AsahiKASEI [AP4470]

AKM AP4470
Ultra-Low Power Step-up DC/DC Converter

for Energy Harvesting Applications

| 1. General Description

The AP4470 is an ultra-low consumption power management chip that integrates a step-up DC/DC
converter and hysteresis comparators. The AP4470 requires only 0.20V input to start boosting without
the need for an external transformer. The AP4470 has hysteresis operation switch that can control the
power supply for target devices (sensors, wireless modules, LEDs) while protecting external storage
(capacitors), and the target.

1uW DC input is enough to startup the AP4470. Converted output is stored to external storage device
and the AP4470 monitors the device. When the voltage of external storage reaches 3.3V, the AP4470
automatically starts supplying to the target device and stops supplying if the voltage drops down to
2.6V. Overvoltage protection function works at 3.55V.

2-types of power indicators offer reset function and trigger switch function with zero standby current.
The trigger(Startup FLAG) is achieved by a signal that is output when DC/DC converter becomes
active. The reset(Power Good) is a signal that indicates the AP4470 starts supplying, which means
external storage’s voltage reaches 3.3V.

The AP4470 is ideally suited for several uW to several mW sources energy harvesting. This provides a
self-powered wireless sensor node with simple hardware design.

| 2. Features
[0 Startup voltage : Cold start from 0.20V typical
O DC/DC switching frequency : 60kHz typical at VIN=0.4V
O Operation Voltage supto 1.0V (VIN)
up to 5.5V (vDD1/VvDD2)
Operation temperature :-30 ~ +85°C
O Power Consumption
DC/DC converter is active : 7TuA typical at VIN=0.4V
DC/DC converter is off : 0.5pA typical at VIN=0.4V
(The AP4470 supplies power including over charge
protection current)
O DC/DC active indicator
O Power Good indicator
O DC/DC disable function
O On-chip rectifier diode for DC/DC converting (using external diode is also available)
0 Support high impedance power sources up to tens of kQ
O Package : 20-pin HWQFN (3.0mmx3.0mmx0.75mm 0.5mm pitch)

| 3. Applications

O Energy Harvesting
> Wireless Sensor Node
» Wearable and Portable Device

O Zero standby current trigger switch
O Example of Energy Harvester (several uW to several mW sources)
» Ambient Light, Single cell solar battery
> Vibration
» Thermal
»  Microbial Fuel Cell
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| 5. Block Diagram

5.1. Block Diagram
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Figure 5.1.1 AP4470 Block Diagram

h
U

L
RSTH_FLG T STUP_FLG

A4

5.2. Block Function

Block Description

Cold Startup The cold startup becomes active by DC voltage from VIN input. This block does
DC/DC converting to VBOOST and output converted input to the driver block.

Dri The driver delivers converted input by the cold startup to the LSW and the

river LSW2.

LSW Following output from the driver, the LSW works as a current sink from SW pin.

LSW2 Triggered by a DC/DC converting active signal from the driver, and then output
“Low” to STUP_FLG pin.

HSW The HSW rectifies input from ANODE pin to CATHODE pin.

(ANODE pin = anode, CATHODE pin= cathode for diode connection)

The COMP1 is a hysteresis comparator circuit for VDD1 input voltage detection.
COMP1 The reference voltages VDETH1 and VDETL1 are provided by an internal
circuit. The comparison result is output to OUT1.

The COMP2 is a hysteresis comparator circuit for VDDZ2 input voltage detection.
The reference voltages VDETH2 and VDETL2 are provided by an internal
circuit. The comparison result is used to control on-chip HSW2 switch and an
open drain LSW3 switch.

COMP2
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6. Pin_Configuration and Function

6.1. Pin Configuration

6.2. Pin Function

VSYS PDH_STUP ouTL

16 |pGooD

17 |vbp2

18 |caTnHoDE

19 |ANODE
20 (sw

=] o o] 2 4]

AP4470

® ] [+ [°]

VvDD1 RSTH_FLG

STUP_FLG| 10

TESTS| O
TEsT4| 8

TEST3| 7

TEST2| 6

VBOOST TEST1

[+] [5]

Figure 6.1.1 Pin Confi

guration (Top view)

