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UCC29002 and UCC39002 Advanced 8-Pin Load-Share Controller

1 Features

High accuracy; capable of < 1% current-share
error at full load

High-side or low-side (GND-referenced) current-
sense capability

Ultra-low offset current-sense amplifier
Single-wire load-share bus

Full scale adjustability

Intel® SSI load-share specification compliant
Disconnect from load-share bus at stand-by
Load-share bus protection against shorts to GND
or to the supply rail

8-pin VSSOP package minimizes space
Lead-free assembly

2 Applications

Modules with remote-sense capability
In conjunction with the internal feedback E/A of
OEM power supply units

Device Information

3 Description

The UCC29002 device family comprises advanced,
high-performance, low-cost load-share controllers that
provide all necessary functions to parallel multiple
independent power supplies or DC-to-DC modules.
Targeted for high-reliability applications in server,
workstation, telecom, and other distributed power
systems, the controller is suitable for N+1 redundant
systems or high-current applications where off-the-
shelf power supplies must be paralleled.

The BICMOS UCC29002 is based on the automatic
leader/follower architecture of predecessor UC3902
and UC3907 load-share controllers. The device
is capable of better than 1% current-share error
between modules at full load by using a very-low
offset post-package-trimmed current-sense amplifier
and a high-gain negative-feedback loop. With an
amplifier common-mode range of 0V to the VDD
supply rail, the current-sense resistor, RgyunT, Can be
placed in either the GND return path or in the positive

PART NUMBER FUNCTIONAL DIFFERENCE output rail of the power supply.
UCC29002 Adjust current is forced to maximum at start- Package Information
UCC39002 up
- PART NUMBER PACKAGE(") | PACKAGE SIZE (NOM)®?)

UCC29002-1 GSJUSt current follows Error voltage at start- UCC29002
UCC29002-1() SOIC (8) 4.90mm x 6.00mm
UCC39002
UCC29002 VSSOP (8) 3.00mm x 4.90mm
UCC39002 PDIP (8) 9.81mm x 9.43mm

(1)  For more information, see the Mechanical, Packaging, and
Orderable Information section at the end of the data sheet.

(2) The package size (length x width) is a nominal value and
includes pins, where applicable.

(3) UCC29002-1 uses "/1" suffix in the orderable part number.
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4 Pin Configuration and Functions

cs-C1110 8 [T cso
cs+C1]» 7| Ls

VDD 1] 3 6 |- EAO
GND 1] 4 5T ADJ

Figure 4-1. D or DGK Package 8-Pin SOIC or VSSOP Top View

cs-[] 1 o 8] CsoO
cs+[]2 7lLS

VDD [] 3 6 |] EAO
GND [] 4 5] ADJ

Figure 4-2. P Package 8-Pin PDIP Top View

Pin Functions

PIN
110 DESCRIPTION
NAME NO.
Adjust amplifier output. This is the buffered output of the error-amplifier block to adjust the output voltage of
ADJ 5 (0] the power supply being controlled. This voltage on this pin must always be equal to or greater than
VEAO +1V.
CS- 1 | Current-sense amplifier inverting input.
CS+ 2 | Current-sense amplifier noninverting input.
CSO 8 (0] Current-sense amplifier output.
EAO 6 (0] Output for load-share error amplifier. (Transconductance error amplifier.)
Ground. Reference ground and power ground for all device functions. Connect this pin to the negative
GND 4 -
voltage sense (S-) path of the converter.
LS 7 /O  |Load-share bus. Output of the load-share bus-driver amplifier and input to the load-share bus receiver.
VDD 3 | Power supply input providing bias voltage to the device. Bypass with a good-quality, low-ESL capacitor with
value from 0.1uF to 1uF, placed as close as possible to the VDD and GND pins.
Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 3
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5 Specifications

5.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)() (2)

MIN MAX UNIT
Vvbbp Supply voltage, current-limited source -0.3 15 \%
Vvbb Supply voltage, low-impedance voltage source -0.3 13.5 \%
Ves+ Vos-  Input voltage, current-sense amplifier -0.3 Vypp + 0.3 \Y
Veso Current-sense amplifier output voltage -0.3 Vvobp \%
Vis Load-share bus voltage -0.3 Vvop \%
lvop Supply current (lyppg * lcLavp) 10 mA
Vapy Adjust pin input voltage Veao+t1V <Vapy £ Vvpp \%
lapy Adjust pin sink current 6 mA
T, Operating junction temperature -55 150 °C
Tstg Storage temperature -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device

reliability.

(2) All voltages are with respect to GND. Currents are positive into, negative out of the specified terminal.

5.2 ESD Ratings

VALUE UNIT
v Electrostatic Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2500 v
(ESD)  discharge Charged device model (CDM), per JEDEC specification JESD22-C101) +1000
(1) JEDEC document JEP155 states that 500V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250V CDM allows safe manufacturing with a standard ESD control process.
5.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)
MIN MAX UNIT
Vvbp Supply voltage, low-impedance voltage source 4.575 13.5 \%
Veso Current-sense amplifier output voltage 0 Vvpp — 1.7 \%
Vis Load-share bus voltage 0 Vvop — 1.7 \%
laDy Adjust pin sink current 6 mA
5.4 Thermal Information
UCC29002, UCC29002-1, UCC39002
THERMAL METRIC(") D (SOIC) DGK (VSSOP) P (PDIP) UNIT
8 PINS 8 PINS 8 PINS

Rgya Junction-to-ambient thermal resistance 111.9 168.0 541 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 58.6 61.9 43.9 °C/W
Ress Junction-to-board thermal resistance 52.6 88.8 31.2 °C/W
Wyt Junction-to-top characterization parameter 12.9 7.3 21.6 °C/W
Wis Junction-to-board characterization parameter 52.0 87.2 31.1 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance — — — °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application

report.
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5.5 Electrical Characteristics

