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P-DSO
-20-10, -12, -16

1
O

verview

1.1
F

eatu
res

•
O

perating supply voltage 5
V

 to 28
V

•
T

ypical R
D

S
on

=
150

m
Ω

 for each output transistor
(at 25

°C
)

•
C

ontinuos D
C

 load current 3.5 A
 ( T

C
 < 100 °C

)
•

O
utput current lim

itation at typ. 6.6 A
±

1.1
A

•
S

hort circuit shut dow
n for output currents over 8

A
•

Logic- inputs T
T

L/C
M

O
S

-com
patible

•
O

perating-frequency up to 30
kH

z
•

O
ver tem

perature protection
•

S
hort circuit protection

•
U

ndervoltage disable function
•

D
iagnostic by S

P
I or S

tatus-F
lag (configurable)

•
E

nable and D
isable input

•
P

-D
S

O
-20-12 pow

er package

F
u

n
ctio

n
al D

escrip
tio

n

T
he T

LE
7209R

 is an intelligent full H
-B

ridge, designed for the control of D
C

 and stepper
m

otors in safety critical applications and under extrem
e environm

ental conditions.

T
he H

-B
ridge is protected against over tem

perature and short circuits and has an under
voltage lockout for all the supply voltages “ V

S ” (m
ain D

C
 pow

er supply). A
ll m

alfunctions
cause the output stages to go tristate.

T
he device is configurable by the D

M
S

 pin. W
hen grounded, the device gives diagnostic

inform
ation via a sim

ple error flag. W
hen supplied w

ith V
C

C
=

5
V

, the device w
orks in

S
P

I m
ode. In this m

ode, detailed failure diagnosis is available via the serial interface.

T
yp

e
O

rd
erin

g
 C

o
d

e
P

ackag
e

T
LE

7209R
on request

P
-D

S
O
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 1.2
P

in
 C

o
n

fig
u

ratio
n

F
ig
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P
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D
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 T
ab

le
1

P
in

n
in

g

P
in

 D
efin

itio
n

s an
d

 F
u

n
ctio

n
s

P
in

. N
o

.
S

ym
b

o
l

F
u

n
ctio

n

1
G

N
D

G
round

2
S

C
K

/S
F

S
P

I-C
lock/S

tatus-flag

3
IN

1
Input 1

4
V

S C
P

S
upply voltage for internal charge pum

p

5
V

S
S

upply voltage

6
O

U
T

1
O

utput 1

7
O

U
T

1
O

utput 1

8
S

D
O

S
erial data out

9
S

D
I

S
erial data in

10
G

N
D

G
round

11
G

N
D

G
round

12
D

M
S

D
iagnostic-M

ode selection
(+ S

upply voltage for S
P

I-Interface)

13
E

N
E

nable

14
O

U
T

2
O

utput 2

15
O

U
T

2
O

utput 2

16
V

S
S

upply voltage, m
ust be connected to pin 5

17
C

S
N

C
hip S

elect (low
 active)

18
D

IS
D
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19
IN

2
Input 2

20
G

N
D

G
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 1.3
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ig

u
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B
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S
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&
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D
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 2
C

ircu
it D

escrip
tio

n

2.1
C

o
n

tro
l In

p
u

ts

T
he bridge is controlled by the Inputs IN

1, IN
2, D

IS
 and E

N
 as show

n in T
ab

le
2. T

he
outputs O

U
T

1 and O
U

T
2 are set to H

igh or Low
 by the parallel inputs IN

1 and IN
2,

respectively. In addition, the outputs can be disabled (set to tristate) by the D
isable and

E
nable inputs D

IS
 and E

N
. 

Inputs IN
1, IN

2 and D
IS

 have an internal pull-up. Input E
N

 has an internal pull-dow
n. 

T
ab

le
2

F
u

n
ctio

n
al T

ru
th

 T
ab

le

F
u

n
ctio

n
al T

ru
th

 T
ab

le

P
o

s.
D

IS
E

N
IN

1
IN

2
O

U
T

1
O

U
T

2
S

F
1)

1)
If M

ode “S
tatus-F

lag” is selected (see C
h

ap
ter

2.4)

S
P

I 2)

D
IA

_R
E

G

2)
If M

ode “S
P

I-D
iagnosis” is selected (see C

h
ap

ter
2.4)

