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Application NoteeAN_SY 6982C
High Efficiency, 2A, Two-Cell Boost Li-lon Battery Charger

Preliminary Specification

General Description

SY6982C is a 3.0-5.5y, 2A two-cell synchronous @
boost Li-lon battery charger integrates 1MHz switgh
frequency and full protection functions. The charge ®
current up to 2A can be programmed by using the
external resistor for different portable applicascand @
indicates the charger current information simultarge

It also has a programmable charge timeout ande®
adaptive input current limitvith selectable threshold

for safety battery charge operation. SY6982C cane®
disconnect output when there is output short droui @
shutdown happens. It consists of 18V rating FETthwi @
extremely low ON resistance to achieve high charge®

Features

Low Profile QFN3x3 Package for Portable
Applications

Integrated Synchronous Boost with 18V Rating
Low Rpson FETs for High Charge Efficiency
Trickle Current / Constant Current / Constant
Voltage Charge Mode

Adaptive Input Current Limit with selectable
threshold

Maximum 2A Constant Charge Current
Charge Current Information Indication.
Programmable Charge Timeout
Programmable Constant Charge Current

efficiency and simple peripheral circuit design. ® Constant Voltage Selectable
® Thermal Regulation Protection
SY6982C along with small QFN3x3 footprint provides ®  External Shutdown Function
small PCB area application. ® Input Voltage UVLO and OVP
® Over Temperature Protection
; ; ® Output Short Circuit Protection
Or der | ng | nfor mation ® Charge Status Indication
SY6982 [1(O D)E ® Normal Synchronous Boost Operation When
-Igemlferatgred Code Battery Removed
ackage Code
Optional Spec Code Appl I Catl ons
Cellular Telephones, PDA, MP3 Players, MP4
- Players
Ordering Number Package tyge Note e Digital Cameras
SY6982CQDC QFN3x3-16 ® Bluetooth Applications
® PSP Game Players, NDS Game Players
® Notebook

Typical Applications
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Figurel. Schematic Diagram
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Pinout (top view)
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(QFN3x3-19

Top Mark:XXxyz, (Device code: XXx=year code, y=week code, z= |ot number code)

Name Pin Number Description
LX 14 Switch node pin. Connect to external inductor
STAT 1 Charge status indication pin. It is open drain aufpn and pull high to g thru a LED
to indicate the charge in process. When the chiardene, LED is off.
Analog power input pin. Connect a MLCC from this pd ground to decouple high
SVIN 16 harmonic noise. This pin has OVP and UVLO functiomake the charger operate
within safe input voltage area.
cv 5 Battery CV voltage selection pin. Pull down for\8.dell voltage and pull up for 8.7V
cell voltage.
Adaptive input current limit setting Pin. Selece thermitted maximum input voltage
ILIM 6 drop to trigger the input current limit functiorulPhigh for 500mV voltage drop, pull
low for 375mV, floating for 250mV.
Charge time limit pin. Connect this pin with a ceipar to ground. Internal current source
TIM 3 charge the capacitor for charge time limit. TC geaime limit is about 1/10 of CC
charge time.
Charge current program pin, pull down to GND witfesistor Rys. The mirror current
ICHG 9 about 1/10000 of the blocking FET current will dumto the external resitor thru ICHG
pin and compared to the internal reverence 1V c89(1V/ Rche)x10000, $c=(1V/
R|CH(;)X1000.
Thermal protection pin. UTP threshold is typicab@s,,y and OTP threshold is typical
NTC 4 25% Vsyiv. Pull up to SVIN can disable charge logic and mtleelC operate as normal
boost regulator. Pull down to ground can shut ddwenIC.
BAT 12 Battery positive pin.
BST 11 Boost-_Strap pin. Supply Rectified FET’s gate drivi@ecouple this pin to LX with 0.1uF
ceramic cap.
Connect to the Drain of internal Blocking FET. Bgpaat least 4.7uF ceramic cap to
BD 10, 13 GND
EN 7 Enable control pin. High logic for enable and low logic for enable off.

