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Description

The uPD166019 device is a P-channel high-side switch with diagnostic feedback and embedded protection functions.
Due to the adoption of P-channel output switch this device dose not contains charge pump circuit and switching time is
controllable by external resistance to IN pin.

Features

e Low noise by no built-in charge pump
e Low on-state resistance: 13.5 mQ
e Short circuit protection
— Shutdown by short-circuit detection
e Over temperature protection
— Shutdown with auto-restart on cooling
o Loss of GND protection
e Small multi-chip package: JEDEC 5-pin TO-252
o Built-in Diagnostic function
— Defined fault signal in case of thermal shutdown and/or short circuit shutdown via IN pin.

Ordering Information

Part No. Lead Plating Packing Package

pPD166019T1F-E1-AY ™ Sn Tape 2500 p/reel 5-pin TO-252 (MP-3ZK)

Note: *1 Pb-free (This product does not contain Pb in the external electrode.)

Application

e Light bulb (to 65 W) switching
e Switching of all types of 14 VV DC grounded load, such as inductor, resistor and capacitor
e Replacement of fuse and relay

Note: The information contained in this document is the one that was obtained when the document was issued, and
may be subject to change.
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uPD166019T1F

Block Diagram

A A
Internal
Power
supply
VIN L _ | Von
Control Current Vee
Logic Detector
) )
Temp OUT voltage
Sensor Detector 4
Vout
| Low Voltage (Open) Detector
GND Load GND

Pin Arrangement

Tab

O

LIl

Vee OUT Ve

IN GND
(Top view)
Pin Function
Pin No. | Pin Name Function
1 Vce Supply voltage: pinl and 5 must be externally connected
2 IN Input: activate the power switch by direct drive of output MOSFET
3/Tab ouT Output to load: Tab and pin 3 are internally connected
4 GND Ground pin "°*
5 Vce Supply voltage: pinl and 5 must be externally connected

Note: In case of necessity to eliminate the destruction by the soldering bridge to Vcc: Pin#5, insert a resistor Renp
(recommended 1 kQ max) between GND pin and system ground. In this condition, current flaws out to IN pin. Riy
is recommended 2 kQ min.

GND to IN current = (Rgnp x L MA - 0.6 V) / Ry
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uPD166019T1F

Absolute Maximum Ratings

(Ta = 25°C, unless otherwise specified)

Item Symbol Rating Unit Test Conditions
Vcc voltage Vecer 28 Vv
Vcc voltage for full short Veez 18 \Y
circuit protection
Vcc voltage (Load Dump) Vces 40 V Ri1=1Q,R =1.5Q, ty =400 ms,
IN = low or high
Load current ILso) Self limited A
(short circuit current)
Power Dissipation Po 59 W Tc =25°C
Avalanche current las 34 A L =100 pH
Channel temperature Teh —40 to +150 °C
Storage temperature Tstg -55 to +150 °C
Electric discharge capability | Vesp +2.0 kv AEC-Q100-022 std
(Human Body Model) R=1.5kQ, C =100 pF
Input voltage VN 0to 28 \Y IN pin, Vin £ Vee, Ve reference, 1 min
Input current Iin -1.0 mA | IN pin
Recommended Operating Conditions
Item Symbol MIN. TYP. MAX. Unit Test Conditions
Power supply voltage Vce 7 — 16 \% Tch =—40 to 150°C
Thermal Characteristics
Item Symbol MIN. TYP. MAX. Unit Test Conditions
Thermal resistance Rih(ch-a) — 45 55 °C/W | Device on 50 mm x 50 mm x 1.5 mm

epoxy PCB FR4 with 6 cm? of 70 um
copper area
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uPD166019T1F

Electrical Characteristics

(Vcc =12V, T, = 25°C, unless otherwise specified)

