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CDA Technology Whitepaper: In-depth Analysis of Supercapacitor Leakage Current
and Self-Discharge Characteristics
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To Our Esteemed Customers and Partners:

EBLBEARREBTEHRENXEMEAY, LEHREMMFERS . sEEWE (Energy Harvesting) AR
BfE RTC &ZAEIRIZIT S, KB K (Leakage Current) FIEALHE (Self-Discharge) 2 TiEIfim x;FIA N
INER. BN SHAEMEARR LERER, BEIENKSREZN EANBEEIRNRALR. FAKBE
HEAERERTX AR ERIENSE  WARER IR imR TR A, hERAMHBFBIKRE R,
In practical applications of supercapacitors and lithium-ion capacitors, especially in micro-power systems,
energy harvesting, and long-term RTC backup power designs, Leakage Current and Self-Discharge are the
two core metrics engineers care about most. These two parameters share the same physical origin but
manifest differently in engineering tests and system impacts. This whitepaper aims to deeply analyze the
physical mechanisms, testing standards, and specific impacts on terminal design of these two characteristics,
helping your company optimize the overall circuit solution.

— LR RERSEHE

| . Core Concept Analysis: Leakage Current and Self-Discharge

1. JBHE% (Leakage Current, LC) — “}HE BRI MNAE”

1. Leakage Current (LC) - "Tiny Loss When Plugged In"

IBEMBRERFZNBASH, BXfRsHRBEESRNIFYHILEME (Equivalent Parallel Resistance,
Rp). HiBREBERFJEREINBBRIFL, BERmRFFIEENTERE (V_rated) B, A THMEH Rp 51EMA
EEEATIRK, SMPRIRUIRFERHE—MUNNERAMERR, XRERESRER.

An ideal supercapacitor is non-conductive internally, but real devices have a tiny Equivalent Parallel
Resistance (Rp). When a supercapacitor is connected to an external power supply and maintained at a
constant rated voltage (V_rated), the external supply must continuously provide a minimal DC compensation
current to replenish the internal charge loss caused by Rp. This is the steady-state leakage current.

o SHURH: 18uA@72hrs
Parameter Example: 18uA@72hrs
o TX: AEENEBERE 72 NBfE, #FFERHRRTSHAFHIBHDERFAEL 18uA.
Meaning: After charging at a constant voltage for 72 hours at room temperature, the external tiny current

required to maintain the capacitor fully charged does not exceed 18pA.
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2. Bi%# (Self-Discharge, SD) — “BiFF i [RAY L E [E17%

2. Self-Discharge (SD) - "Voltage Drop After Disconnection”

HBREAFTERFE, HUREFIREIR (FBRES) &, BTRBFUHEKEE (Rp) NFE, BF
TR ERBRSEBEEFN (AASMRKRE) . XTERMRERE, AN ERMAESEMimEER
FHERB AT, XHEEME.

When the supercapacitor is fully charged and completely disconnected from the external power supply (open
circuit), the positive and negative charges inside slowly neutralize due to the internal Equivalent Parallel
Resistance (Rp) (i.e., internal leakage). This internal loss of charge macroscopically manifests as a natural
drop in voltage across the capacitor over time, which is self-discharge.
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o S¥rfl: Voltage drop < 5% after 72 hours
Parameter Example: Voltage drop < 5% after 72 hours
® EX: BHARFHEIARE 72 )\ME, HBEETHEMRE.
Meaning: The magnitude of voltage drop after the capacitor is fully charged and left standing for 72

hours.

= iRRRSEHENAERRSX

[1'. Internal Connection and Difference Between Leakage Current and Self-Discharge

ATETHRATEIMER, RIONATUEXENSHEAA —HETHERE, ENBEEHERHFAAIRER

. BERREMUKRBRIESM (Charge Redistribution) 5|,
To facilitate understanding by your engineers, we can view these two parameters as "two sides of the same
coin." They are both primarily caused by internal impurities, electrolyte stability, and charge redistribution.

