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1.Basic Features

RM77030DS Datasheet

2.Description

® \ery low stand-by current The RM77030DS is a 30 mQ single channel Smart
® 3.3V and5V compatible logic inputs High-Side Power Switch, embedded in a DFN9*6-14L,
®  Electrostatic discharge protection (ESD) providing protective functions and diagnosis. The power
®  Optimized electromagnetic compatibility transistor is built by an N-channel vertical power MOSFET
® |ogic ground independent from load ground with charge pump.
® \ery low power DMOS leakage current in OFF
state
®  Green Product (RoHS compliant)
® AEC-Q100 qualified
3.Application 4.Product Summary
®  Suitable for resistive, inductive and capacitive
loads Overvoltage protection Vs(az) 70 \Y,
® Replaces electromechanical relays, fuses and Operating voltage Vsop) 5..48 v
. - On-state resistance Ron 30 mQ
discrete circuits
Nominal load current ILnom) 6 A
® Most suitable for loads with high inrush current,
Short circuit current
such as lamps Iusc) 60 A
limitation
®  Suitable for 12 V and 24 V trucks and .
Typical current sense
. I:hs 2600
transportation system ratio
5.0rdering Code
. Package . . Package
Device 9 Marking | Materials Package d
Type Qty
RM77030DS | DFN9*6-14L | RM77030DS | Halogen free | Tape&reel | 10 reels/box | 30k/box 3000/reel
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6.Pin Configuration

o ]
NC [_ali——77777~ 4L _4 NC
| |
- — — I | ——
NC ___|2: :13|___ NC
= — | I —
GND [_ 3] 2] out
| |
IN [Z34 H1CZ] out
| |
L — [
DEN [__195) 10 _] OUT
| |
L — [
IS [_161 19 L_] NC
| |
= —— I | — — -
NC a7l I8L_] NC
Pin Symbol Function
1/2/7/8/9/13/14 NC Not Connected; No internal connection to the chip
3 GND GrouND; Ground connection
4 IN Input channel;Input signal for channel activation
5 DEN Diagnostic ENable; Digital signal to enable/disable the diagnosis of the device
6 IS Sense; Sense current of the selected channel
10/11/12 ouT OUTput ; Protected high side power output channel
PAD VS Voltage Supply; Battery voltage
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7.Block Diagram
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I H]Vs

K— Voltage sensor
Internal yloower Over temperature T
supply protection
Clamp for inductive t
Gate control load ‘ I
—) & 1 |<_
Driver Charge pump 1 f | zg
logic Over current switch I
limit
N [}— T
ESD protection —
P Load current sense and 1 out
open load detection
DEN
1S
forward voltage drop detection
| 1 D
GND
8.Absolute Maximum Ratings?
Tj=-40°C to +150°C; (unless otherwise specified)
Parameter Symbol Values Unit
Supply voltage Vs 48 \%
Supply voltage for shortcircuit protection Vbo 36 \%
Supply voltage for Load dump protection Vs(p) 65 \%
Power dissipation(DC) Prot 1.6 w
Junction temperature T; -40 to 150 C
Ambient temperature Ta -40 to 125 C
Storage temperature Tstg -55 to 150 C
Thermal resistance
. . . . R tha 146 KIW
junction - ambient (free air):

Notes:

1. Stresses above the ones listed here may cause permanent damage to the device. Exposure to absolute maximum

rating conditions for extended periods may affect device reliability.
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9.Electrical Characteristics
Tj=-40°C to +150°C; (unless otherwise specified)