Item Symbol MIN. | TYP. | MAX. | Unit Test Conditions
Low level input current I — — 20 pA | Vin=12V, Teh =40 to 150°C
Input voltage for turn-on ViNon 4.5 — — V Von=0.16 V, I =7.5 A, Vcc reference
Input voltage for turn-off V) iNoff — — 1.5 V IL €1 mA, Vcc reference
Standby Current loNDoff — — 1.0 JIVAN Ten = 25°C Vin=0V
— — 1.0 pA Ten = —40 to 150°C
Output leakage current louToff — — 1.0 pA Ten = 25°C Vin=0V
— — 15 pA Ten =—40 to 150°C
Circuit current IeNDon — — 1.0 mA | Teh =25°C Vin=12V
— — 15 mA | Ten =40 to 150°C
On state resistance Ron — 10.5 13.5 mQ Tenh = 25°C Vin=12V,IL=75A
— 175 23.0 mQ | Ten = 150°C
On state resistance Ronz — 135 21.0 mQ | Ten =25°C Vin=45V,IL=75A
— 23.0 35.0 mQ | Ter =150°C
Turn on delay time tdon — 2.2 10 us RL=22OQ,RN=0Q,
Turn off delay time tdoff — 11.3 50 us Ten = —40 to 150°C
Rise time tr — 4 20 us
Fall time tt — 5 20 us
Protection Function
(Vcc =12V, T, = 25°C, unless otherwise specified)
Item Symbol MIN. | TYP. | MAX. | Unit Test Conditions
Short circuit detection IL7asc) — 96 135 A Ten = —40°C Vee=7V,Von <3V
current 33 67 — Ten =—25C
19 50 — Ten = 150°C
||_9,3(sc) 1 —_— 105 145 Tch =-40°C Vcc =9 V, Von <3V
42 96 — Ten =—25C
30 73 — Ten = 150°C
IL12,3(sC) * — 143 190 Tenh = —-40°C Vee=12V,Von <3V
56 130 — Ten =—25C
42 105 — Ten = 150°C
|L16,3(SC) _— 144 190 Tch =-40°C Vcc =16 V, Von <3V
75 131 — Ten =—25C
60 107 — Ten = 150°C
Thermal shutdown Tin 150 175 200 °C
temperature
Thermal hysteresis AT — 14 — °C Resume temp: over 130°C
Under voltage shutdown Veinuv) 3.7 4.8 5.7 \Y,
Under voltage restart VeingT) — 5.0 6.0 \Y,
Output current in fault loL 180 300 — Vin=7V,Vcc =7V, Tch =—40 to 150°C

condition

Note:

*1 Not subject to production test, specified by design.
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uPD166019T1F

Function Description

Driver Circuit (On-Off Control)

The high-side output, Pch MOSFET is turned on, if the IN input voltage is higher than Vyon. The high-side output, Pch
MOSFET is turned off, if the IN input voltage is below V yos. Switching characteristics is adjustable by external resistor

to IN pin.
CcC

Vinott - e A % S
VINon ***************************************** - E
Vin f : f 5
Vv : : : : :
ouT | : : 1 Logic '
Y T T S TS i
off] on | ofF | on Gate switch: |
! ! Normally ON
0 ‘ ‘ t |

Switching a resistive load

Switching lamps

0

0

0

Switching an inductive load
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uPD166019T1F

Avalanche Operation at Inductive Load Switch Off

The output MOS, Pch MOSFET is in avalanche when the inductive load is switched off. When the over-voltage is
applied to V¢, the output MOS, Pch MOSFET also works in avalanche operation.

Adjustable Switching Characteristics by External Resistor

Switching characteristics is adjustable by the value of input resistance as following.

[us] taon tr taom - Rin '
800 1
600 Logic
tdort '
400 ;
t Gate switch: H
200 Normally ON
t, !
T 1
0 = | ! don e e e e e e e e e mmmm .
0 20 40 60 80 100
Rin [kQ]
el taon: b teom t = Ten (Riy = 10 kQ) [us] taon: b oo t = Ten (Riy = 51 KQ)
400 Laort
] /’
00 T
200 ;
50 L
t
t, t,
0 L . . tdon 0 L . ! tdor\
-50 0 50 100 150 -50 0 50 100 150
Channel Temperature [°C] Channel Temperature [°C]

Diagnosis Output via IN Pin

The lo. current starts flawing via IN pin, if the shut down occurred by the protection of short circuit or over temperature.
In this condition, internal gate switch is turned-off and the 1o, current switch is turned-on. This diagnosis signals is
detectable by external circuit, resistor and comparator.

OFF

RiNn = Rpiac * Rinon
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uPD166019T1F

Short Circuit Protection

Case 1: Turn on in an overloaded condition, which includes a short circuit condition. The device shut down

automatically when I, > 1, sc) condition is detected. Then the Vy value is increased by the output of I, current.
Shutdown is latched until the next reset via IN input.

