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This application note is a reference describing applications of parallel operation of the S-19682B/19683B Series (high side
switch).
Refer to the datasheets for details and specs of these ICs.
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The Purpose of Parallel Operation
1.1 Increasing output current

When a high side switch is operated singly, the limit current (ILiv) determines output load drive capability.

For example, single operation of the S-19683B Series with a set limit current (ILms)) of 600 mA provides an output
current of 600 mA typ. When two or more high-side switches are operated in parallel, the overall output load drive
capability can be greater than in single operation. For example, parallel operation of two S-19683B Series devices with
a set limit (ILims)) of 600 mA provides an output current of 1200 mA typ.

When single operation of a high side switch does not provide enough output current, parallel operation of two switches
can be used to compensate. For this reason, parallel operation should be used for high load current applications.

1.2 Controlling heat build-up

When multiple high side switches are used in parallel operation to distribute current flowing to the load, the on-
resistance of the internal switches reduces voltage drops.

The reduction of voltage drops lowers both the power and the resulting heat generated in the IC. This reduces increases
in temperature caused by heat in the IC and the board. In applications with a high ambient temperature, adequate heat
dissipation may not be obtained in some mounting conditions. Parallel operation is effective as a means to ensure that
the maximum temperature of the IC junction is not exceeded.

Figure 1 shows a simplified equivalent circuit of a high side switch in single operation and Figure 2 shows a similar
equivalent circuit of two high side switches in parallel operation. The simplification ignores the wiring resistance of the
mounted boards and the on-resistance of the two high side switches is assumed to be identical (both Ron).

The overall on-resistance during parallel operation is %. In parallel operation, half the load current of that in single

operation (IL%AD flows to each IC, and as power is (IL%AD>2 x Ron, the power generated in each IC is 1/4 of that in

single operation. Since the power used in parallel operation is half that of single operation, heat generation is also
about half.

ILoaD/2

ILoaD
Vin Vourt
= AW
N RLoab 1|LOAD
ILoan/2
Figure 1 Figure 2
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2. Making Parallel Connections

This section describes how to appropriately connect high side switches to operate them in parallel.
Make a parallel connection to two high side switches as shown in Figure 3 to operate them in parallel. To operate three or
more high side switches in parallel, interconnect the IC pins of the third and subsequent ICs as shown in Figure 3.

Input

Cin

IC1
VIN VOUT
>|EN INT
CSO

VSS 1
; J}csm
IC2

VIN VOouT
INT

——e—>|EN

CL D+

RinT

CSO
VSS

J, j;Ccsoz

Figure 3 Example Showing Parallel Connection of Two ICs

Output

Caution 1. To stabilize the current balance between the ICs, the CSO pin of each IC must not be interconnected.
Also, connect a capacitor to the CSO pin of each IC to stabilize CSO pin output.

2. As shown in Figure 3, the capacitor for stabilizing the input (Cin), the capacitor for stabilizing the
output (CL) and the protection Schottky-barrier diode (D1) can be shared, but the ICs should be placed
close together and Cin, CL and D1 should be located as close to the IC connection pins as possible.

3. The above connection diagram will not guarantee successful operation.
Perform thorough evaluation using the actual application to set the constants.
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3. Description of Parallel Operation

.1 Balancing current (during switch operation)

This section describes how the current in parallel operation is balanced during the switch operation of each IC.

In Figure 2 in "1. Purpose of Parallel Operation”, wiring resistance of the mounted board is ignored, and the on-
resistance of the two high-side switches is assumed to be identical. However, in reality, wiring resistance of the
mounted board exists, and on-resistance varies depending on the individual differences. Figure 4 shows an equivalent
circuit of parallel operation of high side switch IC1 and IC2 that takes these factors into account.

|
1c1 OUT1
VIN Ri1 Ron1 Ro1 Vout
N2
N1 R'%\N\’ RONzA\N\’ ROZ,\N\’ RLoap 1|LOAD
IC2 ’
lout2

Wiring resistance in mounted .board pattern

Figure 4

The wiring on the VIN pin side comes together at contact point N1 and the wiring on the VOUT pin side comes together
at contact point N2. Thus, the combined resistance on the IC1 side (R1) and the combined resistance on the IC2 side
(R2) of the path between N1 and N2 are as shown in equations (1) and (2), respectively.