Table 6.2.1 Pin Function Description

Pin . Status when .
" Pin Name I/1O PDH_STUP = ” High ” Function
1 | VSS G - Ground
2 | N.C. - No connect pin
3 | VIN P - Power supply input
4 | vBOOST AO Hi-Z 'I(;il:l:suﬁm is not for current supply to an external
For test purposes.
5 | TESTT ) ) This pin should be connected to VSS.
For test purposes.
6 | TEST2 ) ) This pin should be connected to VSS.
For test purposes.
7 | TEST3 ) ) This pin should be connected to VSS.
For test purposes.
8 | TEST4 ) ) This pin should be connected to VSS.
For test purposes.
9 | TESTS ) ) This pin should be connected to VSS.
DC/DC converting start flag output pin.
. Open drain output.
10 | STUP_FLG | A Hi-Z STUP_FLG pin outputs “Low” when DC/DC
converting is active.
10MO Disable pin for DC/DC converting start flag
11 | RSTH_FLG DI Pull-down function. (10MQ Pull-down)
Enable= “High”, Disable="Low”
12 | vDD1 P - Power supply for COMP1
13 | OUT1 DO - COMP1 Output pin
10MO Disable pin for the cold startup circuit.
14 | PDH_STUP | DI Pull-down (10MQ Pull-down)
Enable= “High” (Cold Startup circuit power down)
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All digital input pins must NOT be left open.

6.3. The connection of unused pins
Please follow the tables below for unused AP4470 pins.

B In the case of the on-chip diode (HSW) is not used
Table 6.3.1 On-chip diode is not used

[AP4470]

15 | vsys AO ) HS_W2_ open drain output of COMP2
This pin is for system power supply
LSW3 open drain output of COMP2

16 | PGOOD AO ) This pinFi)s for Power good indicator

17 | vDD2 P - Power supply for COMP2

18 | CATHODE AO Hi-Z On-chip diode cathode pin

19 | ANODE Al Hi-Z On-chip diode anode pin

20 | SW Al Hi-Z LSW drain pin of DC/DC converter switch
Connecting the exposed pad (EPAD) that is

) TAB ) ) located on the bottom of the package to VSS is
recommended.
The pad can be left floating if needed.

Al: Analog input pin AO: Analog output pin DI: Digital input pin

DO: Digital output pin P: Power supply pin G: Ground pin

Pin # Name /1O Connection Remarks
18 | CATHODE AO Open or VSS
19 | ANODE Al Open or VSS

B In the case of the STUP_FLG is not used
Table 6.3.2 The STUP FLG is not used

Pin # Name 110 Connection Remarks
10 | STUP_FLG | AO Open Open drain output
11 RSTH FLG DI VSS

B [n the case of the COMP1 is not used

Table 6.3.3 COMP1 is not used

Pin # Name 110 Connection Remarks
12 | VDD1 P Open
13 | OUT1 DO Open
B In the case of the COMP2 is not used
Table 6.3.4 COMP?2 is not used
Pin # Name 110 Connection Remarks
15 | VSYS AO Open
16 | PGOOD AO Open
17 | VDD2 P Open
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| 7. Absolute Maximum Ratings

Table 7.1 Absolute Maximum Ratings

(VSS=0V; *1)
Parameter Symbol Min. Max. Unit
VIN pin
Power Supply Volgtage |VDD1 pin ViN -0.3 6.5 \Y,
VDD2 pin
Analog Pin Voltage ANOI?E pin Van 0.3 6.5 Vv
SW pin
Digital Pin Voltage RSTH_FLG pin
PDH_STUP pin Vbin -0.3 6.5 \
lgg)ut and output current In -100 +100 mA
C 2.33 (EPAD->VSS)
Power dissipation (*3) Pd 0.99 (EPAD->Float) W
Storage Temperature Tste -55 +150 oC
Junction Temperature T, -55 +125 °C
Notes:

*1. All voltages are with reference to VSS =0V
*2. This specification is for all pins including VIN, VDD1, VDD2. Positive direction is input to pins.
*3. 74mm[-1.6t-4 layers FR-4 PCB using Sn-3.0Ag-0.5Cu solder.

WARNING: Operation at or beyond these limits may result in permanent damage to the device. Normal
operation is not guaranteed at these extremes.
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| 8. Recommended Operating Conditions

Table 8.1 Recommended Operating Conditions

(VSS=0V; *4)
Parameter Symbol Min. Typ. Max. Unit
Operation Temperature Ta -30 +85 °C
VIN - 1.0 \Y
Power Supply Volgtage VDD1 1.2 5.5 V
VDD2 1.2 5.5 \%
Note:

*4. All voltages are with reference to VSS =0V

WARNING: The specifications are applicable within operating range (supply voltage/operating temperature)

specified below.

