES assumes no liability for the use of the Resources, and Customer agrees to indemnify, defend, and hold 
harmless ZES and its affiliates, officers, directors, employees, and agents from and against any and all claims, 
damages, losses, costs, and liabilities arising from or related to such use. 

ZES products are made available subject to ZES’ then-current Terms of Sale or other applicable terms, which 
are available at zero-errorsystems.com or may be provided in connection with the relevant products. The 
provision of Resources does not alter or extend any warranties or disclaimers applicable to ZES products. ZES 
expressly objects to and rejects any additional or inconsistent terms proposed by Customer. 

 

Copyright © 2026, Zero-Error Systems Pte. Ltd 
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