1. F
orw

ard
L

H
H

L
H

L
H

see
C

h
ap

ter
2.4.2

2. R
everse

L
H

L
H

L
H

H

3. F
ree-w

heeling low
L

H
L

L
L

L
H

4. F
ree-w

heeling high
L

H
H

H
H

H
H

5. D
isable

H
X

X
X

Z
Z

L

6. E
nable

X
L

X
X

Z
Z

L

7. IN
1 disconnected

L
H

Z
X

H
X

H

8. IN
2 disconnected

L
H

X
Z

X
H

H

9. D
IS

 disconnected
Z

X
X

X
Z

Z
L

10. E
N

 disconnected
X

Z
X

X
Z

Z
L

11. C
urrent lim

it. active
L

H
X

X
Z

Z
H

12. U
nder V

oltage
X

X
X

X
Z

Z
L

13. O
ver tem

perature
X

X
X

X
Z

Z
L

14. O
ver current

X
X

X
X

Z
Z

L

T
L

E
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 2.2
P

o
w

er S
tag

es

F
our n-channel pow

er-D
M

O
S

 transistors build up the output H
-bridge. Integrated circuits

protect the outputs against over current and over tem
perature if there is a short-circuit to

ground, to the supply voltage or across the load. P
ositive and negative voltage spikes,

w
hich occur w

hen sw
itching inductive loads, are lim

ited by integrated freew
heeling

diodes. T
o drive the gates of the high-side D

M
O

S
, an internal charge pum

p is integrated
to generate a voltage higher than the supply voltage. 

2.2.1
C

h
o

p
p

er C
u

rren
t L

im
itatio

n

T
o lim

it the output current at low
 pow

er loss, a chopper current lim
itation is integrated as

show
n in F

ig
u

re
3. T

he current is m
easured by sense cells integrated in the low

-side
sw

itches. A
s soon the current lim

it IL  is reached, the low
-side sw

itch is sw
itched off for a

fixed tim
e ta . 

F
ig

u
re

3
C

h
o

p
p

er cu
rren

t lim
itatio

n

IOUT

current lim
it IL

o
ff-tim

e
 ta

tim
e
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 2.2.2
T

em
p

eratu
re-d

ep
en

d
in

g
 C

u
rren

t L
im

itatio
n

F
or 

165
°C

<
T

j <
175

°C
 

the 
current 

lim
it 

decreases 
from

 
IL

=
6.6

A
±

1.1
A

 
to

IL
=

2.5
A

±
1.1

A
 as show

n in F
ig

u
re

4

F
ig

u
re

4
T

em
p

eratu
re d

ep
en

d
en

t cu
rren

t lim
itatio

n

A

6.6A

2.5A

T
j

°C
1
65

°C
1
75

°C

to
leran

ce of
te

m
pe

ra
tu

re
 d

e
pe

nd
e
nt

curre
nt red

uctio
n

ra
ng

e o
f ove

r-
te

m
pe

ra
ture shu

t-
d
ow

n
 IL

T
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E
7209R

C
ircu

it D
escrip

tio
n

P
relim

inary D
atasheet

8
V

1.1, 2002-11-26

 2.3
P

ro
tectio

n

T
he T

LE
7209R

 is protected against short circuits, overload and invalid supply V
oltage

by the follow
ing m

easures:

2.3.1
S

h
o

rt circu
it to

 G
ro

u
n

d

T
he high-side sw

itches are protected against a short of the output to ground by an over
current shutdow

n. If a high-side sw
itch is turned on and the current rises above the short

circuit detection current IO
U

K  all output transistors are turned off and the error bit “S
hort

C
ircuit to G

round on output 1 (2)”, S
C

G
1 (S

C
G

2) is stored in the internal status register.

2.3.2
S

h
o

rt circu
it to

 V
S

D
ue to the chopper current regulation, the low

-side sw
itches are already protected

against a short to the supply voltage. T
o be able to distinguish a short circuit from

 norm
al

current lim
it operation, the current lim

itation is deactivated for the blanking tim
e tb  after

the current has exceeded the current lim
it threshold IL . If the short circuit detection

current IO
U

K  is reached w
ithin this blanking tim

e, a short circuit is detected (see
F

ig
u

re
5). A

ll output transistors are turned O
F

F
 and the according error bit “S

hort C
ircuit

to B
attery on output 1 (2)”, S

C
B

1 (S
C

B
2) is set. 

F
ig

u
re

5
S

h
o

rt to
 V

s d
etectio

n
. L

eft: n
o

rm
al o

p
eratio

n
. R

ig
h

t: sh
o

rt circu
it is 

d
etected

2.3.3
S

h
o

rt circu
it acro

ss th
e lo

ad

If short circuit m
essages from

 high- and low
-side sw

itch occur sim
ultaneously w

ithin a
delay tim

e of typically 2µs, the error bit “S
hort C

ircuit O
ver Load”, S

C
O

L is set.

