=m UNITRODE

uC1584
uC2584
UC3584

Secondary Side Synchronous Post Regulator

FEATURES

 Practical Operation at Switching
Frequencies up to 1MHz

* Wide Band Error Amplifier

» Undervoltage Lockout with Hysteresis

e Output Active Low During UVLO

 Soft Start/Maximum Duty Cycle

Control

e Trimmed Bandgap Reference

* Internally Regulated 15V Boost

Supply

» Short Circuit Protection with
Programmable Delay

TYPICAL APPLICATION DIAGRAM.

DESCRIPTION

The UC3584 is a low voltage, Secondary Side Synchronous Post Regula-
tor. It is intended to be used for auxiliary output voltage regulation in single
secondary winding, multiple output power supplies (for more details refer
to the Application Section of this Data sheet). The UC3584 is most suited
for systems where the main output is regulated between 5V and 14V. Out-
put voltages regulated by the UC3584 can range from virtually OV up to
the output voltage of the main output.

Auxiliary output voltage regulation with the UC3584 uses leading edge
modulation making it compatible to primary side peak current or voltage
mode control. The UC3584 clock circuit is synchronized to the switching
frequency utilizing the falling edge of the transformer’s secondary winding
waveform.
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ABSOLUTE MAXIMUM RATINGS

uC1584
uC2584
UC3584

—65°C to 150°C
-55°C to 150°C

........ 300°C

Currents are positive into, negative out of specified terminal.
Consult Packaging Section of Databook for thermal limitations

Supply Voltage . ........... . 20V Power Dissipation at TA=60°C ............
VeLTVoltage ... ..o 50V, 30V at 2A Storage Temperature . ..............c.....
Supply Current . .. ... 50mA Junction Temperature. .. .................
Analog Inputs. .. ... —0.3to 20V Lead Temperature (Soldering, 10 sec.). . .. ..
SYNC Maximum Sink Current. .. .................. 600pA

PWM DriVer, loyT v v ve e e + 300mA

PWM Driver, loytr (Peak). ................ ... .... +1.5A and considerations of packages.

Maximum Operating Frequency . ................... 1MHz

CONNECTION DIAGRAMS

ORDERING INFORMATION

. TEMPERATURE RANGE | PACKAGE
DIL-16, SOIC-16 (Top View
3 N or DW Packa(ges ) UC1584J —55°C to +125°C CDIP
’ Y UC2584DW —40°C to +85°C SoIC-Wide
Fa[1] 8] SYNG UC2584N PDIP__
UC3584DW 0°C to +70°C SOIC-Wide
COMP [ 2] 15 cT UC3584N PDIP
ss|[3] 14| RT
CDLY [4] 13] VREG
GND [ 5| 12 vee
SRC [ 6| [11]BST2
out|[7] 10| PGND
VFLT [8] (9]BST1

ELECTRICAL CHARACTERISTICS: Unless otherwise specified, Ta = 0°C to 70°C for the UC3584, —40°C to 85°C for
the UC2584, and —55°C to 125°C for the UC1584, VCC = 15V. TAo=Tj.

PARAMETERS | TEST CONDITIONS | min [TYPE [ MAX |uniTs
Error Amplifier
FB COMP = FB 1468 | 1.5 | 1.532 \
IFB Vcowmp = VEB 150 300 450 nA
COMP VoL FB = 1.6V, lcomp = 200pA 50 400 mV
COMP VoH FB = 1.4V, Icomp = —200pA 5.1 55 7 \
AVOL 60 80 dB
PSRR (COMP) COMP = FB, VCC =14V to 16V 60 dB
GBW Product F = 100kHz 5 10 MHz
Oscillator
Frequency Rt = 3.75k, C1 = 400pF, No Synchronization 500 kHz
Ramp Low Rt = 3.75k, Ct = 400pF, No Synchronization 1.75 V
Ramp High Rt = 3.75k, Ct = 400pF, No Synchronization 3.5 V
Ramp Amplitude Rt = 3.75k, C1 = 400pF, No Synchronization 1.75 V
PWM
Maximum Duty Cycle COMP =45V 90 %
Minimum Duty Cycle COMP =0V 0 %
PWM DRIVER
VsaT High VELT = VourT, lout = —100mA 2.5 3 V
VsaTt Low Vout — Vsre, lout = 50mA 0.8 2.2 \
TrRISE Load = 1nF, SRC = 0V, Measure Voyr 1V to 9V 75 100 ns
TEALL Load = 1nF, SRC = 0V, Measure Voyr 9V to 1V 25 100 ns
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uC1584
uC2584
UC3584

ELECTRICAL CHARACTERISTICS: Unless otherwise specified, Ta = 0°C to 70°C for the UC3584, —40°C to 85°C for the
UC2584, and —55°C to 125°C for the UC1584, VCC = 15V. To=T,;.

| MN [TYPE | MAX [UNITS

PARAMETERS ‘ TEST CONDITIONS

Soft Start

Charge Current 30 pHA

Discharge Current 1 mA

SS Delay Cgs = 500nF 50 ms
Fault Latch

Charge Current 30 A

Discharge Current 5 mA

Fault Latch Delay CDLY =500nF 50 ms
UVLO

VCC On 10.5 V

Hysteresis 1.7 Vv
Regulated Voltage

VReG Ire = OMA to 1mA | 48 | | 52 | v
VCC Regulator

VCC Boost inductor connected to 5V 14 15 16 V

Icc No Load, Boost Circuitry Inactive 12 40 mA

No Load, Boost Circuitry Active (Note 1) 55 mA

Note 1: Guaranteed by design.