AN_SY6982C_Rev.0.1
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System ON/OFF control pin. WhengM is lower than 6V, SYSRT pin outputs low logi
SYSRT 2 to turn off the system operation; wheg,y is high than 6V, SYSRT pin outputs high
logic to turn on the system operation.
SGND 8 Signal ground pin.
PGND 15 Power ground pin.

AN_SY6982C_Rev.0.1
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Absolute Maximum Ratings

SVIN, BAT, LX, NTC, STAT, BD, EN, ICHG, CV, ILIM 18v
TIM av
BST-LX Voltage a4V
LX Pin current continuous 5A
Power Dissipation, @ Ta= 25°C, QFN3X3 TBD
Package Thermal Resistance

01 TBD

03¢ TBD
Junction Temperature Range -40°C to +125°C
Lead Temperature (Soldering, 10 sec.) 260°C

Storage Temperature Range

Recommended Oper ating Conditions

-65°C to 150°C

SVIN 3V to 5.5V
BAT, LX, NTC, STAT, BD, EN, ICHG, CV, ILIM -0.3V to 16V
TIM -0.3Vto 3.3V
LX Pin current continuous 5A
Junction Temperature Range -40°C to 125°C
Ambient Temperature Range -40°C to 85°C

AN_SY6982C_Rev.0.1
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ectrical Characteristics

(Ta=25°C, n=5V, GND=0V, Gy=4.7uF, L=0.68uH, Rnuc=10k2, Crj\yv=470nF, unless otherwise specified.)

Symbol | Par ameter | Conditions | Min | Typ | Max | Unit
Bias Supply (Vsvin)
Vsvin Supply voltage 3 16| V
v Vsyn under voltage lockout Vsyy rising and measured s9| v
UVLO threshold from Vsyiy to GND '
Vsyn under voltage lockout
AVyvio hysteresis Measured from ¥,y to GND 100 mV
. Vsyin fising and measured
Vovp Input overvoltage protection from Ve to GND 6 \
Input overvoltage protection
AVovp hysteresis Measured from ¥y to GND 0.5 \%
Quiescent Current
lgaT Battery discharge current Shutdown IC 25| uA
Iin Input quiescent current Disable Charge 1.5A
Oscillator and PWM (TBD)
fsw Switching frequency 1000 kHz
TMINOEE Main N-FET minimum off time With 16V rating 100 ns
TMAXOFF Main N-FET maximum off time With 16V rating 30 us
TminoN Main N-FET minimum on time With 16V rating 100 ns
Power MOSFET
RnreT M Rpson Of Main N-FET 80 mQ
RneeT | Ropson Of Rectified N-FET 40 mQ
Rueet & Rpson Of Blocking N-FET 40 mQ
Voltage Regulation
Vo<1V 8.32| 8.40| 8.48
Vev 2-Cell CV charge mode voltage \Y
Veoy>2V 8.62| 8.70| 8.78
VevigH High level logic for CV1/2 2 vV
Vevime Low level logic for CV1/2 1 V
AVRrcH 2-Cell Recharge Voltage 100 200 300| mVv
2-cell TC charge mode batter -
V1RrK voltage threshold K/BAT rising edge threshold 56 5.6 57| V
Battery Connect Detection
NTC voltage threshold for Battery o o
Voer detec NTC Falling Edge 85% 95% | Vsvn
toET Detect delay time 30 35 40| ms
Charge Current
Internal charge current accuracy for, _ 100 o
Constant Current Mode loc=1000mA 10% 10%
Internal charge current accuracy for  _ =00 o
Trickle Current Mode Irc=100mA 50% 50%
lTERM Termination current d=1000mA 50| 100 150 | mA