IOUT

IL

tim
e

tb

 IO
U

K

IN

IOUT

IL

tim
e tb

 IO
U

K

IN

ta
tb



T
L

E
7209R

C
ircu

it D
escrip

tio
n

P
relim

inary D
atasheet

9
V

1.1, 2002-11-26

 2.3.4
O

ver-T
em

p
eratu

re

In case of high D
C

-currents, insufficient cooling or high am
bient tem

perature, the chip
tem

perature m
ay rise above the therm

al shutdow
n tem

perature T
S

D . In that case, all
output transistors are shut dow

n and the error-bit “O
ver-T

em
perature”, O

T
 is set. 

2.3.5
U

n
d

er-V
o

ltag
e sh

u
td

o
w

n
.

If the supply-voltage at the V
S  pins falls below

 the under-voltage detection threshold, the
outputs are set to tristate and the error-bit “U

nder-V
oltage at V

S “ is set. 

2.4
D

iag
n

o
sis 

T
he 

D
iagnosis-M

ode 
can 

be 
selected 

betw
een 

S
P

I-D
iagnosis 

and 
S

tatus-F
lag

D
iagnosis. T

he choice of the D
iagnosis-M

ode is selected by the voltage-level on P
in

12
(D

M
S

 D
iagnosis M

ode S
election):

•
D

M
S

 =
 G

N
D

, S
tatus-F

lag M
ode

•
D

M
S

 =
 V

C
C

, S
P

I-D
iagnosis M

ode

F
or the connection of P

ins S
D

I, S
D

O
, C

S
N

 and S
C

K
/S

F
 see F

ig
u

re
14 and F

ig
u

re
15.

2.4.1
S

tatu
s-F

lag
 (S

F
) M

o
d

e (D
M

S
 = G

N
D

)

2.4.1.1
S

F
 o

u
tp

u
t

In S
F

-m
ode, pin 2 is used as an open-drain output status-flag. T

he pin has to be pulled
to the logic supply voltage w

ith a pull-up resistor, 47
kO

hm
 recom

m
ended.

In case of any failure that leads to a shut-dow
n of the outputs, the status-flag is set (e.g.

S
F

 pin pulled to low
). T

hese failures are:

–
U

nder V
oltage on V

S
–

S
hort circuit of O

U
T

1 or O
U

T
2 against V

S  or G
N

D
–

S
hort circuit betw

een O
U

T
1 and O

U
T

2
–

O
vercurrent

–
O

vertem
perature

2.4.1.2
F

au
lt sto

rag
e an

d
 reset

–
In case of u

n
d

er-V
o

ltag
e, the failure is not latched. A

s soon as V
S  falls below

 the
under-V

oltage detection threshold, the output stage sw
itches in tristate and the status-

flag is set from
 high level to low

-level. If the voltage has risen above the specified value
again, the output stage sw

itches on again and the status-flag is reset to high-level.
T

he U
nder V

oltage failure is show
n at the S

F
 pin for V

S  in the voltage range below
 the

detection threshold (typical 4.7V
) dow

n to 2.5V
.

T
L

E
7209R
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 –
In the S

F
-m

ode, all internal circuitry is supplied by the voltage on V
S . F

or that reason,
a loss of V

S  supply voltage leads to a reset of all stored inform
ation (P

o
w

er-O
N

-
R

eset). T
his P

ow
er-O

N
-R

eset occurs as soon as under-V
oltage is detected on V

S  
–

In case of sh
o

rt circu
it, o

ver-cu
rren

t o
r o

ver-tem
p

eratu
re, the fault w

ill be stored.
T

he output stage rem
ains in tristate and the status-flag at low

-level until the error is
reset by one of the follow

ing conditions: H
 ->

 L on D
IS

, L -> H
 on E

N
 or P

ow
er-O

N
R

eset.

2.4.2
S

P
I-M

o
d

e (D
M

S
 = 5V

)

2.4.2.1
S

P
I-In

terface

T
he serial S

P
I interface establishes a com

m
unication link betw

een T
LE

7209R
 and the

system
s m

icrocontroller. T
he T

LE
7209R

 alw
ays operates in slave m

ode w
hereas the

controller provides the m
aster function. T

he m
axim

um
 baud rate is 2 M

B
aud (200pF

 on
S

D
O

).

B
y applying an active slave select signal at C

S
N

 the T
LE

7209R
 is selected by the S

P
I

m
aster. S

D
I is the data input (S

lave In), S
D

O
 the data output (S

lave O
ut). V

ia S
C

K
(S

erial C
lock Input) the S

P
I clock is provided by the m

aster. In case of inactive slave
select signal (H

igh) the data output S
D

O
 goes into tristate. 