Case1 I > ||_(sc)

(Evaluation circuit)
Short circuit detection

l 1 J ViN
: L loL output
VIN ‘ : I ffffffffffffffffffffffffffff Lo oL p
Lo ‘ (= loL x RiN) R
| ! ! IN
I 5 ‘ o) Vear
0 bt 1 .
Ny : ! ; ] Cable impedance
out/Vce | !
! ‘ Vee ! . .
Viat e p— - I_(sc): Short circuit detection current
| Von
ety v i
0 IR . ouT :

===uuuns Depending on the external impedance

Case 2: Short circuit during On-condition. The device shut down automatically when I, > I (sc) condition is detected.

Then the V) value is increased by the output of lo, current. Shutdown is latched until the next reset via IN
input.

Case 2 I > I (sc) at On condition

(Evaluation circuit)
Short circuit detection

L A
: J ViN Vee Von
U I A :______lo_ output L OUTS \
IN ! | |
; - ! 1\(= loL x Rin) R
L it 1 "7l Vour
1 S 1 VBaT lou I
| . (SC) ! l R
! b ‘ L
o e I3 1]
Vour | } (XA : Cable impedance
Vee b--mn- N e R
« ] 3 | I_(sc): Short circuit detection current
0 1 t
====nunn Depending on the external impedance
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uPD166019T1F

Typical Short Circuit Detection Curren

t Characteristics

The short circuit detection current changes according V¢c voltage and VVon voltage for the purpose of to be strength of

the robustness under short circuit condition.

'L‘Z‘SO[A] lisc) = Von IL(SZ%)O[A] Isc) - Vee
Ta=25°C Ta=25°C
Von=3V
150 |~ \ 150 —_—
ch=9\N Ve =16V // N
on "~
100 Vee=7 \,\\_ \ 100 4 //
/—
50 50
0 L 0 L L
0 5 10 15 20 5 10 15 20
Von [V] Vec V]

Driving Capability

The uPD166019 can drive above 215 mQ, equivalent with 65 W bulb as load resistibility include load itself, wire
harness, contact resistance of connector, wiring resistibility of PCB at Vcc = 9t0 16 V, T, = 25°C condition.

Over-Temperature Protection

The output is switched off if over-temperature is detected. The device switches on again after it cools down.

IOL OUtpUt

(=loL x Rin)
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uPD166019T1F

Device Behavior at Low Voltage Condition

If the supply voltage, Vcc goes down under Veiywuy), The device shuts down the output. If the supply voltage, Vcc
increase over Vg, the device turns on the output automatically. The device keeps off-state if supply voltage, Vcc
does not increase over V¢ after under voltage shutdown.

|

Vin ‘ ‘
I |
0 : /
Vout/Vee Vee
VBar ; -
. [ Vour
0 t

Loss of Ground Protection

In case of complete loss of the device ground connection, but connected load ground, the device securely changes to
off-state by low voltage detector. In loss of ground condition voltage of internal circuit is as below. Thus RIN should be
bigger than 40 kQ to activate this function.

Internal circuit voltage = Vec — lon x (Riy + 100 Q) — Vf
Low voltage detection voltage: Vcinwy)

Even though there is possibility to keep on state if Ry is lower than 40 kQ, output MOSFET is secured in full on state
by circuit design.

VCC/\ °
. ./
| Internal
Vv |N/ 100 Q Low VOltage Circuit
cC QoW Detector |7
RiN ......................... Ion
i
~GND
lon: Circuit current, 300 pA min
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uPD166019T1F

Measurement Condition

Switching waveform of OUT pin

12V
VIN
OV o ———— e
tdon tr taott t
90% 90%
Vout
109 109
—/ % \__ %o
Truth Table
Output Current in
Input Voltage State Output Fault Condition
Vin < Vinoft OFF state OFF —
Vin 2= Vinon Normal operation ON _

Over-temperature

OFF (Shut down), restart by Tch < Tih — AT

loL

Short circuit

OFF (Shut down)

lov
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uPD166019T1F

Application Example in Principle

5V -O- Vbat
Micro. 4 l
e pPD166019
i ;\
Vee Vee L

OUTPUT PORT ( YIN

INPUT PORT (

Load

GND
)

i

Notes: *1 In case of necessity to eliminate the destruction by the soldering bridge to VVcc: Pin#5, insert a resistor Rgnp
(recommended 1 kQ max) between GND pin and system ground. In this condition current flows out to IN

pin. Rinon IS recommended 2 kQ min.

GND to IN current = (Rgnp X L MA = 0.6 V) / Rinon

*2 If the load is inductive, it is recommended to connect a free-wheel diode between OUT pin and ground.
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pPD166019T1

[~

Typical Characteristics

LOW LEVEL INPUT CURRENT vs.
AMBIENT TEMPERATURE
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uPD166019T1F

ON STATE RESISTANCE vs.

