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Low-Cost, Green-Mode PWM Controller for Flyback Converters

Features

" Green-Mode PWM

" Supports the “Blue Angel” Standard

" Low Startup Current: 9uA

® Low Operating Current: 3mA

® 300mA Driving Capability

® | eading-Edge Blanking

® Constant Output Power Limit

® Universal Input

® Built-in Synchronized Slope Compensation

® Current-Mode Operation

® Cycle-by-cycle Current Limiting

® Under-Voltage Lockout (UVLO)

" Programmable PWM Frequency with Frequency
Hopping

" V/pp Over-Voltage Protection (Auto Restart)

® Gate Output Voltage Clamped at 17V

" Low Cost

" Few External Components Required

® Small SSOT-6 Package

Applications

General-purpose switching mode power supplies and
flyback power converters, such as:

® Battery chargers for cellular phones, cordless
phones, PDAs, digital cameras, and power tools

® Power adapters for ink jet printers, video game
consoles, and portable audio players

" Open-frame SMPS for TV/DVD standby and auxiliary
supplies, home appliances, and consumer electronics

® Replacements for linear transformers and RCC SMPS
® PC 5V standby power

Description

This highly integrated PWM controller provides several
enhancements designed to meet the low standby-power
needs of low-power SMPS. To minimize standby power
consumption, the proprietary green-mode function
provides off-time modulation to linearly decrease the
switching frequency under light-load conditions. This
green-mode function enables the power supply to meet
even the strictest power conservation requirements.

The BiCMOS fabrication process enables reducing the
startup current to QuA and the operating current to 3mA.
To further improve power conservation, a large startup
resistance can be used. Built-in synchronized slope
compensation ensures the stability of peak current
mode control. Proprietary internal compensation
provides a constant output power limit over a universal
AC input range (90Vac to 264Vc). Pulse-by-pulse current
limiting ensures safe operation during short-circuits.

To protect the external power MOSFET from damage by
supply over voltage, the SG6859A’s output driver is
clamped at 17V. SG6859A controllers can be used to
improve the performance and reduce the production
cost of power supplies. The best choice for replacing
linear and RCC-mode power adapters, the SG6859A is
available in 8-pin DIP and 6-pin SSOT-6 packages.
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Ordering Information

Part Number Operating Temperature Range Package @ Eco Status | Packing Method
SG6859ATZ -40 to +105°C SSOT-6 RoHS Tape & Reel
SG6859ATY -40 to +105°C SOT-26 Green Tape & Reel
SG6859ADZ -40 to +105°C DIP-8 RoHS Tube
SG6859ADY -40 to +105°C DIP-8 Green Tube

@ For Fairchild’s definition of Eco Status, please visit: http://www.fairchildsemi.com/company/green/rohs _green.html
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Marking Information

mimim

AAJFW

(T T ]

AAJF: SG6859A

W: Week code
A~Z=W1~W26
A~Z=W27~W52

— :Lead Free Package

*Marking for SG6859ATZ (Pb-free)

mimin

XXXX: AAJF=SG6859A
T : Die run code
. . . : Year code
- --:Week code

T: D=DIP

SG6859ATP
XXXXXXXXYWWV

Null=Regular package
XXXXXXXX: Wafer lot
Y: Year

WW: Week
V: Assembly location

P: Z= Lead free + RoHS compatible

*Marking for SG6859ADZ (Pb-free)

8

[ L[ 11 11

£ ZXYTT

6859A
TPM

F- Fairchild logo

Z- Plant Code

X- 1 digit year code

Y- 1 digit week code

TT: 2 digits die run code
T: Package type (D=DIP)
P: Y: Green package

M: Manufacture flow code

*Marking for SG6859ADY (Green compound)

Figure 3. Top Mark
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Figure 4. SSOT-6 Pin Configuration

Pin Configurations

Pin Definitions

GATE O = 0 GND
VDD [ ‘0 FB
NC O 51 NC

SENSE [« 50 RI

Figure 5. DIP-8 Pin Configuration

DIP @88l Name |Description
Pin# | Pin# P

1 6 GATE | The totem-pole output driver for driving the power MOSFET.