T
he first tw

o bits of an instruction m
ay be used to establish an extended device-

addressing. T
his gives the opportunity to operate up to 4 S

lave-devices sharing one
com

m
on C

S
N

 signal from
 the M

aster-U
nit (see F

ig
u

re
7)

F
ig

u
re

6
S

P
I b

lo
ck-d

iag
ram

C
S

N

D
M

S

S
C

K

S
D

I

S
D

O
shift-register

S
PI-C

ontrol:

-> state m
achine

-> clock counter
-> in

structio
n reco

gnitio
n

S
PI pow

er-
s
upply

D
IA

_R
EG

D
iagnos

is
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 2.4.2.2
C

h
aracteristics o

f th
e S

P
I In

terface

1.W
hen D

M
S

 is >
 3,5V

, the S
P

I is active, independently of the state of E
N

 or D
IS

. D
uring

active reset conditions (D
M

S
 < 3,5V

) the S
P

I is driven into its default state. W
hen reset

becom
es inactive, the state m

achine enters into a w
ait-state for the next instruction. 

2.If the slave select signal at C
S

N
 is inactive (high), the state m

achine is forced to enter
the w

ait-state, i.e. the state m
achine w

aits for the follow
ing instruction. 

3.D
uring active (low

) state of the select signal C
S

N
 the falling edge of the serial clock

signal S
C

K
 w

ill be used to latch the input data at S
D

I. O
utput data at S

D
O

 are driven
w

ith the rising edge of S
C

K
 (see tim

ing diagram
 F

ig
u

re
13)

4.C
hip-address: 

In order to establish the option of extended addressing the upperm
ost tw

o bits of the
instruction-byte (i.e the first tw

o S
D

I-bits of a F
ram

e) are reserved to send a chip-
address. T

o avoid a bus conflict the output S
D

O
 m

ust stay high im
pedant during the

addressing phase of a fram
e (i.e. until the address-bits are recognized as valid chip-

address). If the chip-address does not m
atch, the data at S

D
I w

ill be ignored and S
D

O
rem

ains high im
pedant for the com

plete fram
e. S

ee also F
ig

u
re

7
5.V

erification byte: 
S

im
ultaneously to the receipt of an S

P
I instruction T

LE
7209R

 transm
its a check byte

via the output S
D

O
 to the controller. T

his byte indicates norm
al or abnorm

al operation
of the S

P
I. It contains an initial bit pattern and a flag indicating an invalid instruction of

the previous access.
6.B

ecause only read access is used in the T
LE

7209R
, the S

D
I data-bits (2nd byte) are

not used
7.Invalid instruction/access:

A
n instruction is invalid, if an unused instruction code is detected (see tables w

ith S
P

I
instructions). In case an unused instruction code occurred, the data byte “ffhex ” (no
error) w

ill be transm
itted after having sent the verification byte. T

his transm
ission

takes place w
ithin the sam

e S
P

I-fram
e that contained the unused instruction byte. In

addition any transm
ission is invalid if the num

ber of S
P

I clock pulses (falling edge)
counted during active C

S
N

 differs from
 exactly 16 clock pulses. If an invalid instruction

is detected, bit T
R

A
N

S
_F

 in the follow
ing verification byte (next S

P
I transm

ission) is
set to H

IG
H

. T
he T

R
A

N
S

_F
 bit m

ust not be cleared before it has been sent to the
m

icro controller. 
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 F
ig

u
re

7
b

u
s-arb

itratio
n

 b
y ch

ip
-ad

d
ress

Z

0
7

6
5

4
3

2
1

0
7

6
5

4
3

2
1

7
1

2
3

4
5

6
7

0
1

2
3

4
5

6
0

S
D

I

S
C

K

C
S

N

1
2

3
4

5
6

7
0

1
2

3
4

5
S

D
O

0

A
ddress sent by
m

aster is "00"
S

D
O

 rem
ains tristated

after C
S

N
 active

C
orrect addres is recognized,
data transm

itted to S
D

O

Z

0
7

6
5

4
3

2
1

0
7

6
5

4
3

2
1

7
1

2
3

4
5

6
7

0
1

2
3

4
5

6
0

S
D

I

S
C

K

C
S

N

S
D

O

A
ddress sent by m

aster
is differnt from

 "00"
S

D
O

 rem
ains tristated

after C
S

N
 active

C
orrect addres is not recognized, S

D
O

rem
ains tristated and S

D
I data are ignored
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 2.4.2.3
S

P
I-C

o
m

m
u

n
icatio

n

T
he 16 input bits consist of the S

P
I-instruction byte and a second, unused byte. T

he 16
output bits consist of the verification-byte and the data-byte (see also F

ig
u

re
8). T

he
definition of these bytes is given in the subsequent sections.

