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OFF-LINE POWER SUPPLY CONTROLLER

FEATURES

e Transformerless Off-Line Power Supply
¢ Wide 100-VDC to 400-VDC Allowable Input

Range

¢ Fixed 5-VDC or Adjustable Low-Voltage

Output

¢ OQutput Sinks 200 mA, Sources 150 mA Into a

MOSFET Gate
¢ Uses Low-Cost SMD Inductors
e Short Circuit Protected
e Optional Isolation Capability

TYPICAL APPLICATION

DESCRIPTION

The UCC3888 controller is optimized for use as an
off-line, low-power, low-voltage, regulated bias
supply. The unique circuit topology utilized in this
device can be visualized as two cascaded flyback
converters, each operating in the discontinuous
mode, both driven from a single external power
switch. The significant benefit of this approach is the
ability to achieve voltage conversion ratios as high
as 400 V to 2.7 V with no transformer and low
internal losses.

The control algorithm utilized by the UCC3888 sets
the switch on time inversely proportional to the input
line voltage and sets the switch off time inversely
proportional to the output voltage. This action is
automatically controlled by an internal feedback loop
and reference. The cascaded configuration allows a
voltage conversion from 400 V to 2.7 V to be
achieved with a switch duty cycle of 7.6%. This
topology also offers inherent short circuit protection
because as the output voltage falls to zero, the
switch-off time approaches infinity.

The output voltage is set internally to 5 V. It can be
programmed for other output voltages with two
external resistors. An isolated version can be
achieved with this topology as described further in
Unitrode Application Note U-149.
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THEORY OF OPERATION

With reference to the application diagram below, when input voltage is first applied, the current through Rgy into
Ton IS directed to V¢ where it charges the external capacitor, C3, connected to V. As voltage builds on Vg,
an internal undervoltage lockout holds the circuit off and the output at DRIVE low until V¢ reaches 8.4 V. At this
time, DRIVE goes high, turning on the power switch, Q1, and redirecting the current into Toy to the timing
capacitor, C;. C; charges to a fixed threshold with a current Iy = 0.8 ¢ (V,y — 4.5 V)/Rpy. Because DRIVE is
high only as long as C; charges, the power switch on time will be inversely proportional to line voltage. This
provides a constant (line voltage) « (switch on time) product.

At the end of the on time, Q1 is turned off, and the current through Rgy is again diverted to Vcc. Thus the
current through Rgy, which charges C; during the on time, contributes to supplying power to the chip during the
off time.

The power switch off time is controlled by the discharge of C+, which, in turn, is programmed by the regulated
output voltage. The relationship between C; discharge current, Ipcng, @nd output voltage is illustrated as follows:
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Region 1. When Vgt = 0, the off time is infinite. This feature provides inherent short circuit protection. However,
to ensure output voltage startup when the output is not a short, a high-value resistor, Rg, is placed in parallel
with C; to establish a minimum switching frequency.

Region 2. As Vg rises above approximately 0.7 V to its regulated value, Ipcng is defined by Rqgr, and is equal
to:

loche = (Vour— 0-7V) / Ropr

As Vgt increases, Ipcye increases reducing off time. The operating frequency increases and Vgt rises quickly
to its regulated value.

Region 3. In this region, a transconductance amplifier reduces Ipcyg to maintain a regulated Vg t-

Region 4. If Vour should rise above its regulation range, Ipcye falls to zero and the circuit returns to the
minimum frequency established by Rg and C;.
The range of switching frequencies is established by Ry, Roee, Rs, and Cy as follows:
Frequency = 1/(Ton + Torp)
Ton = Ron® Cr* 4.6 VI(Viy—4.5V)
Torg (Max) = 1.4 « Rge C; Regions 1 and 4
Toee = Rope* Cr* 3.7 VI(Vout — 0.7 V) Region 2, excluding the effects of Rg, which have a minimal impact
on Topg.

The above equations assume that V. equals 9 V. The voltage at Ty increases from approximately 2.5 V to
6.5 V while C; is charging. To take this into account, V,y is adjusted by 4.5 V in the calculation of Toy. The
voltage at Toee is approximately 0.7 V.
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DESIGN EXAMPLE

The UCC3888 regulates a 5 volt, 1 Watt nonisolated DC output from AC inputs between 80 and 265 volts. In this
example, the IC is programmed to deliver a maximum on time gate drive pulse width of 2.2 microseconds which
occurs at 80 VAC. The corresponding switching frequency is approximately 100 kHz at low line, and overall
efficiency is approximately 50%. Additional design information is available in Unitrode Application Note U-149.

0.25A
S -
IN4006 gi D1
RoN %2'“”01 N4937
330k uccsasss I
0.15uF 150V
| o22,F 8|Ton  vour |3} =
7T 450V ROFF J
80k
Meozes [4faps Tore |2 e B Kiicn
VAC 1N4150 D3
=1 1
i|cT Vee | 7] < N 5.V
L OUTPUT
- 1N4935
2°0T [15]eND DRIVE E—JH M .
P L3 L2 Bk
Lcs % 3 —c2
T 1uF/25V 10mH 18uH 22yF
RETURN UDG-96014
ABSOLUTE MAXIMUM RATINGS®
VALUE UNIT
| 8
CcC . . mA

Current into Ty Pin 15
Voltage on Voyt Pin 20 \%
Current into Togg Pin 250 HA
Storage temperature —65 to 150 °C

(1) Unless otherwise indicated, voltages are referenced to ground and currents are positive into, negative out of, the specified terminals.
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ELECTRICAL CHARACTERISTICS

Unless otherwise stated, these specifications hold for T, = 0°C to 70°C for the UCC3888, and —40°C to 85°C for the

UCC2888. No load at DRIVE pin (C gpp = 0).

