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Features

Decreasing

Hopping to Solve EMI Problem
®  Cable Compensation in CV Mode
®  Low Startup Current: 10pA
"  Low Operating Current: 3.5mA
®  Peak-Current-Mode Control in CV Mode

®  Cycle-by-Cycle Current Limiting
®"  Vpp Under-Voltage Lockout (UVLO)

®  DIP-8 Package Available

Applications

phones, PDA, digital cameras, power tools

®  Constant-Voltage (CV) and Constant-Current (CC)
Control without Secondary-Feedback Circuitry

®  Green-Mode Function: PWM Frequency Linearly

"  Fixed PWM Frequency at 42kHz with Frequency

®  Vpp Over-Voltage Protection with Auto-Restart

®  Fixed Over-Temperature Protection with Latch

= Battery chargers for cellular phones, cordless

" Replaces linear transformer and RCC SMPS

September 2008

FSEZ1216 — Primary-Side-Regulation PWM Integrated

Description

This highly integrated PWM controller, FSEZ1216,
provides several features to enhance the performance
of low-power flyback converters. The proprietary
topology of FSEZ1216 enables simplified circuit design
for battery charger applications. A low-cost, smaller, and
lighter charger results when compared to a conventional
design or a linear transformer. The startup current is
only 10pA, which allows use of large startup resistance
for further power saving.

To minimize the standby power consumption, the
proprietary green-mode function provides off-time
modulation to linearly decrease PWM frequency under
light-load conditions. This green-mode function assists
the power supply in meeting power conservation
requirements.

Using FSEZ1216, a charger can be implemented with
few external components and minimized cost. A typical
output CV/CC characteristic is shown in Figure 1.

FSEZ1216 controller is available in an 8-pin DIP package.

V. Before Cable Compensation
Q After Cable Compensation

————— Maximum

—.—.—.— Minimum

Figure 1. Typical Output V-l Characteristic

Ordering Information

Part Number | 1, PSRN | Deco
FSEZ1216NY -40°C to +105°C Green 8-Lead, Dual Inline Package (DIP-8) Tube
QO 5 @ For Fairchild’s definition of “green” Eco Status, please visit: http://www.fairchildsemi.com/company/green/rohs_green.html.
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http://www.dzsc.com/stock_fsez1216ny.html
http://www.jdbpcb.com/J/
http://pdf.dzsc.com/

Application Diagram
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Figure 3. Functional Block Diagram
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Marking Information

F- Fairchild logo

.F ZXYTT Z- Plant Code
) EZ1216 X- 1 digit year code
TPM Y- 1 digit week code
TT: 2 digits die run code
|1_] L T: Package type (N=DIP)

Pin Definitions

P: Z: Pb free, Y: Green package
M: Manufacture flow code

Figure 4. Top Mark

Pin Configuration

cs O+ =~ s0 DRAIN
COMR [ 0 GND
coml O sf1 VDD
COMV s s0 VS

Figure 5. Pin Configuration

Pin # Name | Description

Analog input, current sense. Connected to a current-sense resistor for peak-current-mode

1 CSs control in CV mode. The current-sense signal is also provided for output-current regulation in
CC mode.
Analog output, cable compensation. Connect a resistor between COMR and GND for cable loss

2 COMR D
compensation in CV mode.

3 COMI Analog output, current compensation. Output of the current error amplifier. Connect a capacitor
between COMI pin and GND for frequency compensation.

4 COMV Analog output, voltage compensation. Output of the voltage error amplifier. Connect a capacitor
between COMV pin and GND for frequency compensation.

5 VS Analog input, voltage sense. Output-voltage-sense input for output-voltage regulation.

6 VDD Supply, power supply.

7 GND Voltage reference, ground.

8 DRAIN Driver output, power MOSFET drain. This pin is the high-voltage power MOSFET drain.
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Recommended Operating Conditions

The Recommended Operating Conditions table defines the conditions for actual device operation. Recommended
operating conditions are specified to ensure optimal performance to the datasheet specifications. Fairchild does not
recommend exceeding them or designing to Absolute Maximum Ratings.