0°C <Ta<70°C for UCC39002, —40 °C < Tp < 105 °C for UCC29002 and UCC29002-1, Ty = Ta, Vypp = 12V (unless
otherwise noted)

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX‘ UNIT
GENERAL
lvbbg Supply current, idle state LS = floating (open pin), Vapy = 5V 2.5 3.5 mA
VDD clamp voltage lvpp = 6mMA 13.5 14.25 15 \Y
UNDERVOLTAGE LOCKOUT (UVLO)
Vvppen)  Start-up voltage threshold(") VDD rising 4.175 4375 4575 v
Hysteresis to UVLO VDD falling 0.2 0.375 0.55
CURRENT-SENSE AMPLIFIER
Vio cs Input offset voltage Ta=25°C,V|c=0.5Vor11.5V,Veso0 =5V -100 100| pv
- Variation over operating temperature range +10 pv/°C
Igias Input bias current (CS+, CS-) -0.6 0.6 MA
Ay Voltage gain, DC 75 90 dB
CMRR  Common-mode rejection ratio 75 90 dB
GBW Gain-bandwidth product(@) 2 MHz
Von cs  High-level output voltage (CSO) 0.1V < ([CS+] - [CS-]) = 0.4V, loyT cso = OmA 10.7 11 11.8 \%
VoL cs  Low-level output voltage (CSO) -0.4V < ([CS+] - [CS-]) = -0.1V, loyt_cso = 0mA 0 0.1 0.15 \%
loH_cs High-level output current (CSO) Veso = 10V -1 -1.5 mA
loL_cs Low-level output current (CSO) Veso = 1V 1 1.5 mA
LOAD-SHARE DRIVER (LS)
Vrance  Input voltage range 0 10 \%
Vis Output voltage Veso =1V 0-995 ! 1.005 \%
Veso = 10V 9.95 10  10.05
VoL s  Low-level output voltage Veso = 0V, loyt Ls = OmA 0 0.1 0.15 \%
Vou s  High-level output voltage®® VVD? ; \Y
lout Ls  Output current capability 0.5V <=V g 10V -1 -1.5 mA
Isc Ls Short-circuit current Veso = 10V, Vi g = 0V -10 -20 mA
Vgyton LS driver shutdown threshold Ves- — Ves+ 0.3 0.5 0.7 \%
LOAD-SHARE BUS PROTECTION
Aoy Adjust amplifier current, LS Veso = 2V, Veao = 2V, Vapy = 5V, Vis = Vypp 0 5 10 WA
protection active Veso = 2V, Veao = 2V, Vapy = 5V, Vi g = OV 0 5 10
ERROR AMPLIFIER
Vo ea  High-level output voltage leao = OMA 3.5 3.65 3.8 \%
am Transconductance =50pA < lgpo < +50pA 14 mS
loH_EA High-level output current Vs = Veso = 0.4V, Reap = 2.2kQ 0.7 0.85 1 mA
ADJ BUFFER
Vio_aps  Input offset voltage®® Vepo = 0V, Vapy = 1.5V -60 mV
Isink ADJ zero-input leakage current Veao = 0V, Vapy = 5.0V 0 5 10 HA
Vapy =5V, Ta=25°C 3.6 3.95 4.3
IsiNk ADJ sink current Veao =2V, 0°C<sTp<70°C 3.45 3.95 445 mA
LS =floating (open)  [—45c < T, < 105 °C® 335 395 455

(1) Enables the load-share bus at start-up.

(2) Specified by design. Not production tested.
(3) This temperature range does not apply to UCC39002.
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5.6 Typical Characteristics

Module 3

0~ Module 2

-2

Module 1

-4

Current Sharing Error - %

-6

-8

20 30 40 50 60
Total System Output Current - A
Figure 5-1. Resultant Load Current Sharing Accuracy, as Measured Across Shunts from the Output of
Each Module
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6 Detailed Description

6.1 Overview

The UCC29002 is an advanced, high-performance, low-cost load-share controller that provides all the necessary
functions to operate multiple independent power supplies and modules in parallel. The UCC29002 can

easily parallel currently available and popular synchronous buck converters, such as those designed with the
TPS4005x family of controllers or the newer LM25145 and similar controllers (for example).

Except for reduced operating temperature range and orderable part numbering, all parameters, values,
functions, device behavior, and discussions that apply to UCC29002 also apply to UCC39002 throughout this

document.

Except where explicitly stated otherwise, all parameters, values, functions, device behavior, and discussions
that apply to UCC29002 also apply to UCC29002-1 throughout this document. Different start-up behavior of the
UCC29002-1 is discussed in the Start-Up and Adjust Logic section.

6.2 Functional Block Diagram

Current-Sense
cs-[1 + Amplifier V.
cso [
[8] cso
CS+ |2} >
Disconnect
Switch
o Load-Share Bus
) Driver
» Vis
"l Enable
and
Bias OK
» 15 kHz o I~
Vrecy * Filter L7:| LS
—» Vs < Load-
Voo I3 » oad-Share Bus 100 kQ
]7 Receiver
VDD Clamp i Error Amplifier
14.25V * I
| H am [6] EAO
1 [
25 mV 3V
Vis  Veso
GND [4}— 3V
V% l A }_T
> Adjust Amplifier 5:| ADJ
LS Bus »| Start-Up
Fault and
: Adjust
Protection i
» Logic :
500 Q
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6.3 Feature Description
6.3.1 Differential Current-Sense Amplifier (CS+, CS—, CSO)

The UCC29002 device features a high-gain and high-precision amplifier to measure and amplify the voltage
across a low-value current-sense resistor. Because the amplifier is fully uncommitted, the current-sense gain is
user-programmable. The current-sense amplifier is not unity-gain stable and must have a minimum gain of 3.

