NOT RECOMMENDED FOR NEW DESIGN

I'\Il\ms USE AP3156
LI — AP3606/AP3607
rmeeRFoR AT e 4/6 CHANNEL CHARGE PUMP CURRENT SINK FOR LED DRIVER

Description Pin Assignments

The AP3606 and AP3607 are step-up DC-DC converters based on
1x/1.5x charge pump and low dropout current sink, which helps them (Top View)
maintain the highest efficiency. The AP3606 is specially designed to

(= [
drive up to 4 WLEDs in backlight display while the AP3607 is _ 3 o 3 4
designed for 6 WLEDs. Pin 1 Mark z=-°
6] 154 Y
l_ @ _
These devices provide up to 20mA current for each WLED. There are Cl-[1] |--Ir****1 t12] D2
| \
totally 16 steps of current control, which is achieved through a digital Cc2- [2] ‘t--l 14017 D3
pulse dimming function on EN pin. Additionally, 1MHz high switching c2+[ 30 | EP | rio] pa
frequency enables the use of small external capacitors. Internal soft- ci" o 4 | r51 NC
start circuitry prevents excessive inrush current during start-up and B T
vP 9 starp 5 5] 7] [\ | ErwosedPrD.
mode transition. TR S S Connected to AGND

The supply voltage ranges of AP3606 and AP3607 are from 2.7V to
5.5V which make them ideally suit for applications powered by Li-ion
battery. QFN-3x3:16 (AP3606)

Note: Pin'14 should bes€onnected with Pin 16 on PCB Board.

These ICs are available in the tiny package of QFN-3x3-16.

(Top View)
Features g
3 3 o o
e  Regulated Output Current with +3% Matching PniMark > > o o
e  Drives up to 4 WLEDs at 20mA Each (AP3606) \.EE fis 4] 13
Drives up to 6 WLEDs at 20mA Each (AP3607) Cl-[1] p==r————7 [12] D3
] \
. 16 Steps Brightness Control Using Pulse Signal Dimming Cc2- [ 2] }--l | 1] D4
+  Wide Operating Voltage Range: 2.7V to 5.5V 37 | EP 1 els
. . X I I
. High Operating Frequency: 1MHz cl+[z] L rs] D6
e  Auto 1x/1.5x Charge Pump Mode Selection e 78 Exposed PAD,
. Built-in Soft-Start RN N Connected to AGND
o o z z
e  Output Over Voltage Protéction 55 > u
< a

. Built-In UVLO
. Built-In OTSD
e  Operating Temperature Range: -40°C to#85°C QFN-3x3-16 (AP3607)

Note: Pin 15 should be connected with Pin 16 on PCB Board.

Applications

. Mobile Phone

e PDA
e MP3/4
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AP3606/AP3607

Typical Applications Circuit

Cl 1pF C2 1pF
D1 D2 D3
ut il &l 2] s TRN
7 Cl- Cl+ C2- C2+
VIN
Li-ion J— L . Pulse Input
Battery l IN
we [ == apzeos [
= = 14 1 vout2 D2 2
16 1 voutt p3 4L
c 51 AGND PGND 64 |22
ouT
1uF 6
3 WLEDs
C1 1pF C2 F
D1 D2 D3 D4
1 4 2 3 \‘: § § \‘:
; Cl-4 Cl+ C25 C24
VIN
Li-ion —_ ¢ Pulse Input
Battery l I N 8 13
W NG R APseos >
= = 14 | vour2 D2 |12
164\ 0uT1 D3 -2
Cour 5 AGND PGND pa M2
1uF 6
4 WLEDs
2 0of 16
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AP3606/AP3607

USE AP3156
I M €C O R P ORATED
Typical Applications Circuit (cont)
Cl 1uF  C2 LF
DI D2 D3 D4 W Ds ¢
1 4 2 3 RORR RN
Cl- Ci+ C2- C2+
U Vi p1
Li-ion J_ A1 ¢ Pulse Input o2 23
Battery AnF 8 12
. ——en  AP3607 o3
= = 15 1 vourz pa L
16 1 voutt b5 -2
5 9
Cour —— AGND PGND D6
1pF 6
5 WLEDs
Cl 1WF G2 1F
DI D2 D3 D4 Ds W D6
1| | V2| s TPRPPPRQPRQR
C1- \Cl+m.C2- C2+
I Vi p1 |
Li-ionJ— o Pulse Input D2 13
Battery 1y 8 12
T AT WAL T~ ap3s0o7 o
= = 153 vourz pa
8.1 vourt b5 [0
Cour == 21" AGND PGND D6
duF 6
6 WLEDs

Detailed application information, please refer to AP3606/AP3607 application note.

