Gafineon

Smart Power High-Side-Switch BTS4880R
Eight Channels: 8 x 200 mQ

~—  RoHS
Qualified

Features Product Summary

e Output current 0,625 A per channel Overvoltage protection Vboiazy| 47 |V

e Short circuit protection Operating voltage Vobion) | 11.--45|V

e Maximum current internally limited On-state resistance RonN 200 | mQ

e Overload protection

e Input protection
¢ Overvoltage protection (including load dump)

e Undervoltage shutdown with auto-
restart and hysteresis

e Switching inductive loads

» Thermal shutdown with restart PG-DS0O-36-12; -10

e Thermal independence of separate channels
e ESD - Protection
e Loss of GND and loss of V,,, protection

¢ Very low standby current

* Reverse battery protection

e Programmable input for CMOS or Vy,,/2 + AEC Qualified

e Common diagnostic output ( current output ) * Green Product (RoHS compliant)
for overtemperature

Application

e Output driver for industrial applications ( PLC )

e All types of resistive, inductive and capacitive loads

e uC or optocoupler compatible power switch for 24 V DC applications
* Replaces electromechanical relays and discrete circuits

General Description
N channel vertical power FET with charge pump, ground referenced CMOS or V,,,,/2

compatible input and common diagnostic feedback, monolithically integrated in
Smart SIPMOS® technology. Providing embedded protective functions.
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BTS4880R

Pin Symbol Function
1,2,4,5 NC not connected
3 LS Enable pin for switching the input-levels to Vy,/2
6 IN1 Input, activates channel 1 in case of logic high signal
7 IN2 Input, activates channel 2 in case of logic high signal
8 IN3 Input, activates channel 3 in case of logic high signal
9 IN4 Input, activates channel 4 in case of logic high signal
10 INS Input, activates channel 5 in case of logic high signal
11 ING Input, activates channel 6 in case of logic high signal
12 IN7 Input, activates channel 7 in case of logic high signal
13 IN8 Input, activates channel 8 in case of logic high signal
14-18 NC not connected
19 GND Logic ground
20 DIAG Common diagnostic output for overtemperature
21 ouT8 High-side output of channel 8
22 ouTs8 High-side output of channel 8
23 ouT7 High-side output of channel 7
24 ouT7 High-side output of channel 7
25 OouT6 High-side output of channel 6
26 OouT6 High-side output of channel 6
27 OuUTS High-side output of channel 5
28 OuUTS High-side output of channel 5
29 OouT4 High-side output of channel 4
30 OouT4 High-side output of channel 4
31 OouT3 High-side output of channel 3
32 OuUT3 High-side output of channel 3
33 ouT2 High-side output of channel 2
34 ouT2 High-side output of channel 2
35 OouUT1 High-side output of channel 1
36 OuUT1 High-side output of channel 1
TAB Vbb Positive power supply voltage

Data sheet
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Cinfineon

Maximum Ratings

Parameter Symbol Value Unit
at T; = -40...135 °C, unless otherwise specified

Supply voltage Vb -11)...45 \Y%
Continuous input voltage?) VIN -10...Vpp
Continuous voltage at LS-pin Vis -1...Vpp

Load current (Short - circuit current, see page 6) |/ self limited A
Current through input pin (DC), each channel IN 5 mA
Reverse current through GND-pin1) -laND 1.6 A
Operating temperature Ti internal limited °C
Storage temperature Tstg -65 ... +150

Power dissipation 3) Piot 3.3 W
Inductive load switch-off energy dissipation4) Eas J
single pulse, T;=125°C, /|, =0.625 A

one channel active 10

all channels simultaneously active ( each channel ) 1

Load dump protection4) V| gagpump®)= Va + Vs VLoaddump \Y
V|N= low or high

ty=400ms, R=2Q,R_ =27Q, V=135V 90

ty=350ms, Ri=2Q,R =47 Q, V, =27V 117
Electrostatic discharge voltage (Human Body Model) | VEsp kV
according to ANSI EOS/ESD - S5.1 - 1993

ESD STM5.1 - 1998

Input pin, LS pin, Common diagnostic pin +1

all other pins +5

Continuous reverse drain current’)4), each channel | Ig 4 A

Tdefined by Piot

2At VIN > Vbb, the input current is not allowed to exceed +56 mA.