Output Voltage OVP

VOVP

| Output voltage OVP threshold | |

1050410% | 115%] Vv

Input Current Limit

VDISSDRP

Vin drop for slow CC REHR

discharge Voltage Threshold

Float ILIM 250
Pull low ILIM 375
Pull high ILIM 500

mV

AN_SY6982C_Rev.0.1
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A Vpiss Slow Discharge Voltage HysteresisPositive edge 50 mV
. . Float ILIM 500
Vs wtgr%pwfﬁg:ﬁgﬁc REF discharges IMlow LM 750 mv
9 Pull high ILIM 1000
A Vpise Fast Discharge Voltage Hysteresis 50 mV
Timer
Ttc Trickle current charge timeout Co =330NE 0.425 0.5 0.575| hour
Tec Constant current charge timeout | ™™ 3.825 45| 5175| hour
Tve Charge mode change delay time 30 ms
Trerm Termination delay time 30 ms
TreHe Recharge time delay 30 ms
Short Circuit Protection
Vshorr | Output short protection threshold | | 1.f02.00] 2.30] V
System ON/OFF Control
High logic of system ON/OFF
Vhsvsrt | control 21 v
Low logic of system ON/OFKF
Visyser | control 06| VvV
Virvssys Hysteresis for positive and negatiye 100 mv
edge
Linear charger Mode
Battery Charger current when th 0
lLcne blocking FET is in linear mode Vear<Vswonr 5% lec
| Peak linear current when Battery|is 1 A
LPEAK absent
Vap Bus voltage regulation 5. 6 6.2| V
Blocking FET fully turn on
VTRON threshold VRON:VBAT'VIN VBAT > VTRK 100 mv
Enable ON/OFF Control
VeENH High level logic for enable control 1 \Y
VenL Low level logic for enable control 04| V
Battery Thermal Protection NTC
Under temperature protection 70% | 75% | 80%
UTP Ender _temperature protectid Falling edge 5%
ysteresis v
Over temperature protection 28% | 30%| 32%| ‘SN
OoTP E])ver _temperature protectlonRising edge 204
ysteresis
Thermal Regulation And Thermal shutdown
Trec Thermal regulation threshold 120 °C
Thermal regulation  hysteresjs o
Trearvs falling edge 20 C
Thermal regulation fold back ratio 0.25 lcc
Tsp Thermal shutdown temperature Rising Threshold 160 °C
Thermal shutdown temperature o
Tsonys hysteresis 30 C

Note 1: Stresses beyond the “Absolute Maximum Ratingsy nsuse permanent damage to the device. These are

stress ratings only. Functional operation of theickeat these or any other conditions beyond tiadieated in the
operational sections of the specification is ngblied. Exposure to absolute maximum rating condgior
extended periods may affect device reliability.

AN_SY6982C_Rev.0.1
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Note 2: 0 ;5 is measured in the natural convection at125°C on a low effective four-layer thermal contivity

test board of JEDEC 51-3 thermal measurement standa

Note 3: The device is not guaranteed to function outsiglejterating conditions

AN_SY6982C_Rev.0.1
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i inti charger operates in light load mode and reguldtes t
SY?Qliails Ie:1lér;gté)?nz/?t?vso(-:(:rellIpstJrS:L]ronous Vgp at 6V and the blocking FET works in linear charge

b Li-lon b h . IMH itiah mode. If the ar is lower than the internal short
fOOSt I-lon gttferl)l/c a{getr_mtefgratﬁs Tzhswnr? circuit threshold Vyorw the linear charge current is
requency and full protection functions. € charge 459 kc. When \a7 is higher than Wyort but lower
current up to 2A can be programmed by using the

| . for diff bl licatioand than the threshold of trickle charge, the lineaarge
gxtgrna resistor for different porta € app !casoan current is 1/10 ofdc. Note that, charging current would
indicates the charger current information simultarge

not be increased tgd when the block FET operates in

It als_o has a progra’.’””_‘ab'e charge timeout andj,qar mode. With the increasing ofM, when \gat is
adaptive input current limit for safety battery oy higher than both M and Viex the blocking FET is

operation. SY6982C can disconnect output when therquIIy turned on and the switching mode boost charge

Is output ;hort circuit or shutdown happens. Itm takes over the battery charging. The current in the
of 18V rating FETs with extremely low ON resistance blocking FET is mirrored to be as the charging entr

tc_J ac_hieve_ high charge efficiency and simple peiph lee If Vi is lower than Wp=Vear at the plug in time,
circuit design. the switching mode boost charger starts work diyect

Charging Status I ndication Description During the charging mode, constant (trickle) chaggi
1. Charge-In-Process — Pull and keep STAT pin to current loop is active first. When g\, equals to
Low: constant voltage thresholdcy, constant voltage loop

2. Charge Done — Pull and keep STAT pin to High: take; over and pull down thf—: charging current. When

3. Fault Mode — Output high and low voltage lche is lower _than the termination currt_ent threshold
alternatively with 1.3Hz frequency. Connect a !terw the main FET of boost charger is turned off
LED from SVIN to STAT pin, LED ON means firstly. Sync-FET and bIockmg FETs are turned off
Charge-in-Process, LED OFF means Charge Donetogether v.vhen“the current is down to zero. Then,
LED Flashing with 1.3HZ means Fault Mode. SY6982C is waiting for recharge mode.