AP3606/AP3607
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Pin Descriptions

Pin Number
Pin Name Function
AP3606 AP3607
1 1 c1- Flying capacitor 1 negative terminal. The flying capacitor should be connected as close to this pin as
possible
2 2 Co- Flying capacitor 2 negative terminal. The flying capacitor should be connected as elose to this pin as
possible
3 3 co+ Flying capacitor 2 positive terminal. The flying capacitor should beconnectedias close to this pin as
possible
4 4 ci+ Flying capacitor 1 positive terminal. The flying capacitor shoulthibe connectéed as close to this pin as
possible
5 5 AGND Analog ground
6 6 PGND Power ground
7 7 VIN Supply voltage input
8 8 EN Enable control input. Logic high enables,the IC; while logic low forees the IC into shutdown mode. It is
used for digital dimming by applying a pulse signal on it.
9,15 - NC No connection (AP3606 only)
9 10 D6 D5 Current sink for WLED6 and WLEDS5. Connect the€athode of WLEDs to these pins. If not used, these
- ' ' pins must be connected with VIN (AP3607 only)
10, 11, 12, |11, 12,13, D4 - D1 Current sink for WEED4, 3,,2, 1."Connect the cathode of WLEDs to these pins. If not used, these pins
13 14 must be connected with VIN
14 15 VOUT2 Output pine2, It pewers 4 channels current sinky(AP8606) and 6 channels current sink (AP3607)
16 16 VOUT1 Output Pin 1. It's the charge pumpyoutput. The output capacitor should be placed closely to this pin
AP3606/AP3607 40of 16 April 2018
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Dimming Controller

4 Channels Current Sink

NN S NOT RECOMMENDED FOR NEW DESIGN AP3606/AP3607
Functional Block Diagram
- Cl+ C2- C2+
el o i G '
| I
VIN (?77 1x/1.5x Charge Pump 16 CI> VOUT1
I >4 AGND
I Current Limitation |
| 1MHz = |
OSsC
| Soft Start OVP |
I 6 |
RGND
EN &8 Shutdown UVLO OTSD |
Delay |
I
I
I
I

D1 D2 D3 D4
AP3606
Ci1- C1+ C2- C2+
r——= _TE _T'F _T-z _T's _______ ]
| |
VIN ?77 1x/1.5x Charge Pdmp 1 | VOUT1
' 5IAGND
—0
| 1MHz Current Limitation |
| o L
| Soft Start OVP |
| —% PGND
EN 8 Shutdown UVLO OTSD | G
| b Delay | o
|
16 Steps Pulse Eé
| Dimming Controller 6 Channels Current Sink | VOUT2
| I
| _________ 12 10
D1 D2 D3 D4 D5 D6
AP3607
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Absolute Maximum Ratings (Note 1)
Symbol Parameter Value Unit
VIN Input Voltage -0.3t0 6 \%
Vout VOUT Pin Voltage (VOUT1 & VOUT2) -61t00.3 \%
VEN EN Pin Voltage -0.3to 6 \%
Ve+ C1+, C2+ Pin Voltage -0.3 to® \Y
Vc.- C1-, C2- Pin Voltage -61t00.3 \Y
D1, D2, D3, D4 Pin Voltage AP3606
Vb VouTito Vin \
D1, D2, D3, D4, D5, D6 Pin Voltage AP3607
Oan ;I.—]r:;r(r:t]iilr\ﬁsi?;ri]zr?t, No Heat Sink, Free Air) 60 e
T Operating Junction Temperature +150 °C
TsTe Storage Temperature -65 to +150 °C
TLEAD Lead Temperature (Soldering, 10sec) +260 °C

Note 1:  Stresses greater than those listed under “Absolute Maximum Ratings” may cause permanent damage toithe device. These are stress ratings only, and

functional operation of the device at these or any other conditions, beyond those indicated under “Recammended Operating Conditions” is not implied.