3 Device on 50mm*50mm*1.5mm epoxy PCB FR4 with 6 cm2 (one layer, 70um thick) copper area for drain

connection. PCB is vertical without blown air.
4not subject to production test, specified by design

5VLoaddump is setup without the DUT connected to the generator per ISO 7637-1 and DIN 40839 .

Supply voltages higher than Vbb(AZ) require an external current limit for the GND pin, e.g. with a

150Q resistor in GND connection. A resistor for the protection of the input is integrated.
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@i n eon BTS4880R

Electrical Characteristics

Parameter Symbol Values Unit
at T; = -25...125°C, Vpp=15...30V, unless otherwise specified min. | typ. | max.
Thermal Characteristics

Thermal resistance junction - case Rinic - - 1.5 |KWwW
Thermal resistance @ min. footprint Rih(JA) - - 30
Thermal resistance @ 6 cm?2 cooling area 1) RinA) - - 38

Load Switching Capabilities and Characteristics

On-state resistance RonN mQ
T,=25°C, )L =05A - 150 | 200
T,=125°C - 270 | 320
Turn-on time to 90% Vour ton - 50 | 100 |ps
R =47 Q, V;y=0t0 10V

Turn-off time to 10% Vour toss - 75 | 150

R =47 Q, V;y=10to 0V

Slewrate on 10 to 30% Vouyr, dV/dt,, - 1 2 | Vlus
R =47 Q, Vpp =15V

Slew rate off 70 to 40% V oy, -dV/dt ¢ - 1 2
R.=47Q, Vpp =15V

1 Device on 50mm*50mm*1.5mm epoxy PCB FR4 with 6 cm2 (one layer, 70um thick) copper area for drain
connection. PCB is vertical without blown air.
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Electrical Characteristics

Parameter Symbol Values Unit
at T; = -25...125°C, Vpp=15...30V, unless otherwise specified min. | typ. | max.
Operating Parameters

Operating voltage Vbb(on) 11 - 45 |V
Undervoltage shutdown Vob(under) 7 - 10.5
Undervoltage restart Vib(u rst) - - 11
Undervoltage hysteresis AVpp(under)| - 0.5 -
AVib(under) = Vob(u rst) = Vbb(under)

Standby current lob(off) - 50 | 150 [pA
Operating current?) IeND - 12 |mA
Leakage output current (included in lppofr) I (off) - 10 |pA
V|N = low , each channel

Protection Functions?)

Initial peak short circuit current limit I (scp) A
T;=-25°C, Vpp =30V, t, =700 ps - - 1.9
T,=25°C - 1.4 -
T;=125°C 0.7 - -
Repetitive short circuit current limit I(scr) - 1.1 -

T; = T (see timing diagrams)

Output clamp (inductive load switch off) Von(cL) 47 53 60 |V
at Vout = Vb - Von(cL):

Overvoltage protection 3) Vib(AZ) 47 - -
Thermal overload trip temperature4) Tit 135 - - |°C
Thermal hysteresis AT - 10 - |K

1contains all input currents

2Integrated protection functions are designed to prevent IC destruction under fault conditions
described in the data sheet. Fault conditions are considered as "outside" normal operating range.
Protection functions are not designed for continuous repetitive operation

3 see also VON(CL) in circuit diagram on page 10

4 higher operating temperature at normal function for each channel available
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Electrical Characteristics

Parameter Symbol Values Unit
at T; = -25...125°C, Vpp=15...30V, unless otherwise specified min. | typ. | max.
Input

Continuous input voltage?) ViN -10 - Vi |V
Input turn-on threshold voltage CMOS2) VIN(T+) - - 2.2

