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Calculating Junction Temperature from Inrush Current

An inrush current flows to electrically charge the output capacitor of the LDO during startup. Even if the current value exceeds the

maximum value of the recommended operating range, the over current protection (OCP) circuit limits the amount of current, so

there are no problems in operation. Note that it is necessary to make sure that the junction temperature does not exceed 150°C

due to over current. This application note explains how to calculate the power consumption from the measured waveforms and

calculate the junction temperature from the transient thermal resistance graph.

Calculating the power consumption from

the measured waveforms

Since the inrush current is a short-term over current, the

junction temperature Ty can be estimated by the following

equation using the transient thermal resistance Ztn.
Ty =Ty+Zry XP [°C] (€9

T,: Ambient temperature [C]

Zry : Transient thermal resistance between junction and

[C/W]
(W]

ambient environment

P : ICpower consumption

P is the IC power consumption. It can be calculated from the
measured waveforms with the approximation equation shown

in Equation (2).

1 1
P = §(VD51 = Vps2)Upy — Ipz) — 2 Ip1(Vps1 — Vps2)

1
3 VbsiUp1 = Ip2) + Vpsi Ipy (W] (2)

“S” in Vps refers to the source, which represents the input
voltage Vi if the output MOSFET is the P-channel type. “D”
refers to the drain of MOSFET, which represents the output
voltage Vour. Therefore, Vos is the input-output voltage. Vbst

and Vbs2 represent the start and end voltages, respectively.

Ip is the current flowing through the output MOSFET, which is
the output current lout (= input current Iin). Ib1 and Ip2 represent

the start and end currents, respectively.
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Figure 1. Measurement circuit

As an example to describe the procedure, we use the
waveforms in Figure 2 that are measured with the circuit

shown in Figure 1.

1. Draw linear trendlines for the Vour and In (= lour)

waveforms and read the minimum and maximum values.

2. Organize the values.

Vps1 =Vin = Voyr1 =12V -0V =12 [V] 3
Vpsa =Vin —Voura =12V — 4.6V =74 [V] 4
Iy =0 [A] )
3. If Ip1 = 0, Equation (2) can be simplified to Equation (7).
1
P = E(VDSI + 2 Vpsa) Iz [W] ™
4. Substitute the read values in Equation (7).
1
P = g(lZV +2x74V) x 1.854 = 8.26 [W] 8)
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Figure 2. Measured waveforms, Cout = 10 uF

Calculating Ty from the transient thermal
resistance

Next, calculate the transient thermal resistance from the graph
in Figure 3. The waveforms in Figure 2 show that the period of
the over current is 34 ps. In Figure 3, read the transient
thermal resistance at 34 ys. However, use the value at 100 us
because this is the minimum time on the graph. The transient
thermal resistance at 34 ps is lower than the value at 100 us,

providing a margin to the design.

Substitute the values collected so far in Equation (1) to
calculate the junction temperature. In this example, 60°C is

used as the ambient temperature Ta for the calculation.

T, = 60 [°C] C)

Zry =092 [2C/W] (10)
P =826[W] (11)
Ty =Ty + Zry X P = 60 + 0.92 x 8.26 = 67.6 [°C] (12)

The junction temperature is 150°C or less, so there is no
problem.

In this way, since the rise in chip temperature is slight when
the inrush current flows for a time less than 1 ms, problems

with rising temperatures are minimal.

In the measured waveform in Figure 2, the power is consumed
in the section where I\ falls from the peak. However, since the
power consumption is smaller and the period is shorter
compared with the section where the current rises, the

calculation is omitted.
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Figure 3. Transient thermal resistance of the TO252 package

JEDEC 1-layer board, copper foil area 49 mm? (footprint)
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Another calculation example
Perform the calculation using the output capacitor of 1,000 yF

and a large inrush current as an example.

Figure 4 shows the measured waveforms. Due to a large
amount of electric charge in the output capacitor, the output
voltage is increased with the over current protection circuit of

the IC constantly operated since immediately after the startup.

Follow the procedure described above to perform the

calculation.

1. Draw linear trendlines for the Vour and In (= lour)

waveforms and read the minimum and maximum values.

4. Read the transient thermal resistance at 3.25 ms from the

graph in Figure 5.
Zry = 3.9 [°C/W] (18)

5. Substitute the values collected so far in Equation (1) to
calculate the junction temperature. In this example, 60°C

is used as the ambient temperature Ta for the calculation.