Switchi ; Battery Absent
ItChI.nq M Od.e .BOOSt Charger Basic If there’s no battery connection detected thru NG
Operation Description

SY6982C operates as a normal switching mode boost
Switching M ode Control Strategy converter. When ¥\ is higher than UVLO threshold,
SY6982C is a switching mode Boost charger for thethe blocking FET is softly turned on. After the kg
applications with USB power input. SY6982C utilizes FET fully turn-on, switching mode boost converter
quasi-fixed frequency constant OFF time control to Starts work. The internal current loop and voltéyep
simplify the internal close-loop compensation desig are active both.

Slope compensation is not necessary for the stable

operation. The quasi-fixed frequency settled at ZMH Basic Protection Principle

is easy for the size minimization of peripheracuit ~ SY6982C has fully battery charging protection. When
design. During the light load operation, when the the input over voltage protection, the output over
output voltage of the internal error amplifier V€ i Voltage protection, the thermal protection or the
lower than the minimum threshold 0.3V, the OFF time timeout protection happens, the main FET of thesboo

is going to be stretched to achieve frequency aick. charger is turned off immediately. The sync-FET and
the blocking FET are turned off later when the entr
Operation Principle is down to zero. When thegy is lower than ¥yorn
SY6982C can normally work with or without Li-lon the short circuit protection happens. The main FET
battery both. turned off firstly. The block FET enters linear neod
with 100mA charging current. Wheng); recovers
Battery Present back to be higher than Morw, the boost charger

Before SY6982C start-up, g6 is charged by the restarts to work at light load and regulates, \ét 6V.

battery thru the body diode of blocking FET, angbV ~ The linear charge current is increased from 100mA t
equals to ar. be trickle current.

If the plug in input voltage ) is higher than BasicAdaptivelnput Current Limit Principle
Vep=Vear, Csp is charged by Y further thru the body SY6982C has adaptive input current limit function.
diode of sync-FET. Under this condition, the Boost Before the IC starts charging work, the input vpétas

AN_SY6982C_Rev.0.1
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detected and saved as referenggg¢. Once IC starts  on the current value. Thederer Would be decreased
to charge, the output charging curregtgl is ramped  along with the increasing of output voltage to kéep

up softly and the ) drop is monitored simultaneously. input power at the maximum value. The internaltdigi
When the input voltage drop is larger thaps¥ the machine state is built up to achieve this function.
output charging current referencgdrer Starts to be

discharged slowly and when the voltage drop iseiarg Constant Voltage Threshold Program Principle

than \bise the kherer Starts to be fast discharged. With SY6982C can program the constant voltage threshold
the discharging of chicrer the charging current is thru the CV pin. When ¥, is higher than 2V, the
deceased and the\Mwould recover back. Once theV  constant voltage threshold is 8.7V; whegy, s lower
recovers back into the normal range, thekeris kept than 1V, the constant voltage threshold is 8.4V.

AN_SY6982C_Rev.0.1
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Typical Performance Characteristics
Ta=25°C, n=5V, Rrc=10kQ, unless otherwise specified.

Efficiency VS Bat voltage ( C@ode )

Efficiency VS Charge current( CV mode )

97.50%

97.00% -~
\

96.50%

96.00% ™
\\
95.50%

95.00%

Efficiency

P

94.50%

6 6.4 6.8 7.2 7.6 8 8.4
Batvoltage (V)