Input turn-off threshold voltage CMOS?2) VIN(T-) 0.8 - -

Input turn-on threshold voltage Vi,,/2 2) VIN(T+) - - | V241
Input turn-off threshold voltage Vj,,/22) VIN(T-) Ve/2-1| - -

Input threshold hysteresis AVIN(T) - 0.3 -

Off state input current CMOS ( each channel ) hN(off) 8 - - |MA
On state input current CMOS ( each channel ) /\N(on) - . 70

Off state input current V},,/2 (- each channel ) hN(off) 80 - -

On state input current V},,,/2 ( each channel ) /\N(on) - . 260
Input delay time at switch on V, td(Vbbon) 150 | 340 - |us
Input resistance (see page 10) R 2 3 4 |kQ
Internal pull down resistor at LS-pin3) R.s 300 | 800 -

Diagnostic Characteristics

Common diagnostic output current4) Idiag 2 3 4 |mA
( overtemperature of any channel )

T;=135°C

Common diagnostic output leakage current ldiag(high) - - 2 |pA

At VIN > Vbb, the input current is not allowed to exceed 5 mA.
25ee page 9

3LS-pin is connected to Vbb

4see page 10
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Electrical Characteristics

Parameter Symbol Values Unit

at T; = -25...125°C, Vpp=15...30V, unless otherwise specified min. | typ. | max.

Reverse Battery

Reverse battery voltage) ~Vib \Y
RgnD =0 Q - - 1

Rgnp = 150 Q - - 45
Diode forward on voltage -VoN - - 1.2

Ir=1.25A, V| = low, each channel

Tdefined by Piot
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Truth table for common diagnostic pin ( LED-driver ):

Input Output Diagnostic
level level
Normal L L L
operation H H L
Short circuit L L L
to GND H L L
Undervoltage L L L
H L L
Overtemperature L L L
H L H1)

L = no diagnostic output current
H = diagnostic output current typ. 2 mA (see page 7)

Programmable input:

Input
Level Shifter

1
1
Vbb |
1

.
/
GND typ . 800 kQ

. _

Functional description LS-Pin:

With using the LS-pin it is possible to change the input turn-on and -off threshold voltage
between CMOS and half supply voltage level.

Therefore you have either to connect the LS-pin to GND ( state 1) or to supply voltage ( state 2 )
If the LS-pin is not connected the input threshold voltages are automatically at CMOS level,
caused by an internal pull down to GND with typ. 800k{2 ( see circuit ).

State 1: LS-Pin to GND CMOS - Input level
State 2: LS-Pin to supply voltage Vpp/2 - Input level

1toggeling with restart

Data sheet 9 Rev. 1.1, 2007-10-18
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Terms
each channel

| l'bb lT'DIAG
LS Vi, DIAG Von
N I
v —~ 1IN1.8  PpROFET OUT1.8 ——
bb
Vin GND
‘IGND Vour
Input circuit (ESD protection)
each channel
I
! R = I
I e
. N .
I i I
i_ GND _i
The use of ESD zener diodes as voltage clamp
at DC conditions is not recommended
Reverse battery protection
each channel
I—._._.—.—._.I Vbb
= i
IN
. I -
| & 7F o
Power
! Logic Iljni\ézr:e !
GND
H R
'__: opGIin?al RL
Signal GND Power GND

RGND=1 50Q, R|=3kQ typ.,

Temperature protection is not active during
inverse current

Data sheet

Inductive and overvoltage output clamp
each channel

VON clamped to 47 V min.