Exposure to “Absolute Maximum Ratings” for extended periods may affect device reliability.

Recommended Operating €onditions

Parameter Symbol Min Max Unit
Input Voltage VIN 2.7 55 \%
Operating Ambient Temperature TaA -40 +85 °C
AP3606/AP3607 6 of 16 April 2018
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AP3606/AP3607

Electrical CharacteristiCS (vin=3.6V, Ven=Vin, Ta=+25°C, Cin=C1=C2=Cour=1yF, Vr(forward voltage)=3.2V, unless otherwise

noted.)
Symbol Parameter Conditions Min Typ Max Unit
Input Section
ViN Input Voltage Ip=0mA to 80mA 2.7 _ 5.5 \%
_ Under Voltage Lockout Threshold VN Falling _ 2.2 _ \4
_ Under Voltage Lockout Hysteresis _ _ 250 _ mV
lcc Supply Current No Load y 1.7 3 mA
IsHDN Shutdown Supply Current Ven=GND v 3 10 MA
Charge Pump Section
fosc Switch Frequency ViN=3.0V, 1.5x Mode 0.7 1 1.3 MHz
AP3606 :/Di?.zyll =lps=20mA
v 1x Mode to 1.5x Mode Transition \71_3'3;/'33_ D4~ 25 36 v
1.5X ; p=3.2V, \ . :
Voltage Fallin
ge (Vin Falling) AP3607 | Ips=ips=Ipasigh=
Ip5=lps=20MA
Vp=3:2V
. AP3606 '
Vv 1.5x Mode to 1x Mode Transition Ip1=1p2=Ip3=Ip4=20mMA 3.7 3.8 v
x Voltage (Vi Rising) f - Vp=3.2V, - ’ '
Ip1=Ip2=Ipag=lpa= lp5=lD6=20MA
Current Source Section
100% Setting,
Ib WLED Current 3:0V<VNS5.0V 18.5 20 215 mA
Ta=-40°Ct0,+85°C
AP3606/AP3607 7 of 16 April 2018
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Electrical CharacteristicS (Cont. ViN=3.6V, Ven=Vin, Ta=+25°C, Cin=C1=C2=Cour=1pF, Ve(forward voltage)=3.2V, unless

otherwise noted.)

Symbol Parameter Conditions Min Typ Max Unit
Vp1=Vpr=Vp3=Vps=
AP3606 | Zlv pemb3Tibe
ID-Match1 Current Matching Between any Two Outputs : -3 _ 3 %
AP3607 Vb1=Vp2=Vp3=Vp4=
Vp5=Vpe=3.2V
Vp1=Vp2=Vp3=Vps=3.0V
AP3606 to 4.0V
Vin=3.2V to 5.0V
Ip-Match2 Current Matching Between any Two Outputs VIV VI 3.5 _ 3.5 %
Vb1=Vp2=Vp3=Vp4=
AP3607 Vps5=Vpe=3.0V ta'4.0V
Vin=3.2V to 5.0V
Enable Section
VIH EN High Level Threshold Voltage _ 15 . _ \%
ViL EN Low Level Threshold Voltage _ _ _ 0.5 \%
lEN EN Input Current VEn= 0V to 5V _ 1 10 MA
tsHDN EN Low to Shutdown Delay y _ _ 1 ms
tLo EN Low Time for Dimming _ 0.45 _ 500 us
thi EN High Time for Dimming ) 0.45 _ _ us
Total Device
AP3606 1b=80mA Total
tss Soft-start Time _ 200 _ us
AP3607 Ip=120mA Total
AP3606., | Vin=3:2V, | 200 ~
1b=80mA Total
lINRUSH Inrush Current V3.2V mA
AP3607 N> e 320
1p=120mA Total - -
Vovp Over Yoltage Protection Note 2 _ 55 _ \%
ToTsp Thermal:'Shutdown _ _ +160 _ °C
THys Thermal Shutdown Hysteresis _ _ +20 _ °C
Thermal Resistance o
8¢ (Junttion to Case) QFN-3x3-16 - 15 - Cw
Note 2:%), Open circuit at any WIKED that is programmed to be in the on state.
AP3606/AP3607 8 of 16 April 2018
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AP3606/AP3607

Typical Performance CharacteristiCS (Ta=+25°C, Cin=C1=C2=Cour=1yF, V£=3.2V, unless otherwise noted.)