R1 =Rt + RON1T 4+ ROTuuiiiiiiiiiiie e (1)
R2=Ri2+ RON2 + R02..1iiiiiiiiiiiieeeec e 2)

Remark Roni: On-resistance for IC1
Ronz:  On-resistance for IC2
Ri1:  Wiring resistance on the VIN pin side of IC1
Riz:  Wiring resistance on the VIN pin side of IC2
Ro1:  Wiring resistance on the VOUT pin side of IC1
Ro2:  Wiring resistance on the VOUT pin side of IC2

At this time, the ratio of output current (lout1) at the IC1 side and output current (lout2) at the IC2 side is expressed by
equation (3).

1 +&
lour1 _ R1 3
T 3)
R
loutt

When = 1, the output current of each IC is matched. Equation (3) indicates that the smaller the difference

lout2

I ,
lgl::; is to 1, and the better the current balance becomes.

An example of a current balance calculation is shown below.

between R1 and Rz, the closer

If Ront is 610 mQ, Ronz is 620 mQ and Ri1, Ri2, Ro1, Roz are 2 mQ,
R1 =614 mQ, R2 =624 mQ

:Oﬂ =1.0163
ouT2

Then the percentage difference in current between the IC1 and IC2 paths is +1.63%.
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To calculate the current balance in an actual application, calculate the wiring resistance of the mounting board from
the board pattern. Refer to Figure 5 for information on variations in on-resistance of the S-19682B/19683B Series.

ViN=5.0V, lour = 100 mA, Ta = +25 °C,
N = 1964, Mean = 0.609 Q, ¢ = 0.003 Q

700 =
600
2 500
& 400
o -
g 300
L 200 B
100 1
0 0 L
058 059 0.60 0.61 062 0.63 0.64
Ron [Q]
Figure 5

Remark N: Number of samples
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3.2 Balancing current (when limiting overcurrent)

This section describes the current balance when each IC in parallel is operating at the overcurrent limit.
Figure 6 shows an equivalent circuit of overcurrent limiting during parallel operation of the two high side switches IC1
and IC2.

IC1
)
Vin R ILimi
N1 Rl%\/\/\, |LIMZO_
—)
IC2
Figure 6

When each IC is limiting overcurrent, the output current of IC1 (lout1) becomes the limit current (ILmt) determined
internally by IC1, and the output current of IC2 (lout2) becomes the limit current (lLmz) determined internally by 1C2.
Therefore, the current balance during overcurrent limiting can be expressed by equation (4).

loutt _ lums @)
T T -

Regardless of whether the ICs operate singly or in parallel, the limit current of each IC is the value given in the
"M Electrical Characteristics" section of the datasheet. Refer to Figure 7 and Figure 8 for information on variations
in the limit current of the S-19682B/19683B Series.

The overall limit current in parallel operation is determined by the sum of the limit currents of each IC connected in
parallel. In Figure 6, it is ILimt + lLim2.

ILims) = 300 mA, Vin=13.5V, Ta=+25 °C, ILims) = 600 mA, Vin=13.5V, Ta =+25 °C,
N = 2125, Mean = 296.1 mA, 6 = 2.2 mA N = 1964, Mean = 602.8 mA, 6 = 4.0 mA
450 450 =
400 — 400
.. 390 .. 350 ]
& 300 = & 300
o 250 - g 250
g 200 o 200
(] e [0} u -
T 150 — i 150
100 - 100 -
50 I 50
285 290 295 300 305 310 315 570 580 590 600 610 620 630
ILim [mA] Iuim [mA]
Figure 7 S-19682B Series Figure 8 S-19683B Series

Remark N: Number of samples

The following explains the change from switch operation to limiting overcurrent while taking into account the variations
in limit current shown in Figure 7 and Figure 8. The example below assumes that ILim1 > ILimz.

When the load current (ILoap) increases and lout2 reaches ILmz, IC2 first starts to limit overcurrent, while IC1 remains
in switch operation. At this time, the output voltage (Vout) = Vin — R1 X lout1. When the load current increases further
and lout1 reaches Iuwm1, IC1 also starts to limit overcurrent. When both IC1 and IC2 are limiting overcurrent, Vout =

RLoap X (vt + luimz).
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3.3 Thermal shutdown circuit

This section describes the operation of the thermal shutdown circuit during parallel operation.

When the IC1 and IC2 high side switches are operating in parallel, the thermal shutdown circuit of each IC operates
independently. For example, if IC1 heats up first and causes the thermal shutdown circuit to enter detection status, the
output of IC1 is turned off and the load current flows only to IC2 whose output stays on. Therefore, the overall output
load drive capability depends on IC2, the remaining IC. When the load current exceeds the IC2 limit current, overcurrent
limiting starts. As Vour drops and heat generation increases during overcurrent limiting, there is a possibility that also
the 1C2 thermal shutdown circuit may enter detection status. When the thermal shutdown circuits of both IC1 and IC2
enter detection status, the outputs of IC1 and IC2 are turned off to limit heat generation.