Overvoltage protection of logic part

I______'! * Vbb
I V22 |
N - N .
! Logic !
STI I
. — . —. 1.1
GND
A
b Renp
i_ ! optional
Signal GND

V22=Vbb(AZ)=47 \% min.,
Ri=3 kQ typ., Rgnp=150Q2

Output current typ. 2 mA

10 Rev. 1.1, 2007-10-18



BTS4880R

Inductive Load switch-off energy

GND disconnect
dissipation, each channel

I Ebb
LS Vbb DIAG Eas -
vV ELoad
— IN1...8 PROFET OUT1..8 bb
— N PROFET OUT
GND C)
v, | v - EL
bb[ "IN ‘VGND GND
l ER'

GND disconnect with GND pull up
Energy stored in load inductance: E = % * L * | 2
| | While demagnetizing load inductance,
the enérgy dissipated in PROFET is
Eas=Epp * EL -ER= Von(cp) " iL(t) dt,
with an approximate solution for R > 0Q:

LS Vo DIAG

— IN1...8 PROFET OUT1..8

GND
It* L * R
Eas= *(Voo+|Vourcery)* In(1 + )
L |Vourccr)|

/ 2*R
v, v
IN ST VanD

bb

Vpp disconnect with charged inductive

load

~
I I

LS Vpp DIAG

high
—N1..8 PROFET

GND I

OuT1...8

bb
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Typ. on-state resistance
Ron = f(Tj) ; Voo = 15V ; Vin = high

0.3
Q
Z 02 /
o
v /
0.15 /
T 0.1
0.05
0
25 0 25 50 75 °C 125

Typ. initial peak short circuit current limit
I scp) = f(Tj) ; Voo = 24V

1.6

1.4

IL(scp)

1.2

1

T 08

0.6

0.4

0.2

0

-25 0 25 50 75 125

°C

Data sheet 12

Typ. on-state resistance
Ron = f(Vbb); I = 0.5A ; Vin = high

RoN

0.3 I
125°C
Q
0.2
25°C
I —
0.15
25°C
0.1
0.05
0 15 20 25 30 35 40 \/ 50
— = WY

Typ. input delay time at switch on V},,
td(Vbbon) = f(vbb); Tj=-25...125°C

td(vbbon)

— -

ms

0.5

0.3

0.2

0.1

%o

15

20

25

30

35

—
Rev. 1.1, 2007-10-18
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@{ n eon BTS4880R

_/

Typ. turn on time Typ. turn off time
ton =f(Tj); RL = 47Q tors = f(Tj); RL=47Q
100 100
us us
80 80 /
70 70 - —
$ 6 = S g
—
/
50 — 50
T 40 T 40
30 30
20 20
10 10
%s 0 25 50 75 °C 125 %5 0 25 50 75 °C 125
— 7] — 7]
Typ. slew rate on Typ. slew rate off
dV/dto, =f(Tj) ; RL =47 Q, Vpp =15V dV/dtogs = f(Tj); RL=47 Q, Vi, =15V
1 1.4
Vis
V/s
— N
0.6 — o8 \
\
! P
04
0.4
02
02
%s 0 25 50 75 °C 125 %5 0 25 50 75 °C 125
— ] — T
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Typ. standby current Typ. leakage current
Iob(off) = f(Tj) ; Vob =30V ; ViN = low IL(off) = f(Tj) ; Vipp = 30V ; V| = low
50 4
— uA N
uA Y /
\// 3
g g
38 = 25

30

= Lo

10

05
% 0o 25 50 75 °c 125 % o 25 s 75 °c 125
— T — T
Typ. common diagnostic output current Typ. internal pull down resistor at LS-pin
lgiag = f(Vbp) ; 7j=135°C Ris = f(Vbb); Vis = Voo
3 1.5
mA — MQ 125°C - |
]
/ e
g @ 1
5 25°C
3 L5 x ///
0.75 / ]
Y7 .
L -25°C
! -
27 T A
0.5/
26
0.25
25 0
10 15 20 25 30 35 \/ 45 10 15 20 25 30 35 40 \ 50
— > Vo — » Vo
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Typ. input current @ CMOS level
IN(onioff) = f(Tj); Vop = 15V, ViN = low/high
ViNiow < 0,8V; ViNhigh = 2,2V

50
A [
\ on
\\
z B
= 30 \\ off
\\
\
T 20
10
0
-25 0 25 50 75 °C 125
—> T-j

Typ. input current @ V},,/2 level
In(onioff) = F(T}); Vip = 30V; Vi = low/high

180

uA\

\on

/

40

20

% o 25 50 75 °C 125

Data sheet

Typ. input current @ CMOS level
I = f(VIN); Vb = 15V

50

-25°C

A | /]