2 5 VDD Power supply.

3 NC No connection
Current sense. This pin senses the voltage across a resistor. When the voltage
reaches the internal threshold, PWM output is disabled. This activates over-current

4 4 SENSE ; W - . . >
protection. This pin also provides current amplitude information for current-mode
control.

A resistor connected from the RI pin to ground generates a constant current source
used to charge an internal capacitor and determine the switching frequency.

5 3 RI Increasing the resistance reduces the amplitude of the current source and the
switching frequency. A 95kQ resistor R, results in a 50pA constant current |, and a
70kHz switching frequency.

6 NC No connection
Feedback. The FB pin provides the output voltage regulation signal. It provides

7 2 FB feedback to the internal PWM comparator, so that the PWM comparator can control
the duty cycle.

8 1 GND | Ground.
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Absolute Maximum Ratings

Stresses exceeding the absolute maximum ratings may damage the device. The device may not function or be
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. The absolute maximum ratings are stress ratings only.

1. All voltage values, except differential voltages, are given with respect to GND pin.
2. Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device.

Symbol Parameter Min. Max. Unit
Vvbp DC Supply Voltage“‘ 2) 30 \%
VEs Input Voltage to FB Pin -0.3 7.0 \Y
Vsense Input Voltage to Sense Pin -0.3 7.0 \%
Ty Operating Junction Temperature 150 °C
Oya Thermal Resistance (Junction-to-Air) DT 208 oW
DIP 113 °C/W
Tstc Storage Temperature Range -55 +150 °C
TL Lead Temperature (Wave Soldering or IR, 10 Seconds) +260 °C
ESD Electrostatic Discharge Capability, Human Body Model 3.5 kV
Electrostatic Discharge Capability, Machine Model 200 \Y
Notes:
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Electrical Characteristics
Unless otherwise noted, Vpp=15V and Ta=25°C.
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Symbol Parameter Conditions Min. Typ. | Max. | Units
Vpp Section
Vop-op | Continuously Operation Voltage 22 \%
Vpp-on | Turn-on Threshold Voltage 15.5 16.5 17.5 V
Vop-orr | Turn-off Threshold Voltage 8.5 9.5 10.5 \%
Ipp-st | Startup Current Vpp=Vpp-on — 0.1V 9 15 MA
Iop-op | Operating Supply Current Vpp=15V, C.=1nF 3.0 3.5 mA
Vpp-ove | Vop Over-voltage Protection Level Auto Restart 24 25 26 \Y,
to-vooove | Vop Over-voltage Protection Debounce Auto Restart 125 us
Voo, oFF Vpp Low-threshold Voltage to Exit Vpp-oFF Vv
Green-off Mode +1
Feedback Input Section
Zrs Input Impedance 5 kQ
Vegs-oren | FB Output High Voltage 5 \Y,
Ves-oL | FB Open-loop Trigger Level 4.3 4.6 4.9 \%
to.or | Delay of FB Pin Open-loop Protection 56 ms
Veen | Green-Mode Entry FB Voltage 2.60 2.85 3.10 \%
Vrsc | Green-Mode Ending FB Voltage 2.2 \%
Sc Green-Mode Modulation Slope Ri=95kQ 40 75 100 Hz/mV
Current-Sense Section
Zsense | Input Impedance 10 kQ
trp Delay to Output 40 55 100 ns
VsturL | Flat Threshold Voltage for Current Limit 1 \%
Vsthva | Valley Threshold Voltage for Current Limit 0.75 0.80 0.85 \Y,
ties Leading-Edge Blanking Time 270 320 370 ns
DCYsaw |Duty Cycle of SAW Limit 40 %
Oscillator Section
Center Frequency 65 70 75
Fosc Frequency Ri=95kQ kHz
Hopping Range 4.9
Thor Hopping Period Ri=95kQ 3.7 ms
Fosc-c | Green-Mode Frequency Ri=95kQ 20 kHz
Fov Frequency Variation vs. Vpp Deviation Vpp=13.5 to 22V 0 0.02 2.00 %
For Eree\;?lajteicr)]r?y Variation vs. Temperature Ta=-20 to 85°C 2 %
Output Section
DCYwmax | Maximum Duty Cycle 62 67 72 %
Veate-L | Output Voltage Low Vop=15V, 1,=20mA 14 \%
Veate-H | Output Voltage High Vpp=13.5V, 1,=20mA 8 \Y,
tr Rising Time Vpp=15V, C.=1nF 150 ns
tf Falling Time Vpop=15V, C.=1nF 55 ns
Veare- Output Clamp Voltage Vpp=22V 16 17 18 \Y
CLAMP
© 2007 Fairchild Semiconductor Corporation www.fairchildsemi.com
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Typical Performance Characteristics
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Typical Performance Characteristics
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Operation Description

