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Smart High-Side Power Switch

1.Basic Features

®  Dual channel device

® Very low stand-by current

® 3.3V and 5V compatible logic inputs

®  Electrostatic discharge protection (ESD)

®  Optimized electromagnetic compatibility

® Logic ground independent of load ground

® \ery low power DMOS leakage current in OFF
state

®  Green Product (RoHS compliant)

® AEC-Q100 qualified

RM77050DD Datasheet

2.Description
The RM77050DD is a 50mQ dual channel Smart High-Side

Power Switch, embedded in a DFN9*6-14L, Exposed Pad
package, providing protective functions and diagnosis. The
power transistor is built by a N-channel power MOSFET with
charge pump. It is specially designed to drive lamps up to 2*
P21W 24V or 1x 21W 12V, as well as LEDs in the harsh

automotive environment.

3.Application 4.Product Summary
®  Suitable for resistive, inductive and capacitive Overvoltage protection Vsiaz) 70 v
Operating voltage range Vs(or) 5...48 Y,
loads ON state resistance per
Rbs(on) 50 mQ
® Replaces electromechanical relays, fuses and channel
Nominal load current (one
discrete circuits . ILnomy1 4.5 A
channel active)
®  Most suitable for loads with high inrush current, Nominal load current (both
) IL(Nnom)2 3 A
channels active)
such as lamps —
Load current limitation ILog(sc) 22 A
®  Suitable for 12V and 24V Trucks and Typical current sense ratio KiLis 1320
Transportation System
5.0rdering Code
Part Package . )
g Marking | Materials Package Package Qty
number Type
10 reels 3000
RM77050DD | DFN9*6-14L | RM77050DD | Halogen free | Tape&reel b 30k/box el
0X ree
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6.Pin Configuration

O
GND [ Jlr——=7—— 114} 0UTO
|
|
|
N0 [J2! 113 0UTo
|
|
. |
DEN [_13 : Cooling ;12 0oUTO
| Tab :
Is [14, 111 NC
|
|
|
|
DSEL [15, VS 110} outl
|
|
|
INl [161 19 ] outl
|
|
|
NC [ J71—————_1g [ outl
Pin Symbol Function
1 GND GrouND; Ground connection
2 INO INput channel O; Input signal for channel 0 activation
3 DEN Diagnostic ENable; Digital signal to enable/disable the diagnosis of the device
4 IS Sense; Sense current of the selected channel
5 DSEL Diagnostic SELection; Digital signal to select the channel to be diagnosed
6 IN1 INput channel 1; Input signal for channel 1 activation
711 NC Not Connected; No internal connection to the chip
8/9/10 OuUT1 OUTput 1; Protected high side power output channel 1"
12/13/14 ouTo OUTput 0; Protected high side power output channel 0"
Cooling Tab VS Voltage Supply; Battery voltage

1) All output pins of a given channel must be connected together on the PCB. All pins of an output are internally

connected together. PCB traces have to be designed to withstand the maximum current which can flow.
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7.Block Diagram

RM77050DD Datasheet
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8.Absolute Maximum Ratings?

T,=-40°C to +150°C; (unless otherwise specified)

Parameter Symbol | Values | Unit Note or Test
Condition
Supply voltage Vs -0.3t0 48 Vv
t<2min
Reverse polarity voltage -VsRev) O0to 28 \% Ta=25C
R212Q
Raenp=150Q
Recu=20mQ
Rcabie=16mQ/
Supply voltage for short circuit protection VeaT(sc) 0to 36 \Y; feble™TOMEYM
Lcabe=1uH/m,
I=00orbm
. Ri=2Q
Supply voltage for Load dump protection Vs(p) 65 Vv
Ri=12Q
Voltage at INPUT pins ViN -0.3to 6 Vv
Current through INPUT pins Iin 2to2 mA
Voltage at DEN pin VpeN -0.3to 6 \Y
Current through DEN pin Ipen -2t02 mA
Voltage at DSEL pin VbseL -0.3to 6 \Y
Current through DSEL pin IpseL -2t02 mA
Voltage at IS pin Vis -0.3to Vs \Y
Current through IS pin lis -25t040 | mA
Current through ground pin lenp -20to 20 mA
Ta=85°C
Power dissipation(DC) Ptot 2.27 w
T,<150°C
Junction to board Both channels active? Rinse 22 K/wW
IL=4A
Maximum energy dissipation
Eas 55 mJ T,=150°C
Single pulse (one channel)
Vs=28V
Junction temperature Ty -40to 150 C
Ambient temperature Ta -40to 125 C
Storage temperature Tste -55to 150 T

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.