The extremely-low input offset voltage of the UCC29002 current-sense amplifier makes it suitable to measure
current information across a low-value resistance to reduce power loss. Furthermore, the amplifier's input
common-mode range includes the ground and positive supply rails (GND and VDD) of the UCC29002.
Accordingly, the current-sense resistor can be placed either in the ground return path or in the positive output rail
of the power supply Voyt as long as Voyut < Vypp-

6.3.2 Load-Share Bus Driver Amplifier (CSO, LS)

The load-share bus driver is a unity-gain buffer amplifier to provide separation between the output of the
current-sense amplifier and the load-share bus voltage. The circuit implements an ideal diode with virtually OV
forward voltage drop by placing the diode inside the feedback loop of the amplifier. The diode function is used
to automatically establish the role of the leader module in the overall load-sharing system. In the system, the
UCC29002 device that becomes the leader uses the load-share bus driver amplifier to drive its output-current
information onto the load-share bus for all follower modules to emulate.

Assuming identical module design, any UCC29002 may assume the role of leader at any time depending on
input and output conditions. Leadership is not fixed to one specific module. All follower modules will have lower
output current levels by definition, and their ideal diodes are reversed biased (Vcso < Vig). Consequently,
the follower Vgso and Vi g signals will be separated. This separation allows the error amplifier of the follower
UCC29002 device to compare its respective module output current to the output current of the leader module
and make the necessary feedback-loop adjustments to achieve a balanced current distribution.

Because the LS bus is always driven by a single load-share bus driver (in the leader module), the total number
of load-sharing modules (N,,) that may be connected to the LS bus is limited by the output-current capability of
the leader's bus-driver amplifier according to Equation 1.

IouT, MIN

Ny, =
(VLS, FULL_SCALE/100 kQ)

(1

where

* loutmin is the minimum limit of loyt s given in the Electrical Characteristics table.
. VLS,FULL_SCALE is the maximum voltage on the LS bus at full load.
* 100kQ is the input impedance of the LS pin as shown in the Functional Block Diagram.

Note

The number of parallel modules N, can be increased by reducing the full-scale LS bus voltage,
that is, by reducing the current-sense amplifier gain Acga of all modules (provided that Acsa > 3).
However, lower Acsa reduces current-sharing accuracy.

6.3.3 Load-Share Bus Receiver Amplifier (LS)

The load-share bus receiver amplifier is a unity-gain buffer that monitors the voltage on the LS bus. The primary
purpose of this amplifier is to ensure that the LS bus is not loaded by internal impedances (other than the
100kQ) of the UCC29002 device. The LS bus receiver amplifier is internally compensated and has a 15kHz filter
on its non-inverting input. To maintain stability, avoid adding significant external capacitance to the LS pin.
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6.3.4 Error Amplifier (EAO)

As shown in the Functional Block Diagram, the UCC29002 uses an operational transconductance amplifier
(OTA) often referred to as a gy-type error amplifier. The gy amplifier is chosen because it requires only one pin
— the output — to be accessible for compensation. This amplifier generates an output current that is proportional
to the difference of its noninverting and inverting input voltages. This output current flows out of the EAO pin
and developes an error voltage Vegao across the current-loop compensation components connected between the
EAO pin and ground.

The purpose of the error amplifier (EA) is to compare the output current level of the respective module monitored
by the UCC29002 device (represented by Vcgo) to the leader module's current level (represented by V| g) and
generate Vepo. VEao is then used by the Adjust amplifier to adjust the respective module's voltage feedback
signal in a way which tends to minimize Vepp. This process results in nearly-equal output currents among the
parallel-operated power supply modules.

In cases where the UCC29002 device assumes the role of the leader load-share controller in the system or it is
used together with a stand-alone power module, its V| g voltage is approximately equal to its amplified current
signal Vcso. To avoid erroneous output voltage adjustment, the input of the error amplifier incorporates an offset
to ensure that its inverting input is biased 25mV (typical) higher than its noninverting input. Consequently, when
the two input signals to the EA are equal, no adjustment is made and the initial output voltage set-point of
the leader module is maintained. The Vcgo of follower modules are necessarily at least 25mV lower than the
leader's Vcso.

The EA output Veap is clamped to Vo _ga as specified in the Electrical Characteristics table.
6.3.5 Adjust Amplifier Output (ADJ)

A feedback-loop adjustment current I5py, proportional to the error voltage Veap on pin 6, is sunk by the ADJ
pin. This current flows through the parallel combination of the module's remote-sense resistor Rgense and
the adjust resistor, Rapy. The effect of Iap, is to increase the output voltage of the module influenced by
the UCC29002 device. The amplitude of Ipp, is set by the 500Q internal resistor between the emitter of the
amplifier's open-collector output transistor and ground shown in the Functional Block Diagram. Use Equation 2
to calculate the magnitude of |ap;. Maximum lap; occurs at maximum Veao.

L VEAo
AP 500 0 @)

At the leader module, Vgap is OV and consequently the adjust current must be zero as well. Therefore, the
output voltage of the leader module remains at its initial output voltage set point at all times.

During the start-up mode of the UCC29002, the noninverting input of the Adjust amplifier is switched to 3V to
increase the module's output voltage significantly and quickly match the starting module's output current to the
other modules' currents.

In cases of insufficient VDD bias level, LS bus fault, or disabled UCC29002 (by CS+, CS- inputs), the
noninverting input of the Adjust amplifier is switched to ground to prevent erroneous adjustment of the module's
output voltage by the load-share controller.
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6.3.6 Enable Function (CS+, CS-)

The two inputs of the current-sense amplifier are also used with an Enable Comparator to implement an
ENABLE function in the UCC29002 device. During normal operation, the difference between CS- and CS+
voltages is very small and the internal -0.5V offset added between the CS- pin and the inverting input of the
comparator ensures that the UCC29002 is always enabled.

+

05V T ENABLE

Figure 6-1. Enable Comparator

By forcing the CS- pin at least 0.5V higher than the CS+ pin, the ENABLE signal becomes false and the
UCC29002 is set into a disabled mode. While disabled, the UCC29002 disconnects from the load-share bus and
the Adjust amplifier current is forced to zero.