9. Digital DC Characteristics

Table 9.1 Digital DC Characteristics

(VSS=0V; *5)
Parameter Symbol Min. Typ. Max. Unit
High level input (*6)

VOltage (*7) VIH 2.0 - - \Y
Low level input (*6)
voltage (*7) ViL - - 0.2xVIN \%
. . V||-|= 2.0V
High level input
g P (*6) I 0.05 0.2 0.8 uA
current .
(7)
. Vi =0V
Low level input
P ee) I 1 i + WA
current .
(7)
High level output | loy=+100pA
Voltage (*8) VoH 0.8xVvDD1 - - \
Low level output  |lo =-100pA
voltage (*9) VoL 0.2xVvDD1 \%
Notes:
*5. All voltages are with reference to VSS =0V
*6. Digital Input pins: RSTH_FLG, PDH_STUP
*7. There is a protection diode to VDD1.
When higher input than VDD voltage is applied, the pin pulls current to the IC.
*8. Digital output pins: OUT1, VDD1 = (VpetH1 + 0.1V) = 3.65V
*9. Digital output pins:OUT1, VDD1 = (Vperi1— 0.1V) = 3.35V
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| 10. Electrical Characteristics

Unless otherwise noted, specifications apply for conditions of
Ta =-30 ~ +85°C,
Load condition : Specified on Chapter 12 unless otherwise specified.

Table 10.1 Analog Characteristics

Parameter Symbol Min. Typ. Max. ‘ Unit ‘ Description
Cold Startup

Minimum Input Voltage for Cold Start Vv - 0.20 0.30 V | Taz+25°C

* INSTUP

(*10) - - 0.40 %

Minimum Input Voltage

DC/DC converting up to 3.3V is Vinocoe - 0.24 - V | Ta=+25°C

completed (*11), (*12)

o VIN=0.4V
Switching Frequency fsw - 60 - kHz Ta= +25°C
Low Side Switching Time Ton 0.75 1.25 1.75 pus | VIN=0.4V

Hysteresis comparator 1 (COMP1)
Detection Voltage “High” VDETH 3.45 3.55 3595 | V | Taz+25°C
Detection Voltage "Low” VDETL1 3.35 3.45 3.55 V | Ta2+25°C
Hysteresis (VoetH1-VDETL1) Vhyst 0.02 0.10 0.18 V | Ta2+25°C
Hysteresis comparator 2 (COMP2)
Detection Voltage “High” VDETH2 3.20 3.30 3.40 V | Taz+25°C
Detection Voltage "Low” VDETL2 2.50 2.60 2.70 V | Ta=+25°C
Hysteresis (VpeTH2-VDETL2) Vhys2 0.62 0.70 0.78 V | Taz+25°C
lout=10mA
HSW2 On-resistance Ronp - 1.5 3.5 Q | lout:

output from VSYS pin

Current Consumption (*16)

VIN=0.2V
Quiescent current with over voltage i 0.45 i wA | VDD1=VDD2=3.55V
. . PDH_STUP=3.55V
protection consumption Ibbo —
(*13) VIN=0.4V
- 0.50 6 pA | VDD1=VDD2=3.55V
PDH_STUP=3.55V
VIN=0.2V
Self consumption - 0.15 - pA | VDD1=VDD2=3.55V
(*14) lcore PDH_STUP=0V
+ VIN=0.4V
COMP1/2 consumption - 7 50 pA | VDD1=VDD2=3.55V
Operation PDH_STUP=0V
Current VIN=0.2V
o - 3 - pA | VDD1=VDD2=3.55V
Switching Current PDH STUP=0V
(*12) Isw —
- 400 - pA | VDD1=VDD2=3.55V
PDH_STUP=0V
Notes:

*10. The voltage that STUP_FLG pin outputs “Low”.
*11. On-chip diode (HSW) is used.
COMP1 and COMP2 are active. A 330uF/25V electrolytic capacitor is connected to Cstre.
*12. Guaranteed by design (Not tested)
*13. Including high level input current Iin that is described on Table 9.1 11h=0.355pA (PDH_STUP pin=3.55V)
*14. Power consumption for VIN pin.
*15.  Sink current for SW pin
*16. VSYS pin and OUTL1 pin drive currents, PGOOD pin and STUP_FLG pin sink currents are NOT included.
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| 11. Description

11.1. Hysteresis comparator 1 (COMP1)

11.1.1 When VDD1 voltage is increasing (Up phase)

The OUT1 pin will be in undefined status when VDD1 voltage is from VSS to AP4470 minimum
operating voltage(1.2V).

