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IMPROVED CURRENT-MODE PWM CONTROLLER

Check for Samples: UC2856-Q1

FEATURES

* Qualified for Automotive Applications

» Pin-for-Pin Compatible With the UC2846 s

* 65-ns Typical Delay From Shutdown to
Outputs and 50-ns Typical Delay From Sync to CLSs 110 16 [CT1 SHUTDOWN
Outputs VREF 12 15 T3 VIN

* Improved Current Sense Amplifier With Ccs-[1s3 14T BOUT
Reduced Noise Sensitivity Ccs+ 14 [T ve

« Differential Current Sense With 3-V EA+ C1]5 12 T GND
Common-Mode Range EA- 1] 6 1 [T AOUT

« Trimmed Oscillator Discharge Current for comp LL}7 10T SYNC
Accurate Deadband Control cT CIs SFIRT

« Accurate 1-V Shutdown Threshold

» High Current Dual Totem Pole Outputs
(1.5-A Peak)

 TTL Compatible Oscillator SYNC Pin
Thresholds

+ ESD Protection
— 4-kV Human-Body Model (HBM)
— 500-V Charged-Device Model (CDM)

P0008-01

DESCRIPTION

The UC2856 is a high performance version of the popular UC2846 series of current mode controllers, and is
intended for both design upgrades and new applications where speed and accuracy are important. All input to
output delays have been minimized, and the current sense output is slew rate limited to reduce noise sensitivity.
Fast 1.5-A peak output stages have been added to allow rapid switching of power FETSs.

A low impedance TTL compatible sync output has been implemented with a 3-state function when used as a
sync input.

Internal chip grounding has been improved to minimize internal noise caused when driving large capacitive
loads. This, in conjunction with the improved differential current-sense amplifier, results in enhanced noise
immunity.

Other features include a trimmed oscillator current (8%) for accurate frequency and dead-time control, a 1-V 5%
shutdown threshold, and 4-kV minimum ESD protection (HBM) on all pins.

ORDERING INFORMATION®
Ta PACKAGE® ORDERABLE PART NUMBER TOP-SIDE MARKING
—40°C to 125°C SOP - DW ‘ Reel of 2000 UC2856QDWRQ1 UC2856Q1

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
web site at www.ti.com.
(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.

Q Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of Texas
Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. Copyright © 2008-2011, Texas Instruments Incorporated
Products conform to specifications per the terms of the Texas !

Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.


http://focus.ti.com/docs/prod/folders/print/uc2856-q1.html
http://www.ti.com
http://focus.ti.com/docs/prod/folders/print/uc2856-q1.html#samples
http://www.ti.com
http://www.ti.com/packaging
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These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.
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ABSOLUTE MAXIMUM RATINGS
over operating free-air temperature range (unless otherwise noted)® @

UNIT
Supply voltage 40V
Collector supply voltage 40V
) DC 05A
lo Output current (sink or source)
Pulse (0.5 ms) 2A
Error amplifier input voltage -0.3Vto VIN
Shutdown input voltage -03Vto10V
Current sense input voltage -03Vto3V
SYNC output current +10 mA
Error amplifier output current -5 mA
Soft start sink current 50 mA
Oscillator charging current 5 mA
o Ta=25°C 1w
Power dissipation
Tc =25°C 2w
T, Operating junction temperature range -55°C to 150°C
Tstg Storage temperature range —65°C to 150°C
o . Human-Body Model (HBM) 4000 V
ESD Electrostatic discharge protection -
Charged-Device Model (CDM) 500 V

(1) Stresses beyond those listed under "absolute maximum ratings" may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions" is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) Unless otherwise indicated, voltages are reference to ground and currents are positive into and negative out of the specified terminals.

ELECTRICAL CHARACTERISTICS
T, = —40°C to 125°C, VIN = 15 V, RT = 10 kQ, CT = 1 nF, and T, = T, (unless otherwise stated)®

PARAMETER | TEST CONDITIONS ‘ MIN TYP  MAX| UNIT

Reference Section
Output voltage lo=1mA, T;=25°C 5.05 5.1 5.15 \%
Line regulation voltage VIN=8Vto40V 20| mvVv
Load regulation voltage lo =-1 mAto-10 mA 15| mvVv
Total output variation Over line, load, and temperature 5 5.2 \%
Output noise voltage f=10 Hz to 10 kHz, T;=25°C 50 "y
Long term stability 1000 hours, @ T; = 25°C 5 25| mv
Short circuit current VREF =0V -25 —45 —-65| mA
Oscillator Section