F
ig

u
re

8
S

P
I co

m
m

u
n

icatio
n

2.4.2.4
S

P
I in

stru
ctio

n

T
he upperm

ost 2 bit of the instruction byte contain the chip-address. T
he chip-address

of the T
LE

7209R
 is 00. D

uring read-access, the output data according to the register
requested in the instruction byte are applied to S

D
O

 w
ithin the sam

e S
P

I fram
e. T

hat
m

eans, the output data corresponding to an instruction byte sent during one S
P

I fram
e

are transm
itted to S

D
O

 during the sam
e S

P
I fram

e. 
 T

ab
le

3
S

P
I In

stru
ctio

n
 F

o
rm

at

M
S

B

7
6

5
4

3
2

1
0

0
0

IN
S

T
R

4
IN

S
T

R
3

IN
S

T
R

2
IN

S
T

R
1

IN
S

R
0

IN
S

W

T
ab

le
4

S
P

I in
stru

ctio
n

 D
escrip

tio
n

B
it

N
am

e
D

escrip
tio

n

7,6
C

P
A

D
1,0

C
hip A

ddress (has to be ‘0’, ‘0’)

5-1
IN

S
T

R
 (4-0)

S
P

I instruction (encoding)

0
IN

S
W

E
ven parity

0
7

6
5

4
3

2
1

0
7

6
5

4
3

2
1

S
D

I

S
C

K

C
S

N

S
D

O

S
P

I Instruction
not used

M
S

B
LS

B

V
erification byte

data-byte
M

S
B

LS
B

M
S

B
LS

B

T
L

E
7209R
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 2.4.2.5
V

erificatio
n

 B
yte

T
he default value after pow

er-up at D
M

S
 of the T

R
A

N
S

_F
 bit is L (previous transfer valid)

T
ab

le
5

S
P

I In
stru

ctio
n

-B
ytes E

n
co

n
d

in
g

  S
P

I In
stru

ctio
n

 E
n

co
d

in
g

 
 D

escrip
tio

n

bit 7,6
C

P
A

D
1,0

bit 5-1
IN

S
T

R
(4-0)

B
it 0

IN
S

W

 R
D

_ID
E

N
T

 00
00000

 0
 read identifier 

 R
D

_V
E

R
S

IO
N

 00
00001

 1
 read version

 R
D

_D
IA

 00
 00100

 1
 read D

IA
_R

E
G

–
00

all others
x

unused, T
R

A
N

S
_F

 is set to high, 
ff_hex is sent as data bit

–
all others

xxxxx
x

invalid address, S
D

O
 rem

ains 
tristate during entire S

P
I fram

e

T
ab

le
6

V
erificatio

n
 B

yte F
o

rm
at

M
S

B
                                                                                                                                          

7
6

5
4

3
2

1
0

Z
Z

1
0

1
0

1
T

R
A

N
S

_F

T
ab

le
7

V
erificatio

n
 B

yte D
escrip

tio
n

B
it

N
am

e
   D

escrip
tio

n

0
T

R
A

N
S

_F
   B

it =
 1: error detected during previous transfer

   B
it =

 0: previous transfer w
as recognized as valid

1
   F

ixed to H
igh

2
   F

ixed to Low

3
   F

ixed to H
igh

4
   F

ixed to Low

5
   F

ixed to H
igh

6
   send as high im

pedance

7
   send as high im

pedance
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 2.4.2.6
D

ata-b
yte: D

iag
n

o
stics/E

n
co

d
in

g
 o

f F
ailu

res 
(R

eg
ister D

IA
_R

E
G

, S
P

I In
stru

ctio
n

 R
D

_D
IA

)
)T

ab
le

8
D

IA
_R

E
G

 F
o

rm
at

M
S

B

7
6

5
4

3
2

1
0

E
N

/D
IS

O
T

C
urrR

ed
C

urrLim
D

IA
21

D
IA

20
D

IA
11

D
IA

10

T
ab

le
9

D
IA

_R
E

G
 D

escrip
tio

n

D
efault value after reset is F

F
hex . A

ccess by controller is read only

B
it

N
am

e
    D

escrip
tio

n
latch

 
b

eh
avio

r

0
D

IA
 10

D
iagnosis-B

it1 of O
U

T
1

see below

1
D

IA
 11

D
iagnosis-B

it2 of O
U

T
1

see below

2
D

IA
 20

D
iagnosis-B

it1 of O
U

T
2

see below

3
D

IA
 21

D
iagnosis-B

it2 of O
U

T
2

see below

4
C

urrLim
is set to „0“ in case of current lim

itation.
latched

5
C

urrR
ed

is set to „0“ in case of tem
perature dependent 

current lim
itation

latched

6
O

T
is set to „0“ in case of over tem

perature
latched

7
E

N
/D

IS
is set to „0“ in case of E

N
 =

 L or D
IS

 =
 H

not latched

E
N

D
IS

D
IA

_R
E

G
_7

H
L

1

L
L

0

H
H

0

L
H

0

T
L

E
7209R
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 F
ailu

re E
n

co
d

in
g

 in
 case o

f m
u

ltip
le fau

lts

If m
ultiple faults are stored in the failure register, the faults that are encoded in the D