2.Specified Rings value is according to JEDEC JESD51-2, -5, -7 at natural convection on FR4 2s2p board with 1 W
power dissipation equally dissipated for both channel at Ta =105°C ; The product (chip + package) was simulated on a
76.4 x 114.3 x 1.5 mm board with 2 inner copper layers (2 x 70 um Cu, 2 x 35 um Cu). Where applicable, a thermal via

array under the exposed pad contacts the first inner copper layer.
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9.Electrical Characteristics

T,=-40°C to +150°C, Vs=28V; (unless otherwise specified)

RM77050DD Datasheet

i Values .
Symbol Parameter Test Condition - Unit
Min Typ Max
IL=4A, Vin=4.5V, T,=150C - 95 100
Rosion)y  |ON-state resistance mQ
IL.=4A, Vin=4.5V, T,=25C - 50 -
Output voltage drop
Vpsny | limitation at small IL=50mA - 10 22 mV
load currents
Vs(op) Supply voltage Vin=4.5V, R.=12Q, Vps<0.5V 5 - 48 Vv
Overvoltage _
Vs(az) protection Is=5mA 65 70 75 \
Undervoltage Vin=4.5V, RL.=12Q,
Vs | shutdown From Vos<1V to lour=0A 3.0 R 41 v
Minimum functional |Vin=4.5V, R.=12Q,
Vs(op) i supply voltage From lout=0A to Vps<0.5V 38 4.5 50 v
lnomyr  |Nominal load current Ta=85C, T<150°C, - 45 - A
One channel active
lnom2  |Nominal load current Ta=85C, Tu<150°C, = 3 - A
All channels active
Standby current for _ -
. h Vs=36V, Vour=0V,
Is(oFF) Ygggle device with IN floating DEN floating, T,<85°C - 0.05 0.5 uA
Standby current for _ _
. h Vs=36V, Vour=0V,
lscorp)_ 50 }’c‘;zg'e device With |\ fioating DEN floating, T,=150C - - 10 uA
Drain to source
Vbs@az) |clamping voltage Ips=20mA 63 - 75 \Y
Vosaz)=[Vs-Vour]
Output leakage Vs=36V, Vi floating, Vour=0V
lorm) | crrent per channel |T, <85°C i 0.05 0.5 uA
Output leakage
loutenoy  [current while GND ~ [Vs=36V,T, < 85°C - - 1 UuA
disconnected
Operating current Vs=36V, VIN=VDpen=5.5V,
lono_t | One channels active |One channels active ) 06 2 mA
Operating current All |Vs=36V, Vin=Vpen=5.5V,
loo_2 | channels active All channels active i 0.9 4 mA
High level input
Vi threshold 1.3 B 2.1 v
Low level input
VlN(L) threshold 0.9 - 1.8 V
Input voltage
VIN(HYS) hysteresis 0 0.4 - Vv
High level input _
lINGH) current Vin=5.5V 2 10 25 uA
Low level input _
[IN8) current Vin=0.8V 1 5 25 uA
DEN High level input
VDEN(H) threshold 1.3 - 2.1 \%
DEN Low level input
VpENL) threshold 0.9 - 1.8 \Y
DEN Input voltage
VDEN(HYS) hysteresis 0 0.4 - \Y%
DEN High level input _
IDEN(H) current Vpen=5.5V 2 10 25 uA
DEN Low level input _
IpENQ) current Vpen=0.8V 1 5 25 uA
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High level input
VDSEL(H) threshold 1.3 - 2.1 Vv
Low level input
VbsEL(L) threshold 0.9 - 1.8 \Y
Input voltage
V/DSEL(HYS) hysteresis 0 0.4 - \Y%
High level input _
IpsEL(H) current VpseL=5.5V 2 10 25 uA
Low level input _
IpsEL(L) current VbseL=0.8V 1 5 25 uA
R.=12Q, Vs=28V,
dV/dton [Turn-ON Slew rate From 30% to 70%Vs 0.5 - - V/us
RL=12Q), Vs=28V,
-dV/dtorr | Turn-OFF Slew rate From70% to 30%Vs 0.5 - - V/us
. R.=12Q, Vs=28V,
ton Turn-ON time From Vi=Vin 1 to Vour=90%Vs - 30 100 us
. R=12Q, Vs=28V,
torr Turn-OFF time From V=i L to Vour=10%Vs - 50 100 us
Atsw ;‘g{‘cﬁ%/ OFF torr-ton, RL=120Q), V=28V -50 0 50 us
. Ri=12Q, Vs=28V,
toN_delay [ Turn-ON delay time From Viu=Vin 1 to Vour=10%Vs - 10 40 us
. RL=12Q, Vs=28V,
torF_delay | Turn-OFF delay time From Vin=Vi . to Vour=90%Vs - 20 40 us
Current sense
settling time to kiis
& function stable after |Vin=Vpen=0V to 4.5V, Vs=28YV, ) ) 100 us
ISON | positive input slope  |Ris=1kQ, Csense<100pF, IL=2A
on both INput and
DEN
Current sense
t settling time with load|Vin=4.5V, Vpen=0V to 4.5V, ) ) 40 us
SISONDEN) | current stable and Ris=1kQ, Csense<100pF, IL.=2A
transition of the DEN
Diagnostic disable Vin=4.5V, Vpen=4.5V to 0V,
tsisorr) |time DEN transition 0 - 20 us
to 11s<50% | L ks |Ris=1KQ, Csense<100pF, 1.=2A
Current sense
settling time to I_ IS Vin=4.5V, Vpen=4.5V, Ris=1kQ,
tsisccc)  |stable after positive - - 50 us
|nput Slope on CSENSE<1 OOpF, |L=1A tO IL=2A
current load
IS pin leakage
||37(D|s) current when sense [Vin=4.5V, Vpen=0V, IL.=4A - - 1 uA
is disabled
Sense signal Ny _ —
lispauLT)  [Maximum current in \\;'S_\gx—s\//[’SEL_OV' Vour=Vs>10V, 5 - 20 mA
fault condition DENTH-
Current sense
settling time to 1 IS |v/\=0V, Vpen=0V to 4.5V, Ris=1kQ,
bis(FAULT_OL stable for open load " oen ' - - 250 us
_OFF) " |detection in OFF Csense<100pF, Vour=Vs=28V
state
Current sense VINO=\_/IN1=4.5V, VDEN=_4.5V,
S VpseL=0V to 4.5V, Ris=1kQ,
tsiscnc) | settling time from one c <1000F | _oA - - 20 us
channel to another sense= TUUPF, ILouto=2A,
ILoutny=1A
Load current _
IL28(sc) limitation Vps=28V - 22 - A
Thermal shutdown .
Tuso) temperature 150 ) ) C
ILon Open load detection |Vin=Vben=4.5V, lisoL)=8uA - - 25 mA