Shutdown Supply Current (nA)

Shutdown Supply Current vs. Temperature

4.0
35
3.0
-
25
___——'__’
/
/

2.0

AP3606
15 V,=3.2v

Shut Down
1o ||

-40 -20 0 20 40 60 80 100 120 140

Temperature (°C)

1x Mode Quiescent Current vs. Temperature

2.2
2.0
g | e
= 18 — — |
@ //
5
TR
g
3 AP3606/AP3607
3 14 T,=25°C —
o V, =5V
12 No Load —
1x Mode
o | |
-40 -20 0 20 40 60 80 100 120 140
Temperature (°C)
1x Mode WLED Currentvs. Temperature
22 ‘ ‘
AP3606
21 —— V\NZSV
g T,=25°C I R
£ 20 i R BN
= == il
g Pl
3 19 — (/
5 P” L
D1
=z 18
== IDZ
ot ID:
17 S—
D4
16
-40 -20 0 20 40 60 80 100 120 140
Temperature (°C)
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Shutdown Supply Current (uA)

Quiescent Current (mA)

WLED Current (mA)
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Shutdown Supply Current vs. Temperature
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35 //
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1.5x Mode Quiescent Current vs.Temperature
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/
/
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1.5x Mode WLED Current vs. Temperature
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Typical Performance CharacteristiCSs (Cont. Ta=+25°C, Cin=C1=C2=Cour=1yF, V&=3.2V, unless otherwise noted.)

1x Mode WLED Current vs. Temperature 1.5x Mode WLED Current vs.Temperature
22 ‘ ‘ 22 T T
AP3607 AP3607
2l T opsc n | T,=25°C
A -
_ v, =5V _ Vv, =3.6V
<E( 20 PR Ly g v -2 E i -
S lDl 8 :Dl
8 ==l @ lDz
s 18 e, —— s 18 LRI
D3
; == l == |D4
D4
17 -"-lus 17 -"-lna
—eee
]
16 ‘ ‘ 16
-40 -20 0 20 40 60 80 100 120 140 -40 -20 0 20 40 60 80 100 120 140
O,
Temperature (°C) Temperature ("C)
WLED Current vs. Input Voltage WLED Current vs. Input Voltage
22 22
21 21
< < IR G -y - S N I [ R - 2o
£ 2 B S— . TN Emoo =22 1‘ ””” et I
g | T | S £
g g
S 19 8 19 - lmi
o [a) - =
g —_— |D1 g lDz
18 |— J— 18— ... |
AP3606 -—, AP3607 _—
TA—25 -C .. |D3 TA=25L’C . |D4
17 |— V, Falling - =, A 17— v, Falling o
s |D6
16 16 ‘
2.8 3.2 3.6 4.0 4.4 4.8 52 5.6 2.8 32 3.6 4.0 4.4 4.8 5.2 5.6
Input:Veltage (V) Input Voltage (V)
Frequency vs. Temperature Frequency vs. Temperature
1.4 14
1.2 1.2
5] ¥
S 10 —— I, S 10 — |
[ (]
=] =]
g o8 g os
T i
AP3606 AP3607
0.6 V,=3.6V — 0.6 Vv, =3.6V —
ID1:|D2:|D3:|D4:20mA ID1:|D2:|D3:ID4:ID5:|D6:20mA
| [ | || |
-40 -20 0 20 40 60 80 100 120 140 -40 -20 0 20 40 60 80 100 120 140
Temperature(°C) Temperature (°C)
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AP3606/AP3607

Typical Performance CharacteristiCSs (Cont. Ta=+25°C, Cin=C1=C2=Cour=1yF, V&=3.2V, unless otherwise noted.)