T, = 60 [°C] (19)
P =1225[W] (20)
Ty =Ty +Zry X P = 60 +3.9x 1225 = 107.8[°C]  (21)

The junction temperature is 150°C or less, so there is no

2. Organize the values. problem.
Vps1 =Vin —Voyr1 =12V -0V =12 [V] (13)
Vpsz =Vin = Voyr, =12V =5V =7 [V] (14)
Ip, = 0.76 [A] (15) [
Ipz =192 [4] (16) ENE | 3.25ms .
SVidiv f ;
3. Substitute the read values in Equation (2). i RS AR ' Vour=5.0V
Vour [£ TRUE SR :
1 1 o T ! |
P = §(VDS1 - VDSZ)(IDl - IDZ) - E 1D1(VDS1 - VDSZ) 2vidiv X I : : Io2=1.92A
: i Vour1=0V L | :
: ' 5 ; vaM H ]
1 3 ' WM :
3 VbsiUp1 — Ip2) + Vpsi Ips ™ 3 [ : H
) ) 500mA/div 1 I01=0.76A \
~2(12-7)(0.76 — 1.92) - = x 0.76(12 = 7) ﬁrﬂm‘ ; ' T——
. 500ps/div
—=x12(0.76 — 1.92) + 12 X 0.76 ,
2 Figure 4. Measured waveforms, Cout = 1,000 pF
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Figure 5. Transient thermal resistance of the TO252 package

JEDEC 1-layer board, copper foil area 49 mm? (footprint)
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« Calculating Power Loss from Measured Waveforms

The approximate equations shown in Equations (2) and (7) are
taken from the equations described in case 3 of Table 1 in this
application note. Since the waveform of the inrush current is a

single pulse, the term “At - f” in the equations is “1”.
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https://fscdn.rohm.com/en/products/databook/applinote/discrete/sic/common/pd_calc_power_loss_measured_waveform_an-e.pdf

Notice
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11)

12)

13)

Notes

The information contained herein is subject to change without notice.

Before you use our Products, please contact our sales representative and verify the latest specifica-
tions :

Although ROHM is continuously working to improve product reliability and quality, semicon-
ductors can break down and malfunction due to various factors.

Therefore, in order to prevent personal injury or fire arising from failure, please take safety
measures such as complying with the derating characteristics, implementing redundant and
fire prevention designs, and utilizing backups and fail-safe procedures. ROHM shall have no
responsibility for any damages arising out of the use of our Poducts beyond the rating specified by
ROHM.

Examples of application circuits, circuit constants and any other information contained herein are
provided only to illustrate the standard usage and operations of the Products. The peripheral
conditions must be taken into account when designing circuits for mass production.

The technical information specified herein is intended only to show the typical functions of and
examples of application circuits for the Products. ROHM does not grant you, explicitly or implicitly,
any license to use or exercise intellectual property or other rights held by ROHM or any other
parties. ROHM shall have no responsibility whatsoever for any dispute arising out of the use of
such technical information.

The Products specified in this document are not designed to be radiation tolerant.

For use of our Products in applications requiring a high degree of reliability (as exemplified
below), please contact and consult with a ROHM representative : transportation equipment (i.e.
cars, ships, trains), primary communication equipment, traffic lights, fire/crime prevention, safety
equipment, medical systems, servers, solar cells, and power transmission systems.

Do not use our Products in applications requiring extremely high reliability, such as aerospace
equipment, nuclear power control systems, and submarine repeaters.

ROHM shall have no responsibility for any damages or injury arising from non-compliance with
the recommended usage conditions and specifications contained herein.

ROHM has used reasonable care to ensure the accuracy of the information contained in this
document. However, ROHM does not warrants that such information is error-free, and ROHM
shall have no responsibility for any damages arising from any inaccuracy or misprint of such
information.

Please use the Products in accordance with any applicable environmental laws and regulations,
such as the RoHS Directive. For more details, including RoHS compatibility, please contact a
ROHM sales office. ROHM shall have no responsibility for any damages or losses resulting
non-compliance with any applicable laws or regulations.

When providing our Products and technologies contained in this document to other countries,
you must abide by the procedures and provisions stipulated in all applicable export laws and
regulations, including without limitation the US Export Administration Regulations and the Foreign
Exchange and Foreign Trade Act.

This document, in part or in whole, may not be reprinted or reproduced without prior consent of
ROHM.

Thank you for your accessing to ROHM product informations.
More detail product informations and catalogs are available, please contact us.
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