INPUT VOLTAGE
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uPD166019T1F

Thermal Characteristics

TRANSIENT THERMAL RESISTANCE vs. PULSE WIDTH
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uPD166019T1F

Package Dimensions (Unit: mm)

5-pin TO-252 (MP-3ZK)

6.5+0.2 a 2.340.1
50TYP. _ | & 0.5+0.1
43MIN. _| o '
o
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- | | Q
< | |
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= 1 2<2 4 <
q.7|||]' > (,2.) 0to 0.25
% S
S NHERNLE
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1.14 0.620.1 <
0.508 ?
AN
©Q

Note
No Plating area

4B .
GAUGE PLANE
SEATING PLANET
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uPD166019T1F

Taping Information

This is one type (E1) of direction of the device in the career tape.

Draw-out side
D ——

=

=

0000000

-E1

TYPE

Marking Information

This figure indicates the marking items and arrangement. However, details of the letterform, the size and the position

aren’t indicated.

Lot code ™

66019

L]

._

D_

— Pb-free plating marking

Internal administrative code

Note: *1. Composition of the lot code

oo o

Week code (2 digit number)

Year code (last 1 digit number)
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Notice

1. Allinformation included in this document is current as of the date this document is issued. Such information, however, is subject to change without any prior notice. Before purchasing or using any Renesas

Electronics products listed herein, please confirm the latest product information with a Renesas Electronics sales office. Also, please pay regular and careful attention to additional and different information to

be di by Renesas such as that di: through our website.

2. Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights of third parties by or arising from the use of Renesas Electronics products or

technical information described in this document. No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics or

others.

3. You should not alter, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

4. Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of

products and ication You are fully r for

the incorporation of these circuits, software, and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by you or third parties arising from the

use of these circuits, software, or information.

5. When exporting the products or technology described in this document, you should comply with the applicable export control laws and regulations and follow the procedures required by such laws and
regulations. You should not use Renesas Electronics products or the technology described in this document for any purpose relating to military applications or use by the military, including but not limited to

the development of weapons of mass destruction. Renesas Electronics products and technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is

prohibited under any applicable domestic or foreign laws or regulations.

6. Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics does not warrant that such information is error free. Renesas Electronics
assumes no liability whatsoever for any damages incurred by you resulting from errors in or omissions from the information included herein.

7. Renesas Electronics products are classified according to the following three quality grades: "Standard", "High Quality", and "Specific". The recommended applications for each Renesas Electronics product
depends on the product's quality grade, as indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular application. You may not use any Renesas
Electronics product for any application categorized as "Specific" without the prior written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way liable for any damages or losses incurred by you or third parties arising from the
use of any Renesas Electronics product for an application categorized as "Specific* or for which the product is not intended where you have failed to obtain the prior written consent of Renesas Electronics.
The quality grade of each Renesas Electronics product is "Standard" unless otherwise expressly specified in a Renesas Electronics data sheets or data books, etc.

"Standard":  Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home electronic appliances; machine tools;

personal electronic equipment; and industrial robots.

"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-crime systems; safety equipment; and medical equipment not specifically

designed for life support.

"Specific": Aircraft; aerospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or systems for life support (e.g. artificial life support devices or systems), surgical
implantations, or healthcare intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.
8. You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics, especially with respect to the maximum rating, operating supply voltage
range, movement power voltage range, heat radiation characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or damages arising out of the

use of Renesas Electronics products beyond such specified ranges.

9. Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have specific characteristics such as the occurrence of failure at a certain rate and
malfunctions under certain use conditions. Further, Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to guard them against the
possibility of physical injury, and injury or damage caused by fire in the event of the failure of a Renesas Electronics product, such as safety design for hardware and software including but not limited to

redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures.

please evaluate the safety of the final products or system manufactured by you.

10. Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas Electronics product. Please use Renesas Electronics

products in compliance with all applicable laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive. Renesas Electronics assumes

no liability for damages or losses occurring as a result of your noncompliance with applicable laws and regulations.
1

12. Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) "Renesas as used in this means Renesas Electronics Corporation and also includes its majority-owned subsidiaries.

(Note 2) "Renesas Electronics product(s)" means any product developed or manufactured by or for Renesas Electronics.

. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas Electronics.

Because the evaluation of microcomputer software alone is very difficult,
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