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40V, 1000mQ, Quad-Channel Smart High-Side Switch

FEATURES

Automotive AEC-Q100 Grade 1 qualified

Automotive AEC-Q100-012 Grade A qualified

Wide Vin Range: 4V to 40V

Quad-Channel, 1000mQ

Individual EN Control for Each Channel

Individual Diagnostics Output for Each Channel

(Version A)

Accuracy Current Sense (Version B)

Adjustable Current Limit

Robust Protection

—  Output Short to GND Protection

—  Over Current Protection

—  Thermal Shutdown

— Inductive load Negative Voltage Clamp

Full Diagnostics

—  Open Load Detection

—  Output Short to Battery Detection

— Overcurrent and Output Short to GND
Detection

Operating Junction Temperature -40°C to 150°C

Thermally Enhanced TSSOP-EP20

APPLICATIONS

Multichannel LED Drivers

Multichannel High-Side Switches for Automotive
Electronic Module

Multichannel Relay, Solenoid Drivers

General Resistance, Capacitance, and Inductance
Load Switch

General High-Side Switches for Power Module

3 DESCRIPTION

LNQ37000Q1 is a Quad-Channel smart high-side switch
with four integrated 1000mQ power MOSFETs. The
device has full protection functions, including an external
adjustable current limit, output short circuit protection,
latching off or automatic restart over temperature
protection and inductive load negative voltage clamp.

LNQ37000Q1 has full detection and diagnostics functions
such as over current, output short to GND, open load,
LNQ37000AQ1 has
individual diagnostics and fault report output for each
channel. LNQ37000BQ1 has global fault report output for
four channels, and it also integrated accurate current

and output short to battery.

sense mirror to output the current information of the
selected channel. With this current sense feature, the
system can distinguish the specific fault channel by
selecting SEL and SEH pin.

LNQ37000BQ1 Typical Application Diagram

 —

LNQ37000BQ1

MCU
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4 REVISION HISTORY
Version Change Description Date
1.0 Initial Version 2022/12/30
5 PRODUCT INFORMATION
Part Number IC Package MSL Peak-Temp Y | Material Package Package Qty | Top Marking @
LNQ37000AQ1ALR TSSOP-EP20 Level-3-260C RoHS Tape & Reel 3000 Q37000A
LNQ37000BQ1ALR TSSOP-EP20 Level-3-260C RoHS Tape & Reel 3000 Q37000B

(1) MSL (Moisture Sensitivity Level) is based on JEDEC industrial classification, and the tabled temperature is the

maximum solder temperature.

(2) There may be additional marking relates to the lot number or date code on the device.
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6 PIN CONFIGURATION AND FUNCTION

6.1 Pin Configuration

6.1.1 LNQ37000AQ1 Pin Configuration

LNQ37000AQ1 TSSOP-EP20 Top View
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6.1.2 LNQ37000BQ1 Pin Configuration
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6.2 Pin Functions

PIN Number
Name Type Description
LNQ37000 | LNQ37000
AQl BQ1
EN1 1 1 Signal Enable pin for CH1, internal pulldown.
EN2 2 2 Signal | Enable pin for CH2, internal pulldown.
EN3 3 3 Signal | Enable pin for CH3, internal pulldown.
EN4 4 4 Signal Enable pin for CH4, internal pulldown.
ST1 5 - Signal | Diagnostic output for CH1 (open drain), low level for fault.
ST2 6 - Signal | Diagnostic output for CH2 (open drain), low level for fault.
ST3 7 - Signal | Diagnostic output for CH3 (open drain), low level for fault.
ST4 8 - Signal | Diagnostic output for CH4 (open drain), low level for fault.
SEH - 5 Signal | CS channel-selection high bit, internal pulldown.
SEL - 6 Signal | CS channel-selection low bit, internal pulldown.
FAULT i 7 Signal Global fault report (open drain), low level output for any
channel fault.
Current-sense output, sense channel is selected by SEL and
Cs - 8 Signal | SEH. Recommended to connect a capacitor >1nF to the
ground.
CL 9 9 Signal | Connect a resistor to device GND to adjust current limit.
GND 10 10 Ground | Device GND
DIAG_EN 1 1 signal Enable p.m for dllagnostllcs, internal pulldown. High level to
enable diagnostics function.
Over temperature protection mode control, internal
THER 12 12 Signal | pulldown. Latch off when THER=H, auto restart when
THER=L.
NC 13,14 13,14 - No internal connection.
ouT4 15 15 Power | CH4 output.
OouT3 16 16 Power | CH3 output.
Power supply, connect a 4.7uF ceramic capacitor and a
VS 17,18 17,18 Power 0.1uF decoupling capacitor to GND is recommended.
ouT2 19 19 Power | CH2 output.
ouT1 20 20 Power | CH1 output.
Thermal Pad Connect to device GND is recommended.
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7 SPECIFICATIONS