96.00%

\
/

02.00%

Steady waveforms (CC Mode)
CH1:BAT CH2:LX CH4:IL

Steady waveforms (CV Mode)
CH1:BAT CH2:LX CH4:IL

Tek Stop Tek Stop
. V\V\V \v/\\/\w/\x/\v /\\\V\/\f \‘i/\q . /\ AAA \/ \/ \/ v f\\//\\
’ ﬂvv TRAATARAANAA
ﬁTﬂﬂfﬁﬁﬁW‘W? Tm HJM”U Ligiaiile
@2 = " & - L @ [ W e e e e
I SO e A A S BT T A A
Steady waveforms (TC Mode) Steady waveforms (Short Mode)
CH1:BAT CH2:LX CH3: BD CH4:IL CH1:BAT CH2:LX CH3: STAT CH4:IL
Tek Run Trigd Tek Prevu
[i% P—
(B I
of o — e —
BTV 53 O K T 00 o
i K AR AARR B RCA R AARKARN
WIrrrrrrrrrrrrrrrr?’rrlrrrrr
o 2
(N O - ) N R G- N 1

Power on (CC Mode)
CH1:BAT CH2:LX CH3: STAT CH4:IL

Power off (CC Mode)

CH1:BAT CH2:LX CH3: STAT CH4:IL
revVu

Tek Prevu

o

@ 500V & 2 0 400ms 1.25MS/s 2 s |[22mar 2013
@ 50V % @ 2.00A Q% 5M points 2.10 v J09:49:03

|

\

@ 500V & 2 ] 2.00ms 250MS/s @ . |22 Mar 2013
@ 50V % @ 2.00A Q% s__5M points _ —80.0mA J(09:51:43
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Power on (CV Mode) Power off (CV Mode)
CH1:BAT CH2:LX CH3: STAT CH4:IL CH1:BAT CH2:LX CH3: STAT CHA4:IL

Tek Stop Tek Prevu

wa

J

BT O G - i Ez:s‘;x L@ toonon Juhi: v S oma )
Adaptive input current limit Boost Mode (Null load)

CH1:lin CH2:LX CH3: SVIN(Offset=4.8V) CH4:lo CH1:BAT CH2:LX CH3:STAT CH4:IL

ek Prevu

(@ Zotme ¥ @ soomaon I Y el @55y & @ toon o . am, B aan™)
Different Input Current Limit Threshold Different Input Current Limit Threshold
(Float ILIM) (Pull low ILIM)

CH1:SVIN CH2:LX CH4:lcharge e CH1:SVIN CH2:LX CH4:lcharge

@ 2o v @ 4.005 25,065/ @ 7 20 Nov 2013 - oV & @ 4.005 25,065/ > / 20 Nov 2013
@ somA & 1M points 0.0V 15: 45: 13 @ sond W 1M points 10.0Y 15: 40: 30

Different Input Current Limit Threshold
(Pull high ILIM)

CH1:SVIN CH2:LX CH4:Icharge

® o' v @ 4.005 25.0K8/5 > / 20Nov 2013
@ s0omh % 1M points 100V ) 15:47:50
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Applications I nfor mation

Because of the high integration of SY6982C, the
application circuit based on this regulator ICather
simple. Only input capacitor { output capacitor
Cout, inductor L, NTC resistors R1,R2 and timer
capacitor @v need to be selected for the targeted
applications specifications.

NTCresistor:

SY6982C monitors battery temperature by measuring
the input voltage and NTC voltage. The controller
triggers the UTP or OTP when the rate K (K=
Vntc/Vsvin) reaches the threshold of UTP ufi or
OTP (Kor). The temperature sensing network is
showed as below.

Choose R1 and R2 to program the proper UTP and
OTP points.

SVIN
SY6982C R1
NTC
R2
RNTC

The calculation steps are:

1. Define Kur, Kur =70~80%

2. Define Kor, Kot =28~32%

3. Assume the resistance of the battery NTC
thermistor is Rr at UTP threshold and dRr at
OTP threshold.

4. Calculate R2,

R2= Kor(@L- Kur)Rut- Kur(l- Kor)Ror
Kur - Kor

5. Calculate R1

R1= (1/Kor - 1)(R2- Ror)
If choose the typical valuesuK=75% and kr=30%,
then

R2=017Rur- 117Ror

RL= 23(R2- Ror)

Timer capacitor Criwm

The charger also provides a programmable charge
timer. The charge time is programmed by the

capacitor connected between the TIM pin and GND.