BLOCK DIAGRAM

Not 100% tested in production.
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PIN DESCRIPTIONS

BST1: Collector of the boost switch. This is the
connection point of the external boost inductor and boost
diode. The boost converter generates the bias supply for
the UC3584 from the regulated 5V output.

BST2: See BST1. BST2 must be connected externally
to BST1 pin.

CDLY: Delay Set. External CDLY capacitor sets the
delay from the time Short Circuit condition is detected
and Fault Condition is asserted.

COMP: Output of the Voltage Error Amplifier.

CT: Connect the Timing Capacitor between CT and GND.
FB: Inverting Input of the Voltage Error Amplifier.

GND: Analog System Ground.

OUT: Output of the floating driver for an external,
N-channel MOSFET.

PGND: Power Ground. This is the reference node for the
boost bias supply regulator. PGND and GND must be
connected externally.

uC1584
uC2584
UC3584

RT: A Timing Resistor connected between RT and GND
sets the discharge current of the timing capacitor.

SRC: Source connection of the floating driver to the
external switch.

SS: Soft Start. An external capacitor is connected
between SS and GND to set the duration of the Soft
Start cycle.

SYNC: Synchronization Pin. The UC3584 is
synchronized from the falling edge of the transformer’s
secondary winding. Voltage must exceed 1V at minimum
input line.

VCC: Bias supply of the chip, approximately 15V. This is
also the output of the boost regulator. The VCC pin must
be decoupled to PGND.

VFLT: Positive rail of the floating driver’'s bias supply.
Decouple to SRC using a high frequency (ceramic)
capacitor.

VREG: Output of the internal 5V regulated supply. Must
be decoupled to GND.

APPLICATION INFORMATION
Biasing the UC3584

Bias supply for the UC3584 is generated from the main
output of the power supply by a boost regulator. The in-
ductor, diode and capacitor of the boost converter are ex-
ternal components, while the boost switch is internal to
the chip. The boost converter operates in a burst mode
with a built-in hysteresis of approximately 1V centered at
15V. This is a bang-bang controller and when enabled
has a fixed duty cycle of 75%.

Undervoltage Detection

The UVLO circuit of the UC3584 monitors the voltage on
VCC. During power up and power down, the pulse width
modulator and the output driver are disabled and OUT is
held active low. Operation is enabled when VCC reaches
10.5V. The UVLO circuitry has a built-in hysteresis of
1.7V (10.5V to 8.8V) thus VCC must drop below 8.8V in
order to assert UVLO again.

Precision Reference

An internal precision bandgap reference provides accu-
rate voltages to the error amplifier and other control sec-
tions of the IC. A buffered 5V regulated voltage is also
available for external circuitry on the VREG pin. This pin
must be decoupled to the signal GND connection by a
good quality high frequency capacitor.

Oscillator and Trailing Edge Synchronization

The UC3584 is outfitted with a synchronizable oscillator
which also generates a ramp signal across the CT capac-
itor for the PWM comparator. For easy implementation of
the leading edge pulse width modulation technique, the
oscillator has an inverted ramp waveform as shown in
Fig. 1. The free running oscillator frequency is deter-
mined by the timing components, RT and CT, according
to the following approximate equations:

. :BLBU

(1-Dpyax O
2-(8.2x10% - )

(Rr - CT)O'9

osc =

where

Rt is the timing resistor, its value should be between
1kQ and 100kQ,

Crt is the timing capacitor,
Dwmax is the desired maximum duty cycle, and
fosc is the free running oscillator frequency.

Figure 2 graphically depicts the measured frequency
data.



APPLICATION INFORMATION (cont.)

uC1584
uC2584
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Figure 1. Trailing edge synchronization, leading edge modulation.

Edge Modulation

During normal operation the oscillator must be synchro-
nized to the falling edge of the transformer secondary
waveform. Synchronization is achieved by connecting
SYNC to the secondary winding via a resistor divider.
The resistor divider must be chosen to provide a SYNC
pin voltage in excess of 1V at the lowest operating volt-
age on the transformer secondary winding. The UC3584
will generate a narrow internal synchronization pulse
which will synchronize the oscillator to the switching fre-
guency of the main converter.

PWM and Output Driver

The UC3584 employs leading edge modulation tech-
nigue to set the required on time of its output. Leading
edge modulation is preferred for secondary side regula-
tion in multiple output converters to prevent ambiguity in
the primary current waveform. In fact, this is the only fea-
sible technique to preserve compatibility with primary
side peak current mode control.

