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=m UNITRODE

Off-line Power Supply Controller =

FEATURES
* Transformerless Off-line
Applications

* |deal Primary-side Bias Supply

» Efficient BICMOS Design

* Wide Input Range

» Fixed or Adjustable
Low Voltage Output

e Uses Low Cost SMD Inductors

e Short Circuit Protected

* Optional Isolation Capability

TYPICAL APPLICATION

N % UCC1889
= = UCC2889
= = UCC3889

DESCRIPTION

The UCC1889 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 discontinu-
ous mode, and both driven from a single external power switch. The significant
benefit of this approach is the ability to achieve voltage conversion ratios of 400V
to 12V with no transformer and low internal losses.

The control algorithm utilized by the UCC1889 is to force the switch on time to be
inversely proportional to the input line voltage while the switch off time is made in-
versely proportional to the output voltage. This action is automatically controlled by
an internal feedback loop and reference. The cascaded configuration allows a volt
age conversion from 400V to 12V to be achieved with a switch duty cycle greater
than 10%. This topology also offers inherent short circuit protection since as the
output voltage falls to zero, the switch off time approaches infinity.

The output voltage can be easily set to 12V or 18V. Moreover, it can be pro-
grammed for other output voltages less than 18V with a few additional compo-
nents. An isolated version can be achieved with this topology as described further
in Unitrode Application Note U-149.

OPERATION

With reference to the application diagram below, when input voltage is first applied,
the RoN current into ToN is directed to Vcc where it charges the external capacitor,
C3, connected to Vcc. As voltage builds on Vcc, an internal undervoltage lockout
holds the circuit off and the output at DRIVE low until Vcc reaches 8.4V. At this
time, DRIVE goes high turning on the power switch, Q1, and redirecting the current
into ToN to the timing capacitor, CT. CT charges to a fixed threshold with a current
IcHG=0.8 * (VIN - 4.5V)/RoN. Since DRIVE will only be high for as long as Ct
charges, the power switch on time will be inversely proportional to line voltage.
This provides a constant line voltage-switch on time product.
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OPERATION (cont.)

At the end of the on time, Q1 is turned off and the RoN
current into ToN is again diverted to Vcc. Thus the cur-
rent through RoN, which charges Ct1 during the on time,
contributes to supplying control power during the off time.

The power switch off time is controlled by the discharge
of CT which, in turn, is programmed by the regulated out-
put voltage. The relationship between Ct discharge cur-
rent, IDCHG, and output voltage is illustrated as follows:

IDCHG

2 3
1 4
'T T Vout
0.7 12
Regulated
Voltage

1. When Vourt = 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, Rs, is placed in parallel
with CT to establish a minimum switching frequency.

2. As VourT rises above approximately 0.7V to its regu-
lated value, IDCHG is defined by RoFF, and therefore is
equal to:

DESIGN EXAMPLE

UCC1889
uCC2889
UCC3889

IDCHG = (VouT - 0.7V) / ROFF

As Vour increases, IDCHG increases resulting in the
reduction of off time. The frequency of operation in-
creases and VourT rises quickly to its regulated value.

3. In this region, a transconductance amplifier reduces
IDCHG in order to maintain VouT in regulation.

4. If Vout should rise above its regulation range, IDCHG
falls to zero and the circuit returns to the minimum fre-
guency established by Rs and CT.

The range of switching frequencies is established by
RON, ROFF, Rs, and CT as follows:

Frequency = 1/(ToN + TOFF)
ToN=RoON<* CTe 4.6 V/(VIN - 4.5V)

ToFF (max) =14« Rse CT
Regions 1 and 4

ToFr = RoFre CT* 3.7V /(VoOuT - 0.7V)
Region 2, excluding the effects of Rs
which have a minimal impact on ToFF.

The above equations assume that Vcc equals 9V. The
voltage at ToN increases from approximately 2.5V to
6.5V while Cr is charging. To take this into account, VIN
is adjusted by 4.5V in the calculation of TON. The voltage
at TOFF is approximately 0.7V.