STHC4EE / Dimension WA | Leakage Current | BIJFE / Self-Discharge
MRS EREIMNARERIR 7 Sh BB ER IR

External State Connected to power Disconnected from power
MEITHR WU (MA/MA) HE THEEE (V)
Measurement Target Tiny current Voltage drop

IR AR R SMNERER IR Y KRG AP 2 fiERE B AR

Physical Essence Real-time compensation Natural energy loss

T #2127~ (Engineering Tip):

RETEMEMNSERER, FEXR/LSMERETARRAERREE. KREESLZERZTHE, EX
HAREENBME, MESTFRASILEABRILALT HNBRFTESHBIR. MENEHRBMNR, B
BT KMEMIEEFRE BEEX 8 MREL) , ILtAREGELEHEHE, BHARENEBERR.
Many engineers disconnect the power and start observing the voltage just minutes after charging when
testing self-discharge. The severe voltage drop that occurs is not true self-discharge, but charge
redistribution. A rigorous self-discharge test must first involve long-term constant voltage charging (usually
over 8 hours) to allow internal charges to balance completely before disconnecting the power to measure
voltage decay.
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= AT ESHMEREIT AT ARGEE?

lII. Specific Impacts of These Two Parameters on Terminal Design?

1. HEKBHERS (FERER) -

EERkER SRFEAY, BRABRRBESRMBEMIRK. K, BS—ELTHRIIMREIR (Bith) B
RS, Eit, REBMFGFHZRER. 18uA HIREBRISIEARGIIMNIBSIIFRE, HFEHREBENBEE.
1. Parallel Battery Systems (Focus on "Leakage Current"):

In applications like smart meters, supercapacitors are usually paralleled with primary batteries. The capacitor
is constantly being charged by the external battery. Therefore, leakage current determines battery life. An
18pA leakage current continuously consumes battery power as static power consumption.

2. THRHEBEERARSZ (FEAMBE"

EITFERRN IEERFNASR, HEBFERAHERE, BREFFEHN RTC (EATETH) 3t SRAM {#B
o MR, BERLATHBRES. REREFZIKHE, BURTESBSNEMEEE. BMBEH/), BETHEHY

'l‘?%, HERERTE] A .

2. Main Power Failure Backup Systems (Focus on "Self-Discharge"):

In applications like dashcams and industrial motherboards, supercapacitors supply power to RTC or SRAM

when main power fails. The duration the system can be maintained depends on the capacitor's

self-discharge rate. Lower self-discharge means slower voltage drop and longer retention time.

3. MAEEWEZR Y (Energy Harvesting):

ST RPHRESREBWERS, RERFMEBNERHEE., *&’J\H’J/FIEE,/ﬁAbﬁ%'f%T&EE RIS B R AT LU H 7E 7
MARIREY B B s R IR BB BE B TE LM R IR ER L RS TR UK AR EF-

3. Micro Energy Harvesting Systems:

For solar or piezoelectric harvesting systems, both leakage current and self-discharge are crucial. Minimal
leakage current ensures weak harvested currents can fully charge it, while ultra-low self-discharge ensures
stored energy is preserved during nights or idle states without external input.
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CDA Technology Whitepaper Appendix: Empirical Testing Curves and Principle Analysis

SR Bh B E I A DRI S B R R FRL (Leakage Current) 5 il (Self-Discharge) 7ES2Brill iz H i
BRI, AR RIS TR NNABE A 2. DU T EBRBEWER AR A RAERBR S ELE PR
PR AL o

To assist your R&D engineers in intuitively understanding the dynamic performance of Leakage Current and
Self-Discharge during actual testing, this appendix provides standard testing evolution curves. The following
charts visually reveal the physical microscopic changes of supercapacitors during charging and resting.

—. R AR AR 2 AT

I . Analysis of Supercapacitor Leakage Current Evolution Curve

FH T 7B 2% F 25 e F SR B) 1) 70 P LR (235200, T 29 TR iR B m il (e 4, B8R
BETIE, IR EIZER T T XU $AinH (Log-Log Scale) #E472xHi .

Because the charging current of a supercapacitor at the moment of power-on is extremely large (ampere
level), while the final steady leakage current is extremely small (microampere level), spanning tens of

thousands of times, this chart uses a Log-Log Scale for precise plotting.
[ B###iL Chart Interpretation] :

BB AR B L Lk

Supercapacitor Leakage Current Evolution

10° A

B TERX
nsient Charging

1044

BB ES T (RILER)
Charge Redistribution
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10 it (BRI AE)
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1073 1072 107! 100 107 10?2
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o AR M (Transient Charging): fEHSEAUE HUER SV LB L0 80A, FIR SR FRE. i 2
R E T e IR RCR B L P (ESR) JR 4 ML AR T 2L FL AT o
Transient Charging: In the first few seconds to minutes of applying the rated voltage, the current drops
sharply. The external power supply is primarily used to overcome ESR and establish surface
macroscopic charge.