When using high-side current-sensing (Rsnunt located in the module output voltage rail), CS— must not be
forced higher than 0.3V above VDD. Instead, in this configuration CS+ should be pulled at least 0.5V below CS-
to disable the UCC29002.

The ENABLE signal is combined with the BIAS OK signal (logical AND function) and affects the UCC29002
operating mode through the Start-Up and Adjust Logic block.

6.3.7 Fault Protection on LS Bus

Accidentally, the load-share bus might be short-circuited to the positive bias voltage of the UCC29002 device
or to ground. These events can result in erroneous output voltage adjustment. For that reason, the LS bus
voltage is continuously monitored by a window comparator as shown in Figure 6-2. An LS-bus FAULT condition
is asserted if either [ V s > (Vypp - 0.7 V) Jor [ Vs < (2/3 x Vcgo) ] is true.

Vg ———M8M8M8M8M8M8 ™+

Vvop —| |_——ﬂ—

0.7V

D— FAULT
R 2R
Veso
N
Vis b

Figure 6-2. LS Bus Fault Protection Comparators

The LS-bus FAULT signal is handled by the Start-Up and Adjust Logic block to affect the UCC29002 operating
mode. If the FAULT signal is asserted true, the UCC29002 is disabled.
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6.3.8 Start-Up and Adjust Logic

The start-up and adjust logic imposes certain operating modes on the load-share controller during start-up,
fault, and disable conditions. Under these circumstances the information obtainable by the error amplifier of the
UCC29002 device may not be sufficient to make the correct output voltage adjustment, therefore the adjust
amplifier may be forced to a known state. Additionally, the LS bus driver of UCC29002 device is disabled during
these conditions.

The start-up and adjust logic in the UCC29002-1 is different than that in the UCC29002 and UCC39002. The
behavior of the UCC29002, UCC39002, and UCC29002-1 are identical for LS bus fault and disable conditions.
However for the initial start-up condition, the UCC29002-1 behavior is different from the other devices and this
difference is discussed in the following paragraphs.

The UCC29002 and UCC39002 devices have a defined start-up mode which is active as long as V¢gg of the
module that is starting up is less than 80% of the voltage on the LS pin. Because the output current of the
starting module is low compared to the currents of the other modules in the system (represented by V,g), the
start-up mode logic disables the LS Bus Driver by the disconnect switch and applies 3V to the Adjust amplifier
noninverting input to sink the maximum current through the adjust resistor. This operating mode causes the
starting module to very quickly engage in sharing the load current because its output is adjusted to a sufficiently
high voltage immediately at turn-on. Start-up mode is exited as soon as Vggo exceeds 80% of Vg, and the
load-share bus driver and the adjust amplifier revert to normal operation.

In contrast, the UCC29002-1 device has some of the start-up logic disabled and has no defined start-up
mode. Specifically, the UCC29002-1 does not apply 3V to the Adjust amplifier regardless of Vg level at
any time and the LS bus driver is not disabled at start-up. The Adjust amplifier current rises as Vgpo rises.
This difference allows the starting module with UCC29002-1 to engage its load-sharing at a slower rate. The
UCC29002-1 version may be preferable for applications where the disturbance of rapid load-sharing start-up
may be undesireable.

In cases of detecting the VDD bias voltage less than the minimum operating level, external disabling of the
controller using the CS+ and CS- pins, or detecting an LS-bus fault condition, all three versions UCC29002,
UCC39002, and UCC29002-1 act to disconnect the LS Bus Driver and ground the Adjust amplifier input.
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6.3.9 Bias Input and Bias_OK Circuit (VDD)

The UCC29002 device is built on a high-performance 15V BiCMOS process. Therefore, the absolute maximum
voltage across the VDD and GND pins (pin 3 and 4 respectively) is limited to 15V. The recommended maximum
operating voltage is 13.5V which corresponds to the minimum tolerance limit of the on-board 14.25V Zener-like
active clamp circuit. In case the bias voltage source exceeds the 13.5V Ilimit, the UCC29002 device can be
powered through a current-limiting resistor. The total current into the VDD pin (lyppq * lcLamp) must be limited to
10mA as listed in the Absolute Maximum Ratings table.

The bypass capacitor for the VDD pin is also the compensation for the input active clamp of the device and, as
such, must be placed as close to the device pins (VDD and GND) as possible, using a good-quality, low-ESL
capacitor, including trace length. The device is optimized for a capacitor value of 0.1uF to 1uF.

VDD E > | vBlAS

(Internal Bias)

14.2V
Bias_OK
GND 4.375V

Figure 6-3. VDD Clamp and Bias Monitor

The UCC29002 device uses a comparator with hysteresis to monitor the VDD bias voltage for minimum
sufficiency. does not have an undervoltage lockout circuit. On initial power-up while VDD < 4.375V, the load-
share control functions are disabled. The Bias_ OK comparator works as an enable function when VDD rises
above the 4.375V enable threshold. After the device is enabled, the Bias_OK signal will remain true until VDD
falls below the 4.0V disable threhsold. While this might be inconvenient for some low-voltage applications, this
feature is necessary to obtain high accuracy. The load-share accuracy is dependent on working with relatively
large signal amplitudes on the load-share bus. If the internal offsets, current-sense error, and ground potential
difference between the UCC29002 controllers are comparable in amplitude to the load-share bus voltage, they
can cause a significant current-distribution error in the system.

The maximum voltage on the load-share bus is limited to approximately 1.7V below the bias voltage level (Vypp)
which would result in an unacceptably low load-share bus amplitude and therefore poor accuracy at low VDD
levels. To circumvent this potential design problem, the UCC29002 device does not operate below the previously
mentioned 4.0V bias voltage disable threshold. If the system does not have a suitable bias voltage source
available to power the UCC29002, Tl suggests using an inexpensive charge pump from the output rail which can
generate the bias voltage for one or all of the UCC29002 devices in the load-share system.