IA
xx

bits can not be displayed sim
ultaneously due to the encoding schem

e that is used. In this
case, errors are encoded according to the follow

ing priority list. 

–
P

riority 1: U
nder V

oltage (please note that after rem
oval of U

nder V
oltage, the original

error w
ill be restored, see below

)
–

P
riority 2: S

hort circuit across the load
–

P
riority 3: all other short circuits

–
P

riority 4: open load

If a failure of higher priority is detected, the failures of low
er priority are no longer visible

in the encoded S
P

I m
essage

F
au

lt sto
rag

e an
d

 reset o
f th

e D
iag

n
o

sis R
eg

ister D
IA

_R
E

G

O
n the follow

ing conditions D
IA

_R
E

G
 is reset: 

–
W

ith the rising edge of the C
S

N
-S

ignal after the S
P

I-Instruction R
D

_D
IA

. T
his reset

only takes place if the correct num
ber of 16 C

LK
 pulses has been counted.

–
W

hen the voltage on D
M

S
 exceeds the threshold for detecting S

P
I-M

ode (after under
V

oltage condition).

U
nder V

oltage on V
s (< 5,0V

) sets B
it 0.... B

it 3 of D
IA

_R
E

G
 to 0000. If V

s rises over the
under V

oltage level, the B
its of D

IA
_R

E
G

 are restored (w
hen D

M
S

 > 3,5V
).

A
 rising edge on E

N
 or a falling edge on D

IS
 re-activates the output pow

er-stages, but
does not reset the D

IA
_R

E
G

 register. 

T
ab

le
10

E
n

co
d

in
g

 o
f th

e D
iag

n
o

stic B
its o

f O
U

T
1 an

d
 O

U
T

2

D
IA

21
D

IA
20

D
IA

11
D

IA
10

D
escrip

tio
n

latch
 

b
eh

avio
r

1
1

0
0

 S
hort circuit over load (S

C
O

L)
latched

-
-

0
1

 S
hort circuit to battery on O

U
T

1 (S
C

B
1) 

latched

-
-

1
0

 S
hort circuit to ground on O

U
T

1 (S
C

G
1)

latched

-
-

1
1

 N
o error detected on O

U
T

1
-

0
0

1
1

 O
pen load (O

L)
latched

0
1

-
-

 S
hort circuit to battery on O

U
T

2 (S
C

B
2) 

latched

1
0

-
-

 S
hort circuit to ground on O

U
T

2 (S
C

G
2)

latched

1
1

-
-

 N
o error detected on O

U
T

2
-

0
0

0
0

 U
nder V

oltage on P
in V

s
not latched
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 2.4.2.7
D

ata-b
yte: D

evice Id
en

tifier an
d

 V
ersio

n
 

(S
P

I in
stru

ctio
n

s R
D

_ID
E

N
T

 an
d

 R
D

_V
E

R
S

IO
N

)

T
he IC

‘s identifier (device ID
) and version num

ber are used for production test purposes
and features plug &

 play functionality depending on the system
s softw

are release. T
he

tw
o 

num
bers 

are 
read-only 

accessible 
via 

the 
S

P
I 

instructions 
R

D
_IN

D
E

N
T

 
and

R
D

_V
E

R
S

IO
N

 as described in S
ectio

n
2.4.2.4.

T
he device ID

 is defined to allow
 identification of different IC

-T
ypes by softw

are and is
fixed for the T

LE
7209R

.

T
he V

ersion num
ber m

ay be utilized to distinguish different states of hardw
are and is

updated w
ith each redesign of the T

LE
7209R

. T
he contents is divided into an upper 4

bit field reserved to define revisions (S
W

R
) corresponding to specific softw

are releases
and a low

er 4 bit field utilized to identify the actual m
ask set revision (M

S
R

).

B
oth (S

W
R

 and M
S

R
) w

ill start w
ith 0000b and are increased by 1 every tim

e an
according m

odification of the hardw
are is introduced.