i Values .
Symbol Parameter Test Condition - Unit
Min Typ Max
. IL.=7A, Vin=4.5V, T=150°C - 55 62
Ron ON-state resistance mQ
T=25C - - 30
Output voltage drop
Vpsny | limitation at small Vs=28V, I.=50mA - 10 22 mV
load currents
Supply Voltages:
Vs Supply voltage Vin=4.5V, Ri=12Q, Vps<0.5V 5 - 48 \%
Overvoltage _
Vs(az) protection Isov=5mA 65 70 75 Vv
Undervoltage Vin=4.5V, R.=12Q,
Vs |shutdown From Vps<1V to lour=0A 2.9 3.9 5 v
Minimum functional [Vin=4.5V, R.=12Q,
Vsiop) N supply voltage From lour=0A to Vps<0.5V 7 pro 5 v
ILnom) Nominal load current [T.=85°C, T;<150C - 6 - A
Standby current for  |\s=36V, Vour=0V,
Isorry  [whole device with . - 0.1 0.5 uA
load Ti<85°C, VN, Voen floating
Maximum standby  |\/s=36V, Vour=0V, T=150°C, Vi,
IsiorF)_150 |current for whole _ - _ 15 uA
device with load Voen floating
Drain to source _
Vbs(az) clamping voltage Ips=20mA 65 70 75 \Y
Output leakage . .
hor)  [ourront Vi floating Viour=0V, Ti<85°C ; 0.05 05 UuA
Output leakage
lout@enpy  |current while GND  [Vs=36V - - 5 UuA
disconnected
Operating current _ _ _
lenp channel active Vs=36V, Vin=Vpen=5.5V - 1 3 mA
Input logic signal
Vingh High level input 14 ) 23 Vv
voltage range
Vinw Low level input 09 ) 19 Vv
voltage range
Input voltage
Vinevs) hysteresis ) 04 ) v
High level input _
liNgH) current Vin=5.5V 1 10 25 uA
Low level input _
M) current Vin=0.8V 1 5 25 uA
DEN High level input
VDEN(H) voltage range 14 - 2.3 \%
DEN Low level input
VpENL) voltage range 0.9 - 1.9 \Y
DEN Input voltage
VDEN(HYS) hysteresis - 0.4 - \Y%
DEN High level input _
IDEN(H) current Vpen=5.5V 1 10 25 uA
DEN Low level input _
IpENQ) current Vpen=0.8V 1 5 25 uA
Ri=12Q, Vs=28V,
dV/dton |[Turn-ON Slew rate From 30% to 70%Vs 0.3 - 1.8 V/us
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RL=12Q, Vs=28V,

Current sense ratio

-dV/dtorr |Turn-OFF Slew rate From70% to 30%Vs 0.3 - 1.8 V/us
. Ri=12Q, Vs=28V
ton Turn-ON time From Vin=Vin H to Vout=90%Vs ) ) 150 us
. Ri=12Q, Vs=28V
torr Turn-OFF time From Vi=Vix ¢ to Vour=10%Vs - - 150 us
Turn-ON / OFF _ _
Atsw matching tore-ton, RL=12Q), Vs=28V -50 0 50 us
. RL=12Q, Vs=28V
ton_delay [ Turn-ON delay time From Viu=Vin 1 t0 Vour=10%Vs - 30 70 us
. Ri=12Q, Vs=28V
torr_delay |Turn-OFF delay time From Vi=Vix ¢ to Vour=90%Vs - 30 70 us
Detection characteristic
Current sense
settling time to kiis
function stable after |VoEn=Vin=0 to 4.5V, Vs=28V,
tsison) itive i tsl - - 150 us
positive Input slopé  |R,s=1.2kQ), Csense<100pF [L=4A
on both INput and
DEN
Current sense
¢ settling time with load |Vin=4.5V, Voen=0 to 4.5V,
SIS(ON_DEN) t stable and B _ - - 65 us
current s Ris=1.2kQ, Csense<100pF, I.=4A
transition of the DEN
Current sense
settling time to lis  |\/y=4.5V, Vpen=4.5V, Ris=1.2kQ,
tsisiLo) stable after positive - - 50 us
input S|Ope on CSENSE<1 OOpF, |L=2A to |L=4A
current load
IS pin leakage
lis_pis)y |current when sense |Vin=4.5V, Vpen=0V, IL=7A - - 1 uA
is disabled
Sensesignal  |Vig=Vi\=0V, Vour=Vs>10V,
lisFauLty  [maximum current in - 13 30 mA
fault condition Voen=4.5V
Current sense _ )
tasauLt oL |Settling time to his Y=Y, Voey=0 1o 4.5V,
~  |stable for open load |Ris=1.2kQ Csense<100pF, - - 250 us
OFF) detection in OFF A,
state Vout=Vs=28V
Current sense
settling time to Iis Vin=Vpen=0 to 4.5V, Ris=1.2kQ,
tsis(FauLT) - - 500 us
stable for overload  |Cqeyse<100pF, Vos=24V
detection
Diagnostic disable |v/=4.5V, Vpen=4.5V to OV
tsiscorr)  [time DEN transition 0 - 20 us
to lis < 50% I /kius  |Ris=1.2KQ, Csense<100pF, IL=4A
Protection function
Load current _
lisse) | jimitation Vos=5V ) 30 ) A
Load current _
lize(sc) limitation Vos=28V ) 60 ) A
Thermal shutdown .
Tisc) temperature i 150 i C
Open load detection
Vs-VororF) |threshold in OFF Vin=0V, Vpen=4.5V 3 - 5 \
state
Sense pin maximum |, _
Vis(az) voltage lis=bmA 65 70 75 \%
KiLis1 IL1=1.0A, T=25C 1980 2650 3320
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KiLis2 1.2=2.0A, Tj=25C 2350 2680 3010
kiLiss IL3=4.0A, T=25C 2370 2600 2830
KiLisa 1L4=7.0A, T=25C 2390 2600 2810

