Test Report: PMP30693
Supercapacitor Backup Power Supply With Current Limit
and Active Cell Balancing Reference Design

{ii TEXAS INSTRUMENTS

Description

This reference design automatically provides a back-up voltage during a power interruption. It manages the
charging of supercaps and provides reverse blocking protection. The maximum supercap charging current and
voltage can be adjusted. When the input voltage fails a buck-boost converter (TPS63802) takes over and
generates a constant backup voltage. The supercap capacitance and voltage define the energy which is available
for the backup. The PMP30693 provides a stable backup output of 3.7 V at 300 mA for more than 100 s until the
output voltage drops.

2 An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.
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1.1 Thermal Images

The images below show the infrared images taken from the FlexCam

1.1.1 Supercap Charge; no input current limit (R7 = 0, R5 not populated)

MAIN Voltage =3.6V
SYS Current  =1A

Name Temperature
Diode D2 31.2°C
Diode D1 46.0°C

Controller U4 43.3°C
Inductor L1 36.2°C
Ideal Diode U1 37.2°C

Controller UZ s 36

L2438

1714 Vin=3.6V SC CHARGE (no current limit)
ILoad=1A.is2

1.1.2 Supercap Charge; Input current limit Variant 1 (R7 = 68mohm, R5 =0, R14 = R15 =R16 =
30.1ohm); Maximal charge current: 100mA , maximal precharge current = 300mA

MAIN Voltage = 3.6V
SYS Current  =1A

—35.4
34
33
Inducter L1 32

E 31
Controller U4 | 30

29
o8 Name Temperature

| o7 Controller U4 29.5°C
| 26 Inductor L1 30.0°C
25 Ideal Diode U1 35.4°C
=240

1711 Vin=3.6V SC CHARGE 1 (300mA100mA)
lload=1A.is2
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1.1.3 Supercap Discharge (Backup Mode)

SYS Current =1A

i 44
Controller U4° jeeal D;rpde Ho

-36 Name Temperature
32 Controller U4 58.1°C
| o8 Ideal Diode U5 36.9°C

L24.8

1713 Vin=0V SC DISCHARGE (Backup)
lload=1A.is2
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2 Waveforms
2.1 Supercap Charging
2.1.1 Supercap Charge; no input current limit (R7 = 0, R5 not populated)
MAIN Voltage =3.3V
SYS Current = 0A
2
I' TELEDYNE LECROY
Everywhereyoulook™
Mode Pin
2,00 Vidiv 2.00 Vidiv
-6.000Vofst]  -6.000 orst
MAIN Voltage =3.6V
SYS Current  =0A
x
" TELEDYNE LECROY
Everywhereyoulook™
Mode Pin
C3
2.00 Vidiv
-6.000 ¥ ofst 500 kg
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MAIN Voltage =3.6V
SYS Current  =1A

"P TELEDYNE LECROY

Everywhereyoulook™

Mode Pin |

500 kS

MAIN Voltage =5.4V
SYS Current  =0A

"? TELEDYNE LECROY

Everywhereyoulook™

1_MAIN

-
imebase 400 mg]
2.00 Vidiv 2.00 Vidiv 5.00 Vidiv Roll 20.0 sidiv] Stop
-6.000 ¥ ofst -6.000 ¥ ofst -19.75 ¥ ofst 500 kS 2.5 kSis] Edge
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2.1.2 Supercap Charge; Input current limit Variant 1 (R7 = 68mohm, R5 =0, R14 = R15=R16 =
30.1ohm); Maximal charge current: 100mA , maximal precharge current = 300mA

MAIN Voltage =3.3V
SYS Current  =0A

A TELEDYNE LECROY
'P Everywhereyoulook™

MAIN Voltage = 3.6V
SYS Current  =0A

" TELEDYNE LECROY
) Everywhereyoulook™

1 hAIN

’ ¥ Supercag
I

TV MAN

2.00 Vidiv 5.00 Vidiv
-6.000 V ofst -6.000 V ofst -20.00V ofst

6 Supercapacitor Backup Power Supply With Current Limit and Active Cell Balancing Reference Design TIDT147 - October 2019
Copyright © 2019, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS

www.ti.com

MAIN Voltage =5.4V
SYS Current  =0A )

"'F TELEDYNE LECROY

Everywhereyoulook™

1_MAIN

iy W_MAIN

c w
imebase 400 msg] [Tri
2.00 Vidiv 2.00 Vidiv 5.00 Vidiv Roll 20.0 sfdiv] Stop 5
-6.000 ¥ ofst -6.000 ¥ ofst -20.00 ¥ ofst 500 kS 2.5 kSis] Edge

2.1.3 Supercap Charge; Input current limit Variant 2 (R7 = 130mohm, R5 =0, R13=R14 =R15 =
DNP, R16=49.90hm); Maximal charge current: 50mA , maximal precharge current = 50mA

