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UCCx895 BiCMOS Advanced Phase-Shift PWM Controller
1 Features 3 Description

« Programmable-output turnon delay
* Adaptive delay set
» Bidirectional oscillator synchronization

» Voltage-mode, peak current-mode, or average

current-mode control

e Programmable soft start, soft stop, and chip
disable via a single pin

* 0% to 100% duty-cycle control

* 7-MHz error amplifier

» Operation to 1 MHz

» Typical 5-mA operating current at 500 kHz

* Very low 150-pA current during UVLO

2 Applications

» Phase-shifted full-bridge converters

* Off-line, telecom, datacom, and servers
» Distributed power architecture

» High-density power modules

The UCC3895 is a phase-shift PWM controller that
implements control of a full-bridge power stage by
phase shifting the switching of one half-bridge with
respect to the other. The device allows constant
frequency pulse-width modulation in conjunction with
resonant zero-voltage switching to provide high
efficiency at high frequencies. The part is used either
as a voltage-mode or current-mode controller.

While the UCC3895 maintains the functionality of the
UC3875/6/7/8 family and UC3879, it improves on that
controller family with additional features such as
enhanced control logic, adaptive delay set, and
shutdown capability. Because the device is built using
the BCDMOS process, it operates with dramatically
less supply current than it's bipolar counterparts. The
UCC3895 operates with a maximum clock frequency
of 1 MHz.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
CDIP (20) 24.20 mm x 6.92 mm
LCCC (20 8.89 mm x 8.89 mm
SOIC (20) 12.80 mm x 7.50 mm

UCCx895

PDIP (20) 24.33 mm x 6.35 mm
TSSOP (20) 6.50 mm x 4.40 mm
PLCC (20) 8.96 mm x 8.96 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Changes from Revision P (June 2013) to Revision Q Page
« Added ESD Ratings 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 SECHON ...........cccviiiiiiiiiii e e 1
e Changed UCC1895 V, MAX, From 250 mV : To 300 mV in Electrical CharacteristiCs ...........occoueereiiiiiiiiiiiiiiee e
¢ Changed UCC1895 RAMP sink current MIN, From 12 mA : To 10 mA in Electrical Characteristics ...
¢ Changed the Fgy, note in the Detailed Design Procedure SECHOMN ..........cciciiiieiiiiiiie et e e et e e e e erae e e e s snanns
» Changed the voltage drop across the Rpgen from 0.5-V to 4.5-V forward voltage drop in the output rectifiers.................. 23
e Added Output VOItAgE SETPOINT SECHION. .. ..eciitiie ittt ettt e et st e e s e e e st et e aabe e e s b e e e aabe e e saneeesabeeeanteeenaneas 34
¢ Added Setting the SWiItChiNg FIreQUENCY SECLON .......cuiiiiie ittt et e e et e e e s st e e e e e st e e e e s st b e e e e e s etbaeeeesanraees 36
LI Yo (o [=To IS0 BRS] = T A {=Tod 1o ] « O PP UPTUPPPRP 36
e Added Setting the SWItChiNG DEIAYS SECLON ......ccuuiiiiiiie ittt e st e st e s e et e e nbe e nneas 36
¢ Added Setting the Slope COMPENSALION SECLON .......ccuviiii et e et e e e e e e e e s e e e e st et e e e satbae e e e s stbaeeeesatraeeeesansaeeas 38
Changes from Revision O (April 2010) to Revision P Page
e Added The CS input connects to text to the beginning of the CS Detailed Pin DeSCription. .........ccccveieeeiiieeiiieeneee e 14
¢ Added second paragraph to detailed REF Pin Description and included the UCC1895 at the end of the first
paragraph to differentiate capacitance capabilities 0f the dEVICES. .........ueiiiiiiiiii e 16

e Changed UCC3895 Timing Diagram in the Application Information section to reflect the maximum duty cycle conditions 19

Changes from Revision N (May 2009) to Revision O Page
¢ Changed REF pin description from “Do not use more than 1.0 uF of total capacitance on this pin.” to “Do not use

more than 4.7 pF of total capacitance 0N thiS PIN." ... ...t e et e 16
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5 Pin Configuration and Functions

PW AND DW PACKAGE DRAWINGS
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Pin Functions

PIN
110 DESCRIPTION
NAME NO.
ADS 1 | The adaptive-delay-set pin sets the ratio between the maximum and minimum programmed output delay
dead time.
CS 12 | Current sense input for cycle-by-cycle current limiting and for over-current comparator.
cT 7 | Oscillator timing capacitor for programming the switching frequency. The UCC3895 oscillator charges CT via
a programmed current.
The delay-programming between complementary-outputs pin, DELAB, programs the dead time between
DELAB 9 | oo
switching of output A and output B.
The delay-programming between complementary-outputs pin, DELCD, programs the dead time between
DELCD 10 | -
switching of output C and output D.
EAOUT 2 1/0 | Error amplifier output.
EAP 20 | Non-inverting input to the error amplifier. Keep below 3.6 V for proper operation.
EAN | Inverting input to the error amplifier. Keep below 3.6 V for proper operation.
GND 5 — | Chip ground for all circuits except the output stages.
OUTA 18 O
ouTB 17 O | The four outputs are 100-mA complementary MOS drivers, and are optimized to drive FET driver circuits
ouTC 14 O | such as UCC27714 or gate drive transformers.
OuUTD 13 O
PGND 16 — | Output stage ground.
RAMP 3 | Inverting input of the PWM comparator.
5-V, £1.2%, 5-mA voltage reference. For best performance, bypass with a 0.1-pF low ESR, low ESL
REF 4 O : . Sl
capacitor to ground. Do not use more than 4.7 uF of total capacitance on this pin.
RT 8 | Oscillator timing resistor for programming the switching frequency.
SS/DISB 19 | Soft-start and disable pin which combines the two independent functions.
SYNC 6 I/0 | The oscillator synchronization pin is bidirectional.
VDD 15 | The power supply input pin, VDD, must be bypassed with a minimum of a 1-uF low ESR, low ESL capacitor
to ground. The addition of a 10-uF low ESR, low ESL between VDD and PGND is recommended.
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)®