Maximum energy
dissipation single

Ens pulse

IL=6A, T=150C, Vs=28V - - 85 mJ

Drain source diode
Vpsrev) |voltage during IL=-2A, T=150C 200 510 700 mV
reverse polarity
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10.Timing diagrams

Figure 1: Switching a Resistive Load Timing

A Vin

Vinu /:’ \\i
v H
IN L 7 \ >
dV/dton i dV/dtorr
A Vour :
ton ::‘

90%Vs :
70%Vs i toFF DELAY
30%Vs ; \
10%Vs - P\

.
torr \

Figure 2: Switching an Inductive Load Timing

Vin

\4
-

VO UT

\
-

Vs-Vpsaz)
I,

\ 4
-
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Figure 3: Current Sense Settling / Disabling Timing

Vin
t
I » t ton torF — g ton !
T
j t
I »
VDEN
t
EIS tSIS(ON DEN) 4151_5(“3)
I t
tascon tars(oFF)
-— > R —>
90%I 15
[ ¢
Figure 4: Sense Signal in Open Load Timing
Vi
A
t
Vour +
A
* \ Vs-Vororp
RDS(ON)*IL \\\ <+ Shutdown VVlth load R t
Lour
A
t
I LISFAULT OL ON OFF)
LS > <
taso)
—> N
t
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Figure 5: Over temperature Protection

Vin
[ >
) >t
I,
A
- I K
I vom | I
([ >
) t
Tomos
A
Txsc)

I [ TN

)
t
Iis tasoN|DEN) PN
Iisgauin }
I vomykrss I I
Vbix
Y I (l >
Jj t
Figure 6: Undervoltage Behavior
Vour
/
A
>V
Vswv) Vsop) >
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11.Truth Table
. Diagnostic
Operation Mode Input level Channel DEN Output Level 9
Output
L L L
Normal operation H
H ~Vs lis=I/Kiuis
L ~GND L
Short circuit to GND H
H ~GND lisFauLT)
L L L
Overtemperature H
H L lisFauLT)
o L Vs lis(FauLT)
Short circuit to Vs H
H Vs lis<I/Kiuis
L <VoL(oFF) L
Open Load L H >VoL(orR" lisFauLT)
H ~Vs? his<lis(oL)
L ~Vinv lisFauLT)
Inverse current H
H ~Vinv lis<lson®
Current limitation H <Vs lisFauLT)
Underload H ~Vg# lisoLy<hs<Iu/kiLis

L = "Low" Level, H = "High" Leve
1) Stable with additional pull-up resistor.
2) The output current has to be smaller than I L) .
3) After maximum tiny .

4) The output current has to be higher than | o) .

RM77030DS_REV1.0 www.reactor-micro.com Shaanxi Reactor Microelectronics Co., Ltd.




REACTOR®

Smart High-Side Power Switch

12.Functions

12.1 Terms
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Vs

I*Ivs
V
VS bs
Iy RM77030DS
- IN
Inen \ lour
: DEN ouT f——>
Vix
V,
T . Vour
Vis

{IGND

Figure shows voltage and current used in this data sheet.

12.2 Input circuit (ESD protection)

I ________________ A
IN ! L I\ :
| | !
| |
N e YN
yARN f yA AN |
| i .
| [
| |
| |
I |

The input circuitry is compatible with 3.3 and 5V microcontrollers. An implemented Schmitt trigger avoids any

undefined state if the voltage on the input pin is slowly increasing or decreasing

In case the pin is not needed, it must be left opened, or must be connected to device ground (and not module ground)

via an input resistor.

DEN pin have the same structure as IN pin.
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12.3 Short circuit detection

|' ——————————— — Vbb
|
| |
I I|—<— | VON
| — |
I |y
| | ouT
| Loglc Short circuit |
| unit .
detection |
| )
Short circuit detection condition:Von>Von(sc) (typical value:6V), t>tq(sc)(80-350)us
12.4 Current detection output
r-———~~~~~~7—77= | _____ I
| Vs |
I I
I I
I I
I I
I |
I Is=li/kms |
I I
I I
f I
I |
L I
I I
I |

As long as no “hard” failure mode occurs a proportional signal to the load current (ratio kius = I / Iis) is provided.The

accuracy of the sense current depends on temperature and load current.
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12.5 Overvoltage Protection

R V7
: ZTS\ A7)
| >
| Znsiaz)
|
|
s e L ¥ I'_
Bo oy N Logic
le; IDEN .

| |
|
: ZD(AZ)
|
|

wl 1A
|
|
|
: Vzyis
| GND
|\ " P (N PP R

There is an integrated clamp mechanism for overvoltage protection (Zpaz) ). To guarantee this mechanism operates
properly in the application, the current in the Zener diode has to be limited by a ground resistor.