As Chapter 11.3.1 and 11.3.2 described, the AP4470 won’t accidentally stop DC/DC converting
because the PDH_STUP pin is set to “Low” by the on-chip pull-down resistor of PDH_STUP under
recommended circuit design.

The OUT1 outputs VSS when VDD1 volgate exceeds minimum operating voltage. When VDD1 voltage
reaches to the detection voltage (VDETH1), OUT1 outputs VDD1 voltage.

11.1.2 When VDD1 voltage is decreasing (Down phase)

When VDD1 voltage is higher than the detection voltage (VDETL1), OUT1 outputs VDD1 volatge.
When VDD1 goes under the detection voltage (VDETL1), OUT1 outputs VSS. OUT1 becomes Hi-Z
when VDD1 voltege becomes lower than AP4470 minimum operating voltage(1.2V).

Following Figure 11.1.1 shows Hysteresis comparator1 functions.

Voltage (VDD1)
VDD1

VDETH1

VDETL1

1
1
-
1
1
Minimum Operationg voltage _:
1 ! ! I
1 1 0 ! Time
Vss : :
1 1 0 1
| 1 ! 1
1 1 ! 1
1 1 0 1
Voltage (OUT1) 1 1 : 1
1
| . roo
1 1 0 1
1 1 0 1
| 1 ! 1
VvDD1 1 1 : |
1
1
VDETH1 : :
1
1
VDETL1 '
1
1
1
Minimum Operationg voltage I
Time

Vss

< Up phase —> <—Down phase—

Figure 11.1.1 COMP1 Voltage detection
11.2. Hysteresis comparator 2 (COMP2)
The COMP2 controls on-chip HSW2 switch and open drain LSW3 based on voltage detection results.

VSYS pin and PGOOD pin output Hi-Z when VDD2 voltage is from VSS to AP4470 minimum operating
voltage(1.2V).
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11.3. Startup to DC/DC operation

Figure 11.3.1 shows a typical circuit design. The description of AP4470 functions on this document is
based on this circuit.

The AP4470 DC/DC converting function is shown in Figure 11.3.2. The DC/DC converting sequence is
shown in Figure 11.3.3 and Figure 11.3 4.

VSYS2 which pull up STUP_FLG is external system power supply. Following Chapter 11.5 describes

detail.
Low L D Istre Verre
— W +
I CSTRG
swl | ANODE [cATHODE
\!BOOSTL HSW
T }
C\'B
I I | I\DD]
VIN L . . — _'VDDl
C ] > o
I ‘ L\l lcore D“‘ ‘uun
l1(]['] |
Cold Startup Driver
vSnnl‘tr N.C.
I l\'Dl]Z
N . S . VDD2
PDH_STLIP_| 3
_I Lsw2
vss HSW2 VSYS lour
TESTL 3 R1
TEST2
TEST3 Test peood 1
TEST4 3 I
TESTS —I
VSYS2
RST‘:I_FLG ]: STUP_FLG —gpuuuv
Figure 11.3.1 Typical circuit design
Volt Hysteresis comparator 1 :
oltage +Storage device protection
*Vsys System protection Istre > (lout + lvop1+ lvop2)
-( Hysteresis comparator 2 :
VDETHY e e System power supply control
VDETL1 r============ -
VDETH2
(Start supplying voltage)
VDETL2
(Stop supplying voltage)
i
i lstre < (lout *+ lvop1+ vop2)
i
1
1
! .
1 Time
:u—»
Supplying power
— VSYS OUt
Figure 11.3.2 DC/DC converting function
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10
05
VIN (V)
0 %
2.0 5
10 VBOOST(V) ‘.- l
0 / :
3.55(VDETHL) H
3.45(VDETL1) =
3.3(VDETH2) " o~
2.6(VDETL2) VSTRG() /
ol pr
VSYS2 3
STUP_FLG(V)
OFF ON
0 (Hi-2) (=VsS)
3.55(VDETHL) :
3.45(VDETL1)
3.3(VDETH2)
2.6(VDETL2) V)
NA OFF OFF OFF
ol (Hi-2) (Hi-2) (Hi-2)
3.55(VDETHL)
3.45(VDETL1)
3.3(VDETH2)
PDH_STUP(V)
2.6(VDETL2)
I~ Pull-down
o] (10MQ)
3.55(VDETHL)
3.45(VDETLY)
3.3(VDETH2) ySYS
26(/DETL2) | FEOODV)
~ LSW3 LSW3 LSw3
N~ ON OFF OFF
ol (=VSS) (Hi-2) (Hi-2)
Time