1x Mode Quiescent Current vs. Input Voltage

2.2
2.0
<
£ 18
I "]
[ -
5 1
<
[
3 14 AP3606/AP3607 __|
= T,=25°C
© Ni) Load
12 V,, Rising ]
I
2.0 25 3.0 35 4.0 45 5.0 55
Input Voltage (V)
Efficiency vs. Input Voltage
100
%
» r \
< 70 ’
< \I
3 60 >
o
g 50
L
40 AP3606 —
T,=25°C
30 » ) —
Vv, from High to Low
20 1, =10,=15,=1,,=20mA —
o \ \
2.8 3.2 36 4.0 4.4 48 52 56
Input Voltage (V)
1x Made Turn on Characteristic
(AP3606)
Vea+
2V/div
Vour
1V/div
VEN
2V/div
IN
0.2A/div
Time (100us/div)
AP3606/AP3607
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UVLO Threshold Voltage (V)

Efficiency (%)

Vci+
2V/div

Vout
1V/div

VEN
2V/div

Iin
0.2A/div

UVLO Threshold Voltage vs. Temperature

T
25| = Power Falling
— — Power Rising

2.4 ——=

2.3

2.2

21
AP3606/AP3607

20 T,=25°C —
No Load

19 ‘

-40 -20 0 20 40 60 80 100 120 140

Temperature (“C)

Efficiency vs. Input Voltage
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’ >

7 \\ ’ \

60 \’
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& AP3607 —

Jp—y
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00— | | = =| =| = = —
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Input Voltage (V)

1x Mode Turn off Characteristic
(AP3606)

Time (400ps/div)
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Typical Performance CharacteristiCs (Cont. Ta=+25°C, Cin=C1=C2=Cour=1yF, V&=3.2V, unless otherwise noted.)

1x Mode Turn on Characteristic

1x Mode Turn off Characteristic

(AP3607) (AP3607)
VC1+
N Vci+
2Vidiv 2Vidiv
VouTt Vout
1V/div 1V/div
VEN
VEN .
2Vidiv 2Vidiv
Iin II-N
0.2A/div 0.2A/div
Time (100ps/div) Time (400ps/div)
1.5x Mode Turn on Characteristic 1.5x Mede Turn off Characteristic
(AP3606) (AP3606)
! VCl+ L2
Vci+ .
2V/div 2Vidiv
Vour
! Vour
1Vidiv 1V/div
Vi VEN
2V/dEi’\\‘/ 2V/div
N Iin
0.2A/div 0.2A/div
Time (100ps/div) Time (400ps/div)
1.5x Mode Turnn Characteristic 1.5x Mode Turn off Characteristic
(AP3607) (AP3607)
Vei+ Vei+
2V/div. 2V/div
Vout v
1V/div out
1V/div
VEN
VEN .
2Vidiv 2Vidiv
IN i
0.2A/div 0.2A/div
Time (100ps/div) Time (400ps/div)
AP3606/AP3607
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AP3606/AP3607

Typical Performance CharacteristiCSs (Cont. Ta=+25°C, Cin=C1=C2=Cour=1yF, V&=3.2V, unless otherwise noted.)

1x Mode Dimming Operation
( AP3606, VIN=5V, fEN:2kHZ)

i
v

VEN
2V/div

IwLED
5mA/div

L 8 P O P P B o B B

VEN
| | 2V/div
AUt ORI RS R U RSP AU N P VAT

IwLED
5mA/div

Time (2ms/div)

Output Ripple

(AP3606, Vin=3.3V, Ip=80mA)

VIN
20mV/div

Iin
20mA/div

Vout
50mV/div

Vci+
2V/div

Time (400ns/div)

AP3606/AP3607
Document number: DS40917 Rev. 1 - 3

Iin
20mA/div.

VIN
20mV/div

Vout
50mV/div

Vei+
2V/div
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1x Mode Dimming Operation
(AP3607, Vin=5V, fEN:2kHZ)

i
']

Time (2msidiv)

Output Ripple

(AP3607mVn=3.3V, Ip=120mA)

Time (400ns/div)
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Digital Dimming Operating Diagram (note 3)

30us<TREADY 0.45psTy 0.45us=<To<500ps Ims<TsHpN
[-— - L - -
EN
b\
[ b
100751 I L
(15161 (15164
(146 14160
kAl |
ILED 20N Shutdown
(6
(10016
(116
Shutdown 2160
—_— Y Y Y Y . _*___*.______L__L___L___

The dimming control can be achieved by applying a pulse to the EN pin. When the low level duration timeyof pulse is between t.ominy and tLomax), and the
high level duration time is larger than tyioviny, the LED current will decreaseyd/16. If thelow level duration time.is largerthan tsppngvax), the IC will be turned
off. When AP3606/AP3607 is powered on, the WLED is in full brighthess."And itwill keep maximum current until the pulse is detected. After 15 pulses the
WLED current decreases to 1/16 of full brightness. It will increase to fulhbrightness if a pulse is.added to EN pin then.