12.6 Reverse Polarity Protection

\ A

VS
E‘I Zi1s(az)
_________ ) Zps(az)
['™ Microcontroller r'y )
| ¢ » | Vbs®Ev)
| protection diodes | ¥
| | Reense: 1S 4 i
{I—
| | Ry —— IN : |l—<—
: | RlN | — LOglC ]i [
| +—Rpen—— e . T
| |
| | Vs
| | Zpaz) AT
| |
I | I ouT
| ! Ris ]
I I )
| |
| |
| | LRy
| | Vzyis
| | .
| AAL | GND
| |
| ! R
| | GND
| |
[P S R E—
Zgxp

In case of reverse polarity, the intrinsic body diode of the power DMOS causes power dissipation.The current in this
intrinsic body diode is limited by the load itself.The current into the logic pins has to be limited to the external
resistor.The recommended value for Rin=Rpen=Rsense=10K. Zenp is recommended to be a resistor in series to a diode.

During reverse polarity, no protection functions are available.
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12.7 Output Clamping
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Vg
ZDS(AZ)!! Vv
DS
-
Viar '
IN 1 oGic |- v
L OuT b
GND
Vin LR
SINT, VOUT
Zn v

When switching OFF inductive loads with high side switches, the voltage Vour drops below ground potential.To

prevent the destruction of the device by avalanche due to high voltages, there is a voltage clamp mechanism Zps(az)

implemented that limits negative output voltage to a certain level (Vs - Vpsaz).

The maximum allowed load inductance is limited.

12.8 Open Load in OFF Diagnostic

Vear
v| S
'ﬁiﬁf EFiULT:g;p [] Ro.
ILorr + Lipaxac l\
GND
b
|
~ Youd s

For open load diagnosis in OFF-state, an external output pull-up resistor (Ro.) is recommended. For the calculation of

pull-up resistor value, the leakage currents have to be taken into account.The voltage threshold is in

3V<Vs-VoLorr)<6V, IS pin keep lisFauLm).
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12.9 Reverse polarity load current

.
I
| ——1 N RM77030DS OUT|—*—
H Vis IS
T lved Vi Vom<=>+
Y Rs

When Vout>Vs>0V, the device work reverse polarity.When the Vi is high voltage, only the power diode is on, which
will cause an increase in power consumption.

Note: During reverse polarity, no protection functions are available.

12.10 Inductive load switch-off energy dissipation

Eas
|
Vs ElLoad
IN RM77030ps ouT | H0—
<:> Vs \_/E‘I IS L EL
ZL<
Rs RrL| | Er

Energy stored in load inductance:

E=lepxp
2

While demagnetizing load inductance, the energy dissipated in RM77030DS is:
E 5= Eg+E -Ey = Vo0 *i,(0)dl
with an approximate solution for RL > 0Q:

A
AS_2*RL

(Vi + ‘VOUT(CL)‘)IH 1+ —‘ IL 7R,

OUT(CL)‘
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13.Application Information

Voltage Regulator _Vear T
1
J_ ouT VS ' o
Cvpp GND |
L Cvs Dz
I -
o
=
v
VDD -
GPLO Ropsxn DEN
ot
—
GPIO [Rw | N
Microcontroller ouT l
b Cour
=
ADC IN ! l Rsense IN] \%
GND 701 l Csense p—

] ,

Q

/7

VYV D
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14.Package
DFN9*6-14L
L K
E _ - }H — A—
1 73 - n
NS
L
ij ] ]
] [ ] ]
_ p T p1 [ ]
i: [ ] ]
] [ ] ]
] ] ]
|e——E1—>| |
TOP VIEW BOTTOM VIEW SIDE VIEW
Unit :mm
Symbol MIN NOM MAX
E 5.800 6.000 6.200
D 8.800 9.000 9.200
E1 2.775 2.800 2.825
D1 7.775 7.800 7.825
K 0.575 0.6 0.625
b 0.375 0.400 0.425
e 1.270
A 0.900 1.000 1.120
A3 0.250
L 0.975 1 1.025
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15.Recommended Soldering Footprint

o

k— D

RM77030DS Datasheet

mm

Unit :
Symbol NOM Symbol NOM
E1 2.9 b 0.5
D1 8.0 e 1.27
K 0.5 L 1.3
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16.Revision History

Version Change Description Date

1.0 Initial Version 2024/08/07
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