The UCC3889 regulates a 12 volt, 1 Watt nonisolated DC output from AC inputs between 80 and 265 volts. In this ex-
ample, the IC is programmed to deliver a maximum on time gate drive pulse width of 2.4 microseconds which occurs
at 80 VAC. The corresponding switching frequency is approximately 100kHz at low line, and overall efficiency is ap-
proximately 50%. Additional design information is available in Unitrode Application Note U-149.
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UCC1889

uCC2889
UCC3889

ABSOLUTE MAXIMUM RATINGS CONNECTION DIAGRAM

ICC. o 5mA :

Currentinto TONPIN. ...... ... ... ... ... ... ..... 1.5mA BIL %’ %O[LC EIS((TOp View)

Voltage onVOUTPIN. ... 20V orJ, ackage

Currentinto TOFFPIN . ... .. ... ... ... .. .. 250uA ~

Storage Temperature . . .................. -65°C to +150°C Cct E 8| Ton

Note: Unless otherwise indicated, voltages are referenced to

ground and currents are positive into, negative out of, the speci- TOFF E 7 |Vcc

fied terminals.

Vour [ 3] 6| DRIVE
ADJ [ 4] 5] GND

ELECTRICAL CHARACTERISTICS Unless otherwise stated, these specifications hold for Ta = 0°C to 70°C for the
UCC3889, -40°C to +85°C for the UCC2889, and -55°C to +125°C for the UCC1889.
No load at DRIVE pin (CLoAD=0).

PARAMETER | TEST CONDITIONS | Min | TYP | Max |uniTs
General
Vcc Zener Voltage Icc < 1.5mA 8.6 9.0 9.3 V
Startup Current VouT =0 150 250 HA
Operating Current [(VouT) Vourt = 11V, F = 150kHz 1.2 25 mA
Under-Voltage-Lockout
Start Threshold VouT =0 8.0 8.4 8.8 V
Minimum Operating Voltage after Start VouTt =0 6.0 6.3 6.6 V
Hysteresis Vout =0 1.8 V
Oscillator
Amplitude Vcc = 9V 3.5 3.7 3.9 V
Cr to DRIVE high Propagation Delay Overdrive = 0.2V 100 200 ns
Ct to DRIVE low Propagation Delay Overdrive = 0.2V 50 100 ns
Driver
VOL | = 20mA, Vcc = 9V 0.15 0.4 Vv
I = 100mA, Vcc = 9V 0.7 1.8 V
VOH | = -20mA, Vcc = 9V 8.5 8.8 Vv
| =-100mA, Vcc = 9V 6.1 7.8 Vv
Rise Time CLoAD = 1nF 35 70 ns
Fall Time CLoAD = 1nF 30 60 ns
Line Voltage Detection
Charge Coefficient: IcHG / I(TON) VCT = 3V, DRIVE = High, I(Ton) = 1mA 0.73 | 0.79 | 0.85
Minimum Line Voltage for Fault Ron = 330k 60 80 100 \Y;
Minimum Current I(Ton) for Fault Ron = 330k 220 MA
On Time During Fault Ct = 150pF, VLINE = Min - 1V 2 S
Oscillator Restart Delay after Fault 0.5 ms
Vourt Error Amp
Vout Regulated 12V (ADJ Open) Vce = 9V, IbcHG = I(ToFF)/2 11.2 | 119 | 12.8 V
VVout Regulated 18V (ADJ = 0V) Vcc = 9V, IpcHG = I(ToFF)/2 165 | 175 | 195 V
Discharge Ratio: IDcHG / [(TOFF) I(ToFF) = 50pA 0.93 | 1.00 | 1.07
Voltage at ToFF I(ToFF) = 50pA 0.6 0.95 1.3 V
Regulation gm (Note 1) Max IbcHG = 50pA 1.0 mA/V
Max IbcHG = 125pA 0.8 1.7 29 | mAN

. ) AlbcHG
Note 1: gm is defined as
AVout

IpcHG at 65% and 35% of its maximum value.

for the values of Vout when Vour is in regulation. The two points used to calculate gm are for



PIN DESCRIPTIONS

ADJ: The ADJ pin is used to provide a 12V or an 18V
regulated supply without additional external components.
To select the 12V option, ADJ pin is left open. To select
the 18V option, ADJ pin must be grounded. For other out-
put voltages less than 18V, a resistor divider between
VouT, ADJ and GND is needed. Note, however, that for
output voltages less than Vcc, the device needs addi-
tional bootstrapping to VVcc from an external source such
as the line voltage. If so, precautions must be taken to
ensure that total Icc does not exceed 5mA.