7.1 Absolute Maximum Ratings

Parameters Min Max Unit
VS to GND -0.3 42
ENx, STx, CL, CS, SEH, SEL, DIAG_EN, FAULT, THER to 03 6 v
GND '
Current on ENx, DIAG_EN, SEL, and THER pins® -10 -
mA

Current on STx or FAULT pins® -30 10
Inductive load switch-off energy dissipation, single

. 3) - 23 mJ
pulse, single channel
Operating Ambient Temperature -40 125
Junction Temperature -40 150 °’C
Storage Temperature -55 150

(1) Exceeding these absolute-maximum-ratings may damage the device.
(2) Value specified by design, not subject to production test.

(3) Test condition: Vys=13.5V, L=300mH, T,(initial)=150°C. Test on LNQ37000AQ1 EVM, FR4 4 layers board, 2x70um Cu,

2x17.5um Cu, 250mm? thermal pad copper area.

7.2 ESD Ratings

Parameters Min Max Unit
HBM Human Body Model +4000

Vv
CDM Charge Device Model 1750

7.3 Recommended Operating Condition

Parameters Min Max Unit
'S 4 40

ENx, STx, CL, CS, SEH, SEL, DIAG_EN, FAULT, THER 0 5.5 v
Nominal DC load current 0 0.75 A
Operating Ambient Temperature -40 125

Junction Temperature -40 150 °C
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7.4 Package Thermal Parameters
Parameter (! TSSOP-EP20 Units
Rea Junction-to-Ambient Thermal Resistance 39.3 °‘C/W
Yy Junction-to-Top Characterization Parameter 3 ‘C/W

(1) Measurements are based on standard 2s2p PCB defined in JESD 51-7 2s2p, under no wind, 2W loss, and 25 °C

ambient temperature.
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7.5 Electrical Characteristics

Unless otherwise stated, the minimum and maximum limits apply over the input voltage range of 4V<VS<40V, operating

junction temperature range of -40°C- 150°C Typical values are measured at 25°C and represent the most likely norm. The

default conditions apply: lciext_set) = 0.5A.

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS
Input Supply
Vvs Operating Input Voltage Range 4 40 \Y
Vvs(uvRr) VCC UVLO rising 35 3.7 3.9 \
Vvs(uvF) VCC UVLO falling 3.1 3.3 3.5 Y
Vvs(uvh) VCC UVLO hysteresis 0.4 Y
. Venx = 5V, Voiag_en= 0V, lourx= 1mA,
la Normal operating Current Current limit = 0.5A 2.45 3.5 mA
Venx = Voutx= Vbiag_en= Ves= Vo= 3 3
THER=0V, T;=25 °C
loff Standby Current ! HA
Venx = Voutx= Vbiag_en= Ves= Vo= 7 15
THER=0V, T;= 125 °C
L Standby Current with diagnostic | Vboiac_en=5V, Venx = Voutx= Ves= Vai= 04 3 mA
offldiag) enabled THER=0V, not in open-load mode '
Vys = 13.5V, EN from high to
. . low, if deglitch time > t (off,
toff(deg) Standby mode deglitch time & . ( 9 12.5 16 ms
deg), the device enters into
standby mode.
Output leakage current in
likg(out) P & Vbiac_en=0V, Venx = Vourx= OV 0.5 uA
off-state
Power Switch
Vs 2> 4V, T;=25°C 0.9
Rbs(on) CH1 - CH4 On-state resistance
Vvs 2 4V, T;=150 °C 2
Vbs(cLamp) Vvs to Voutx clamp voltage Vys =13.5V 41 46 52 \Y
Reverse Diode Characteristics
VE-REVERSE Dain-source diode voltage Venx = 0V, loutx =-0.15A 0.5 0.85 1.1 \Y
. t<60s, Venx =0V, T=25°C,
Continuous reverse current
Ir(2) from source to drain® output short to battery, single 1 A
channel reversed
t<60s, Venx =0V, GND pinis
Continuous reverse current connected 1kohm resistor in
lr2) from source to drain® parallel with diode. T;= 25 °C, 1 A
Reverse-polarity condition, all
channels reversed
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Electrical Characteristics (Continued)