SG6859A devices integrate many useful designs into
one controller for low-power, switch-mode power
supplies. The following descriptions highlight some of
the features of the SG6859A series.

Startup Current

The startup current is only 9uA. Low startup current
allows a startup resistor with high resistance and 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 240V ac).

Operating Current

The operating current has been reduced to 3mA. The
low operating current results in higher efficiency and
reduces the Vpp hold-up capacitance requirement.

Green-Mode Operation

The proprietary green-mode function provides off-time
modulation to linearly decrease the switching frequency
under light-load conditions. On-time is limited to provide
stronger protection against brownouts and other
abnormal conditions. The feedback current, which is
sampled from the voltage feedback loop, is taken as the
reference. Once the feedback current exceeds the
threshold current, the switching frequency starts to
decrease. This green-mode function dramatically
reduces power consumption under light-load and zero-
load conditions. Power supplies using the SG6859A
can meet even the strictest regulations regarding
standby power consumption.

Oscillator Operation

A resistor connected from the RI pin to ground
generates a constant current source used to charge an
internal capacitor. The charge time determines the
internal clock speed and the switching frequency.
Increasing the resistance reduces the amplitude of the
input current and the switching frequency. A 95kQ R,
resistor results in a 50uA constant current |, and a
70kHz switching frequency. The relationship between R,
and the switching frequency is:

6650

frwm = R(KQ)

(kHz) (1)

Leading-Edge Blanking

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 320ns leading-
edge blanking time is built in. Conventional RC filtering
can be omitted. During this blanking period, the current-
limit comparator is disabled and cannot switch off the
gate driver.

Constant Output Power Limit

When the SENSE voltage across the sense resistor,
Rs, reaches the threshold voltage (around 1V), the

output GATE drive is turned off following a short
propagation delay, tep. This propagation delay
introduces an additional current proportional to
tro-Vin/Lp. The propagation delay is nearly constant,
regardless of the input line voltage Vn. Higher input line
voltages result in larger additional currents. At high
input line voltages, the output power limit is higher than
at low input line voltages. To compensate for this output
power limit variation across a wide AC input range, the
threshold voltage is adjusted by adding a positive ramp.
This ramp signal rises from 0.8V to 1V, then flattens out
at 1V. A smaller threshold voltage forces the output
GATE drive to terminate earlier, which reduces the total
PWM turn-on time and makes the output power equal to
that of low line input. This proprietary internal
compensation ensures a constant output power limit for
a wide AC input voltage range (90Vac to 264Vac).

Under-Voltage Lockout (UVLO)

The turn-on and turn-off thresholds are fixed internally
at 16.5V and 9.5V. During startup, the hold-up capacitor
must be charged to 16.5V through the startup resistor to
enable the SG6859A. The hold-up capacitor continues
to supply VDD until power can be delivered from the
auxiliary winding of the main transformer. Vpp must not
drop below 9.5V during this startup process. This UVLO
hysteresis window ensures that hold-up capacitor is
adequate to supply Vpp during startup.

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
17V Zener diode to protect 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. The SG6859A has a
synchronized, positively-sloped ramp built-in at each
switching cycle. The slope of the ramp is:

0.36 x Duty
Duty(max.)