The maximum VDD of the UCC29002 device is 15V. For load-sharing applications with higher-voltage outputs,
use the application solution as recommended in Figure 7-2. A Zener-like clamp on the VDD pin is provided
internally so the device can be powered from higher-voltage rails using a minimum number of external
components.

The current-sense amplifier (CSA) inputs must be configured so that their absolute maximum voltage ratings are
not exceeded. It is not a simple matter to level-shift mV-level current-sense signals from a high-voltage power
supply rail down to the CSA inputs without incurring severe distortion from noise, divider tolerances, and offsets.
This means that in most high-voltage applications, it is best practice to locate the current-sense resistor Rgyynt
in the GND-return path of the power supply output.
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6.4 Device Functional Modes
6.4.1 Start-Up Mode

During the start-up mode of the UCC29002 and UCC39002 devices, the Load-Share Bus Driver is disabled and
the Adjust amplifier is forced to sink the maximum current through the adjust resistor.
Start-up mode ends when Vggpo > 0.8 X V| g.

During the start-up mode of the UCC29002-1 device, the Load-Share Bus Driver is disabled and the Adjust
amplifier is allowed to follow the programming of the Voltage Error Amplifier output voltage.
Start-up mode ends when Vggpo > 0.8 X Vi g.

For details about Start-Up Mode, see the Start-Up and Adjust Logic section.
Start-Up Mode can only be entered when Disable Mode and Fault Mode are not active.

6.4.2 Normal Running Mode

The UCC29002 device operates in the Normal Running Mode when not starting up, when not faulted, and
when not disabled. In Normal Running Mode, the CSO output is connected to the LS Bus Driver and the Adjust
amplifier input follows the Error Amplifier output voltage to sink a current at the ADJ pin.

The LS Bus Driver output drives the LS Bus in the system if the CSO voltage is higher than all other CSO
voltages in the system. In this case, the UCC29002 assumes the role of load-share leader. If the CSO output is
lower than the voltage at the LS pin, the device assumes the role of load-share follower. Depending on system
conditions, the UCC29002 device can change roles from leader to follower, or vice-versa, and back again any
number of times. Either situation is a normal running condition.

6.4.3 Fault Mode

Operation in this mode occurs if the LS pin is short-circuited high (to the VDD rail) or low (to GND). Under either
of these conditions the device responds by pulling the inverting input of the Adjust amplifier to GND, which forces
Iapy to zero. For details, see the Fault Protection on LS Bus section.

6.4.4 Disabled Mode

The UCC29002 device operates in this mode when the current-sense amplifier inputs are biased as described in
the Enable Function (CS+, CS-) section, or when the VDD voltage is below the start-up threshold as described
in the Bias and Bias OK Circuit (VDD) section, or when a bus-fault condition has been detected as described in
the Fault Protection on LS Bus section.

In this mode, the UCC29002 device CSO output is disconnected from the LS Bus and the Adjust amplifier input
is grounded to set the ADJ current to zero.
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7 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification, and
Tl does not warrant its accuracy or completeness. TI’s customers are responsible for determining

suitability of components for their purposes. Customers should validate and test their design
implementation to confirm system functionality.

7.1 Application Information

The UCC29002 device is an advanced, high-performance load-share controller that provides all the necessary
functions to parallel multiple independent power supplies or DC-to-DC modules. This load-share circuit is based
upon the automatic leader/follower architecture used in the earlier-generation UC3907 and UC3902 load-share
controllers, providing better than 1% current-share error between the parallelled modules at full system load.

7.2 Paralleling the Power Modules

The symbols used in this section are defined as:

Vour The nominal output voltage of the modules to be paralleled.

louT(max) The maximum output current of each module to be paralleled.

AVapymax) The maximum output voltage adjustment range of the power modules to be paralleled.
Nm The number of power modules to be paralleled.

Note

The power modules to be paralleled must be equipped with true remote-sense inputs or with access to
the feedback divider network of the module’s error amplifier.

Figure 7-1 shows a typical high-side current-sense configuration for a single module which is repeated for each

module to be paralleled. Direct connection of the VDD pin to the power module Vgyr rail (V+) is valid for Voyr
less than 13.5V.

RSHUNT
(—\ 0.005Q
Va. AAA
vy
P1
v R15  c131nF
2740 Il
I
TP
R16 16.2 kQ
AN
w R13
-
2 2740 u1
g UCC39002
x R18 ADJUST
3 1kQ
3 W
1 Load
| Q | REAO v
SB2 = [ 470
1
R19 § R14 c
( E 47 kQ 16.2kQ 4%«,9
s1
[s4

Load Share Bus
Copyright © 2016, Texas Instruments Incorporated

Figure 7-1. Typical High-Side Application for a Single Power Module
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In Figure 7-1, P1 represents the output-voltage connector terminals of the module and S1 represents the
remote-sense connector terminals of the module. In this example, a signal on the SB2 terminal enables the
disconnect feature of the device. The Load-Share Bus is the common bus between all of the paralleled load-
share controllers. The VDD supply must be decoupled with a good-quality ceramic capacitor returned directly to

GND.