MAIN Voltage = 3.6V
SYS Current  =0A

"P TELEDYNE LECROY

Everywhereyoulook™

MODE PIN

ch L
i
imehase gl [Tri DC)
2.00 Vidiv 2.00 Vidiv 5.00 Vidiv Roll 5
-6.000 ¥ ofst -6.000 ¥ ofst -20.00 ¥ ofst 1.00 M3
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2.2 Voltage Drop input vs. output

2.2.1 Supercap Charge; no input current limit (R7 = 0, R5 not populated)

MAIN Voltage = 3.6V
SYS Current =1A

y TELEDYNE LECROY
'? Everywhereyoulook™

1_MAIN

2.00 Vidiv 2.00 Vidiv 1.00 Addiv

-6.000 V ofst -6.000 Y ofst 0 mA offset 500 2 5 I-SIs Edgp F‘Uéitive
A TELEDYNE LECROY
Everywhereyoulook”

'y
2.00 Vidiv 2.00 Vidiv 1.00 Ardiv
-6.000 V ofst -6.000 ¥ ofst 0 mA offset
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2.3 Supercap recharge cycle

2.3.1 noinput current limit (R7 = 0, R5 not populated)

A supercap discharge resistor R_discharge was assembled for this measurement. The resistor was connected
between the supercap voltage (V_SC (2x) and ground. It forces a discharge of the supercaps.

MAIN Voltage =3.6V
SYS Current = 0A
R_discharge = 1000hm

[ V_Main | [

[ |
{—‘mﬁ%
] I ‘ |_Main ‘ W
c4 » f -

_ V.SC(20 |
"MM‘

c2

MODE Pin -

c3
C1 [ imehase 0 g [Trigger (AEE
1.00 Vidiv 1.00 Vidiv 2.00 Vidiv Raoll 50.0 sidiv} Stop
-4.000 ¥ ofst 0 mV offset -8.000 V ofst 500 kS 1.0 kSisjEdge Positive
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2.4 Supercap balancing
2.4.1 noinput current limit (R7 = 0, R5 not populated)
C1 = voltage across capacitors C25+C17
C2 = voltage across capacitor C25
MAIN Voltage =3.2V
SYS Current  =0A
I' TELEDYNE LECROY
Everywhereyoulook™
A
- 500 mvidiv Roll 20.0 sidiv) 5
-1.500 ¥V ofst 0 mA offset 500 kS 2.5kSis
MAIN Voltage =3.6V
SYS Current  =0A
e '_ ./ TELEDYNE LECROY
l ‘P Everywhereyoulook™
Y _SC(1x) I?w
A
imehase 400 mg] (Tri
-1.500 V ofst 500 mA ofst 500 kS 2.5 kSis} Edge
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MAIN Voltage =5.4V
SYS Current =0A

"? TELEDYNE LECROY

Everywhereyoulook™

1_MAIN

imehase 400ms
500 myidiv 500 mA/diy Raoll 20.0 sidiv] Stop
-1.500 ¥ ofst 0 mA offset 500 kS 2.5 kSis| Edge
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2.5 Supercap discharge time (Backup Mode)
SYS Current  =1A
e
4000V ore - 0.0 ma ofe S0 ke
SYS Current  =0.3A
r AP LY
¥_SYS
LSYS |

W _Supercap

c1
1.00 Vidiv
-4.000 ¥ ofst
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SYS Current = load profile:

A
2A

[ [ [
0 0 0
I [ [ [
Avg 311mA

70mA

A\

4.038ms

0.577ms

Everywhereyoulook™

|"~\ TELEDYNE LECROY

A
imehase 0.0 ¢ [Trigger
500 kS 25kSisjEdge  Positive
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2.6 Output Voltage Ripple

2.6.1 Backup Mode (Supercap discharge)

SYS Current =1A

Everywhereyoulook™

" TELEDYNE LECROY

2.00 Vidiv 2.00 Vidiv
-8.000 ¥ ofst 2.080 V ofst

500 nsidiv] Stop
125kS 2.5 GSis]Edoe

V_SC(2x)

"? TELEDYNE LECROY

Everywhereyoulook”

-8.000 V ofst
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2.7 Load Transient Response

Load Profile:

A
2A

[ [ [
[ [ [
[ [ [
Avg 311mA

70mA

A\

o e

0.577ms

2.7.1 Buck Backup Mode (Supercap Discharge)

4 TELEDY
‘? Everywhereyoulook™

NE LECROY

500 kS

Y/ TELEDY
'P Everywhereyoulook™

NE LECROY

-4.000V ofs
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2.7.2 Boost Backup Mode (Supercap Discharge)

”»

TELEDYNE LECROY
Everywhereyoulook™

foc]

Lsvs

YV _SYS

1.00 Vidiv 1.00 Addiv

-4.000 V¥ ofst 1.000 A ofst

o

TELEDYNE LECROY
Everywhereyoulook™
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third party
intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims, damages,
costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (https:www.ti.com/legal/termsofsale.html) or other applicable terms available either
on ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's
applicable warranties or warranty disclaimers for Tl products.
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