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Application note

Interaction of L99SP08 with single and dual channel hybrid eFuses

Introduction

This application note describes the functionality of standby-ON mode enabled by the interaction between the L99SP08 and the
VNF9D1M5Q, but the same description can be extended to the listed hybrid STi2Fuse products:

. VNF9D1M2Q (2-channel high-side drivers with Rgn = 1.2 mQ)
. VNF9D1M5Q (2-channel high-side drivers with Ry = 1.5 mQ)
. VNF9D3Q (2-channel high-side drivers with Ry, = 3.0 mQ)

The L99SP08 is an 8-channel high-side driver designed to operate in combination with the STi?Fuse product family.

The hybrid STi?Fuse products are single and dual channel high-side drivers for power distribution applications. They embed the
ST proprietary It functionality, which features intelligent circuit breaking to protect PCB traces, connectors, and wire harnesses
from overheating, without impacting load transients such as inrush currents and capacitance charging. Normally, these STi?Fuse
products maintain the load connection to the battery during high current demand states of the application.

The standby-ON functionality aims to set the L99SP08 and STi*Fuse products to a very low power consumption state, matching
the low current requirements of the applications in specific cases, such as parking mode.

In fact, in low current demand states, the L99SP08 can control the loads, and the standby-ON function ensures a very low
quiescent current from the battery.
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For further information, contact your local STMicroelectronics sales office.
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1 General application schematic

Figure 1. General application schematic
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In the figure above it is described the typical application schematic of one VNFOD1M5Q connected to one
L99SPO08, considering that the L99SP08 is an octal channels, so it can drive up to four VNF9D1M5Q.

The two devices are put in parallel between the Vgt and OUTy, note that on the battery line of L99SP08 a diode
has to be placed to sustain the application condition of reverse battery.

The interaction between the two devices is handled through ENy pins on L99SP08 side, which have to be
connected to DIy of VNF9D1M5Q.

The ENy pin is raised up if a fault occurs in the relative channel of L99SP08 thus the VNFOD1M5Q goes on, when
the DIy is raised up, it goes out from standby state moving to failsafe and switching ON the internal N-channel
MOS; moreover, the ENy pin could be driven also through RAM registers.

Both devices implement the SPI communication interface and the possibility to be driven in limp home mode
through LH pins.
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2 Application schematic of a test bench used to evaluate the cross-
talking between L99SP08 and VNF9D1M5Q

The application circuit used for this trial involves only one channel, so ENg of L99SP08 is connected to DIy of
VNF9D1M5Q, while the load includes: one capacitor, one resistor put in series to a switch used to connect the
resistor on demand. Here below the application schematic:

Figure 2. Typical application circuit to weak-up the VNFOID1M5Q
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For this test bench the signal probed was:

V¢ of L99SPO08 (yellow probe).

ENg of L99SP08 — Dlg of VNF9D1M5Q (orange probe).

Vouto output of the load (grey probe).

Current flowing through the L99SP08 (purple probe).

Current flowing on the ground line which shows the current of the system (red probe).
The figure below shows how the probes are placed.

Figure 3. Probing of application circuit to weak-up the VNFOD1M5Q
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3.1
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The test bench to analyze the interaction between the L99SP08 (P-channel path) and VNFOD1M5Q (main eFuse
FET) is composed of the following steps:

1. Analysis of current from the whole system in standby-ON condition.
2. Wake-up of VNFOD1M5Q from standby-ON through L99SP08.

Analysis of current from the whole system in standby ON condition

The main purpose of companion mode (L99SP08 + VNF9D1M5Q) is to minimize the quiescent current in standby
mode. The aim of this test is to check the current consumption from battery in standby state in both conditions:
channels ON and channels OFF.

The total amount of current consumption from battery is ~26 pA with channel OFF, while if the P-channel is
switched ON ~2 pA has to be added to the previous current, leading it to ~28 yA. The 2 pA is a leakage current
on Vout pin of VNF9D1M5Q.