For applications where the module output voltage is higher than the maximum VDD rating, it is best practice
to configure Rgyynt in the GND-return rail as shown in Figure 7-2. The VCC pin is biased from Vgyt using

dropping resistor Rg|ag1 to limit current and the ADJ pin is buffered from Vot by an NPN transistor.
LOAD CURRENT DIRECTION

VOUT+ -

>

SNS+ =

RaDy

RBIASé

§ LOAD

I A
|
POWER SUPPLY UCC39002 SYSTEM
OUTPUT GROUND
1| cs-
LS BUS
2 | cS+ p TO OTHER
UCC39002
3 | vDD DEVICES
Rpias2 Cgias
. 4 | GND
POWER SUPPLY
OUTPUT
SNS- -«
RSHUNT
VOUT- -

Copyright © 2016, Texas Instruments Incorporated

Figure 7-2. High-Voltage Application with Low-side Current-Sensing
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7.3 Typical Application

RSHUNT
VAW
S+] I AN
POWER SUPPLY
WITH
REMOTE SENSE
s-|—4
v
RSHUNT
Val—A
v II RapJ
S| A,
POWER SUPPLY
WITH § LOAD
REMOTE SENSE
s-—4
v
RSHUNT
Vi
S4| I AAVAY,
POWER SUPPLY
WITH
REMOTE SENSE
s
v

Figure 7-3. Three-Module Sharing Example with High-Side Current-Sensing, System Vgoyr < 13.5V
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7.3.1 Measuring the Voltage Loop of a Power Module

Using the test configuration shown in Figure 7-4, measure the unity-gain crossover frequency of each power
module to be paralleled. Set the load to the maximum output current (lout(max)) to be shared by each module.

Figure 7-5 shows a typical resultant Bode plot. Select the plot with the lowest 0dB crossover frequency and
assign that frequency to fcomodule) for design use.

+ +
+—1 0 VOUuT o g
VIN DC-DC Module 50 O ) Load
+ O
-— o SENSE Wy
- o__/
XFRMR
[ [
L
Source Channel Channel
Out A B
Network Analyzer

Figure 7-4. Connection Diagram for Unity-Gain Crossover Frequency Measurement
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Figure 7-5. Power Module Bode Plot
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7.3.2 Detailed Design Procedure

This section is a practical step-by-step design procedure on how to set up the UCC29002 to parallel power
modules for load sharing.

7.3.2.1 The Shunt Resistor

Selection of the shunt resistor Rgyynt Vvalue is limited (in part) by the voltage drop that is developed by the
maximum load-sharing current of the module. This voltage drop should be much less than the maximum voltage
adjustment range AV apymax) Of the module by at least a factor of 10, as shown in Equation 3.

louT(max) X RsHunT << AVApy(max) 3)

Other limitations for RgyynT include the maximum allowable power dissipation and available component ratings.
On the other hand, the value of Rgyynt Should be high enough to avoid signal degradation from noise or
requiring excessive amplification by the CSA.

7.3.2.2 The CSA Gain

The gain of the current-sense amplifier (CSA) is set by the compensation components connected to the CS- and
CSO pins of the load-share device. The maximum allowable voltage at CSO is limited by the internal saturation
level of the CSA and must be at least 1.7V less than VDD as seen in Equation 4.

Veso(max) < Vvpp — 1.7V (4)

Vesomax) €an be targeted lower than this limit and the maximum current-sense amplifier gain is determined by
Equation 5.

A _ V€S0 (max)
CSA = TouT(max) X RSHUNT

®)

Referring to Figure 7-1, the DC gain of the CSA is equal to R16/R15, and a high-frequency roll-off pole used for
noise filtering is set by C13. These component values are repeated at R14, R13, and C12 on the CS+ pin of the
differential amplifier, as shown.

The CSA output voltage, Vcso, serves as the input to the unity-gain LS-bus driver. In the overall system, the
module with the highest Vcso output voltage becomes the leader module. It forward-biases the internal diode
at the output of its respective LS-bus driver and determines the voltage on the load-share bus, V| g. All other
modules with lower Vg act as followers and they present a load on the |\,pp of the leader module because of
their internal 100kQ resistors at their respective LS pins. The total additional bias-supply current for the leader
module is equal to Ny (V| g(max)y 100kQ).
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7.3.2.3 Determining Rap

The ADJ pin of the load-share controller is connected to the positive remote-sense terminal (SENSE+, SNS+,
S+) of the power supply module. In cases where the remote-sense function of a module is not used, an internal
low-value resistor, herein designated as Rgensg, connects the module's internal feedback divider network to its
output voltage rail to maintain regulation. A controlled current pulled through Rgense by the ADJ pin can adjust
the output voltage of the module slightly higher to overcome unbalanced distribution impedances and offsets that
degrade current-sharing between multiple power modules operating in parallel. Since no current can flow out of
the ADJ pin, the output voltage of a module cannot be decreased below its normal set-point.

In cases where the Rsgnse value is relatively high, the maximum ADJ current lapymax) may increase the
module's Vgyt too much. In such cases, an external adjustment resistor Rap, is connected between the ADJ pin
and the Vgyr rail after Rgyynt. This arrangement places Rap; effectively in parallel with Rggnse and an artificial
SENSE+ voltage is created by the voltage drop across Rapyl|RsqunT due to the current sunk by the internal NPN
transistor at the ADJ pin. Rap, scales the portion of I5p; that can flow through Rgense to limit the maximum
amount of voltage adjustment AV pjmay) allowable for the module. There are two operating requirements that
determine the minimum value of Rap;.

The voltage at the ADJ pin must be maintained at least 1V above the voltage at the EAO pin which is necessary
to keep the transistor at the output of the internal adjust amplifier from saturating. To fulfill this requirement, use
Equation 6 to calculate the Rpp, value.

Rary = (AVAD](max) = IoUT(max) X RSHUNT) ©)
AD] = T7VouT — AVADJ(max) — 1V [ AVADj(max)
500 Q - RSENSE

where (referring to Figure 7-1)

*  Rgnunt is the external current-sense resistor.
* Rgensk is the internal remote-sense resistance between V+ (same as Vgy1) and S+ within the power module.

The total current into the ADJ pin must also be considered. The maximum sink current for ADJ, Iapjmax), is
6mA as determined by the internal 500Q emitter resistor and the 3V clamp. The value of adjust resistor, Rapy, is
based upon the maximum adjustment range of the module, AVapjmax- Use Equation 7 to calculate the value of
the adjust resistor.