» T;=25°C 180 200 220
Initial accuracy kHz

T, = Full range 170 230

Voltage stability VIN=8Vto40V 2 %

. VCT =2V, T;=25°C 7.5 8 8.8
Discharge current mA

VCT=2V 6.7 8 8.8

Sync output high level voltage lo=-1mA 2.4 3.6 \%
Sync output low level voltage lo=1mA 0.2 0.4 \%
Sync input high level voltage CT =0V, RT = VREF 2 15 \%
Sync input low level voltage CT =0V, RT = VREF 15 0.8 \%
Sync input current CT=0V,RT=VREF, Vgync =5V 1 10| pA
Sync delay to outputs CT =0V RT =VREF, Vgync =0.8V1to2V 50 100| ns

(1) All voltages are with respect to GND. Currents are positive into, negative out of the specified terminal.
(2) This parameter, although specified over the recommended operating conditions, is not 100% tested in production.

Copyright © 2008-2011, Texas Instruments Incorporated 3
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ELECTRICAL CHARACTERISTICS (continued)
T, = —40°C to 125°C, VIN = 15 V, RT = 10 kQ, CT = 1 nF, and T, = T, (unless otherwise stated)®

PARAMETER | TEST CONDITIONS ‘ MIN TYP  MAX| UNIT

Error Amplifier Section

Input offset voltage Vem=2V 5| mVv
Input bias current -1| pA
Input offset current 500 nA
Common mode range VIN=8Vto40V 0 VIN-2 \%
Open loop gain Vo=12Vto3V 80 100 dB
Unity gain bandwidth T;=25°C 1 15 MHz
CMRR Vem =0Vt 38V, VIN =40 V 75 100 dB
PSRR VIN=8Vto40V 80 100 dB
Output sink current Vip =-15mV Veowp = 1.2V 5 10 mA
Output source current Vip =15 mV Veomp =25V -0.4 -0.5 mA
High-level output voltage Vip =50 mV, R. (COMP) = 15 kQ 4.3 4.6 4.9 \%
Low-level output voltage V|p =-50 mV, R. (COMP) = 15 kQ 0.7 1 \%
Current Sense Amplifier Section

Amplifier gain Ves- =0V, CL SS Open® @) 25 275 3| VNV
Maximum differential input signal CL SS Open 3, R, (COMP) = 15 kQ 11 192 v
(Ves+ — Veso)

Input offset voltage Vel ss =05V COMP open® 5 35| mv
CMRR Vem=0Vto 3V 60 dB
PSRR VIN=8Vto40V 60 dB
Input bias current Vel ss =05V, COMP open® -1 1| pA
Input offset current Vel ss =05V, COMP open® -1 1| pA
Input common mode range 0 3 \%
Delay to outputs Vea+r = VREF, EA-=0V,CS+-CS-=0Vtol5V 120 250| ns
Current Limit Adjust Section

Current limit offset Ves-=0V, Vs =0V, COMP open® 0.4 0.5 06| V
Input bias current Vea+ = VREF, Veao =0V -10 -30| pA
SHUTDOWN Terminal Section

Threshold voltage 0.95 1.00 1.05 \%
Input voltage range 0 5 \%
Minimum latching current (I, ss) ®)3 15 mA
Maximum non-latching current (I ss) ®15 0.8| mA
Delay to outputs Vsnutpown =0V 10 1.3V 65 110 ns
(3) Parameter measured at trip point of latch with VEA+ = VREF, VEA-=0 V.

G=—COMP. \y - =o0V1V.

(4) Amplifier gain defined as: AVCS+ CS

(5) Currentinto CL SS assured to latch circuit into shutdown state.
(6) Current into CL SS assured not to latch circuit into shutdown state.

4 Copyright © 2008-2011, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS (continued)
T, = —40°C to 125°C, VIN = 15 V, RT = 10 kQ, CT = 1 nF, and T, = T, (unless otherwise stated)®

PARAMETER | TEST CONDITIONS | MIN TYP  MAX| UNIT

Output Section

Collector-emitter voltage 40 \%

Off-state bias current VC =40V 250 pA
lour = 20 mMA 0.1 0.5

Output low level voltage \
lout = 200 MA 0.5 2.6

. lour =—20 MA 125 132

Output high level voltage \%
loutr = —200 mA 12 131

Rise time Cl=1nF 40 80| ns

Fall time Cl=1nF 40 80| ns

UVLO low saturation VIN=0V, lout = 20 mA 0.8 15 \%

PWM Section

Maximum duty cycle 45 a7 50| %

Minimum duty cycle 0| %

Undervoltage Lockout Section

Startup threshold 7.7 8 \%

Threshold hysteresis 0.7 \%

Total Standby Current

Supply current 18 23| mA

Copyright © 2008-2011, Texas Instruments Incorporated 5
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APPLICATION AND OPERATION INFORMATION