1. All voltage values, except differential voltages, are given with respect to GND pin.

n
Absolute Maximum Ratings ﬁ
Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be K;
operable above the recommended operating conditions and stressing the parts to these levels is not recommended. =
In addition, extended exposure to stresses above the recommended operating conditions may affect device reliability. o

The absolute maximum ratings are stress ratings only. |
Symbol Parameter Min. Max. Unit -:U
Vvbb DC Supply Voltage(” 30 \Y g

Vs VS Pin Input Voltage -0.3 7.0 \Y ‘<_:
Ves CS Pin Input Voltage 03 7.0 v g’_-

Vecomv Voltage Error Amplifier Output Voltage -0.3 7.0 \Y ®
Veowmi Voltage Error Amplifier Output Voltage -0.3 7.0 \Y §
Vps Drain-Source Voltage 600 \% g
Ip Continuous Drain Current lles25°C 4 A %
Tc=100°C 0.6 A S5
lom Pulsed Drain Current 4 A T
Enas Single Pulse Avalanche Energy 33 mJ é
lar Avalanche Current 1 A =
Pp Power Dissipation (Ta<50°C) 800 mwW o

(ON Thermal Resistance (Junction-to-Air) 113 °C /W E
Ouc Thermal Resistance (Junction-to-Case) 67 °C /W g
Ty Operating Junction Temperature +150 °C )

Tstc Storage Temperature Range -55 +150 °C %

TL Lead Temperature (Wave Soldering or IR, 10 seconds) +260 °C @
Electrostatic Discharge Capability, Human Body Model, 25 KV %
=0 JEDEC: JESD22-A114 5
Electrostatic Discharge Capability, Charged Device 1250 Vv E
Model, JEDEC: JESD22-C101 —

Note:

Symbol

Parameter Conditions Min.

Typ.

Max.

Unit

Ta

Operating Ambient Temperature -40

+105

°C
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Electrical Characteristics

Vpp=15V and Ta=25°C unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Units
Vpp Section
Vop Continuously Operating Voltage 25 \Y,
Vpp-oN Turn-On Threshold Voltage 15 16 17 \%
Vp-oFF Turn-Off Threshold Voltage 4.5 5.0 5.5 \%
Ibp-sT Startup Current 0< Vpbp < Vpp-on-0.16V 10 20 MA
. Vpp=20V, fs=fosc, Vvs=2V
Ipp- o] ting C t ’ ) ’ 3.5 5.0 A
DD-OP perating Curren Ves=3V. C=1nF m
. Vpp=20V, Vys=2.7V,
Ipb-GREEN Green Mode Operating Supply fs=fosc-n-min, Ves=0V, CL=1nF, 1 2 mA
Current
Vceomv=0V
Vop-ovp I\_/gfjeol ver-Voltage-Protection ;- —3v, we=2.3v 27 28 29 Vv
tovopove | Lop Over-Voltage-Protection g ¢ \ye=2.3v 100 | 250 | 400 | ps

Debounce Time

Oscillator Section

Center Frequency |Ta=25°C 39 42 45
fosc Frequency |Frequency e iz
Hopping Range Ta=25°C 1.8 | £2.6 +3.6
trHR Frequency Hopping Period Ta=25°C 3 ms
fosc-n-min | Minimum Frequency at No Load | Vvs=2.7V, Vcomv=0V 550 Hz
fosc-cm-min - | Minimum Frequency at CCM Vys=2.3V, Vcs=0.5V 20 KHz
Frequency Variation vs. Vpp _
fov Deviation Vpp=10V to 25V 5 %
Frequency Variation vs. — e ° )
for Temperature Deviation Ta=-40°C to +85°C 119 o
Voltage-Sense Section
Sink Current for Brownout _
|v3_uvp Protection Rvs—20KQ 125 pA
i IC Compensation Bias Current 9.5 MA
Adaptive Bias Voltage _ Ao _
VBias-comv Dominated by Vcomy Veomv=0V, Ta=25°C, Rys=20KQ 1.4 \Y
Current-Sense Section
Propagation Delay to GATE
tro Output 100 200 ns
tMIN-N Minimum On Time at No Load Vvs=-0.8V, Rs=2KQ, Vcomv=1V 1100 ns
tmince Minimum On Time in CC Mode Vvs=0V, VCOMV=2V 400 ns
Dsaw Duty Cycle of SAW Limiter 40 %
Vi 'Il_'hrgshold Voltage for Current 13 Vv
imit