(AVAD](max) — IoUT(max) X RSHUNT) Ko
AVADJj(max)
IAD](max) — “RsENSE

RAD] =

By selecting a resistor value that meets both of these requirements, the ADJ pin is at least 1V greater than the
EAOQ voltage and the ADJ pin sink current should not exceed the 6mA maximum. Equation 6 tends to dominate
the requirements when the power module output voltage is relatively low (close to the UCC29002 start-up
threshold Vypp(on)), whereas Equation 7 tends to dominate the requirements when Voyr is relatively high.
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7.3.2.4 Error Amplifier Compensation

The total load-share loop unity-gain crossover frequency, fco, must be set at least one decade below the lowest
measured crossover frequency of the paralleled modules previously measured, fcomodule) (S€€ Figure 7-5).
Compensation of the transconductance error amplifier is accomplished by connecting a compensation resistor,
Reao, in series with a capacitor, Cegpo, between EAO and GND. Use Equation 8 and Equation 13 to calculate the
values of these components. Cgpg is calculated first.

M
CEAo 2 (W) X 42 X Acsa X Ay X Aapy % [Apwr(fco)l (8)

where

* gwm is the transconductance of the Error Amplifier, typically 14mS.

*+ fco is the targeted crossover frequency of the load-share loop, minimally fcomodute)/10, preferably even lower

* Acsa is the DC gain of the Current-Sense Amplifier. (R15, R16 refer to Figure 7-1.)

* Ay is the maximum voltage gain.

* Appy is the gain associated with the Adjust amplifier.

*  |Apwr(fco)| is the measured gain of the power module at the targeted load-share crossover frequency, fco,
converted from dB to V/V.

R16
AcsA = Ri5 ©)

_ RsgunT _ 10UT(max) X RSHUNT
V'~ RLoaD VouT

(10)

Anrr = RADj I RSENSE _ RAD] X RSENSE
AD] 5000 (RAD] + RSENSE) X 500 Q

(11)

GMODULE(fCO)>

|Apwr(fco)l = 10( 20 (12)

where

*  GumopuLe(fco) is the measured value of the gain (in dB) from Figure 7-5, at the targeted load-share crossover
frequency.

After the value of the Cgpp capacitor is determined, the Rgap value is calculated to achieve the desired
current-sharing loop response using Equation 13.

_ 1
Rgao = 2t X fco X CRaAQ (13)
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7.3.3 Application Curve
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Figure 7-6. Power Module Bode Plot

7.4 Power Supply Recommendations

The VDD bias voltage to the UCC29002 device is limited to a maximum of 13.5V when powered from a
low-impedance source. An internal clamp-circuit (hominally 14.25V) allows the use of higher bias-supply source
voltages provided that a suitable resistance is connected between the high-voltage source and the VDD pin to
limit the total VDD current to below its absolute maximum rating.

When used with a series resistor to limit Iypp, the VDD pin must be decoupled directly to the GND pin with a
good-quality ceramic capacitor. The device is optimized for a capacitor value from 0.1uF to 1uF. Values outside
of this range may result in unstable clamping voltage.

7.5 Layout
7.5.1 Layout Guidelines

The bypass capacitor for the VDD supply is also the compensation for the input active clamp of the device and,
as such, must be placed as close to the device pins (VDD and GND) as possible using a good-quality, low-ESL
capacitor, minimizing trace length.

7.5.2 Layout Example

Power Supply with
Remote Sense

‘ LS BUS

‘ GND

Figure 7-7. Layout Example (2-Layer PCB)

Copyright © 2023 Texas Instruments Incorporated Submit Document Feedback 21
Product Folder Links: UCC29002 UCC39002


https://www.ti.com
https://www.ti.com/product/UCC29002
https://www.ti.com/product/UCC39002
https://www.ti.com/lit/pdf/SLUS495
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUS495J&partnum=UCC29002
https://www.ti.com/product/ucc29002?qgpn=ucc29002
https://www.ti.com/product/ucc39002?qgpn=ucc39002

13 TEXAS
INSTRUMENTS

www.ti.com

UCC29002, UCC39002
SLUS495J — AUGUST 2001 — REVISED DECEMBER 2023

8 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

8.1 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Notifications to register and receive a weekly digest of any product information that has changed. For change
details, review the revision history included in any revised document.

8.1.1 Documentation Support
8.2 Related Links

The table below lists quick access links. Categories include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 8-1. Related Links

TECHNICAL TOOLS & SUPPORT &
PARTS PRODUCT FOLDER ORDER NOW DOCUMENTS SOFTWARE COMMUNITY
UCC29002 . . ) ) )
UCC29002-1 Click here Click here Click here Click here Click here
UCC39002 Click here Click here Click here Click here Click here
8.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

8.4 Trademarks

TI E2E™ is a trademark of Texas Instruments.
Intel® is a registered trademark of Intel Corporation.
All trademarks are the property of their respective owners.

8.5 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

Atad

ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

8.6 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

9 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision | (May 2016) to Revision J (December 2023) Page
» Changed Package Information table, Added Device Information table ..................cccccccoiiiiiiiiiiiiiiii e, 1
» Corrected unit for LS Driver output current parameter and min/max limits for LS Driver output voltage in the
Electrical Characteristics table, plus numerous editorial clarifications................cccooeiiiiiiiiiiii e 5
* Changed Functional BIOCK Diagram ...........c...uuiiiiiiiiiiec et e e e e e e e e e et e e e e e e e e e e e e eeannes 7
* Changed LS Bus Fault Comparators diagram...............cooiiiiiiiiiiiiieiieece e e e e e e e e e e e e e 10
* Changed Start-up description for UCC29002-1 AEVICE ........cceeiiiiiiiiiiiiiieeeee ettt 11
* Updated and expanded Device FUNCtional MOGES ...............uiiiiiiiiiiiii i aa e 13
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* Moved Paralleling the Power Modules and Measuring the Voltage Loop of a Power Module to this section.. 14
*  Corrected equations and Clarified 1EXL...........uuuuiiieie e e e e ———— 18

Changes from Revision H (August 2007) to Revision | (May 2016) Page

» Added ESD Rating table, Feature Description section, Device Functional Modes, Application and
Implementation section, Power Supply Recommendations section, Layout section, Device and
Documentation Support section, and Mechanical, Packaging, and Orderable Information section................... 1

Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.