Current Limit

Vei(th) External current limit threshold 0.8 Vv
Rei=2200hm, 4V <Vys -Voux< 16V 1 1.6
External current limit threshold
lciext) for CH1 - CH4 Rci=2200hm, 16V < Vys -Voutx < 05 08 A
40V ' '
0.1A < |CL(ext_set) < 0.5A 270
Ket External current limit gain
0.5A 5|CL(ext_set) < 0.9A 280
|. i 2) VVS = 13.5\/, |CL(ext_set) >100 mA -70 70 %
Current limit accuracy, Vis = 13.5V, lcuerisey 2200mA | -45 45 %
AKCL/ KeL (|OUTX —la ><KCL) X 100/ (|CL
XKCL) Vvs = 135V, 05A < |CL(ext_set) < 24 24 %
0.9A
Current Sense (LNQ37000BQ1)
Kecs Current-sense ratio 80
Vvs =13.5V, IOUTx 25 mA -42 42 %
Current-sense accuracy, (lcs
AKcs/ K Vys=13.5V, IOUTx 225 mA -15 15 %
o/ Kes | e IOUTx) x 100 /IOUTX b i
Vys =13.5V, IOUTx 2100 mA -8 8 %
v Linear current-sense voltage | Yvs26.5V 0 3.5 v
cs(lin)
range!! 5V<Vys<6.5V 0 Vis-2.5 v
. Vs 2 6.5V, Ves(ling £ 3.5V 0 0.75 A
| Output-current linear v cstin)
OuUTx(lin) range‘” 5V<VWs<65Y, Vesiiin) £ Vvs — 0 05 A
25V '
v Fault current sense voltage | Vvs 27V, fault mode 4.3 55 v
CS(H)
range™ 5V <Vys< 7YV, fault mode Vvs-2 5.5 v
Current-sense pin output
les(r) P P Vys =13.5V, fault mode 11 20 34 mA
current
| Current-sense leakage Ve =13.5V V “ovV 05 UA
e(CS) current in disabled mode Vs T 222 T TDIAGEN T '
Diagnostics
VoL(th) Open load detection threshold Vvs=13.5V 1.6 2 2.4 Vv
Vouys Open Ioa'd detection threshold Vus=13.5V 0.2 y
hysteresis
Deglitch time from current limit _ _
tCL(deg) Occurred to m/m VVS = 13.5 V, IOUTx—O-SA 60 120 220 Us
toueq Opeh Ioaq detection threshold Vus=13.5V 400 600 800 us
deglitch time
. Vvs = Vourx =13.5V, Venx = 0V,
lov(off) Off-state output sink current Vone_en= 5V, open load -75 MA
' Off-state output leakage B B _
|Ikg(out)_d|ag current with diagnostics Voutx —OV, VEnx = OV, VDIAG_EN— 5V 200 |.1A

10



4
L EN LEN Technology LTD.

Electrical Characteristics (Continued)

Logic Inputs (ENx, SEH, SEL, DIAG_EN, THER)

ViH Input logic high voltage 2 \Y

Vi Input logic low voltage 0.8 \Y
ENx, SEH, SEL: THER Logic-pin Vs =13.5V, Venx =Vsen= VseL= VTHer= 125 200 275

R pull down resistor 3.3V KQ

(logic,pd) . .

DIAG_EN, Logic-pin pull down |\, 13 5v, Vorme en = 3.3V 200 300 400
resistor

Logic Outputs ( STx, FAULT)

VoL(stx) Status pin low-output voltage Istx =2 mA, LNQ37000AQ1 only 0.2 \Y

Vou(rauLt) FAULT pin low-output voltage | Irauir =2 mA, LNQ37000BQ1 only 0.2 Vv

Thermal Shutdown

Tisa) Thermal shutdown threshold 170 °C
Hysteresis for thermal .