Continued on following page...
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Electrical Characteristics

Vpp=15V and Ta=25°C unless otherwise specified.

Symbol Parameter Conditions Min. | Typ. | Max. | Units
Voltage-Error-Amplifier Section
VR Reference Voltage 2.475| 2.500 | 2.525 \Y
Vi gglarcll\g?nde Starting Voltage on fo=fosc-2KHz, Vys=2.3V 28 Vv
A gglarcll\g?nde Ending Voltage on fs=1KHz 08 Vv
Iv-siNk Output Sink Current Vvs=3V, Vcomv=2.5V 90 MA
Iv-source | Output Source Current Vvs=2V, Vcomv=2.5V 90 MA
VV-HGH Output High Voltage Vvs=2.3V 4.5 \%
Current-Error-Amplifier Section
ViR Reference Voltage 2.475| 2.500 | 2.525 \Y
|I-SINK Output Sink Current VCS=3V, Vc0M|=2.5V 55 UA
l.source | Output Source Current Ves=0V, Vcom=2.5V 55 MA
V\-HGH Output High Voltage Ves=0V 4.5 \Y

Cable Compensation Section
Variation Test Voltage on COMR

134SOIN 1amod parelbalu] NMC uone|nbay-apis-Arewlld — 9121Z3S4

Veour | pin for Cable Compensation Reomr=100k trge v
Internal MOSFET Section
DCYwmax | Maximum Duty Cycle 75 %
Drain-Source Breakdown _ _
BVDSS Voltage |D—250pA, VGs—OV 600 \Y
Breakdown Voltage _ o Y
ABVpss /AT, Temperature Coefficient Ib=250pA, Referenced to 25°C 0.6 V/°C
| Maximum Continuous Drain- 1 A
S Source Diode Forward Current
| Maximum Pulsed Drain-Source 4 A
<L Diode Forward Current
Static Drain-Source On- _ _
Ros(on) Resistance 10=0.5A, Ves=10V 9.3 11.5 Q
Vps=600V, Vgs=0V, Tc=25°C 1 A
Ipss Drain-Source Leakage Current oS cs c H
Vps=480V, Ves=0V, Tc=100°C 10 MA
to-on Turn-On Delay Time®? Vbs=300V, Ip=1.1A, Re=25Q 7 24 ns
tr Rise Time 21 52 ns
tp-oFF Turn-Off Delay Time 13 36 ns
tf Fall Time 27 64 ns
Ciss Input Capacitance Ves=0V, Vps=25V, fs=1MHz 130 170 pF
Coss Output Capacitance 19 25 pF
Over-Temperature-Protection Section
Threshold Temperature for o
Totp otp® P +140 C
Notes:

2. Pulse test: pulse width = 300ps, duty cycle = 2%.
3. Essentially independent of operating temperature.
4. When over-temperature protection is activated, the power system enters latch mode and output is disabled.