\§

N
3]
O

N
cjo\

IN

125

30

10

Typ. input current @ V},,/2 level
Iin = f(VIN); Vpp =30V

200 ‘

MA -25°C

150 —
125 // .
| —=

7
e

50

IN

25

0 5 10 15 20 V 30

— » VN
Rev. 1.1, 2007-10-18
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/

Typ. input threshold voltage Typ. input threshold voltage
@ CMOS level @ CMOS level
Vinth) = f(Tj) ; Voo = 15V ViN(th) = f(Vbb) ; Tj=25°C
2 2 ‘
v — on V on
-\\
16
\\\\ 15
£ 14 off £ off
P4 P4
= < 125
1 1
T 0.8 T
0.75
0.6
0.5
0.4
02 0.25
% o 25 50 75 °C 125 % 15 20 25 30 35 40 y 50
T — Vo
Typ. input threshold voltage Typ. input threshold voltage
@ Vpp/2 level @ Vpp/2 level: LS-pin connected to Vy,
Vinith) = f(Tj) 5 Vip = 30V Vineth) = f(Vp) 5 Tj=25°C

16 25

v Y, /
\\ on /
15 —] 20
off on/
14.5 175
/,ﬁ
14 15
T 13.5 T 125 /
13 10 /
12.5 75 /

1?25 0 25 50 75 °C 125 5‘IO 15 20 25 30 35 40 vV 50

VIN(th)
ViN(th)

— T —» Vb
Data sheet 16 Rev. 1.1, 2007-10-18
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BTS4880R

Maximum allowable load inductance
for a single switch off, calculated

L = f(I); Tistart=125°C, Vpp=24V, R =0Q
45 T T T T
H all channels simultaneously active

.
-1
T 20
. \

10

5

800 300 400 500 600 mA 800

Typ. transient thermal impedance
Zinya=f(ty) @ min. footprint
Parameter: D=tp/ T

LTI
111 1 1
K/W 111/ llIII[HIIlIIII lI \

1| W
= ”"'“”'"'IIEI_.mnll" | LI [ H

mmwmmm

ZthJA

H
IHIIIIHI LTI T \IIIIIIHIIIIIIIH

I (111 [1TRE 11T (T[T 10 [
MWMWWWW
10710 °10°10 10 %10 %10 "0%10 " 10% ¢ 10*
—» I
Data sheet

Maximum allowable inductive switch-off
energy, single pulse
Eas = f(IL); Tistart = 125°C, Vpp = 24V

3.5 { [ { [ {
all channels simultaneously active

W\
WA

1

J

Eas
/

N

0.5

800 300 400 500 600 mA 800

Typ. transient thermal impedance
Zi, ya=f(t,) @ 6¢cm? heatsink area

Parameter: D=tp/T
10 ?

KIW

T 11T

(1
10'HD=0.2

DO1

ZthJA

D 005

Wi
10 9L D=10.02

D =0.01

—
I

10" ==

10 2L

10710 °10 °10 *10 %10 210 110%10 " 102 ¢ 10*
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BTS4880R

Timing diagrams

Figure 1a: Vbb turn on:

IN
Vbb

i

. IL :
1
1
!

"DIAG | !
1 1
. .
] |
] |
I
1 | t
. d(Vbbon)
1
1

Figure 2a: Switching a resistive load,
turn-on/off time and slew rate definition

| I

dV/dtoff

DIAG

Data sheet 18

Figure 2b: Switching a lamp

Figure 2c: Switching an inductive load
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Timing diagrams

Figure 1a: Vbb turn on:

IN
Vbb

i

. IL :
1
1
!