R
ead

in
g

 th
e IC

 Id
en

tifier (S
P

I In
stru

ctio
n

: R
D

_ID
E

N
T

):

R
ead

in
g

 th
e IC

 versio
n

 n
u

m
b

er (S
P

I In
stru

ctio
n

: R
D

_V
E

R
S

IO
N

):

T
ab

le
11

D
evice Id

en
tifier F

o
rm

at

M
S

B

7
6

5
4

3
2

1
0

ID
7

ID
6

ID
5

ID
4

ID
3

ID
2

ID
1

ID
0

T
ab

le
12

D
evice Id

en
tifier D

escrip
tio

n

B
it

    N
am

e
    D

escrip
tio

n

7...0
    device-ID

(7...0)
    ID

-N
o.:  10100010

T
ab

le
13

IC
 versio

n
 n

u
m

b
er F

o
rm

at

M
S

B

7
6

5
4

3
2

1
0

S
W

R
3

S
W

R
2

S
W

R
1

S
W

R
0

M
S

R
3

M
S

R
2

M
S

R
1

M
S

R
0

T
ab

le
14

IC
 versio

n
 n

u
m

b
er D

escrip
tio

n

B
it

N
am

e
    D

escrip
tio

n

7...4
S

W
R

(3...0)
 T

his register is set to 0

3...0
M

S
R

(3...0)
 V

ersion corresponding to M
ask set

T
L

E
7209R

C
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 2.4.2.8
O

p
en

-L
o

ad
 D

iag
n

o
sis

O
pen-load diagnostic in O

F
F

-state is possible in the S
P

I-m
ode (D

M
S

 = 5
V

) if the device
is D

isabled (E
N

 = L or D
IS

 = H
). T

he detection m
echanism

 is explained in F
ig

u
re

9. T
he

according diagnostic inform
ation can be read out via the S

P
I diagnostic register. T

he
resulting overall diagnostic truth-table is show

n as T
ab

le
15

F
ig

u
re

9
F

u
n

ctio
n

al b
lo

ck d
iag

ram
 o

f o
p

en
-lo

ad
 d

etectio
n

1.5m
A

O
U

T1
O

R

E
N

D
IS

D
M

S

A
N

D

-+

1V
1m

A

O
U

T2

-+

1V

A
N

D
1

to diagnostic
register

V
S

V
S
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 T
ab

le
15

D
iag

n
o

sis T
ru

th
 T

ab
le fo

r o
p

en
 lo

ad
 d

etectio
n

O
utput stage inactive, E

N
 = low

 or D
IS

 =
 high, D

M
S

 >
 4.5

V

O
U

T
1

O
U

T
2

Load available
H

H

O
pen Load

H
L

O
L detected

S
C

 -> G
N

D
 on O

U
T

1 and O
pen Load

L
L

O
L not detected – double F

ault

S
C

 -> G
N

D
 on O

U
T

2 and O
pen Load

H
L

O
L detected

S
C

 -> V
S  on O

U
T

1 and O
pen Load

H
L

O
L detected

S
C

 -> V
S  on O

U
T

2 and O
pen Load

H
H

O
L not detected – double F

ault

T
L

E
7209R

E
lectrical C

h
aracteristics
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 3
E

lectrical C
h

aracteristics

N
ote:

M
axim

um
 ratings are absolute ratings; exceeding any one of these values m

ay
cause irreversible dam

age to the integrated circuit. 

3.1
A

b
so

lu
te M

axim
u

m
 R

atin
g

s

P
o

s.
P

aram
eter

S
ym

-
b

o
l

L
im

it V
alu

es
U

n
it

T
est C

o
n

d
itio

n
s

m
in

.
m

ax.

3.1.1
Junction tem

perature
T

j
-40

+150
°C

–

–
+175

°C
dynam

ic: t < 1 s

3.1.2
S

torage tem
perature

T
s

-55
+125

°C
–

3.1.3
A

m
bient tem

perature
T

a
-40

+125
°C

–

3.1.4
S

upply voltage
V

S
-1

40
V

static destruction proof

-2
40

V
dynam

ic destruction proof   
t <

 0.5
s

(single pulse, T
j  <

 85 °C
)

3.1.5
V

oltage at logic 
inputs
IN

1, IN
2, D

IS
, E

N
, 

S
D

I, S
C

K
/S

F
, D

M
S

V
-0.5

7
V

–

3.1.6
V

oltage at logic input 
C

S
N

V
-0.5

40
V

3.1.7
V

oltage at logic 
output S

D
O

V
-0.5

V
D

M
S

 
+ 0.5

V
–

3.1.8
V

oltage at S
F

 in 
status-flag-m

ode
V

S
F

-0.5
7

V
R

≥
10

kΩ

3.1.9
V

oltage at V
sC

P
V

C
P

V
S  - 

0.5
V

S  + 
0.5

V
-

3.1.10
E

S
D

 voltage hum
an 

body m
odel (M

IL 
S

T
D

 883D
 / A

N
S

I 
E

O
S

\E
S

D
 S

5.1)

V
E

S
D

–
–

2kV
all pins

3.1.11
V

E
S

D
--

O
U

T

–
–

8kV
only pins 6, 7, 14 and 15 
(outputs)
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 3.2
O

p
eratin

g
 R

an
g

e

P
o

s.
P

aram
eter

S
ym

-
b

o
l

L
im

it V
alu

es
U

n
it

R
em

ark

m
in

.
m

ax.