RM77050DD_REV2.1

www.reactor-micro.com

Shaanxi Reactor Microelectronics Co., Ltd.




-

ACTOR"

R !

Smart High-Side Power Switch

RM77050DD Datasheet

threshold in ON state
Open load detection
Vs-VoLorr) |threshold in OFF Vin=0V, Vpen=4.5V 3 - 5 Vv
state
Vispz, |SonSe pinmaximum |, g, S 5| v
Current sense ratio | ViN=4.5V, Vpen=4.5V,
KiLis1 IL1=0.05A T,=-40°C...150°C -30% 1170 +30%
Current sense ratio | Vin=4.5V, Vpen=4.5V,
Kiuis2 1L2=0 5A T,=-40°C...150°C -20% 1310 +20%
Current sense ratio | ViN=4.5V, Vpen=4.5V,
ks 1) =1A T,=-40°C...150°C 0% 1 1320 | +10%
Current sense ratio | Vin=4.5V, Vpen=4.5V,
KiLisa ILa=2A T,2-40°C...150°C -8% 1320 +8%
Current sense ratio | Vin=4.5V Vpen=4.5V,
kiss | | =4 T,=-40°C...150°C % 1370 1%
Drain source diode
Vps(Rev) voltage during I.=-2A, T,=150°C 200 - 800 mV
reverse polarity
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10.Timing diagrams

RM77050DD Datasheet

Figure 1: Switching a Resistive Load Timing
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Figure shows the typical timing when switching a resistive load

Figure 2: Switching an Inductive Load Timing
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Figure 3: SENSE Settling / Disabling Timing
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Figure 4: SENSE Signal in Open Load Timing
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Figure 5: Undervoltage Behavior
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Figure 6: Overtemperature Protection
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Figure 7:Retry Strategy Timing Diagram
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The channel is allowed to switch ON for 2 times before switching OFF. After “retry” cycles, the channel latches OFF.
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11.General Product Characteristics

11.1 Current Consumption

0.60
Vs+36\
059
0.58 \“
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057 ~——
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2 o056 -y
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Two Channels Active lenp 2= f(Ta)
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Standby Current for Whole Device with Load