Switching ON all the 8 channels of L99SP08 the total amount of current becomes 26 pA (L99SP08 current) + 2
MA * 8 channels of VNFOD1M5Q, leading to 42 pA. It means that the current per channel in standby-ON condition
with 8 channels ON is ~5 pA.

Figure 4. Current path of current consumption in companion mode standby ON state
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3.2 Wake-up of VNFID1M5Q from standby ON through L99SP08

Figure 5. Application circuitry used for wake up VNFO9D1M5Q from standby ON
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Application circuitry setup:

R oap: 2.5 Q, CLoap: 10 mF , Vpgi: 13V

This test is performed to analyze the behaviour of the companion mode.

The steps performed in this test to evaluate the wake up of VNF9D1M5Q through L99SP08 are:

L99SP08 standby channel OFF — VNF9D1M5Q standby.

L99SP08 standby channel OFF — VNF9D1M5Q normal mode CCM.

L99SP08 normal mode channel ON — VNF9D1M5Q normal mode channel ON.

L99SP08 normal mode channel ON — VNF9D1M5Q normal mode channel OFF.

L99SP08 standby channel ON — VNF9D1M5Q standby.

6. L99SP08 wakes-up VNFOD1M5Q through lpeak-

The steps from 1 to 5 are the steps needed to prepare the standby-ON: starting from the condition with both
devices in standby and load discharged (step 1), moving to wake up the VNF9D1M5Q and charging the
capacitive load through the function of capacitive charging mode (step 2), then the channel of L99SP08 is
switched ON thus both channels concur to feed the load (step 3), therefore now the device is ready to go in

standby-ON condition by switching off the channel of VNFOD1M5Q (step 4) and moving both devices in standby
state (step 5).

O R~ 0N =
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Figure 6.
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In the step 6 the L99SP08 goes out from its standby-ON condition automatically following the state diagram
described in the figure below. In this test the transitions marked in red are performed starting from standby-ON

low consumption to go to failsafe with ENx high to

wake up the VNFOD1M5Q.
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Figure 8. L99SP08 standby-ON exit strategy
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The figure below describes the last step of our evaluation, it is further divided into 4 “regions”:

The first region describes the condition of the devices in the step 5, where both devices are in standby, and no
current is required from the load.

Thus, the closing of switch SW (see Figure 5) is the start of the second region, it emulates a current required from
the load, the L99SPO08 starts to give the current following the equation:

loyt_L99spos = AVps/Ron_stanppy -

Where Ron_sTanpsy is 13 Q typical, and AVpg is:

A VDS = VCCnggpog - VLOAD
The VL oap is the voltage across the capacitor, which in this region is sustaining the current required by the load
decreasing its energy and consequently its voltage:
Ioap*At

Croap
So, after a certain time, the loyt L 99spog Overcomes the threshold Istgyon TH_H (45 mA typical) and moves to
standby-ON mid consumption state (see figure above) changing the Rdsgy of L99SP08 channel to 1 Q typical.
Now the test is in the third region, where the L99SP08 is woken up as soon as the current overcomes the ltyr
threshold (configured to 400 mA for this test), the L99SP08 wake-up is the time where V3V3 pin goes to 3.3V . In
the meantime, the current on L99SP08 is going to increase when reaching the Ipgak.
When Ipeak is reached the L99SP08 switches off the channel, rising the respectively EN pin and switching on the
VNF9D1M5Q, which switches on its N-MOS supplying the load current required.

AVioap =
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Wake-up of VNFOD1M5Q through Ipeak on L99SP08

L99SP08 3V3 Vreg :
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4 Test bench to analyze the voltage output dropping and the time
from L99SPO08 overcurrent detection to VNFOID1M5Q wake-up

The purpose of this analysis is to understand the time window from the L99SP08 overcurrent detection to the
VNF9D1M5Q channel switched ON. If the overcurrent event generates an Ipeak flag, the L99SP08 turns off its

channel for safety reasons so, during this event time window, the load is not supplied by either the L99SP08 or
VNF9D1M5Q until it is woken-up. Thus, the load is supplied only by the load capacitor which discharges through
the load generating a voltage dropping.