© 2008 Fairchild Semiconductor Corporation www.fairchildsemi.com

FOMFZAMAr e, A NN ~



Typical Performance Characteristics
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Typical Performance Characteristics (Continued)
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Typical Performance Characteristics (Continued)
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Functional Description

The proprietary topology of FSEZ1216 enables
simplified circuit design for battery charger applications.
Without secondary feedback circuitry, the CV and CC
control can be achieved accurately. As shown in Figure
24, with the frequency-hopping and PWM operation,
EMI problems can be solved by using minimized filter
components. FSEZ1216 also provides many protection
functions. The VDD pin is equipped with over-voltage
protection, and under-voltage lockout. Pulse-by-pulse
current limiting and CC control ensure over-current

protection at heavy loads. The internal over-
temperature-protection  function shuts down the
controller with latch when over heated.
Gate Signal
SR 446KHz sl
+- 2.6KHz!
I 39.4KHz. ... >

Frequency Hopping Period—»3ms
Figure 24. Frequency Hopping

Startup Current

The startup current is only 10pA, which allows a startup
resistor with a high resistance and a low-wattage to
supply the startup power for the controller. A 1.5MQ,
0.25W, startup resistor and a 10uF/25V Vpp hold-up
capacitor are sufficient for an AC-to-DC power adapter
with a wide input range (100Vac to 240Vac).

Operating Current

The operating current has been reduced to 3.5mA,
which results in higher efficiency and reduces the Vpp
hold-up capacitance requirement. Once FSEZ1216
enter “deep” green mode, the operating current is
reduced to 1.2mA, assisting the power supply in
meeting the power conservation requirements.

Green-Mode Operation

Figure 25 shows the characteristics of the PWM
frequency vs. the output voltage of the error amplifier
(Vcomv). The FSEZ1216 uses the positive, proportional,
output load parameter (Vcomv) as an indication of the
output load for modulating the PWM frequency. In heavy
load conditions, the PWM frequency is fixed at 42KHz.
Once Vcowmv is lower than Vy, the PWM frequency starts
to linearly decrease from 42KHz to 550Hz, providing
further power savings and meeting international power
conservation requirements.

Frequency
A

42KHZ
40KHz|

1KHZ
550Hz

Veomy

Figure 25. Green-Mode Operation
(Frequency vs. Vcowmy)

Constant Voltage (CV) and Constant
Current (CC) Operation

An innovative technique of the FSEZ1216 can
accurately achieve CV/CC characteristic output without
secondary-side voltage or current-feedback circuitry. A
feedback signal for CV/CC operation from the reflected
voltage across the primary auxiliary winding is
proportional to secondary winding, so provides
controller the feedback signal from secondary side and
achieves constant voltage output property. In constant-
current output operation, this voltage signal is detected
and examined by the precise constant current regulation
controller, which then determines the on-time of the
MOSFET to control input power and provides constant
current output property. With feedback voltage Vcs
across current sense resistor, the controller can obtain
input power of power supply. Therefore, the region of
constant current output operation can be adjusted by
current sense resistor.

Temperature Compensation

Built-in temperature compensation provides better
constant voltage regulation at different ambient
temperatures. This internal compensation current is a
positive temperature coefficient (PTC) current that can
compensate the forward-voltage drop of the secondary
diode of varying with temperature. This variation caused
output voltage to rise at high temperature.

Leading-Edge Blanking (LEB)

Each time the power MOSFET is switched on, a turn-on
spike occurs at the sense-resistor. To avoid premature
termination of the switching pulse, a leading-edge
blanking time is built in. Conventional RC filtering can
therefore be omitted. During this blanking period, the
current-limit comparator is disabled and cannot switch
off gate driver.

© 2008 Fairchild Semiconductor Corporation

FOMFEAMAAL . ..

A NN

AN

134SOIN 1amod parelbalu] NMC uone|nbay-apis-Arewlld — 9121Z3S4

www.fairchildsemi.com



Functional Description (Continued)

Under-Voltage Lockout (UVLO)

The turn-on and turn-off thresholds of the FSEZ1216
are fixed internally at 16V and 5V. During startup, the
hold-up capacitor must be charged to 16V through the
startup resistor to enable the FSEZ1216. The hold-up
capacitor continues to supply Vpp until power can be
delivered from the auxiliary winding of the main
transformer. Vpp must not drop below 5V during startup.
The UVLO hysteresis window ensures the hold-up
capacitor is adequate to supply Vpp during startup.