"DIAG | !
1 1
. .
] |
] |
I
1 | t
. d(Vbbon)
1
1

Figure 2a: Switching a resistive load,
turn-on/off time and slew rate definition

| I

dV/dtoff

DIAG

Data sheet 19

Figure 2b: Switching a lamp

Figure 2c: Switching an inductive load
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Figure 3a: Turn on into short circuit,
shut down by overtemperature, restart by cooling
IN

I L

T DIAG

Heating up of the chip may require several milliseconds, depending
on external conditions.

Figure 4: Overtemperature:
Reset if Tj < Tjt

IN

VOUT

. DIAG

Data sheet
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Figure 3b: Short circuit in on-state
shut down by overtemperature, restart by cooling
IN

B — L

~Vour

Qutput shortto GND

normal
operation

|
L

'Liscn

S

DIAG

[LLLL

Figure 5: Undervoltage shutdown and restart

VIN
Vb
105V —mmmee e <| ___ I ______ l__—I__ _________
Vv i i
out ! !

1 1
1 ]
1 ]
1 1
1 1

M
1 1 ] 1
1 1 1 1

\DIAG | | »
| 1 I 1
| 1 | 1
P P t
. .
1 1 | 1

—> — e

P i tavbbon) i
| 1 | 1
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Package Outlines

1 x45°

S
L
1 18

2) Stand off

15.910.1")

X
s 92
1.10.1 - 5|9 E
D oy o
] w
_ 11574501 | |4}
0.65) |(Heatslug)l  L=76 17c)36x
+0.13
0257 I« 1©0.25MA[B[C]
17 x[0.65)=[11.05
36 19
ARAARARAARARAAAAS
Index Marking

A

1) Does not include plastic or metal protrusion of 0.15 max. per side

11z0.15 "
(E N
2.8 S8
— - -t RS
0 n
| e S x
[ | I o
6.3
- Heatslug/
0.95 0.15
2103
142+ —~=T025B
Bottom View
19 3 3| g
AAAAAAAAAAAAAAARAA Nl o
o 0
L [
Il [

e I
1UEI)LIHHHUHHUHHUHHHLILI1 Heatslug
B 13.7 00 N

GPS09181

figure 6: PG-DS0O-36

Green Product (RoHS compliant)

To meet the world-wide customer requirements for environmentally friendly products and to be compliant with
government regulations the device is available as a green product. Green products are RoHS-Compliant (i.e

Pb-free finish on leads and suitable for Pb-free soldering according to IPC/JEDEC J-STD-020).

For further information on alternative packages, please visit our website:
http://www.infineon.com/packages.

Data sheet
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Dimensions in mm
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Revision History

Revision Date

Changes

1.1 2007-10-18

RoHS-compliant DSO package version of the BTS4880R.

All pages: Infineon logo updated

Page 1:

Added “AEC qualified” and “RoHS” logo, added “Green Product (RoHS
compliant)” and “AEC qualified” statement to feature list, package names changed
to RoHS compliant versions.

Page 21:

Package names changed to RoHS compliant versions, added “Green Product”
description

added Revision History

added Legal Disclaimer

Package name changed to PG-DSO-36

Data sheet
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Legal Disclaimer

The information given in this document shall in no event be regarded as a guarantee of conditions or
characteristics. With respect to any examples or hints given herein, any typical values stated herein and/or any
information regarding the application of the device, Infineon Technologies hereby disclaims any and all warranties
and liabilities of any kind, including without limitation, warranties of non-infringement of intellectual property rights
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Information

For further information on technology, delivery terms and conditions and prices, please contact the nearest
Infineon Technologies Office (www.infineon.com).

Warnings

Due to technical requirements, components may contain dangerous substances. For information on the types in
question, please contact the nearest Infineon Technologies Office.

Infineon Technologies components may be used in life-support devices or systems only with the express written
approval of Infineon Technologies, if a failure of such components can reasonably be expected to cause the failure
of that life-support device or system or to affect the safety or effectiveness of that device or system. Life support
devices or systems are intended to be implanted in the human body or to support and/or maintain and sustain
and/or protect human life. If they fail, it is reasonable to assume that the health of the user or other persons may
be endangered.