(1)

T(sd_hys) shutdown 20 C

Thermal swing shutdown
(1) o

Tisw threshold 45 ¢

Tisw_hys) Hysteresis for thermal swing 15 °C

Switching Characteristics
Turn on delay, ENx rising edge Vs =13.5V, Venx =5V, loutx=0.1A,

taton) to 10% of Vourx current limit=0.5A 7 15 30 us
Turn off delay, ENx falling edge | Vvs =13.5V, Venx =5V, loutx=0.1A,

tfoff) to 90% of Vourx current limit=0.5A 2 30 60 us
Turn on slew rate, Vourx from Vs =13.5V, Venx =5V, loutx=0.1A,

dV/dtaon) 10% to 90% current limit=0.5A 0.1 03 0.5 Vius
Turn off slew rate, Vourx from Vvs =13.5V, Venx =5V, loutx=0.1A,

dV/dtaom | 00010 10% current limit=0.5A 0.3 0.8 4 Vs
td(rise) — t d(fall) ,t d(rise) , ENX rising _ _ _

ta(match) edge to 90% of Vour, t d(fal) , Zfrr‘elniﬁ:“:/fg;:v lour=0.1A, -25 3 60 us
ENx falling edge to 10% of Vourx o

11
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Electrical Characteristics (Continued)

Current Sense Characteristics
¢S settling time from DIAG_EN |\ 13 5/ v/ =5V, lour=0.1A,
tes(on1) enabled, DIAG_EN rising edge current limit=0.5A 5 us
to 90% of Vs o
C; settling time from I?IAG_EN Vs =13.5V, Vene =5V, lour=0. 1A,
Tes(off1) disabled, DIAG_EN falling edge current limit=0.5A 5 Us
to 10% of Vs o
CS settling time from EN rising
L. Vvs =13.5V, Vpiac_enx =5V,
o _|
tes(on2) \e/dge, EN rising edge to 90% of lour=0.1A, current limit=0.5A 80 210 330 us
Ccs
CS settling time from EN fallin
Tes(off2) edge, EN ?alling edge to 10% ogf Vs =13.5V, Voias e =5V, 5 us
v ! lout=0.1A, current limit=0.5A
CS
Vvs =13.5V, Voiag_en = 5V, current
Multi-sense transition delay sense output delay when multi-
tsel . . 5 us
from channel to channel sense pin SEL transitions from
channel to channel

(1) Value specified by design, not subject to production test.

(2) Current limit accuracy is only applicable to overload condition at VDS>3.5V.

(rise)

Switching Characteristics Diagram

12
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7.6 Typical Characteristics

7.6.1 Parameter Curves

Unless otherwise stated, the test conditions are: Vys = 13.5V, Rc. = 4420hm, TA = 25°C.

16 I 450
T) =-40C
14 /_._
TJ=25C 400 —
12
TJ=125C JEBEC S
10 ]
LT 350
3 i i
EA 3
5 // E
- 6 1 g_ 300
——
o
/ LT s 1) =-40C
4 -
—
L LT 250 T=25¢C
5 ,’/ |t
k TJ=125C
0 200 I I I
4 9 14 19 24 29 34 39 4 9 14 19 24 29 34 39
Vs (V) Vs (V)
EN = DIAG_EN =0V EN =0V, DIAG_EN =5V
Figure 1. loff Figure 2. loff(diag)
2.8 1,200
2.7 1,150
2.6 1,100
-
2.5 = 1050
3 (T T E
Eo4 £ 1,000 ———
o £ =
v z
23 € 950
TJ = -40C é VS =13.5V
2.2 900 I
TI=25C VS =4V
2.1 850 I
TJ =150C VS = 40V
2.0 I I I 800 T T T
4 9 14 19 24 29 34 39 -40 20 0 20 40 60 80 100 120
VS (V) Ta (°C)
EN = DIAG_EN =5V RCL = 2200hm, VDS = 3.5V
Figure 3. lq Figure 4. Current Limit vs. Temperature
1,200 620
1,150 580
1,100 540
NSSSiiigine n
o 1050 < 500 D
£ /_:7\4\\4’\_/\ £ Ll
2 1,000 &2 ~/ £ 460
£ N ——— E
= b=
§ 950 § 420
é TJ = -40C é T) =-40C
900 | 380 I
T)=25C T)=25C
850 | 340 |
T)=125C TJ=125C
800 T T T 300 T T T
4 9 14 19 24 29 34 39 4 9 14 19 24 29 34 39
VS (V) Vs (V)

RCL=2200hm, VDS=3.5V

Figure 5. Current Limit vs. Supply Voltage

RCL=4420hm, VDS=3.5V
Figure 6. Current Limit vs. Supply Voltage

13
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7.6.2 Typical Waveforms

Unless otherwise stated, the test conditions are: Vys = 13.5V, ReL = 4420hm, TA = 25°C.