Note
Orderable part numbers for the UCC29002-1 device use a "/1" suffix instead of "-1" suffix due to
ordering-system restrictions on the "-" character.
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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 ©)
@ )
UCC29002D Obsolete Production SOIC (D) | 8 - - Call Tl Call Tl -40 to 105 29002
UCC29002D/1 Obsolete Production SOIC (D) | 8 - - Call Tl Call Tl -40 to 105 290021
UCC29002DGK Obsolete  Production VSSOP (DCK) | 8 - - Call Tl Call Tl -40 to 105 29002
UCC29002DGKR Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAUAG | SN Level-2-260C-1 YEAR -40 to 105 29002
UCC29002DGKR.B Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 105 29002
UCC29002DR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 29002
UCC29002DR.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 29002
UCC29002DR/1 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 290021
UCC29002DR/1.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 290021
UCC29002DR/1.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 290021
UCC29002DRG4 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 29002
UCC29002DRG4.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 29002
UCC29002P Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 105 UCC29002P
UCC29002P.A Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 105 UCC29002P
UCC39002D Obsolete  Production SOIC (D) | 8 - - Call Tl Call Tl 0to 70 39002
UCC39002DGK Obsolete  Production VSSOP (DGK) | 8 - - Call Tl Call Tl 0to 70 39002
UCC39002DGKR Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes NIPDAUAG | SN Level-2-260C-1 YEAR Oto 70 39002
UCC39002DGKR.B Active Production VSSOP (DGK) | 8 2500 | LARGE T&R Yes SN Level-2-260C-1 YEAR Oto 70 39002
UCC39002DR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 39002
UCC39002DR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 39002
UCC39002DR.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM Oto 70 39002
UCC39002P Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type Oto 70 UCC39002P
UCC39002P.A Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type 0to 70 UCC39002P

@ 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.
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® 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 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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
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)
UCC29002DGKR VSSOP | DGK 8 2500 330.0 12.4 525 | 335 | 1.25 | 8.0 12.0 Q1
UCC29002DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
UCC29002DR/1 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
UCC29002DRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
UCC39002DGKR VSSOP | DGK 8 2500 330.0 12.4 525 | 335 | 1.25 | 8.0 12.0 Q1
UCC39002DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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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)
UCC29002DGKR VSSOP DGK 8 2500 366.0 364.0 50.0
UCC29002DR SoIC D 8 2500 353.0 353.0 32.0
UCC29002DR/1 SoIC D 8 2500 353.0 353.0 32.0
UCC29002DRG4 SOIC D 8 2500 353.0 353.0 32.0
UCC39002DGKR VSSOP DGK 8 2500 366.0 364.0 50.0
UCC39002DR SoIC D 8 2500 353.0 353.0 32.0
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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)
UCC29002P P PDIP 8 50 506 13.97 11230 4.32
UCC29002P.A P PDIP 8 50 506 13.97 11230 4.32
UCC39002P P PDIP 8 50 506 13.97 11230 4.32
UCC39002P.A P PDIP 8 50 506 13.97 11230 4.32
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PACKAGE OUTLINE
DGKOOO8A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

02
| Soacl— -

FPIN 1 INDEX AREA SEATING
‘ PLANE
) 8 6X ,/j\
—] == j T T
—-—] 2% 1l
|
[ ] + ‘ ]
— == |
L ) 5 L 5 0.38 \J/
I N S %0130 [c[ale]
NOTE 4
\f{ ‘\ 0.23
/
- <¥SEE DETAIL A o
1.1 MAX

L 0.15

0.05

DETAIL A
TYPICAL

4214862/A 04/2023

NOTES: PowerPAD is a trademark of Texas Instruments.

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. 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.

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

5. Reference JEDEC registration MO-187.
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EXAMPLE BOARD LAYOUT
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

Tsx (1.4) j
1

8X (0.45) 1 [ Y J

SEE DETAILS
‘ (4.4)
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING  \ SOLDER MASK‘\ /  OPENING
O |
|
EXPOSED METAL \ * T T——EXPOSED METAL
0.05 MAX # 0.05 MIN
ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED

(PREFERRED) SOLDER MASK DETAILS

4214862/A 04/2023

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.
8. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown

on this view. It is recommended that vias under paste be filled, plugged or tented.
9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
DGKOO08A "VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

(R0.05) TYP

+ r 8X (;.4) j

8X (0.45) 1 [ ]

SOLDER PASTE EXAMPLE
SCALE: 15X

4214862/A 04/2023

NOTES: (continued)

11. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
12. Board assembly site may have different recommendations for stencil design.
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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.

[N

(G200 w N

INSTRUMENTS
www.ti.com




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.
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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.
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MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—=IN—LINE PACKAGE

0.400 (10,16)
035 (9,00) 7
5
[ ™M ;
0.260 (6,60)
0.240 (6,10)
° ‘
P8 S WS I Wy

0.045 (1,14) 0.325 (8,26)
0.030 (0,76) | [© —0.020 (0,51) MIN 0.300 (7,62)
/ T o 38)
\ 0.200 (5,08) MAX TGouge Plane
L Seating Plane
0.125 (3,18) MIN (0,25) NOM
0.100 (2,54) O 430 (10, 92
MAX
0.021 (0,53)
€ 5015 (0,38)
[]0.010 (0,25) W]
4040082/E  04/2010
NQTES: A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS—001 variation BA.
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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 © 2026, Texas Instruments Incorporated
Last updated 10/2025
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