3.2.1
S

upply V
oltage

V
S

5
28

V

3.2.2
D

M
S

 S
upply V

oltage
V

D
M

S
4.5

5.5
V

D
evice in S

P
I-m

ode

3.2.3
P

W
M

 frequency
f

–
30

kH
z

M
ay be lim

ited to low
er values 

in the application due to 
sw

itching losses

3.2.4
Junction T

em
perature

T
J

-40
150

°C

N
ote:

In the operating range, the 
circuit 

functionality as 
described in 

the 
circuit

description is fulfilled. 

3.3
T

h
erm

al R
esistan

ce
3.3.1

Junction-case
R

thJC
–

1.5
K

/W
–

3.3.2
Junction-am

bient
R

thJA
–

50
K

/W
m

inim
al footprint

T
L

E
7209R

E
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 3.4
E

lectrical C
h

aracteristics

5V
 <

 V
S  <

 28V
; – 40 °C

 <
 T

j  <
 150 °C

; unless otherw
ise specified

P
o

s.
P

aram
eter

S
ym

b
o

l
L

im
it V

alu
es

U
n

it
T

est C
o

n
d

itio
n

s

m
in

.
typ

.
m

ax.

P
o

w
er S

u
p

p
ly

3.4.1
U

nder voltage at V
S

V
U

V
 O

F
F

–
4.7

5
V

3.4.2
S

upply current
IU

B
–

–
30

m
A

f =
 20 kH

z, IO
U

T  =
 0 A

–
–

20
m

A
f =

 0 H
z, IO

U
T  =

 0 A

L
o

g
ic In

p
u

ts IN
1, IN

2, D
IS

, E
N

3.4.3
Input “high”

V
IH

2
–

–
V

–

3.4.4
Input “low

”
V

IL
–

–
1

V
–

3.4.5
Input hysteresis

V
IH

Y
0.1

–
0.6

V
–

3.4.6
pull-up current
IN

1, IN
2, D

IS
IIL

-200
-125

–
µ

A
U

 ≤ 1 V

3.4.7
pull-dow

n current E
N

IIH
–

–
100

µ
A

U
 ≥ 2 V

P
o

w
er O

u
tp

u
ts O

U
T

1, O
U

T
2

3.4.8
S

w
itch on resistance

–
–

–
300

m
Ω

R
O

U
T

-U
B , R

O
U

T
-G

N
D

V
S  >

 5 V

C
urrent lim

itation: P
eak value controlled, load L

 =
 0.8 …

 5 m
H

 in series w
ith R

 =
 0.8 …

 1.8 Ω

3.4.9
S

w
itch-off current

|IL |
5.5

6.6
7.7

A
-40

°C
 <

 T
j  <

 165
°C

–
2.5

–
A

T
j  <

 175
°C

3.4.10
S

w
itch-off tim

e
ta

8
14

22
µ

s
–

3.4.11
B

lanking tim
e

tb
8

11.5
15

µ
s

–

3.4.12
S

hort circuit detection 
current

|IO
U

K |
8

–
20

A
–

3.4.13
R

eactivation tim
e after 

internal shut dow
n

t
–

–
200

µ
s

O
vercurrent- or 

overtem
perature shut 

dow
n to reactivation 

of the output stage

N
ote:

R
eactivation tim

e is guaranteed by design

3.4.14
Leakage current

–
–

–
200

µ
A

O
utput stage 

sw
itched off
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 3.4.15
F

ree-w
heel diode 

forw
ard voltage

U
D

–
–

2
V

IO
U

T  =
 3 A

3.4.16
F

ree-w
heel diode 

reverse recovery tim
e

trr
–

–
100

ns
–

N
ote:

reverse recovery tim
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characteristics.
Term

s of delivery and rights to technical change reserved.
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e hereby disclaim
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arranties of non-infringem
ent, regarding 

circuits, descriptions and charts stated herein.
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E
C
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ation on technology, delivery term
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orldw

ide.
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. Life support 
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and/or protect hum
an life. If they fail, it is reasonable to assum
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ay 
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