.l
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NOTE: Output deadtime is determined by the size of the external capacitor, Cy, according to the formula: Td = — 5
For large values of Ry Td = 250 C 5 8mA - R_T
Oscillator frequency is approximated by the formula: fT = =
Ry x Cq
S0019-01
Figure 1. Oscillator Circuit
NOTE: Error Amplifier can source up to 0.5 mA.
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Figure 2. Error Amplifier Output Configuration Figure 3. Error Amplifier Gain and Phase vs

Frequency
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Figure 4. Error Amplifier Open-Loop DC Gain vs Load Resistance
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NOTE: Slaving allows parallel operation of two or more units with equal current sharing.

S0021-01

Figure 5. Parallel Operation

Copyright © 2008-2011, Texas Instruments Incorporated 7
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Current Limit

R2

S0022-01

R1+R2

\
(RZ x REF) - 05

S
NOTE: Peak current (Is) is determined by the formula: 3Rs

Figure 6. Pulse by Pulse Current Limiting
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NOTE: If VRer / R1 < 0.8 mA, the shutdown latch commutates when Igg = 0.8 mA, and a restart cycle is initiated. If Vggr / R1
> 3 mA, the device latches off until power is cycled.

$0023-01

Figure 7. Shutdown

Copyright © 2008-2011, Texas Instruments Incorporated 9
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REVISION HISTORY

Changes from Original (June 2008) to Revision A Page
+ Changed the Input bias current Min Value From: - To: -1 and the Max Value From: -1 TO: 1 ....cccccovvviiriiiieeiniieenieee e 4
+ Changed the Input offset current Min Value From: = TO: =1 ..ottt e e e et e e e e e e e e e e e e e annaeeeaeaan 4
Changes from Revision A (October 2010) to Revision B Page
» Changed the polarity of the comparitor connected t0 Pin 16 iN FIQUIE 7 ......cccuiiiiiiiiiiiie et 9

10 Copyright © 2008-2011, Texas Instruments Incorporated
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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 ©)
@ ©)
UC2856QDWRQ1 Active Production SOIC (DW) | 16 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 UC2856Q1
UC2856QDWRQ1.A Active Production SOIC (DW) | 16 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 UC2856Q1

@ 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 Tl RoHS Statement for additional information and value definition.

@ Lead 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 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. TI 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 Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF UC2856-Q1 :
o Catalog : UC2856

Addendum-Page 1
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o Military : UC2856M

NOTE: Qualified Version Definitions:

o Catalog - TI's standard catalog product

o Military - QML certified for Military and Defense Applications

Addendum-Page 2
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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 O O OO0 O 00 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
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)
UC2856QDWRQ1 SoIC DW 16 2000 330.0 16.4 |10.75] 107 | 2.7 12.0 | 16.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
UC2856QDWRQ1 SOIC DW 16 2000 353.0 353.0 32.0

Pack Materials-Page 2



GENERIC PACKAGE VIEW
DW 16 SOIC - 2.65 mm max height

7.5x 10.3, 1.27 mm pitch SMALL OUTLINE INTEGRATED CIRCUIT

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4224780/A
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PACKAGE OUTLINE
DWOO16A SOIC - 2.65 mm max height

SOIC
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) ’ ° 16x 051 — L
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74 T [ J0.250 [c|A[B] —={ 2.65 MAX
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v/ |
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i
\ SEE DETAIL A

GAGE PLANE

o“-s“g'ﬁ ‘L(&i

0.40 DETAIL A
(1.4) = TYPICAL

4220721/A 07/2016

NOTES:

1. All linear dimensions are in millimeters. Dimensions in parenthesis are for reference only. 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 0.15 mm, per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm, per side.

. Reference JEDEC registration MS-013.

w N

[0 8
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EXAMPLE BOARD LAYOUT
DWOO0O16A SOIC - 2.65 mm max height

SOIC

SEE
DETAILS

s

7 |
14X (1.27) ; 7 E

jﬁ
RO.05 TYP ‘

L— ©3—

©

LAND PATTERN EXAMPLE
SCALE:7X

SOLDER MASK SOLDER MASK
METAL OPENING OPENING‘\ /METAL
L N S L \
| | ‘ |
(
J« 0.07 MAX Je 0.07 MIN

ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4220721/A 07/2016

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.
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EXAMPLE STENCIL DESIGN
DWOO0O16A SOIC - 2.65 mm max height

SOIC

16

N

14X (1.27) -

==
R0.05 TYP ‘
I

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:7X

4220721/A 07/2016

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.
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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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