Ve (5 V/DIV)
s

i
|1

.

m .
Vg (5 V/DIV)
1 —————
Veaper (2 V/DIV)
(1 v/DIV)

lour (500 mA/DIV)

| Vour (5 w/DIv)

| Vour (2V/DIV)
L
lour (500 MA/DIV) u
Time (2 ms/DIV) Time (20 ms/DIV)
Vvs = 13.5V, LOAD = 0.5A, Rcs = 3000hm Vvs = 13.5V, Cioap = 2.3mF, lour = 0.2A, ReL = 4420hm
Figure 7. LNQ37000BQ1, Startup/Shutdown through EN Figure 8. LNQ37000BQ1, Startup with Capacitive Load
T Ven (5 V/DIV)
1]
| Ve (5 V/DIV)
Vys (5 V/DIV)
R Vour (10 V/DIV)
p iy
| Vs (5 V/DIV) -
' 2l Tour (200 mA/DIY)
Ves (2 V/DIV)
Time (2 ms/DIV) Time (1 ms/DIV)
Vvs = 13.5V, Res = 3000hm, lout: = 0.2A, lout2 = 0.5A, lours Overload, louta = 0A Vvs = 13.5V, Lioap = 300mH, Rioap = 270hm
Figure 9. LNQ37000BQ1, Current Sense Channel Transition Figure 10. LNQ37000BQ1, VDS Clamp

Vey (5 V/DIV)

o Veaur (2 V/DIV) { e " —— L
| |
ly e ki

| Veaur (2 V/DIV)

lour (500 MA/DIV)

L H | i
% Vour (2 V/DIV) ﬁ

rll e e Vour (200 mV/DIV)

)

Time (500 us/DIV) Time (1 ms/DIV)
Vvs = 13.5V, Rew = 2200hm Vvs = 13.5V, Connect 20kohm Resistor from OUT to VS
Figure 11. LNQ37000BQ1, Short Protection Figure 12. LNQ37000BQ1, Open Load Detection

14
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8 FUNCTIONAL BLOCK DIAGRAM

VS

VS
temperature temperature
——
sensor sensor
gate driver gate driver
ouT3 current sense current sense
& limit & limit
diagnostics & diagnostics &
protection protection
CL
VS
temperature temperature
sensor sensor
gate driver gate driver
ouT4 current sense current sense
& limit & limit
diagnostics & diagnostics &
protection protection
ENx
yd
7
STx
Over
diagnostics Temperature
Protection
DIAG_EN

VS

131

—

ouT1

GND

ouT2

THER

Figure 13. LNQ37000AQ1 Functional Block Diagram
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vs &
temperature temperature
——
( sensor sensor S
— —
i gate driver gate driver o
— —
ouTs current sense current sense ouT1
& limit & limit
diagnostics & diagnostics &
protection protection GND
CL J |
VS VS
temperature temperature
sensor sensor
gate driver gate driver
ouT4 current sense current sense ouT2
& limit & limit
diagnostics & diagnostics &
protection protection
ENx Y
Vd
cs
SEH, SEL _ Over THER
diagnostics Temperature
FAULT Protection
DIAG_EN

Figure 14. LNQ37000BQ1 Functional Block Diagram

16
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9 FUNCTION DESCRIPTION

LNQ37000Q1 is a Quad-Channel smart high-side switch with four integrated 1000mQ power MOSFETs. The device has full
protection functions, including an external adjustable current limit, output short circuit protection, latching off or
automatic restart over temperature protection and inductive load negative voltage clamp.

LNQ37000Q1 has full detection and diagnostics functions such as over current, output short to GND, open load, and output
short to battery. LNQ37000AQ1 has individual diagnostics and fault report output for each channel. LNQ37000BQ1 has
global fault report output for four channels, and it also integrated accurate current sense mirror to output the current
information of the selected channel. With this current sense feature, the system can distinguish the specific fault channel
by selecting SEL and SEH pin. LNQ37000Q1 is packaged with thermally enhanced TSSOP-EP20.