0.0225
Vs+36\
0.0200
0.0175
0.0150
&
]
M 00125
z
=z
0.0100
L~ ~
0.0075 > ~
L~
//
0.0050 o
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-40 -20 0 20 40 60 80 100 120 130
Ta(C)
Output leakage current per channel
0.45
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0.4
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=
[e]
A o2
B
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Pl
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L~ |
0.1 //
L~
L~
0.05
0
-40 -20 0 20 40 60 80 100 120 130
Ta(C)
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Typical ON-State Resistance

%5
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12.Truth Table

] Diagnostic
Operation Mode Input level Channel | DEN Output Level g
Output
L L L
Normal operation H
H ~Vs lis=I/KiLis
L ~GND L
Short circuit to GND H
H ~GND lisFauLT)
L L L
Overtemperature H
H L lisFauLT)
o L Vs lisFauLT)
Short circuit to Vs H
H Vs lis<I/Kiis
L <VoL(oFF) L
Open Load L H >Vororr)" lisFauLT)
H ~Vg? lis<lis(oL)
L ~Vinv lisFauLT)
Inverse current H
H ~Vinv lis<lisio)®
Current limitation H <Vs lisFauLT)
Underload H ~Vg# liscony<hs<I/Kiis

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

4) The output current has to be higher than I o).
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13.Functions

13.1 Voltage and Current Definition

v *Ivs
g V
INo - VS pso
INO
TNt RM77050DD  / louro
ViNo IN1 OUTO >
ViNt \%2
IDEN DEN Vouro DS1
v IDSEL v Toury
DEN > DSEL
VDSEL OU%d -
L IS GND
Vis Vouri
v IGND
\ \ \ Y

Figure shows all terms used in this data sheet, with associated convention for positive values.

13.2 Input circuit (ESD protection)

| ________________ A
I
wl |
i — ] I
|

|
/7 — — |
N N |
| |
| I
| |
| |
I |

The input circuitry is compatible with 3.3 and 5V microcontrollers. The concept of the input pin is to react to voltage
thresholds. An implemented Schmitt trigger avoids any undefined state if the voltage on the input pin is slowly
increasing or decreasing. The output is either OFF or ON but cannot be in a linear or undefined state.The input
circuitry is compatible with PWM applications. Figure shows the electrical equivalent input circuitry. In case the pin is
not needed, it must be left opened, or must be connected to device ground (and not module ground) via a 10kQ input
resistor.

The DEN and DSEL pins enable and disable the diagnostic functionality of the device. The pins have the same

structure as the INput pins.

RM77050DD_REV2.1 www.reactor-micro.com Shaanxi Reactor Microelectronics Co., Ltd.




REACTOR®

ﬁ Mlcro-electronlcs
T A # B F Smart High-Side Power Switch
RM77050DD Datasheet

-

13.3 Diagnostic Functions

SI'II}{/O'II=OSI
=ISI

\ (mnva)sl
SITy{ /TT]

Zis(az) 0

L X
A A1 T-FAULT

I_>

The RM77050DD provides a SENSE current written | IS at pin IS. As long as no “hard” failure mode occurs (short
circuit to GND / current limitation / overtemperature / excessive dynamic temperature increase or open load at OFF) a
proportional signal to the load current (ratio kiLis=IL / lis ) is provided. The complete IS pin and diagnostic mechanism is
described in Figure. The accuracy of the sense current depends on temperature and load current. The sense pin
multiplexes the currents lisp) and lis(1)y, via the pin DSEL. Thanks to this multiplexing, the matching between
kiuiscHanneLo and KiuiscHannedt is optimized. Due to the ESD protection, in connection to Vs, it is not recommended to
share the IS pin with other devices if these devices are using another battery feed. The consequence is that the

unsupplied device would be fed via the IS pin of the supplied device.

Diagnostic Truth Table

DEN DSEL IS

0 don’t care z

1 0 Sense output 0 lis(o)
1 1 Sense output 1 lis(1
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13.4 Overvoltage Protection

F T ] vso T T T T T T
|
| .
I r' Y
|
Rsense, 1S y
— T
R DSEL .
DSEL { Logic
Rom —— IDEN
L
R
N :INl Zpan
|
|
Ris HI
AT A A A
|
|
|
| GND
| S

There is an integrated clamp mechanism for overvoltage protection (Zpxz) ). to guarantee this mechanism operates

properly in the application, the current in the Zener diode has to be limited by a ground resistor.