)

Noise Immunity

Noise from the current sense or the control signal can
cause significant pulse-width jitter, particularly in
continuous-conduction mode (CCM). 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 SG6859A, and increasing
power MOS gate resistance improve performance.
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Figure 16. Reference Circuit
BOM
Reference Component Reference Component
BD1 BD 1A/500V L2 10pH 6mm
CX1 (Optional) XC 0.1pF Q1 MOSFET 1A/600V
CY1 (Optional) YC 102P/400V (Y1) R1,R2 R 750KQ 1206
C1 CC 103P/500V R3,R4 R 47KQ 1206
C2 EC 10uF/400V 105°C R5 R 47Q 1206
C3 CC 102P/500V R6 R 4.7Q 1206
C4 EC 10uF/50V R7 R 100Q 0805
C6 CC 472P 0805 R8 R 10Q 1206
C7 (Optional) CC 102P/100V 1206 R9 R 100KQ 0805
C8 EC 470pF/10V 105°C R10 (Optional) R 10Q 1206
C9 EC 220pF/10V 105°C R11 R 100Q 1/8W
c10 CC 222P 0805 R12 R 33KQ 0805
c11 N.C. R13 R 33KQ 1/8W
D1 Diode FRI07 R14 R 4.7KQ 0805
D2 Diode FR102 R15 R 0Q 0805
D4 Diode SB360 T1 EE-16
D5 (Optional) ZD 6.8V 0.5W U1 IC SGB859A
F1 R 10/0.5W U2 PC817
L1 20mH 6+8mm U3 TL431
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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.

D) DIMENSIONS AND TOLERANCES PER
ASME Y14.5M-1994

the warranty therein, which covers Fairchild products.

http://www.fairchildsemi.com/packaging/.

C) DIMENSIONS ARE EXCLUSIVE OF BURRS,
MOLD FLASH, AND TIE BAR EXTRUSIONS.

0.356__
0.20

E) DRAWING FILENAME AND REVSION: MKT-NO8FREV2.

Figure 17. 8-Pin, Dual Inline Package (DIP)
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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

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:
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Physical Dimensions (Continued)
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UNLESS OTHERWISE SPECIFIED

THIS PACKAGE CONFORMS TO JEDEC MO—-193.
VAR. AA, ISSUE C, DATED JANUARY 2000.
ALL DIMENSIONS ARE IN MILLIMETERS.

6-Pin, SSOT-6 Package

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://www.fairchildsemi.com/packaging/.
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Physical Dimensions (Continued)
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6-Pin, SOT-26 Package

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

Always visit Fairchild Semiconductor’s online packaging area for the most recent package drawings:

NOTES:

A. THIS PACKAGE CONFORMS TO JEDEC MO-178,

VARIATION AB.
. ALL DIMENSIONS ARE IN MILLIMETERS.

DOES NOT INCLUDE MOLD FLASH, PROTRUSIONS
OR GATE BURRS.
DOES NOT INCLUDE INTERLEAD FLASH OR
PROTRUSIONS.

E. DIMENSIONS AND TOLERANCING AS PER ASME
Y14.5M-1994

F. DRAWING FILE NAME: MAOGEREV2
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TRADEMARKS

The following includes registered and unregistered trademarks and servce marks, owned by Fairchild Semiconductor andfor its global subsidianes, and is not

intznced to be an exhaustve list of all such rademarks

AccuP awer™
Auta-SPMT®
Build it Mawm
CorePLUS™
CorePCWER™
CROSSVOLT™
CTL™

Current Transfer Logic™
DEUXPEED®
EcoSPARKE
Efficienthd ax™
EZSWITCH™

=

®

Fairchild®

Fairchild Sermiconductor®
FACT Cuiet Series™
FALC

FAST®

FastvCore™

FETEench™

Flashiriter™
FPsm
F-PFS™
FRFET®

S
Global Power Resource

Green FPS™

Green FPS™ e-Series™

Grmax™
GTO™
Intellifd AT
|SOPLANARTS
MegaBuck™
MICROCCOUPLER™
MicroFET™
MicroPak™
MillerDrive™
Maotionh ax™
Mation-SPM™
OPTOLOGIC®
CPTORLANAR®
®

PDP SPM™

Power-SPh™

PowerTrench

Powerxsm

Prograrmahle Active Droop™
QFET®

Q5™

Quiet Series™
RapidConfigure™

T

Sawving ourwarld, TrmWAAIKY at a3 time™
SignalWise™
Smarthax™
SMART START™
SPM®
STEALTH™
SuperFET™
SupersdT™3
SupersCT™-6
SupersCT™-8
SupreMQs™
SyncFET™
Sync-Lock™

* Trademarks of Systern General Corporation, used underlicense by Fairchild Sermiconductor.