9.1 Working Mode

LNQ37000Q1 will start up when VS power up and Vys is higher than the rising UVLO threshold. After startup initialization,
the device enters standby state. At this time, if changing the state of EN or DIAG_ EN, the device will enter normal
operation state or standby mode with diagnostic function. The working process is shown in the figure below.

VS powers up

!

Initialization
All channels off

. Diagnostic function off
Load QTP

* Pin detection on

v

Standby
All channels off
Diagnostic function off

Standby with Dnagnostnch Any ENx toggles R Normal Operation
* All channels off L . Atleast one channelon
Internal circuits on . Diagnastic function on(off]
. Diagnostic function on DIAG_EN=1 & all ENx=0

Figure 15. Working Mode Diagram
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9.2 Input and Output

9.2.1 Power Supply - VS

VS is the power input for four channels. It is recommended to connect a 4.7uF ceramic capacitor and a 0.1uf decoupling
capacitor to GND.

9.2.2 Channel Output - OUTx

OUTx are channel output pin. For the channels not used, a resistor should be connected between OUTx and GND.

Recommended resistor value is £10kohm.

9.2.3 Enable Control - ENx

ENx are enable control pins for each channel. When EN voltage level is higher than 2V, the corresponding channel can
be turned on. When EN voltage level is lower than 0.8V, the corresponding channel can be shut down.

9.2.4 Input UVLO Protection

When Vys is higher than the UVLO rising threshold, the device starts up and enter standby or normal operating mode.
When Vs is lower than the UVLO falling threshold, the device shuts down.

9.3 Adjustable Current Limit

LNQ37000Q1 has adjustable current limit, a current limit resistor R.; is connected between CL and GND to adjust the

threshold of output current. The set value is determined by the following equation:

Vereny * Ke
ICL(ext,set) = R—CL

Ver(en) is internal reference voltage, K¢y, is the ratio of the output current to the current in resistor R¢;. When 4V<Vys<

16V, the output current is limited to the set value if over current occurred. When Vys -Vourx >16V and the set current limit
is higher than 0.5A, the output current will be limited to 0.5A but not the set value. The sectional current limit function is
shown as below diagram:

|Mr1\'t (A

Set llimit=1A

Set llimit=0.75A

4 8 12 16 20 24 28 32 36 40
Vs (V)

Figure 16. Sectional Current Limit
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9.4 Current Sense (LNQ37000BQ1 Only)

9.4.1 Current Sense Channel-selection - SEH and SEL

The current sense channel is selected by SEH and SEL for LNQ37000BQ1. The output current is reduced proportionally and
output by CS pin for the selected channel.

SEH SEL CHANNEL
L L 1
L H 2
H L 3
H H 4

9.4.2 Accurate Current Sense

LNQ37000BQ1 CS pin outputs a mirror current proportional to the output current of the selected channel. The current
sense proportionality is K.

A sense resistor is connected between CS and GND, the sense current flow through the sense resistor and the sense
voltage V¢ is measured by MCU. The value of sense resistor should meet following formula, and the maximum value of
Vesvormar) should also be lower  than the full scale of MCU ADC.

Vesvormary = Ics * Res < MAX (Vesqiny)

When a fault occurs, a fault voltage Vegrayrr) is output at CS pin. Vesrayrr) is the smaller value of I¢gy) * Res and

Vesay, as shown in the following formula:

Vesraurry = MIN[Uesy * Res, Vesan]

It is recommended to connect a capacitor no less than 1nF to suppress interference.

9.5 Robust Protection Fuction

9.5.1 Output Short to GND and Over Load Protection

When a short to GND or overload condition occurs, the output current is clamped at the set current limit value, protects
the load and the power supply from overstressing. An external resistor is used to set the current limit threshold. The
details can refer to section 9.3. The device automatically recovers when the over current condition is removed.

9.5.2 Over Temperature Protection

There are two over temperature protection behaviors, one is thermal swing, the other is thermal shut down. There are
four temperature sensors Trery close to the power MOSFET of each channel, and a temperature sensor Tjgic) close to the
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logic circuit. Each channel has individual over temperature protection.

Logical Circuit

FET1| e T e

FET2| e T trera)
T (Logic) e

FET3| T ket

FET4| e T (ke

Figure 17. Temperature Sensor
® Thermal swing.