.4 Electrical characteristics

When the S-19682B/19683B Series is operated in parallel, the electrical characteristics of each IC are as stated in the
datasheet. Table 1 shows the electrical characteristics when the S-19683B Series is operated singly and the overall
electrical characteristics when n"' number of S-19683B Series ICs with the same set limit current (ILims)) is operated
in parallel.

When considering parallel operation, make sure to confirm that the application can handle the overall electrical
characteristics of parallel operation.

Table 1
. Single Operation Parallel Operation (n) ,
Item™ Symbol Unit
em ymbo Min. Max. Min. Max. "
Cur'rent consgmptlon lssi 3 95 _ 95 x n uA
during operation
Cur.rent consumption lss 3 20 _ 20xn uA
during power-off
1.0
ON resistance Ron - 1.0 - S Q
Output OFF leakage current ILEAK vOUT - 2.0 — 20xn uA
Limit current lLim lums) X 0.9 IlLims) X 1.1 lume) X 0.9 xn [ lums)x1.1xn | mA
Interrupt output leakage current |l eax Nt - 1.0 - 1.0xn A
EN pin input current "H" IsH — 1.0 — 1.0xn uA
EN pin input current "L" IsL -0.2 0.2 -0.2xn 0.2xn uA

*1.
*2.

n: An integer greater than or equal to 2
Refer to the datasheet for information on the measurement conditions of each item.
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3.5 Connection diagnosis function

The S-19682B/19683B Series can use the CSO pin and the INT pin to monitor current and detect operating status.
This section describes each function of parallel operation.

Figure 9 shows an example of the output of the CSO pin and the INT pin when the S-19683B Series with the set limit
current (lLimes)) of 600 mA is operated singly and when two S-19683B Series are operated in parallel.

Since the CSO pin voltage (Vcso) is proportional to the load current (ILoap), Vcso for parallel operation is 1/2 as large
as Vcso for single operation. At this time, the current differences between each IC are included in Vcso as described
in "3. 1 Balancing current (during switch operation)". When Vcso reaches the CSO pin current limit voltage
(Veso_iim), the IC enters current limiting status.

When a parallel connection is performed as shown in Figure 3 in "2. Making Parallel Connections", Vcso on either
IC1 or IC2 can be monitored. Monitoring the Vcso of both ICs makes it possible to monitor the current of each IC during
parallel operation.

The INT pin of the S-19682B/19683B Series is an Nch open-drain output and can therefore be wired-OR connected
as shown in Figure 3. The INT pin goes to "L" when a parallel-connected IC enters overcurrent, overheat, or
overvoltage status.

S-19683B60A S-19683B60A
ILims) = 600 mA ILimsy = 600 mA
Single operation Parallel operation (n = 2)

T Vesoow™!

)
)

< 25—t Vcso jim™
2 20
< / v
1.5 // //
1.0 / //
0.5 ///
o.o/
0 200 400 60.0 800 1000 1290 1400
ILoap [MA] E
600 mAtyp.. 1200 mA typ. !
VINT 1™
E
>
0.0

0 200 400 600 800 1000 1200 1400

ILoap [MA]

*4.  Output voltage during overvoltage detection of CSO pin

*2. Output voltage during thermal shutdown detection of CSO pin
*3.  Current limit voltage for CSO pin

*4. Pull-up voltage

Figure 9

Caution Do not interconnect CSO pins on ICs connected in parallel when using the CSO pin for current
monitoring.
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4. Board Layout for Parallel Connections

When connecting the S-19682B/19683B Series in parallel, current must be properly balanced between each IC to prevent
concentration of current in the path of a specific IC (refer to the "3. 1 Balancing current (during switch operation)").
For this reason, design the board pattern so that the resistance values in the wiring connecting the VIN pin and VOUT pin
of each IC are the same.

Specifically, connect the VIN pin and VOUT pin of each IC as close to each other as possible. Also, in order to reduce the
impact of wiring resistance differences on current balance, increase the width of the wiring connecting the VIN pin and
VOUT pin to lower the wiring resistance value.

Figure 10 shows a good example of how the VIN pin and VOUT pin should be wired in the layout of a board in a parallel
connection. The good example takes current balance into account in the wiring of IC1 and IC2 so that wiring resistance on
the IC1 and IC2 sides is the same. Figure 11 shows a bad example. In the bad example, wiring resistance on the IC1 side
is too low, while it is too large on the IC2 side resulting in poorer current balance than the example in Figure 10.