Note 3:

Ordering Information

Product Name Product Version Package Packing ROHS/Green
06': AP3606 FN@ QFN-3x3-16 TR : Tape & Reel G1: Green
07 : AP3607
Package TemperatureRange Part Number Marking 1D Packing
AP3606FNTR-G1 B1B
QFN-3x3-26 -40 to +85°C Tape & Reel
AP3607FNTR-G1 B1C
AP3606/AP3607 14 of 16 April 2018
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Package Outline Dimensions (Al dimensions in mm(inch).)

(1) Package Type: QFN-3x3-16

2 50000,114) _ PIN#1 IDENTIFICATION
3.10000.122) PIn 1 Mark SeeDETAILA A 0.300(0.012)
¢ 0.180(0.007) 4 | \ e R
0.280(0.011 ' —
S8 oot -
=I5 0,500(0,020) 1.70(0.067)
_ g E" —B C ] : REF
ol |es —
4 1.700(0.067)
REF
DETAIL A
0.700(0.028 e e R E|
I | | 0:900(0.035) B ) )
J— — L
15 (15 ) (15 )
0.178(0,007) L 0.000(0,000)
0,228(0.009) 00500, 002)
Fin 1 Options
AP3606/AP3607 15 of 16 April 2018
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IMPORTANT NOTICE

DIODES INCORPORATED MAKES NO WARRANTY OF ANY KIND, EXPRESS OR IMPLIED, WITH REGARDS TO THIS DOCUMENT,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
(AND THEIR EQUIVALENTS UNDER THE LAWS OF ANY JURISDICTION).

Diodes Incorporated and its subsidiaries reserve the right to make modifications, enhancements, improvements, corrections or other changes
without further notice to this document and any product described herein. Diodes Incorporated does not assume any liability arising out of the
application or use of this document or any product described herein; neither does Diodes Incorporated convey any license under its patent or
trademark rights, nor the rights of others. Any Customer or user of this document or products described herein in such applications shall assume
all risks of such use and will agree to hold Diodes Incorporated and all the companies whose products are represented on Diodes Incorporated
website, harmless against all damages.

Diodes Incorporated does not warrant or accept any liability whatsoever in respect of any products purchased through, unauthorized sales channel.
Should Customers purchase or use Diodes Incorporated products for any unintended or unauthorized application, Customers shall indemnify and
hold Diodes Incorporated and its representatives harmless against all claims, damages, expenses, and attorney fees arising out of, directly or
indirectly, any claim of personal injury or death associated with such unintended or unauthorized application.

Products described herein may be covered by one or more United States, international or foreign patents pending. Product names and markings
noted herein may also be covered by one or more United States, international or foreign trademarks:

This document is written in English but may be translated into multiple languages for referencem©nly the English version of this'’document is the
final and determinative format released by Diodes Incorporated.

LIFE SUPPORT

Diodes Incorporated products are specifically not authorized for use as critical' components in life support devices or systems without the express
written approval of the Chief Executive Officer of Diodes Incorporated. As used herein;

A. Life support devices or systems are devices or systems which:
1. are intended to implant into the body, or

2. support or sustain life and whose failurefto perform when properly used in accordance with instructions for use provided in the
labeling can be reasonably expected to result in significant injury to theyuser.

B. A critical component is any component in adife support device or system whose failure to perform can be reasonably expected to cause the
failure of the life support device or to affectlits safety or effectiveness:

Customers represent that they have allshecessary expertise in the ‘safety and regulatory ramifications of their life support devices or systems, and
acknowledge and agree that they are ‘solely fesponsible for all legal, regulatory and safety-related requirements concerning their products and any
use of Diodes Incorporated produets in‘such safety-critical{ life support devices or systems, notwithstanding any devices- or systems-related
information or support that may be provided«by Diodes, Incorporated. , Further, Customers must fully indemnify Diodes Incorporated and its
representatives against any damages arising out of the useof Diades Incorporated products in such safety-critical, life support devices or systems.
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