When Trery is increasing sharply and Teery) - Tiiogic) > Tisw), thermal swing activates, then output is turned off shortly. When
Tirem) - Toogic) < Tisw) - Tisw_hys), the output automatically recovers. Thermal swing responses rapidly when fast thermal
variation occurs, thus prevent chip damage due to excessive local temperature rise.

® Thermal shut down.

When Ty is higher than the absolute temperature, that is Tirery) > Tsq), thermal shut down activates. There are two
protection mode according to the configuration of THER pin. THER=L, channel output is turned off and automatically
recovers when Teery < Tisd) -Tisahys)- THER=H, channel output is latched off and will not restart, unless the related ENx pin
is toggled and Trerx) < Tsd) ~Tisd,hys)-

9.5.3 Inductive-Load Switching-Off Clamp

When switching off an inductive load, negative voltage will be generated across the inductor, so the output of the switch
pulled to negative. If no special control of the negative voltage, the power MOSFET may got damaged . LNQ37000Q1
integrated an internal clamp circuit to limit the negative voltage to Vosicamr) and protect the power MOSFET from damage.

VDS(CLAMP) = Vys = Vour
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VBAT

+ Vpsiaame) -
VS I “ I VOUTx

* 141

ENx il  Driver

b

Figure 18. VDS_CLAMP Circuit

Vosiaam

(CLAMP)

V\’OUTX I O
lour x

-
Figure 19. Inductive Load Switching off Diagram

Note that for PWM-controlled inductive loads, the negative voltage stress is repetitive. An external free-wheeling circuit
is recommended to protect the device. The circuit is shown in the figure below:

VBAT
+ Vosicuame) -
Vs I_“_I VOUTx
YY Y\
T W T
AD 1

ENX.— Driver

; - A4

Figure 20. Protection with External Circuit

1«
3
MV
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9.6 Diagnostics and Fault

9.6.1 Diagnostics and Fault Enable - DIAG_EN

DIAG_EN can enable and disable diagnostics and fault function to save power consumption. When DIAG_EN is high,
diagnostics and fault function is enabled. When DIAG_EN is low, diagnostics and fault function is disabled, and CS, STx

or FAULT are in high impedance output state to save the quiescent current.

9.6.2 Diagnostics and Fault Output - STx/FAULT

LNQ37000AQ1 has individual diagnostics and fault output for each channel. When one of the channels has fault, the
corresponding ST pin changes to low level to indicate fault state. LNQ37000BQ1 has global diagnostics and fault output

for four channels. When any channel has fault, FAULT pin will change to low level to indicate fault state. m/FAULT are
open drain output, an external pull up resistor connected to 3.3V or 5V is necessary.

Diagnostics and fault configuration table is as below:

STx,
Conditions ENx OUTx —/ CS THER Fault Recovery
FAULT/
UVLO - L H ov - -
L L H ov - -
Normal i
H H H Linear i i
Voltage
Overload, short to
gI’OUI’]d H L L VCS(FAULT) - Auto
Open IOad(l) L H L VCS(FAULT) - Auto
Short to battery L H L - - Auto
L Auto recovery when Tj< Tsa)-
Thermal shutdown H L L V, Tisd s
CS(FAULT) H Latch off and restart when ENx
toggle& Tij< Tisa)-Tisd_hys)
Thermal swing H L L Vesraurm - Auto

(1) An external pullup is required for open-load detection.

9.6.3 Short-to-GND and Overload Detection

A short to GND or overload condition causes overcurrent, If the overcurrent triggers the current-limit threshold, the fault
is reported out. When the microcontroller gets the fault report, it can handle the overcurrent by turning off the switch.
When the overcurrent disappears, the fault report is removed automatically.

9.6.4 Open Load Detection

When DIAG_EN is high level and ENx is low level, open load detection is enabled. A 20kohm detection resistor Ry, is
recommended between VS and OUTx to achieve this function. There is a leakage current lovo) flow through the output
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and GND due to internal logic circuit. When ENXx is low level, the channel turns off. If a load is connected, OUTx is pulled
down to GND. But if no load is connected, lovor flowing through the detection resistor to internal GND, so OUTx is pulled
up close to VS voltage, the voltage drop on detection resistor is determined by following equation:

Vvs = Vourx = Ror * loL(orf)
When the voltage drop meet below formula, the open load fault is reported out.

