TOSHIBA

TPD7000F

TOSHIBA INTELLIGENT POWER DEVICE SILICON MONOLITHIC BIPOLAR LINEAR INTEGRATED CIRCUIT

TPD7000F

4-CHANNEL LOW-SIDE POWER MOS FET DRIVER

TPD7000F is a power MOS FET driver for low-side
switching. This 4-channel driver with a built-in circuit is
used to monitor the voltage between the MOS FET drain
and source for each channel and to output the state of
the power MOS FET.

FEATURES

Low-side N-channel power MOS FET driver
(input capacitance: 15nF Max).

Incorporates a power MOS FET overcurrent protection
function.

Incorporates induction load energy clamping function.

INHIBIT option using enable input, open collector output.

24-pin SSOP
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(Note) That this product is sensitive to static electricity.

550P24-P-300-1.00B
Weight : 0.29g (Typ.)
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TOSHIBA Semiconductor Reliability Handbook.

@ TOSHIBA is continually working to improve the quality and the reliability of its products. Nevertheless, semiconductor devices in general can
malfunction or fail due to their inherent electrical sensitivity and vulnerability to physical stress. It is the responsibility of the buyer, when utilizing
TOSHIBA products, to observe standards of safety, and to avoid situations in which a malfunction or failure of a TOSHIBA product could cause loss
of human life, bodily injury or damage to property. In developing your designs, please ensure that TOSHIBA products are used within specified
operating ranges as set forth in the most recent products specifications. Also, please keep in mind the precautions and conditions set forth in the

@ The products described in this document are subject to foreign exchange and foreign trade control laws.

@ The information contained herein is presented only as a guide for the applications of our products. No responsibility is assumed by TOSHIBA
CORPORATION for any infringements of intellectual property or other rights of the third parties which may result from its use. No license is granted
b% implication or otherwise under any intellectual property or other rights of TOSHIBA CORPORATION or others.

@ The information contained herein is subject to change without notice.
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TOSHIBA

TPD7000F
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TOSHIBA

TPD7000F

PIN DESCRIPTION

PIN No. | SYMBOL FUNCTION
Vas, Power MOS FET gate drive pins. The power MOS FET is charged
1 12 Vv by a 1mA (Typ.) constant current. The gate voltage is clamped at 14V (Typ.) as
, 12, GS2. i
13, 24 Vas3, gate protection. .
At overcurrent, to protect the MOS FET, these pins are shut down
VGsa and latched. The next input signal releases the latch.
2,11, xg:; Voltage monitor pin.s for monitoring the volta.ge between the
14. 23 Vps3 power MOS FET drain and source. These monitor the state of the power MOS
! ! FET and output DIAG.
VDs4
3, 10, IN1, IN2, |Input pins. Even if the input is open, pull-down resistors prevent output from
15, 22 IN3, IN4 |accidentally being turned on.
DIAG1, |Diagnosis output pins. These pins monitor the Vpg pin voltage. When the Vpg
4, 9, 16, DIAG2, |pin voltage rises above the Vpg detection voltage, the DIAG pins output a low
21 DIAG3, |signal; when the voltage drops below the Vpg detection voltage, the pins
DIAG4 |output a high signal.
5 VDH Power MOS FET gate drive power pin.
6, 7 GND Ground pins.
8 OPOUT |[OPTION function output pin. NPN open collector.
17 OPIN OPTION function input pin.
Enable pin. When ENB =low, the INHIBIT function operates and the MOS FET
18 ENB . .
enters standby mode regardless of the inputsignal.
19 N.C —
20 VpL Power pin for control circuit.
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TOSHIBA TPD7000F

TRUTH TABLE

MODE IN ENB VDs DIAG
L
H H L
N | H L H
orma L ] H L
H H L
L
H H L
(9] nt H o =
vercurre L ] H L
H H L
L H L
H H H L
Load short circuit 1 ] H L
H H L
L H L H
Power MOS short circuit H = o
ower ort circui L ] L A
H L H
L H L H
Load open H - o
0 op L L L H
H L H
OPIN ENB OPOUT

L H Hz

H H L

L L Hz

H L Hz

*OPOUT is an NPN open collector.

*Hz : High impedance

*ENB is active high.

*DIAG monitors Vps regardless of IN or ENB.
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TOSHIBA TPD7000F

OPERATION

(n

(2)

3)

4

(5)

When normal
D At external power MOS on

When 3.5V or more is applied to the IN and ENB pins, the Vgg pin goes high and a TmA
(Typ.) constant current drives the power MOS gate.

A Vg mask circuit is built in to prevent erroneous detection of overcurrent in the transient
area before the power MOS comes sufficiently on from off state. This circuit is set so that
overcurrent is not erroneously detected before the Vgg rises to 6.5V (Typ.).

DIAG outputs a voltage that is the inverse of the Vpg state. The power MOS and its load
state can be checked by monitoring the input voltage and the DIAG output.

@ External power MOS off

When the input voltage of IN or ENB falls to 1.5V or below, the Vgg pin goes low, the
external power MOS gate is discharged, and the MOS FET turns off.

The ENB pin has priority over the IN pin. When ENB is low, the Vgg pin does not go on
even if a high level input voltage is applied to IN.

At Overcurrent

If the Vpg pin voltage (the voltage between the power MOS drain and source) is around 0.7V
or above (Vpg typical detection voltage) while high level input voltage is applied to the IN and
ENB pins, overcurrent to the external power MOS is detected and the Vgg output is instantly
shut down and latched. Setting the input voltage back to low level releases the latch.