Figure 11.3.3 DC/DC converting sequence 1 (Istre < (lout + lvop1 + Ivop2))
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Figure 11.3 4 DC/DC converting sequence 2 (Istre > (lout + lvop1 + Ivop2))
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11.3.1 Cold Startup

The AP4470 starts DC/DC converting when more than 0.20V(typical) is applied to VIN pin (VIN = Vi,
sTup). The input voltage to VIN pin is upconverted to VBOOST pin. The LSW is switched by the
VBOOST voltage powered driver circuit and stored energy to an external inductor is charged to Cstre
by this switching operation.

For rectifier circuit for this startup, adding an external diode (D) or using the on-chip diode (HSW)
should be used, either will work.

11.3.2 DC/DC

11.3.2.1 When (Istrc > (lout + Ivbp1 + lvpp2))

When Cstre has no initial charge, Vstre voltage is increasing by DC/DC converting operation while
energy is stored to Csrra.

When Vstre Voltage reaches to VperHz, the COMP2 turns on the High Side Switch (HSW2) and then,
VSTRG is supplied to Vsys.

In case in which the OUT1 pin is connected to PDH_STUP pin, the startup will be powered down and
DC/DC converting will be stopped when Vstre voltage reaches to VpetHi. In this case, a system that is
connected to Vsys will be operated from VpetHz t0 VpETH1

To connect OUT1 pin and PDH_STUP pin avoids stopping accidentally startup operation because
PDH_STUP state is defined to “Low” by the on-chip pull down resistor even if the COMP1 output is
unknown (VDD1<1.2V).

When DC/DC operation is stopped, Vstrg voltage will be decreased because of leakage current of a
storage device, etc.

In case in which the OUT1 pin is connected to PDH_STUP pin, the startup is returned from power down
and the AP4470 starts DC/DC operation again when the COMP1 detects VsTrg voltage goes down to
VpETL1.

11.3.2.2 When (ISTRG < (|0UT + lvpp1 + |VDD2))
If Vsys is supplied under the flowing condition, Vstrg voltage will be decreased even though the AP4470
is on DC/DC converting operation.

Current supply from Vsys pin (lout) + COMP1 consumption (lvpp1) + COMP2 consumption (lvppz2) are
larger than Istre Which is charge current to Cstrg via a diode

AND
VstrG = VDETH2
When the COMP2 detects Vstrg voltage goes down to VpetL2, power supply from Vsys is stopped

continuing DC/DC operation. Power supply from Vsys to a system starts again when Vstrg voltage
become larger than Vpethz (VstrRe = VoeTH?).
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11.4. Power Good

System Reset Application Circuit

The output of Power Good (PGOOD) becomes “Low” to “Hi-Z” when the AP4470 starts supplying power
from Vsys pin. Connecting a resistor R1 and a capacitor C1, the Power Good function can be used to
release system reset using delay that is defined by R1 and C1 time constant.

Figure 11.4.1 shows an example system reset circuit.

o P Y
Startup 3.55V/3.45V
Energy » VIN | Boost _”:

Harvester Carre |
— Storage Capacitor
-—TL_ —{1VBOOST 3.3V/2.6VL ¢ — ~
1 stff L vsys  \op
1__ R1 System

I

’ PGOODT K]

VSYS voltage

| > T

> T

Reset timing is defined by
R1 and C1 time constant

Figure 11.4.1 Power Good function application example
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Zero Standby Current Trigger Switch Application Circuit.

The STUP_FLG output DC/DC converting status of the AP4470. This can be used trigger switch
function with zero standby current if a system has proprietary power supply (VSYS2). Figure 11.5.1
shows a typical circuit for zero standby trigger switch. Using only this switch function doesn’t require an

external inductor and a storage device.

The AP4470’s startup does upconverting VIN input voltage to VBOOST pin. When on-chip driver circuit

is powered on by VBOOST voltage, an open drain output goes from “Hi-Z" to “Low”.