13.5 Reverse Polarity Protection

I ]FIS(AZJ

| i
! |
! |
|
____________ | Zps(an) !
Microcontroller | | !
| ! N | Vbswev)
| protection diodes | | v |
| | Rsense | IS [— |
— T
| H— Rpser ' DSE Logic | )
| —Romy |_DEN g ! —
|
: ! — Rn INO : v
! R I IN1 Tz BAT
: —— N . (AZ) |
| |
! |
I R[]
| |  AATA’ :
| : :ZDESH |
: | | : LRy
| : : Vzuis |
! |
| AXx 21 B T R GND—— -]
| |
| |
| |
|

In case of reverse polarity, the intrinsic body diodes of the power DMOS causes power dissipation. The current in this
intrinsic body diode is limited by the load itself. Figure shows a typical application. Renp resistor is used to limit the
current in the Zener protection of the device. Resistors RpseL, Roen, and Ry are used to limit the current in the logic of
the device and in the ESD protection stage. Rsense is used to limit the current in the sense transistor which behaves as
a diode. The recommended value for Roen=Rpset =Rin=Rsense=10kQ. Zeno is recommended to be a resistor in series to
a diode.

During reverse polarity, no protection functions are available.
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13.6 Output Clamping

Vs
Zpsan T J Vps
'y
Vpar 1
IN_ 1 o6rc|- ouT| 1
+ L
' GND
VIN |j LyRL VOUT
\

When switching OFF inductive loads with high side switches, the voltage Vout drops below ground potential, because
the inductance intends to continue driving the current. to prevent the destruction of the device by avalanche due to
high voltages, there is a voltage clamp mechanism Zpsaz) implemented that limits negative output voltage to a certain

level (Vs-Vbs(az) ). Please refer to Figure for details. Nevertheless, the maximum allowed load inductance is limited.

13.7 Open Load Detection in OFF Electrical Equivalent Circuit

Vear

S

VS OL
& @

1S T our

ILOFF

GND

I:l ZGND Vororr)

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 and the open load threshold voltage VoL (orr) have to be taken in to account.
Figure gives a sketch of the situation. lieakage defines the leakage current in the complete system, including I orF) and
external leakages, e.g, due to humidity, corrosion, etc... in the application.

To reduce the stand-by current of the system, an open load resistor switch SoL is recommended. If the channel x is
OFF, the output is no longer pulled down by the load and Vour voltage rises to nearly Vs. This is recognized by the
device as an open load. The voltage threshold is given by Vororf). In that case, the SENSE signal is switched to the

lisFAULT)-
An additional Rep resistor can be used to pull Vour to OV. Otherwise, the OUT pin is floating. This resistor can be used

as well for short circuit to battery detection.
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14.Application Information

Note: The following information is given as a hint for the implementation of the device only and shall not be regarded

as a description or warranty of a certain functionality,condition or quality of the device.
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Note: This is a very simplified example of an application circuit. The function must be verified in the real application.

Bill of Material

Reference Value Reference Value

Rin 10kQ Csense 10nF

Roen 10kQ Cout 10nF

Rbest 10kQ T Dual NPN/PNP
Rep 47kQ Reno 150Q

RoL 1.5kQ D BAS21

Ris"? 1kQ z 58V Zener diode
Rsense 2kQ Cvs 100nF

ZD1 6.2V Zener diode

Notes:

1) Risshall be a 1% tolerance resistor;

2) If reverse polarity protection is not implemented,select Ris in 1206 package.
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15.Package
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TOP VIEW BOTTOM VIEW SIDE VIEW
Unit :mm

Symbol MIN NOM MAX
E 5.80 6.00 6.20
D 8.80 9.00 9.20
E1 2.75 2.80 2.85
D1 7.75 7.80 7.85
K 0.55 0.6 0.65
b 0.35 0.40 0.45

e 1.27
A 0.90 1.00 1.12

A3 0.25
L 0.90 1.00 1.10
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16.Recommended Soldering Footprint
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17.Revision History

RM77050DD Datasheet

Version Change Description Date
1.0 Initial Version. 2024/06/12
1) Added thermal resistance parameter;
2) Revised certain parameter in the Electrical
20 Characteristics table; 2025/01/03
3) Added Bill of Material in the Application
Information;
4) Revised package dimension tolerances.
1) Added Retry Strategy Timing Diagram;
2) Added certain parameter in the Absolute
Maximum Ratings section;
21 3) Added curves showing parameter variations | 2025/06/30
with ambient temperature;
4) Revised certain parameter in the Electrical
Characteristics table.
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