Ws = Vourx < Vors

9.6.5 Short to Battery Detection

Output short to battery has the same detection mechanism as open-load detection. When DIAG_EN is high level and

ENx is low level, if output short to battery, OUTx is equal to or over than VS voltage, STx/FAULT will report fault. Note
that when short to battery occurs, the reverse current must be no more than I (), otherwise the device may be
damaged.
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10 APPLICATION INFORMATON

10.1 Typical Application for LNQ37000AQ1

VBAT

LNQ37000AQ1

ouTL »-

ouT2 -
»] Enx

ouT3 -

MCU »| DiaG EN oUTd -
- ST

THER J,
oL
i GND

Lighting Loads

DC Motor

Relays

Resistors

Power Maodules:
Cameras, Sensaors

Figure 21. Typical Application for LNQ37000AQ1

10.2 Typical Application for LNQ37000BQ1

VBAT

LNQ370008Q1
ouTL -
ouT2 -
| ENX
ouT3 -
| SEH, SEL
MCU = DIAG_EN ouTs -
N FAULT
! [
THER J?
cL
i GHD

Lighting Loads

DC Maotor

Relays

Resistors

Power Modules:
Cameras, Sensors

Figure 22. Typical Application for LNQ37000BQ1

24



’
| EN LEN Technology LTD. LNQ37000Q1

11 PACKAGE INFORMATION

11.1 Package Outline

AARAAAAAA | HHAHHHARAH

4,30~4.50
6.25~6.55

—_— 1)
C : g

2500
4.500

EEEEEEERER R ELRERELE

TP VIEW BOTTOM VIEW

6.40~6.60 ]
QL |
T e | [BASE PLANE
& SHH R HHHH T Er
0.63TYP [#[o1&]c " Del Table For TSSOP20-F of exposed die pod size
0.19~0.30 0.025~0.4 I—s:.mm

Faol Size Symbol|  Min Mo Mox

Pi 4100 | 4200 | 4.300
115%165 T

I~

P2 2.900 | 3000 | 3100

A9
=N

-

0.09~0.20

I VY

0.45~0.75
Notes:
1. All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M-1994.

2. Both package length and width does not include mold flash.

3. Unremoved flash between leads & package end flash shall not exceed 0.15mm from bottom body per side.

4. Features may not present.
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11.2 Footprint Example

LAND PATTERN EXAMPLE SOLDER PASTE EXAMPLE
EXPOSED METAL SHOWN BASED ON 0.127mm THICK STENCIL
’——-fmxw_asz | —-‘ |f20)<(0_3} '——-r»mxm.ss) | «‘ I»20xm.25)
T (1.6) Metal Covered By [ (1.55)
| Solder Mask ! l
©0.30 4 o o 7 @0.30 -
\ 1 — I w ! |
: —1—'9 O O O : @) | O O :

I 8X(1.3) I 8X(1.3) i I
—ML]LJ—— — O — O —1@M-R4) {J—ff B et © B TUU Y
: -+ 9X(1.3) |— I ax%(1.3) ! :
o ol o ox_il b olo o |
Y S . I |> 777777 —

M ~__ Solder Mask !
Defined Pad |

| |

(4.3) ! (4.3)

(6.5) (6.5)
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IMPORTANT NOTICE AND DISCLAIMERS

The technical materials, reliability data, product specifications, and related product evaluation boards provided by LEN
Technology Ltd. are on an "as is" basis. LEN Technology Ltd. is not responsible for any errors that may occur in these
resources. LEN Technology Ltd. disclaims all expressed and implied warranties, including any implied warranties that the
intellectual property rights of third parties will not be infringed.

These resources from LEN Technology Ltd. are provided only to those who have experience in developing electronic
products. You will be solely responsible for selecting appropriate products from LEN Technology Ltd., and for verifying and
testing your design to meet the standards of your application, as well as for any other safety and security requirements.

The resources provided by LEN Technology Ltd. are subject to change without notice. LEN Technology Ltd. Only grants you
the rights for developing applications with the products of LEN Technology Ltd. described in these resources. Reproduction
and display of these resources is prohibited. LEN Technology Ltd. does not grant any other intellectual property rights
owned by LEN Technology Ltd. or any third-party licensed intellectual property. LEN Technology Ltd. does not assume any
loss, cost and liabilities for the use of these resources.

ENVIRONMENTAL DECLARATION

This product complies with the requirements of RoHS and REACH. In accordance with relevant Chinese regulations and
standards, it does not contain toxic or harmful substances or elements.
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