The example Figure 11.5.1, shows STUP_|

FLG pin transition from “High (VSYS2)” to “Low (VSS)”.

This function can be used to recover from sleep mode using this signal as a trigger. STUP_FLG signal

is cleared by RSTH_FLG pin “High” input.

[[ Proprietary power supply.
I For the systemn (VSYS2)
Startup
Energy VIN L Boost L &
Harvester
~ —1]VvBOOST VDD
HSW2 R1 SVt
I STUP_FIG | 'NT(('“) )
RST(out
L | AP4470 RSTHFIG]
L
v System Function
Normal state : sleep
The system is waked up by
DC/DC converting startup.
VBOOST voltage
/

/

FLAG signal out

/|

. >T

I

¢ >, FLAG signal is out when
the AP4470 starts DC/DC
converting.

i >T

|

System: Sleep i System: Active

Figure 11.5.1 Zero Standby Current Trigger Switch
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| 12. Test Circuits

12.1. External Circuit Example
Figure 12.1.1 is for reference data measurement. The bill of materials is shown in Table 12.2.1.

=
=
D1
DNP
= 4
o
Ll p=
pd :;b‘ -
Od)O PGOOD
OQO
o) w0 — “j
C1 = = | ooy o
PAD - OF! & —=C
PAD zwwwop (@)=
noogao o
?r £58 to System
ee < % yeve |5
from Energy Harvester VSS 5 VSYS Iy * —C
VIN NC PDH_STUP 3 VSYS
. VIN AP4470 OUT1 B OOJ
- - VvBOOST VDD1 |T CN_OUT1
S0 A TESTI RSTH.FLG
ME e RSTHFLG
BwnnSY
HEREMED
OUTI
o r~| co| &
NN s z
EAO RO I=R0 -
R e i DNP : Do Not Populate
o
&5

STUP FLG

Figure 12.1.1 External circuits for test

Notes:

*17. ltis recommended to connect the exposed pad (EPAD), that is located on the bottom of the package, to VSS.
The pad can be left floating if needed.

*18. If on-chip diode for rectifier circuit is not used, ANODE pin and CATHODE pin both should be tied to VSS
or leave them open.

*19. Cstrc Ccapacitance value should be optimized based on system load.

*20. The inductor L1 affects DC/DC converting efficiency. The inductor value is chosen based on system load
and ranges from 2.2uH to 22uH for most applications. The DC resistance of the L1 inductor directly affects
DC/DC converting efficiency. Larger inductor can improve efficiency in particularly low VIN input applications.
Please consider the characteristics of inductor for system optimization.
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12.2. PCB Guidline

37mm 37mm

37mm

«l
o
[=]
>

CN_OUTZ|L

CN

TOP view BOTTOM view

Figure 12.1.1 PCB layout (2layers)

Table 12.2.1 Bill of Materials List

Name | Value Parts Description

L1 22uH LBR2518T220K | Inductor for Step-up DC/DC

R1 DNP Pull-up resistor for STUP_FLG

R2 DNP Pull-up resistor for PGOOD
Capacitor for the VIN source

C1 10pH Sugpress the fluctuation of the VIN

C2 100pF Capacitor for VBOOST

C3 DNP Capacitor for Cstra

C4 0.1F/ 5.5V FGOH104ZF Capacitor for Cstre

C5 DNP Capacitor for PGOOD

D1 DNP Diode for External rectifier

IC1 AP4470

*DNP : Do Not Populate (Even if it is not implemented, there is no problem with basic operation)

Notes:
*21.  On-chip diode (HSW) for rectifier is used in this circuit. If an external diode for rectifier circuit is used,
ANODE pin and CATHODE pin both should leave open and mount a component on D1.
*22. Using low leakage current capacitor is strongly recommended for C3 and C4.
*23. For reference data measurement, NC pin (#2) =VSS.
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| 13. Typical Characteristics

Unless otherwise noted, specifications apply for conditions of
® Test Circuit : PCB/BOM specified on Chapter 12.
® On-chip diode (HSW) is used.
® Ta=25°C
13.1. Cold Startup

250

200 .\‘_-lc._

150

100

Input voltage VIN (mV)

50

-30 -20 -10 0 10 20 30 40 50 60 70 80
Ta(C)

Figure 13.1.1 Minimum input startup voltage vs Temperature

13.2. Switching Frequency

1000

100

fsw (kHz)

100°C 25° -30°C
10

o o1 02 03 04 05 06 07 08 09 1
VIN (V)

Figure 13.2.1 Switching Frequency vs VIN
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13.3. Low side ON pulse width
Low Side Switching Time is constant regardless of VIN and temperature.