As Fig. 1 depicts the UC3584 utilizes voltage mode con-
trol to regulate output voltage. The output pulse width
(the on-time of the MOSFET switch) is determined on a
cycle-by-cycle basis by comparing the output of the volt-
age error amplifier and the ramp waveforms across the
timing capacitor. OUT is asserted when the voltage on
COMP exceeds the voltage on CT. There are three more
conditions which must be satisfied to obtain an active
high on the OUT pin. These conditions are:

1. VCC within normal range (UVLO is inactive),
2. No fault condition is detected,
3. Cr is discharging.

During the fast charging time of the Ct capacitor is held
low.

Ultimately, the output of the PWM circuitry controls the
conduction interval of an external N-channel MOSFET
switch in the power supply. The UC3584 employs an
on-board, floating gate driver circuit to interface to the
external switch. An external capacitor connected be-
tween VFLT and SRC acts as a floating power supply for
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APPLICATION INFORMATION (cont.)

the driver during the on-time of the switch. Charge is be-
ing replenished to the bootstrap capacitor during the
off-time of the switch through the bootstrap diode con-
nected between VCC and VFLT as shown in the typical
application diagram.

Soft Start

The UC3584 Soft Start circuitry is designed to implement
closed loop startup of the power supply output. During
Soft Start, the reference to the noninverting input of the
error amplifier is controlled by the voltage across the soft
start capacitor on SS. As this voltage rises, it provides an
increasing reference to the error amplifier. Once the soft
start capacitor charges above the 1.5V precision refer-
ence of the error amplifier, SS gets disconnected from
the noninverting input of the error amplifier. This tech-
nigue allows the error amplifier to stay in its linear mode
and to regulate the output voltage of the power supply
according to the gradually increasing reference voltage
on its noninverting input. Further advantage of the closed
loop start up scheme is the absence of output voltage
overshoot during power up of the power supply output.

Fault Detection

Fault Detection feature is implemented to detect exces-
sive overload conditions. Under these conditions the er-
ror amplifier output goes high to command the maximum
duty cycle. As soon as the error amplifier’s output ex-
ceeds 5V, the fault delay capacitor connected to the
CDLY pin starts charging. If Cpy capacitor voltage
reaches 2V before the error amplifier output falls back

UNITRODE CORPORATION
7 CONTINENTAL BLVD. « MERRIMACK, NH 03054
TEL. (603) 424-2410 FAX (603) 424-3460

uC1584
uC2584

below 5V, a fault condition is declared, the PWM output
is disabled and soft start cycle is initiated. Under persis-
tent fault conditions the UC3584 will continuously cycle
through soft start sequence, attempting to bring the out-
put to its regulated, nominal voltage. The value of CbLy
capacitor should be chosen large enough to delay the
activation of the fault sequence in case of load transients
which can also cause the error amplifier output to go
high temporarily.

Error Amplifier

The Error Amplifier of the UC3584 is used to regulate the
voltage of an auxiliary output in a power supply. The
noninverting input of the error amplifier is connected to
an internal, 1.5V reference. The inverting input (FB pin)
is tied to an output voltage divider. The compensation
network of the negative feedback loop is connected be-
tween the amplifier's output (COMP pin) and FB. The
noninverting input of the error amplifier is also connected
to the SS node through a diode. This arrangement allows
closed loop soft start for the output of a power supply
regulated by the UC3584. Closed loop soft start assures
that the error amplifier is kept in active mode and the out-
put voltage of the converter follows the reference voltage
on its noninverting input as it ramps up (following the SS
node). If a fault condition is detected, SS node gets
pulled to ground, forcing the error amplifier’s reference
low. Consequently, the error amplifier’s output voltage
goes low and duty cycle is reduced.
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
uUC3584DW OBSOLETE SOIC DW 16 TBD Call TI Call Tl
UC3584DWTR OBSOLETE SOIC DW 16 TBD Call Tl Call Tl
UC3584N OBSOLETE PDIP N 16 TBD Call Tl Call Tl

O The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TlI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sbh) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

®) MsL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is
provided. Tl bases its knowledge and belief on information provided by third parties, and makes no representation or warranty as to the
accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take
reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on
incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited
information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by TI
to Customer on an annual basis.

Addendum-Page 1
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers Emplifier-i.com Audio [pww Ti.com/audid

Data Converters Fataconverterir.com Automotive [vww Tr.com/automofiv

DSP Esp-ii.con Broadband [pww i.com/broadband

Clocks and Timers [www i-com/clocky Digital Control [pww ir-com/digitalcontrol

Interface [nierface-fi.com Medical [pww Ti.com/medical

Logic [ogicircon Military [vww i-com/militany

Power Mgmt power-i.com Optical Networking [xww Ti.com/opficalnetwor

Microcontrollers [nicrocontroller-t.com Security [nww r-com/secur

RFID ‘ i .CO Telephony lvww.tr.com/telephony

RF/IF and ZigBee® Solutions [WWw.ir.com/Ipr Video & Imaging vww Tr.com/vided
Wireless [vww T.com/wirelesy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2008, Texas Instruments Incorporated
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