CT (timing capacitor): The signal voltage across CT has
a peak-to-peak swing of 3.7V for 9V Vcc. As the voltage
on Cr crosses the oscillator upper threshold, DRIVE goes
low. As the voltage on CT1 crosses the oscillator lower
threshold, DRIVE goes high.

DRIVE: This output is a CMOS stage capable of sinking
200mA peak and sourcing 150mA peak. The output volt-
age swing is 0 to Vcc.

GND (chip ground):
spect to GND.

All voltages are measured with re-

ToFr (regulated output control):  Torr sets the dis-
charge current of the timing capacitor through an external

BLOCK DIAGRAM
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resistor connected between VouTt and TOFF.

ToN (line voltage control):  ToN serves three functions.
When Crt is discharging (off time), the current through
ToN is routed to Vcc. When Crt is charging (on time), the
current through ToN is split 80% to set the Ct charge
time and 20% to sense minimum line voltage which oc-
curs for a ToN current of 220pA. For a minimum line volt-
age of 80V, RoN is 330kQ.

The Ct voltage slightly affects the value of the charge
current during the on time. During this time, the voltage at
the ToN pin increases from approximately 2.5V to 6.5V.

Vcc (chip supply voltage): The supply voltage of the
device at pin Vcc is internally clamped at 9V. Normally,
Vcc is not directly powered from an external voltage
source such as the line voltage. In the event that Vcc is
directly connected to a voltage source for additional boot-
strapping, precautions must be taken to ensure that total
Icc does not exceed 5mA.

VourT (regulated output): The Vourt pin is directly con-
nected to the power supply output voltage. When Vour is
greater than Vcc, VouT bootstraps Vcc.
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UCC1889
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TYPICAL WAVEFORMS
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UCC1889

uCccC2889
UCC3889
IcHe vs Line Voltage, RoN=330k, VcT=3V IcHa vs VcT, RoN=330K
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ )

UCC2889D Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 uCcC2889
UCC2889D.A Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 UCC2889
UCC2889DTR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 uCC2889

UCC2889DTR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 uCC2889

UCC3889D Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR Oto 70 UCC3889
UCC3889D.A Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR Oto 70 UCC3889
UCC3889DG4 Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-2-260C-1 YEAR 0to 70 UCC3889
UCC3889DTR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR 0to 70 UCC3889

UCC3889DTR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR Oto 70 UCC3889

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

® |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TlI'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

Addendum-Page 1


https://www.ti.com/product/UCC2889/part-details/UCC2889D
https://www.ti.com/product/UCC2889/part-details/UCC2889DTR
https://www.ti.com/product/UCC3889/part-details/UCC3889D
https://www.ti.com/product/UCC3889/part-details/UCC3889DTR
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088
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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 Tl to Customer on an annual basis.
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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 23-Jul-2025
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
UCC2889DTR SoIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
UCC3889DTR SOIC D 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1

Pack Materials-Page 1



PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 23-Jul-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
UCC2889DTR SoIC D 8 2500 353.0 353.0 32.0
UCC3889DTR SoIC D 8 2500 353.0 353.0 32.0

Pack Materials-Page 2
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TUBE

T - Tube
height L - Tubelength

< n < n
« Lt < Lt

*
w-Tube| I U U _
> width %%
; v

— B - Alignment groove width

\ 4

*All dimensions are nominal

Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
UCC2889D D SoIC 8 75 506.6 8 3940 4.32
UCC2889D.A D SoIC 8 75 506.6 8 3940 4.32
UCC3889D D SoIC 8 75 506.6 8 3940 4.32
UCC3889D.A D SoIC 8 75 506.6 8 3940 4.32
UCC3889DG4 D SoIC 8 75 506.6 8 3940 4.32

Pack Materials-Page 3



PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.

INSTRUMENTS
www.ti.com




EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.

INSTRUMENTS

www.ti.com



IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2025, Texas Instruments Incorporated
Last updated 10/2025
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