3

—30(CT
25
2
0
2
= 1.2
o
[
1
100°C
05
0

0 01 02 03 04 05 06 07 08 09 1
VIN (V)

Figure 13.3.1 Low side ON pulse width vs VIN

13.4. COMP1
20
15
10
< 9
£
P VDETL1
8 BREE To— ~
?1 5 VDETH1 — §
e~
-10
-15
-20

-30 -20 -10 0 10 20 30 40 50 60 70 80
Ta (°C)

Figure 13.4.1 temperature characteristics of Vpern1 and Vperir normalized at 25°C
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13.5. COMP2

13.6. Current consumption

20

15

10

AVDET (mV)

-10

-15

-20

Figure 13.5.1 temperature characteristics of VpetH2 and VperL2 normalized at 25°C

VDETL2

—#
o VDETH?‘\

-30

-20

-10 0 10 20 30 40 50 60 70 80

Ta(C)

Isw and Istrg are data at Vstrg=1.0V

1000

100

-
o

lcore (HA)

—

0.1

0.01
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Figure 13.6.2 Isw vs VIN
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Figure 13.6.3 Istrg vs VIN
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13.7. Load curve

1 » . . . .
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Figure13.7.1 Load curve of Cold Startup
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| 14. Recommended External Circuit |
14.1. External Circuit Example
CN2 CN1
HVSYS RS'U:LELG_‘_O
2 vIN _Flgo &
3 pGoop 3] &
'y .
E;
D1 -
DNP
e
QO
L1
22u
= PGOOD
T O
o o
11 b e ) e
@/PAU = WwWwo QO lc
nmaoooag
g9 o Q to System
(i <g o 15 VSYS
from Energy Harvester 2 VSiS o VaYS 14 o Q
<4—4 ne PDH_STUP !
vin O—VIN 3 VN AP4470  ouTi [i3-e
4 -~ VBOOST VDD1 PDH_STUP
S5 Igo A tesTH RSTHFLG |-
g— Nw T RSTHFLG
wunn 39
Ww woww -
FFFF ok

GND

Notes:
*24.

<4

o
o

DNP

VPU

FLGO

Figure14.1.1 Recommended external circuits

The pad can be left floating if needed.

*25.

or leave them open.

*26.
*27.

CstrG capacitance value should be optimized based on system load.
The inductor L1 affects DC/DC converting efficiency. The inductor value is chosen based on system load

DNP : Do Not Populate

It is recommended to connect the exposed pad (EPAD), that is located on the bottom of the package, to VSS.

If on-chip diode for rectifier circuit is not used, ANODE pin and CATHODE pin both should be tied to VSS

and ranges from 2.2uH to 22uH for most applications. The DC resistance of the L1 inductor directly affects
DC/DC converting efficiency. Larger inductor can improve efficiency in particularly low VIN input applications.

Please consider the characteristics of inductor for system optimization.
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14.2. Reference PCB

25mm

AN

A\ 4

AP _AVI_BSHPAA

25mm

TOP view BOTTOM view
Figurel4.1.1 PCB layout (2layers)

Table 14.2.1 Bill of Materials List

Name | Value Parts Description

L1 22uH LBR2518T220K Inductor for DC/DC

R1 00 Select the on-chip diode (ANODE pin)

R2 00 Select the on-chip diode (CATHODE pin)

R3 DNP Pull-up resistor for STUP_FLG

R4 TMQ Pull-up resistor for PGOOD

C1 10uH MuIti-L‘ayer Ceramic Capacitor for the VIN‘source
Capacitor (MLCC) Suppress the fluctuation of the VIN

Cc2 100pF MLCC Capacitor for VBOOST

C3 DNP MLCC Capacitor for Cstre

C4 DNP Capacitor for CsTre

C5 330uF Electrolytic capacitor Capacitor for Cstra

C6 0.1uF MLCC Capacitor for PGOOD

C7 DNP MLCC Capacitor for Cstra

C8 DNP MLCC Capacitor for Cstra

D1 DNP (RB751V40T1G) Diode for External rectifier

IC1 AP4470

*DNP : Do Not Populate (Even if it is not implemented, there is no problem with basic operation)