When the voltage reaches the Vpg detection voltage or above, DIAG outputs low level.

At load open

As a pull-down resistor is connected to the Vpg pin, when the load is open the Vpg pin is
always low and high level is output to DIAG.

OPTION function

The OPTION function is controlled by two input pins: OPIN and ENB. ENB has priority over
OPIN. When high level voltage is input to OPIN or ENB, the OPOUT pin goes low. This function
can be used as a pre-driver for lamps and mechanical relays.

At VpL low voltage

TPD7000F incorporates a low-voltage lock circuit for locking the Vgg and DIAG outputs when
VpL falls. This circuit is designed to operate around Vp| =2.8V (Typ.) or lower. When the circuit
is in operation, ENB is locked at low level to cut off the Vgg output.
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TOSHIBA TPD7000F

MAXIMUM RATINGS (Ta =25°C)

CHARACTERISTIC SYMBOL RATING UNIT
DC VDH (1 25

Supply Voltage Pulse VoH 52; 3001 5) \%
Supply Voltage VDL 10 \
Output Voltage VOPOUT 10 \
Input Voltage VIN -0.5~7 Vv
Output Current I0POUT 20 mA
Power Dissipation | Ta=25°C Pp 0.5 w
Operating Temperature Topr -40~110 °C
Junction Temperature Tj 150 °C
Storage Temperature Tstg -55~150 °C

ELECTRICAL CHARACTERISTICS (Tj = -40~110°C, Vpy =13V, Vp_L=52%0.5V)

CHARACTERISTIC SYMBOL N/TIUIE TEST CONDITION MIN | TYP. | MAX | UNIT
) VDH VDH — 8 13 18
Vol v
Operating Voltage VpL VDL — a5 5 55
VIN=0V, VpH =13V,
[ v — 2 5
Current Dissipation > > Output off mA
u issipatio | N Vin =0V, VDL =5V, - -
DL DL | output off -
m IN/ENB | When output off — — 1.5
| Vol Y
nput Voltage VIH /OPIN | When outputon 3.5 — —
m IN/ENB|V|y=0V — — 1
A
Input Crrent ™ /OPIN [V =5V — 100 200 "
. VIN=5V, o =0A,
High-level Output Voltage 1 VOH1 Vas VpH< 14V — — | VDH Vv
. VIN=5V, o =0A,
High-level Output Voltage 2 VOH2 VaGs VpH 2 14V 12 — 15 Vv
Low-level Qutput Voltage VoL Vgs |VIN=0V, Ig=0A — — 0.5 Vv
Vps Detection Voltage VDs VDs — — 0.7 — Vv
Diagnosis Resistance RDIAG DIAG — — 10 — k()
Diagnosis Output | v | oo 1| vDIaG | DIAG |vpL=5V — | — | 04| v
Voltage
Diagnosis Off |uju | ¢yel| IDIAG | DIAG |VDIAG=5V — | — | 10| A
Current
Optional Output Voltage VoPL OPOUT |Igp=10mA — — 0.4 \)
Optional Off Current loPH OPOUT | VOPOUT =5V — — 10 | zA
Zener Voltage Between Ips =5mA,
Drain and Gates VCLAMP | VDs VCLAMP =Vps - Vgs 30 35 40 v
When On | tpLH C=3000pF — — 100
Switching Time Vgs |(Capacitance between S
When Off | tpy| VGs and GND) — | — | 100
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TOSHIBA TPD7000F

ELECTRICAL CHARACTERISTICS TEST CIRCUIT
(1) Vps detection voltage (Vps) (The following circuit measures channel 1)

”

MEASURED WAVEFORM

STEP-UP
o T Vpg DETECTION VOLTAGE

vDSs1 T
]
1
1
'
1
1

DIAG1
———————————— 0.4V or BELOW

(2) Switching time (tpLH, tpHL (The following circuit measures channel 1)

1] | ]

13V 5V 4.5~5.5V

MEASURED WAVEFORM

VIN1—7

VGST

tPLH tPHL
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TOSHIBA TPD7000F
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TOSHIBA
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TOSHIBA

TPD7000F
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TOSHIBA

TPD7000F

SWITCHING TIME tpyi  (ess) SWITCHING TIME tp y  (e5)

POWER DISSIPATION Pp (W)
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TOSHIBA TPD7000F

APPLICATION CIRCUIT EXAMPLE

5V-6- +B-©-
33 3 Fsowmon g5y
ouT1 INT VoL VDH Vps1
ouT2 IN2 Vps2
ouT3 IN3 Vps3
ouTa IN4 Vpsa
ouTs ENB
MPU TPD7000F
ouTe OPIN Vas1 5
INT DIAG1 VGs2 =
IN2 DIAG2 VaGs3 =
IN3 DIAG3 Vasa =
INA DIAGA OPOUT AV K
/JV /l 77 Vecd Vesd 77 Vecd

PRECAUTIONS CONCERNING MOISTURE-PROOF PACKAGING

Mount the device within 48 hours of removing it from the moisture-proof packaging in an
environment of 30°C max, RH60% Max. As chips delivered in embossed taping cannot be baked,

after removing the moisture-proof packaging be sure that mounting is performed within the
allowable conditions.
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OUTLINE DRAWING
SSOP24-P-300-1.00B
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Weight : 0.29g (Typ.)

HH!!HHHHHHHE__L_U

A
04D t%.05

Unit : mm

6
(300mil)

1997-08-21 14/14