SYSTEM ®*
GENERAL

The Power Franchise®
B wer
pfrnnm:a
TinyEoostm™
TinyBuck™
TinyCalc™
TinyLogic®
TIMYOFTO™
TinyPowerm™
TinyPyyhT
Tirs\Mire™

TriFault Detect™
TRUECURRENT™
wSerDes™

Des
UHC®
Ultra FRFET™
UniFET™
WCH™
Yisualhlax™
){STM

DISCLAIMER

FAIRCHILD SEMICCNDUCT OR RESERVES THE RIGHT TO MAKE CHANGES WITHOUT FURTHER NOTICE TO ANY PRODUCTS HEREIN TO IMPRCVE
RELIABILTY, FUNCTION, OR DESIGN. FAIRCHILD DOES NOT ASSUME ANY LIABILITY ARISING QUT OF THE APPLICATICN DR USE OF ANY PRODCUCT OR.
CIRCUIT DESCRIBED HEREIN; NEITHER DCES IT CONYEY ANY LICENSEUNDERITS PATENT RIGHTS, NOR THE RIGHTS CF OTHERS. THESE
SPECIFICATIONS DO NCT EXPAND THE TERMS OF FAIRCHILD'S WCRLOWIDE TERMS AND CCNDITIONS, SPECIFICALLY THE WARRANTY THEREIN,

WWHICH COWVERS THESE PRODUCTS.

LIFE SUPPORT POLICY

FAIRCHILD'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS I LIFE SUPPCORT DEVICES OR SYSTEMS WITHOUT THE

EXPRESS WHRITTEMN APPROVAL OF FAIRCHILD SEMICONDUCT OR CORPORATICN.

As used herein

1. Life support devices or systems are devices or systems which, (a) are
intended for surgical implant into the body or (b) support ar sustain life,
and [c) whose failure to perform when properly used in accardance
with instructions for use provided in the labeling, can be reasonahbly

expected to result in a significant injury of the user.

safety or effectiveness.

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

Fairchild Sermiconductor Comporation's Ant-Counterfeiting Policy. Fairchild's Ant-Counterfeiting Policy is also stated on our extemal website, wise fairchildsermi.com,

under Sales Suppart.

Courterfeiing of semiconductor parts is a growing problermin the industry. All manufacturers of sermiconductor products are experiendng counterfeiting of their parts.
Customerswho inacvertently purchase counterfeit parts experience many 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
counterfett parts. Fairchild strongly encourages customers to purchase Fairchild parts either directy from Fairchild ar from Authonzed Fairchild Distrbutors who are
listed by country on our web page dted above. Products custarmers buy either from Fairchild directly or from Authorized Fairchild Distributars are genuine parts, have
full traceahility, meet Fairchild's quality standards for handing and storage and provide access to Fairchild's full range of up-to-date technical and product information.
Fairchild and our Autharized Distributorswill stand behind allwamanties and will appropriately address any warranty issues that may arise. Fairchild will not pravide
ary warranty coverage or other assistance for parts bought from Unauthonzed Sources. Fairchild is committed to combat this global problem and encourage our

custormers to do their part in stopping this practice by buying direct or from authorized distributars.

PRODUCT STATUS DEFINITIONS

Definition of Terms

Datasheet Identification

Product Status

Definition

Advance Information

Formative / In Design

Datasheet contains the design specifications for product development. Specifications may change in
any manner without notice.

Preliminary

First Production

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

Mo Identification Needed

Full Production

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

Ohsolete

Mot In Production

Datasheet contains specifications on a product that is discontinued by Fairchild Semiconductor
The datasheet is far reference information only
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