o BT E /MBI (Charge Redistribution):  #izkih B GEME LN L+ 208D LT —
MERKIZN . X2 BT BRI RS 1 T E o AR ), G218953% 3 2 AL IE IR A GO FLIR R A o 1
A S B RO B R I AE SR R, T A IEAE T AL F e P RS LU
Charge Redistribution: The middle section of the curve (usually between hours and tens of hours)
shows a long gentle slope. This is because electrolyte ions need to overcome polarization resistance
and slowly penetrate deep into the microscopic pores of the porous activated carbon. The current

— 4
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shown on the tester at this time is not real leakage, but an absorption current as the interior "digests"
charges.

o RAJRHEIR (Steady-State Leakage): WEIFT/R, RATE™ERFFEERE 72 ABE, L4 HIEE

TIKFo BERRCRRAER, R R A BRI (Bl 18uA) A HI 4l N A2 5T 51 S ) L S
CERT
Steady-State Leakage: As shown in the chart, only after strictly maintaining constant voltage charging
for 72 hours does the curve truly level off. At this point, the absorption current is exhausted, and the
extremely low current value indicated (e.g., 18uA) is the true leakage current caused purely by internal
impurities.

TREGEW: =7 (n 12 A s RS SRR E A S . PR 72 NIRRT, RRIR

G SRS DIFERRUE I ME— 18 1% .

Engineering Conclusion: Reading leakage current data prematurely (e.g., at 12 hours) leads to severe

overestimation. Strictly following the 72-hour test standard is the only way to obtain a true baseline for the

system's static power consumption.

= BEEAA EBCRAR PN L i 22T

II. Analysis of Supercapacitor Self-Discharge Characteristics Curve
BN PR R R R PPAS AR BRI A% 0 o AR EISRE I P 26T LUt £, T 5 e T B SE H T
R 5B R X )
Self-discharge testing (open-circuit voltage drop) is core to evaluating a capacitor's "charge retention
capability." This chart clearly distinguishes between "true self-discharge" and "false self-discharge" through
two contrasting curves.

[ E&f#EiL Chart Interpretation] :

HBR A MBS itk

Supercapacitor Self-Discharge Characteristics
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o RIEETN . (LLEKEL /False SD) : AN FE 30 Zp B ERTIT AR, TR B 2 R AR 2L
BERE . XIFARE AR, 1M0/2 BT HTSCHR 2 0 e far 5570 A1 R 56 B——R T FLAT [F) Y ER A FLIR AL 976G
SRS C VAR SUBEE A 198
False SD (Red Dashed Line): If the capacitor is charged for only 30 minutes and then disconnected,
its open-circuit voltage will experience a sharp, steep drop. This is not capacitor leakage, but rather
because the aforementioned "charge redistribution" is incomplete—surface charges diffuse deep into
internal micro-pores, causing the macroscopic voltage to be rapidly pulled down.

—5__
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o FLSLHKA (SFELR /True SD) : &3 72 /NN FR/ME R AR L L A8 FRLRr 8 380 46500 P 4887 /5 7 I T
HUR, A I ECSEI AR LR B AR IR
oFRLRIMERHE: FEWTITAIIMAT 10-20 /N, HI T ERAR LIS IRAL KRG U R BRI R B, b
il Torgg, I BRAR ) B E AR
oREREER: MRMHBARAE 72 MFFEL NG, HAREERD (PR REFE 2.80V £t
T TR 2.4V B0E HUE 80 % MM 526 .
True SD (Green Solid Line): After 72 hours of full constant voltage charging, allowing internal charges

to reach absolute equilibrium before disconnecting, the capacitor exhibits a true non-linear natural
decay pattern.

oNon-linear Feature: In the first 10-20 hours after disconnection, the voltage drop rate is slightly faster
due to the release of residual weak polarization; subsequently, the curve quickly flattens out,
demonstrating extremely low internal self-dissipation.
oHigh Voltage Retention: An excellent capacitor will have a minimal voltage drop after 72 hours of resting
(As shown in the figure, it remains at approximately 2.80V, which is much higher than the 80%
specification control line of the conventional 2.4V rated voltage).
TREGEW: ERIrEW RTC M EMREFSEWT & FH ERR, WIS E R Al a I EL HEZ. CDA &
FEAEAR 7 (1) F R ORFFRE ) (ZROUSEERRRIE ) 1635 S K 53 W) 280ty e 46 PR M 22 4 9 B I 1)
Engineering Conclusion: When designing power-off backup circuits such as RTC clock retention, the true
self-discharge curve after full charging must be referenced. CDA's excellent voltage retention capability

(green solid line characteristics) will significantly extend the data security retention time of your terminal
equipment.
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