Figure 10 Good Example Figure 11 Bad Example

*{. The arrows indicate the direction of current flow.

10 ABLIC Inc.



CMOS IC Application Note
Rev.1.0 oo Parallel Operation of S-19682B/19683B Series

5. Precautions

e The usages described in this application note are typical examples using ICs of ABLIC Inc.
Perform thorough evaluation before use.

e Do not apply an electrostatic discharge to this IC that exceeds the performance ratings of the built-in electrostatic
protection circuit.

e ABLIC Inc. claims no responsibility for any disputes arising out of or in connection with any infringement by products
including this IC of patents owned by a third party.

6. Related Sources
Refer to the following datasheets for details of the S-19682B/19683B Series.

S-19682B Series Datasheet
S-19683B Series Datasheet

The information described in this application note and the datasheet is subject to change without notice.
Contact our sales representatives for details.
Regarding the newest version of the datasheet, select product category and product name on our website, and download

the PDF file.

www.ablic.com ABLIC Inc. website
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Disclaimers (Handling Precautions)

1. All the information described herein (product data, specifications, figures, tables, programs, algorithms and
application circuit examples, etc.) is current as of publishing date of this document and is subject to change without
notice.

2. The circuit examples and the usages described herein are for reference only, and do not guarantee the success of
any specific mass-production design.
ABLIC Inc. is not liable for any losses, damages, claims or demands caused by the reasons other than the products
described herein (hereinafter "the products") or infringement of third-party intellectual property right and any other
right due to the use of the information described herein.

3. ABLIC Inc. is not liable for any losses, damages, claims or demands caused by the incorrect information described
herein.

4. Be careful to use the products within their ranges described herein. Pay special attention for use to the absolute
maximum ratings, operation voltage range and electrical characteristics, etc.
ABLIC Inc. is not liable for any losses, damages, claims or demands caused by failures and / or accidents, etc. due to
the use of the products outside their specified ranges.

5. Before using the products, confirm their applications, and the laws and regulations of the region or country where they
are used and verify suitability, safety and other factors for the intended use.

6. When exporting the products, comply with the Foreign Exchange and Foreign Trade Act and all other export-related
laws, and follow the required procedures.

7. The products are strictly prohibited from using, providing or exporting for the purposes of the development of
weapons of mass destruction or military use. ABLIC Inc. is not liable for any losses, damages, claims or demands
caused by any provision or export to the person or entity who intends to develop, manufacture, use or store nuclear,
biological or chemical weapons or missiles, or use any other military purposes.

8. The products are not designed to be used as part of any device or equipment that may affect the human body, human
life, or assets (such as medical equipment, disaster prevention systems, security systems, combustion control
systems, infrastructure control systems, vehicle equipment, traffic systems, in-vehicle equipment, aviation equipment,
aerospace equipment, and nuclear-related equipment), excluding when specified for in-vehicle use or other uses by
ABLIC, Inc. Do not apply the products to the above listed devices and equipments.

ABLIC Inc. is not liable for any losses, damages, claims or demands caused by unauthorized or unspecified use of
the products.

9. In general, semiconductor products may fail or malfunction with some probability. The user of the products should
therefore take responsibility to give thorough consideration to safety design including redundancy, fire spread
prevention measures, and malfunction prevention to prevent accidents causing injury or death, fires and social
damage, etc. that may ensue from the products' failure or malfunction.

The entire system in which the products are used must be sufficiently evaluated and judged whether the products are
allowed to apply for the system on customer's own responsibility.

10. The products are not designed to be radiation-proof. The necessary radiation measures should be taken in the
product design by the customer depending on the intended use.

11. The products do not affect human health under normal use. However, they contain chemical substances and heavy
metals and should therefore not be put in the mouth. The fracture surfaces of wafers and chips may be sharp. Be
careful when handling these with the bare hands to prevent injuries, etc.

12. When disposing of the products, comply with the laws and ordinances of the country or region where they are used.

13. The information described herein contains copyright information and know-how of ABLIC Inc. The information
described herein does not convey any license under any intellectual property rights or any other rights belonging to
ABLIC Inc. or a third party. Reproduction or copying of the information from this document or any part of this
document described herein for the purpose of disclosing it to a third-party is strictly prohibited without the express
permission of ABLIC Inc.

14. For more details on the information described herein or any other questions, please contact ABLIC Inc.'s sales
representative.

15. This Disclaimers have been delivered in a text using the Japanese language, which text, despite any translations into
the English language and the Chinese language, shall be controlling.
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