Vpp Over-Voltage Protection (OVP)

Vpp over-voltage protection prevents damage due to
over-voltage conditions. When the Vpp voltage exceeds
28V due to abnormal conditions, PWM pulses are
disabled until the Vpp voltage drops below the UVLO,
then starts again. Over-voltage conditions are usually
caused by open feedback loops.

Over-Temperature Protection (OTP)

The FSEZ1216 has a built-in temperature sensing
circuit to shut down PWM output once the junction
temperature exceeds 140°C. While PWM output is shut
down, the Vpp voltage gradually drops to the UVLO
voltage. Some of the internal circuits are shut down and
Vpp gradually starts increasing again. When Vpp
reaches 16V, all the internal circuits, including the
temperature-sensing circuit, start operating normally. If
the junction temperature is still higher than 140°C, the
PWM controller shuts down immediately. This situation
continues until the temperature drop below 110°C.

Gate Output

The BiCMOS output stage is a fast totem-pole gate
driver. Cross conduction has been avoided to minimize
heat dissipation, increase efficiency, and enhance
reliability. The output driver is clamped by an internal
15V Zener diode to protect the internal power MOSFET
transistors against undesired over-voltage gate signals.

Built-in Slope Compensation

The sensed voltage across the current-sense resistor is
used for current-mode control and pulse-by-pulse
current limiting. Built-in slope compensation improves
stability and prevents sub-harmonic oscillations due to
peak-current-mode control. A synchronized, positively
sloped ramp is built-in at each switching cycle.

Noise Immunity

Noise from the current sense or the control signal can
cause significant pulse-width hopping, particularly in
continuous-conduction mode. While slope
compensation helps alleviate these problems, further
precautions should still be taken. Good placement and
layout practices should be followed. Avoiding long PCB
traces and component leads, locating compensation
and filter components near the FSEZ1216.
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Figure 26. 5W (5V/1A) Application Circuit
BOM
Designator Part Type Designator Part Type
D1, D2, D3, D4, D6 1N4007 R2 R 100KQ
D5 SB560 R3 R 22Q
D7 FR103 R4, R5 R 750KQ
C1 1nF R6 R 270Q
Cc2 EC 1uF/400V R7 R 137KQ
C3 EC 10uF/400V R8 R 510Q
C5 4.7nF/1KV R9 R 68KQ
C6 EC 10uF/50V R10 R 200KQ
Cc7 EC 470uF/16V R11 R 56KQ
Cc8 EC 220uF/10 R12 R 1.3Q
C9 1uF R14 R 30Q
c10 68nF L2 5pH
C11 10nF L4 1mH
C12 47pF T1 EE16 (1.5mH)
R1 R 18Q U1 IC FSEZ1216
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Physical Dimensions
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NOTES: UNLESS OTHERWISE SPECIFIED
A) THIS PACKAGE CONFORMS TO
JEDEC MS-001 VARIATION BA
B) ALL DIMENSIONS ARE IN MILLIMETERS.
C) DIMENSIONS ARE EXCLUSIVE OF BURRS,
MOLD FLASH, AND TIE BAR EXTRUSIONS.
D) DIMENSIONS AND TOLERANCES PER
ASME Y14.5M-1994
E) DRAWING FILENAME AND REVSION: MKT-NO8FREV?2.

Figure 27. 8-Lead, Dual Inline Package (DIP-8)

Package drawings are provided as a service to customers considering Fairchild components. Drawings may change in any manner
without notice. Please note the revision and/or date on the drawing and contact a Fairchild Semiconductor representative to verify or
obtain the most recent revision. Package specifications do not expand the terms of Fairchild’'s worldwide terms and conditions, specifically the
warranty therein, which covers Fairchild products.