The schematic used for this test was described in Section 2.
The setup for this analysis is:

Table 1. Test setup

Parameter Value

Setup Vce 13.5V —-lLoap
#1 CLoap 0mF

#2 CLoaD 0.22mF
#3 CLoaD 0.47 mF
#4 CLoaD 1mF

The steps to perform the test are the following:

L99SP08 standby channel OFF — VNF9D1M5Q standby

L99SP08 standby channel OFF — VNF9D1M5Q normal mode CCM

L99SP08 normal mode channel ON — VNF9D1M5Q normal mode channel ON
L99SP08 normal mode channel ON — VNF9D1M5Q normal mode channel OFF
L99SPO08 standby channel ON — VNF9D1M5Q standby

L99SP08 wakes-up VNFOD1MS5Q through lpeak

R
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4.1 Test #1 CLOAD 0 mF

Test 1 was performed without load capacitor, the expectation was that after the L99SP08 Ipeak recognition, the
output voltage decreases suddenly to ground.

Figure 10. Test #1 C_oap 0 mF

No Load — VNFSD1M5Q & VNFID VNFID1M5Q takes control of output cument
L995P0B in standby 1M5Q
reaction
time

s P Tngger @1

V3V3_L99SP08 |
S b

Fi (VLDAD-Y.

The outcomes of the trial are:
. Reaction time: ~60 ys (see Figure 11)
. Output voltage drop: 13.5 V (see Figure 12)
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Test #1 reaction time
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Test #2 CLOAD 0.22 mF

Test 2 was performed with 220 yF as output capacitor.
The outcomes of the trial are:

. Reaction time: ~93 us (see Figure 13)

. Output voltage drop: 5.1 V (see Figure 14)

Test #2 reaction time
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Test #3 CLOAD 0.47 mF

Test 3 was performed with 470 yF as output capacitor.
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The outcomes of the trial are:
. Reaction time: ~145 ps (see Figure 15)
. Output voltage drop: 4.1 V (see Figure 16)

Test #3 reaction time
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Test #4 CLOAD 1mF

Test 4 was performed with 1 mF as output capacitor.
The outcomes of the trial are:
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. Reaction time: ~169 us (see Figure 17)
. Output voltage drop: 2.7 V (see Figure 18)

Test #4 reaction time
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Outcomes
The following table summarizes all the test results.

Setup Vee: 13.5V — I oap 13 A Load voltage drop

#1 CLoap: 0 mF 60 us 135V
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Setup Vgg: 13.5V -l oap 13 A Load voltage drop

#2 CLoap: 0.22 mF 93 us 51V
#3 CLoap: 0.47 mF 145 ps 41V
#4 CLoap: 1 mF 169 ps 27V
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IMPORTANT NOTICE — READ CAREFULLY

STMicroelectronics NV and its subsidiaries (“ST”) reserve the right to make changes, corrections, enhancements, modifications, and improvements to ST
products and/or to this document at any time without notice.

In the event of any conflict between the provisions of this document and the provisions of any contractual arrangement in force between the purchasers and
ST, the provisions of such contractual arrangement shall prevail.

The purchasers should obtain the latest relevant information on ST products before placing orders. ST products are sold pursuant to ST’s terms and
conditions of sale in place at the time of order acknowledgment.

The purchasers are solely responsible for the choice, selection, and use of ST products and ST assumes no liability for application assistance or the design of
the purchasers’ products.

No license, express or implied, to any intellectual property right is granted by ST herein.
Resale of ST products with provisions different from the information set forth herein shall void any warranty granted by ST for such product.

If the purchasers identify an ST product that meets their functional and performance requirements but that is not designated for the purchasers' market
segment, the purchasers shall contact ST for more information.

ST and the ST logo are trademarks of ST. For additional information about ST trademarks, refer to www.st.com/trademarks. All other product or service names
are the property of their respective owners.

Information in this document supersedes and replaces information previously supplied in any prior versions of this document.

© 2026 STMicroelectronics — All rights reserved
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