Notes:
*28. R1 and R2 are not required in the actual application because those resistances are to switch using
the on-chip diode or the external diode in the schematic in this section.
If an on-chip diode (HSW) for rectifier circuit is used, please mount R1=R2=0Q without D1.
*29. Using low leakage current capacitor is strongly recommended for C3, C4, C5, C7 and C8.
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| 15. Packages

15.1. Outline Dimensions
20-pin HWQFN (3.0mmx3.0mmx0.75mm 0.5mm pitch)  (Unit: mm)

@ @©)

5
R S £
B ‘I <)
Y [Ta0)
X Br 1o
S =NE o
o
: = o
Y —] A
v =1 /ﬂ 1M |T| |
@ 1L ‘@ €030
3.00+0.07 [0.50] 0.25+0.05
@005 WICAE
\A
Elooslel | = =* 7
i
X 0% DEEENE N
A <5g 0254005 o
b o !
SIS oS
c o [A—detail] 5

Figure 15.1.1 Package outline dimensions

15.2. Marking
Style : HWQFN
Number of pins : 20 pins
Product number : 4470
Date code : YYWWZ(5digits)
1 Pin Indication : Circle (o)
YY : Year code(2020->20)
WwWw : Week code
Z : Management code

) 1 Pin Indication

4 4 7 0 (2) Year code (last 2 digits)

(3) Week code
)

YYWWZ (4 Management code

(2) (3} (4

. (1)
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16. Ordering Guide

- AP4470
- APD4470

20-pin HWQFN (3.0mmx3.0mmx0.75mm 0.5mm pitch)
AP4470 Evaluation Board

17. Revision History

Date (Y/M/D) | Revision Reason Page | Contents
20/3117 00 First Edition
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IMPORTANT NOTICE

0. Asahi Kasei Microdevices Corporation (“AKM”) reserves the right to make changes to the
information contained in this document without notice. When you consider any use or application
of AKM product stipulated in this document (“Product”), please make inquiries the sales office of
AKM or authorized distributors as to current status of the Products.

1. All information included in this document are provided only to illustrate the operation and
application examples of AKM Products. AKM neither makes warranties or representations with
respect to the accuracy or completeness of the information contained in this document nor
grants any license to any intellectual property rights or any other rights of AKM or any third party
with respect to the information in this document. You are fully responsible for use of such
information contained in this document in your product design or applications. AKM ASSUMES
NO LIABILITY FOR ANY LOSSES INCURRED BY YOU OR THIRD PARTIES ARISING FROM
THE USE OF SUCH INFORMATION IN YOUR PRODUCT DESIGN OR APPLICATIONS.

2. The Product is neither intended nor warranted for use in equipment or systems that require
extraordinarily high levels of quality and/or reliability and/or a malfunction or failure of which may
cause loss of human life, bodily injury, serious property damage or serious public impact,
including but not limited to, equipment used in nuclear facilities, equipment used in the
aerospace industry, medical equipment, equipment used for automobiles, trains, ships and other
transportation, traffic signaling equipment, equipment used to control combustions or
explosions, safety devices, elevators and escalators, devices related to electric power, and
equipment used in finance-related fields. Do not use Product for the above use unless
specifically agreed by AKM in writing.

3. Though AKM works continually to improve the Product's quality and reliability, you are
responsible for complying with safety standards and for providing adequate designs and
safeguards for your hardware, software and systems which minimize risk and avoid situations
in which a malfunction or failure of the Product could cause loss of human life, bodily injury or
damage to property, including data loss or corruption.

4. Do not use or otherwise make available the Product or related technology or any information
contained in this document for any military purposes, including without limitation, for the design,
development, use, stockpiling or manufacturing of nuclear, chemical, or biological weapons or
missile technology products (mass destruction weapons). When exporting the Products or
related technology or any information contained in this document, you should comply with the
applicable export control laws and regulations and follow the procedures required by such laws
and regulations. The Products and related 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.

5. Please contact AKM sales representative for details as to environmental matters such as the
RoHS compatibility of the Product. Please use the Product in compliance with all applicable laws
and regulations that regulate the inclusion or use of controlled substances, including without
limitation, the EU RoHS Directive. AKM assumes no liability for damages or losses occurring as
a result of noncompliance with applicable laws and regulations.

6. Resale of the Product with provisions different from the statement and/or technical features set
forth in this document shall immediately void any warranty granted by AKM for the Product and
shall not create or extend in any manner whatsoever, any liability of AKM.

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

Rev.1
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