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:
http:/Amnwww.fairchildsemi.com/packaging/.
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SMART START™

SPM®

STEALTH™

SuperFET™

SuperSCT™-3

SuperSCT™E

SupersOT™3

Supremos™

SyncFET™
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* EZSVWITCH™ and Flashriter® are trademarks of Systermn General Carporation, used under license by Fairchild Sermiconductor.
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TinyBoost™
TimEuck™
Ti nyLogic®
TINYOPTC™
TinyPower™
TiryPLAih
Timydire™
waeDes™

Des
UHC®
Ultra FRFET™
UniFET™
VTR
Wisualhd axm™

DISCLAIMER

FAIRCHILD SEMICONDUCT OR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NCTICE TO ANY FRCOUCTS HEREIN TO IMPRCWE
REUABILTY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILTY ARISING CUT OF THE APPLICATICON CR USE CF ANY PRCOUCT OR
CIRCUIT DESCREED HEREIN, NEITHER DOES T CONYEY ANY LUCENSE UNDER TS PATENT RIGHTS, NOR THE RIGHTS OF OTHERS. THESE
SPECIFICATIONS DO NCOT EXFPAND THE TERMS CF FAIRCHILD'S WORLDWWIDE TERM 5 AND CONDIMIONS, SPECIFICALLY THEWARRANTY THEREIN,
WHICH COWVERS THESE PRODUCTS.

LIFE SUPPORT POLICY

Az used herein:

1. Life support devices or systems are devices or systems which, (a) are
intended for surgical implant into the body or (D) support or sustain life,
and (c) whose failure to perform when properly used in accordance
with instructions for use provided in the laheling, can be reasonably
expected to result in a significant injury of the user.

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS WITHOUT THE
EXPRESSWRITTEN AFPPROVAL OF FAIRCHILD SEMICONDUCTOR CORPCRATION.

safety ar effectiveness.

2. A ortical compaonent in any component of a life support, device, or
system whose failure to perform can be reasonably expected to
cause the failure of the life support device or systemn, or to affect its
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ANTI-COUNTERFEITING POLICY

under Sales Support.

Fairchid Semiconductor Comoration's Anti-Counterfeiting Palicy. Fairchild's Anti-Counterfeiing Policy is also stated on our external wehsite, wiswy fairchildsermi com,

Counterfeiting of sermiconductor parts is a growing problemin the industry. All manufacturers of semiconductor products are experiencing counterfeiting of their parts.
Customers who inadvertently purchase counterfeit parts experience mary problems such as loss of brand reputation, substandard performance, failed applications,
and increased cost of produdion and manufacturing delays. Fairchild is taking strong measures to protect ourselves and our customers from the proliferation of
counterfeit parts. Fairchild strongly encourages customers to purchase Fairchild parts either directly from Fairchild or from Autharized Fairchild Digrnbutors who are
listed by country on ourweh page cited above . Products customers buy either from Fairchild directty or from Authorized Fairchild Distributars are genuine parts, have
full traceability, meet Fairchild's quality standards for handling and storage and provide access to Fairchild's full range of up-to-date technical and product information.
Fairchid and our Authorized Distrbutors will stand behind all warranties and will appropriately address any warranty issues that may arse. Fairchild will not provide
any waranty coverage or other assistance for parts bought from Unauthorized Sources. Fairchild is committed to corrbat this global problem and encourage our
custamers to da their part in stopping this practice by buying direct or from authorized distributors.

Definition of Terms

PRODUCT STATUS DEFINITIONS

Datasheet Identification | Product Status

Definition

Advance Information

Formative / In Design

Datasheet contains the design specifications for product development. Specifications may change in
any mannerwithout notice.

Preliminary

First Production

Datasheet contains preliminary data; supplementary data will be published at a later date. Fairchild
Semiconductor reserves the right to make changes at any time without notice to improve design

No [dentification Needed | Full P

roduction

Datazheet contains final specifications. Fairchild Semiconductor reserves the right to make changes
at any time without notice to improve the design.

Obsolete

Mat In Production

Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductar. The
datasheet is for reference information anly.
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