The capacitance is given by the formula:

Crn=2*10"Tcc

Tcc is the target constant charge timenit: s.

Unit:F

Input capacitor Cin:
The ripple current through input capacitor is geeat
than

Vin* (Vour—V )
28 * L* Fsw* V our

X5R or X7R ceramic capacitors with greater than
4.7uF capacitance are recommended to handle this
ripple current.

lcin_RMs =

Output capacitor Cour:

The output capacitor is selected to handle theututp

ripple noise requirements. This ripple voltage is
related to the capacitance and its equivalent serie
resistance (ESR). For the best performance, it is
recommended to use X5R or better grade low ESR
ceramic capacitor. The voltage rating of the output
capacitor should be higher than the maximum output
voltage. The minimum required capacitance can be
calculated as:

lcc(Vour=V N

Fswx VourxV rippLE

VrippLE is the peak to peak output rippleg Is the
setting charge current.

For SY6982C, output capacitor is paralleled ky, C
and Gar, for smaller output ripple noise, each
capacitor with greater than 10uF capacitance is
recommended.

Cour =

Inductor L:

There are several considerations in choosing this

inductor.

1) Choose the inductance to provide the desired
ripple current. It is suggested to choose the @ppl
current to be about 40% of the average input
current. The inductance is calculated as:

_OVn u (Vour =V
E\/OUTH lccxF swx40%

Where ky is the switching frequency angklis

the setting charge current.

The SY6982C is quite tolerant of different ripple
current amplitude. Consequently, the final choice
of inductance can be slightly off the calculation
value without significantly impacting the
performance.

L

AN_SY6982C_Rev.0.1
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2) The saturation current rating of the inductor must

be selected to be greater than the peak inductor

current under full load conditions.
OV O(Vour=V i

Vout
IsaT,MIN > ﬁdcc +
VN B/OUT H 2 xFswx L

3) The DCR of the inductor and the core loss at the
switching frequency must be low enough to
achieve the desired efficiency requirement. It is
desirable to choose an inductor with
DCR<10mohm to achieve a good overall
efficiency.

L ayout Design:
The layout design of SY6982C regulator is relagvel

simple. For the best efficiency and minimum noise
problems, we should place the following components
close to the IC: &, L, Cap.

1) The loop of main MOSFET, rectifier diode, and
Cgp must be as short as possible

I Top Layer
Bottom Layer

Drill

2) It is desirable to maximize the PCB copper area
connecting to GND pin to achieve the best thermal
and noise performance.

3) Gsyiy must be close to pin SVIN and GND.

4) The PCB copper area associated with LX pin must
be minimized to avoid the potential noise problem.

5) The small signal componeniR must be placed
close to IC and must not be adjacent to the LXomet
the PCB layout to avoid the noise problem

AN_SY6982C_Rev.0.1
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QFN3x3-16 FC Package Outline Drawing

|-—£_".‘JU—'J.LC 4-|

% J:D.SC—CHD
l L—[I—EI—EI—D—EI—EI£|
L 0—0.35—! 0.13-0.78 —r
Top View Side View
£.30-3.10
— - 0,225 ({Typ. )
—| 045 |— | 0l4-026 —| |—| —0.30-050

[HUTUOIL..

- | [
L I T
$ ?— :[ ru.eest-r;.-n.':.
==
i E— -

# |

a ] ( ——— - 020-0.40

1 — T

—| 087-L07 |=— — 1.38-158 |

Bottom View
Notes: All dimension in MM and exclude mold flash & metal burr
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Taping & Redl Specification
1. Taping orientation

QFN3x3
—1,65/1,85 |———:3.a-‘4.1—-—| s
n ‘ {
- T I = = N
‘\_) / \_/ . {_J \_/
o 3,753 45—f-———=
.00, 3,253 45— ——
|
Feeding direction —
2. Carrier Tape & Red specification for packages
—™ M Reel Width
/ﬁ Nl
Reel ]
Size
\\\/ \,7
U L
Tape : .
Package width Pocket Reel size Reel Trailer Leader length | Qty per
types (mm) pitch(mm) (Inch) width(mm) | length(mm) (mm) reel
QFN3x3 12 8 13" 12.4 400 400 5000
3. Others. NA
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