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
General
Ve Zener voltage lcc <1.5mA 8.6 9 9.3 \Y
Startup current Voutr =0 150 250 HA
Operating current I(V¢c) Vee = Vecgeney— 100 mV, F = 150 kHz 12 25| mA
Under-Voltage-Lockout
Start threshold Vour =0 8.4 8.8
Minimum operating voltage after start Vour =0 6.3 6.6 \Y
Hysteresis Vour =0 1.8
Oscillator
Amplitude Vee =9V 35 3.7 3.9 \Y
Ct to DRIVE high propagation delay Overdrive = 0.2 V 100 200
Ct to DRIVE low propagation delay Overdrive = 0.2 V 50 100 ns
Driver
=20 mA, Vec =9V 0.15 0.4
VOL
I =100 mA, Ve =9V 0.7 1.8 v
I ==20 mA, Vec =9V 8.5 8.8
VOH
=-100 MA, Vec =9V 6.1 7.8
Rise time Cloap =1 nF 35 70
Fall time Cloap =1 nF 30 60 ns
Line Voltage Detection
Charge coefficient: Icye/I(Ton) VCT =3V, DRIVE = High, I(Toyn) =1 mA 0.73 0.79 0.85
Minimum line voltage for fault Ron = 330k 60 80 100 \Y
Minimum current I(Tgy) for fault Ron = 330k 220 pA
On time during fault Ct =150 pF, Vne = Min-1V 2 us
Oscillator restart delay after fault 0.5 ms
Vout Error Amp
Vour regulated 5 V (ADJ open) Vee =9V, Ipche = I(Torp)/2 45 5 5.5
Discharge ratio: Ipcpg / (Torr) I(Tore) = 50 pA 0.9 1 1.1 \%
Voltage at Torge I(Torgp) = 50 pA 0.6 0.95 1.3
Regulation gm(® Max lpcre = 50 HA 24 mA/NV
Max Ipcpg = 125 PA 1.9 4.1 7

(1) gmis defined as

AVout

for the values of Vot when Vgyr is in regulation.

value.

The two points used to calculate gm are for Ipcyg at 65% and 35% of its maximum
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PIN DESCRIPTIONS

ADJ: The ADJ pin is used to provide a 5-V regulated supply without additional external components. Other
output voltages can be obtained by connecting a resistor divider between Vg1, ADJ and GND. Use the formula:

R1+R2
Vour =25V e =00
where R1 is connected between Vg1 and ADJ, and R2 is connected between ADJ and GND. R1 || R2 should

be less than 1 kQ to minimize the effect of the temperature coefficient of the internal 30-kQ resistors, which also
connect to Vo, ADJ, and GND. See Figure 1.

C; (timing capacitor): The signal voltage at C; has a peak-to-peak swing of 3.7 V for 9 V V¢. As the voltage
at C; crosses the oscillator upper threshold, DRIVE goes low. As the voltage on C; crosses the oscillator lower
threshold, DRIVE goes high.

DRIVE: This output is a CMOS stage capable of sinking 200 mA peak and sourcing 150 mA peak. The output
voltage swing is 0 to Vc.

GND (chip ground): All voltages are measured with respect to GND.

Tore (regulated output control): Toee sets the discharge current of the timing capacitor through an external
resistor connected between Vg1 and Togr.

Ton (line voltage control): Toy serves three functions. When Cy is discharging (off time), the current through
Ton IS routed to V. When Cy is charging (on time), the current through Ty is split 80% to set the C; charge
time and 20% to sense minimum line voltage, which occurs for a Ty current of 220 pA. For a minimum line
voltage of 80 V, Ry is 330 kQ.

The C; voltage slightly affects the value of the charge current during the on time. During this time, the voltage at
the Toy pin increases from 2.5 Vto 6.5 V.

Ve (chip supply voltage): The supply voltage of the device at pin V¢ is internally clamped at 9 V. The device
needs an external supply, from a source such as the rectified ac line or derived from the switching circuit.
Precautions must be taken to ensure that total ICC does not exceed 8 mA.

Vour (regulated output): The Vgt pin is directly connected to the power supply output voltage. When Vg1 is
greater than V¢, Vout bootstraps Vec.
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PIN DESCRIPTIONS (continued)
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Figure 1. Block Diagram
TYPICAL CHARACTERISTICS
Ichg Vs Line Voltage, Rgy =330k, Vo =3V IcHe vs VcT, Ron=330K
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish ~ MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@) Drawing Qty @ ©) @)
UCC3888N OBSOLETE PDIP P 8 TBD Call Tl Call Tl 0to 70 UCC3888N
UCC3888NG4 OBSOLETE PDIP P 8 TBD Call Tl Call Tl 0to 70

@ 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 Sh/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): TI'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, TI 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 Sh/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) 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.

@ Multiple Top-Side Markings will be inside parentheses. Only one Top-Side Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a
continuation of the previous line and the two combined represent the entire Top-Side Marking for that device.

Important Information and Disclaimer: The information provided on this page represents Tl'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 TI 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 Tl to Customer on an annual basis.
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MECHANICAL DATA
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B. This drawing is subject to change without notice.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

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

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

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license 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 significant portions 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. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

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

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of Tl components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation —www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications
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Logic

Power Mgmt
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Wireless Connectivity
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Computers and Peripherals
Consumer Electronics
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Medical

Security
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Video and Imaging
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