MIN MAX UNIT

Supply voltage 17 \%
Output current 100 mA
Reference current 15 mA
Supply current 30 mA

Analog inputs Eé;?DlggN EAOUT, RAMP, SYNC, ADS, CS, 03 REF + 0.3 Vv

Drive outputs OUTA, OUTB, OUTC, OUTD -0.3 VCC + 0.3 \%
o DW-20 package 650 mw

Power dissipation at T = 25°C

N-20 package 1 W

T; Junction temperature -55 150 °C

Tsg 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.

6.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(® +1000
Vesp) Electrostatic discharge - — > \%
Charged-device model (CDM), per JEDEC specification JESD22-C101 @) +1000

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
(2) JEDEC document JEP157 states that 250-V CDM allows safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)®

MIN NOM MAX UNIT
Vpp Supply voltage 10 16.5 \%
Vob Supply voltage bypass capacitor @ 10 x Crer uF
Crer Reference bypass capacitor (UCC1895)®) 0.1 1 uF
Crer Reference bypass capacitor (UCC2895, UCC3895)() 0.1 47 uF
Cr Timing capacitor (for 500-kHz switching frequency) 220 pF
Rt Timing resistor (for 500-kHz switching frequency) 82 kQ
RpeL_as: Roer_cp  Delay resistor 2.5 40 kQ
T; Operating junction temperature ¢ -55 125 °C

(1) TIrecommends that there be a single point grounded between GND and PGND directly under the device. There must be a separate
ground plane associated with the GND pin and all components associated with pins 1 through 12, plus 19 and 20, be located over this
ground plane. Any connections associated with these pins to ground must be connected to this ground plane.

(2) The Vpp capacitor must be a low ESR, ESL ceramic capacitor located directly across the VDD and PGND pins. A larger bulk capacitor
must be located as physically close as possible to the Vpp pins.

(3) The Vger capacitor must be a low ESR, ESL ceramic capacitor located directly across the REF and GND pins. If a larger capacitor is
desired for the Vger then it must be located near the Vgge cap and connected to the Vrer pin with a resistor of 51 Q or greater. The bulk
capacitor on Vpp must be a factor of 10 greater than the total Vrgr capacitance.

(4) TI does not recommended that the device operate under conditions beyond those specified in this table for extended periods of time.
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6.4 Thermal Information

UCC2895 UCC2895
UCC1895 UGC3895 UGC3895 UCC3895
THERMAL METRIC® J FK DW PW FN N UNIT
(CDIP) (LCCC) (SQOIC) (TSSOP) (PLCC) (PDIP)
20 PINS 20 PINS 20 PINS 20 PINS 20 PINS 20 PINS
Rgia Junction-to-ambient thermal resistance N/A N/A 66.4 91.0 54.8 48.6 °C/IW
Junction-to-case (top) thermal o
Roic(top) resistance 34.2 31.2 31.6 26.1 32.8 35.6 C/W
Ross Junction-to-board thermal resistance 48.9 30.9 34.1 422 19.0 29.6 °C/W
Vit Junction-to-top characterization N/A N/A 8.6 13 9.0 16.0 oC/W
parameter
Junction-to-board characterization o
VB parameter N/A N/A 33.7 41.6 18.7 29.4 C/W
Rosc(oon Jur!ctlon-to-case (bottom) thermal 8.9 33 N/A N/A N/A N/A oC/W
resistance

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

6.5 Electrical Characteristics

Vpp = 12V, Ry = 82 kQ, C; = 220 pF, Rpgias = 10 KQ, Rpgicp = 10 KQ, Cgrer = 0.1 pF, Cypp = 0.1 pF and no load on the
outputs, Tp = T;. T, = 0°C to 70°C for UCC3895x, T, = —40°C to 85°C for UCC2895x and T, = -55°C to 125°C for the
UCC1895x (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN  TYP MAX| UNIT
UVLO (UNDERVOLTAGE LOCKOUT)
UVLO(on) Start-up voltage threshold 10.2 11 11.8 \%
UVLO(ofry Minimum operating voltage after start-up 8.2 9 9.8 \%
UVLOnys) Hysteresis 1 2 3 \%
SUPPLY
IsTART Start-up current VDD =8V 150 250 HA
Ibp Operating current 5 6 mA
Vbp_cLAMP Vpp clamp voltage IDD =10 mA 16.5 175 18.5 \%
VOLTAGE REFERENCE
T;=25°C 494 5 5.06
VRer Output voltage 10 V < VDD < Vpp _cramp Y
0 mA < IREF <5 mA, 4.85 5 515
temperature
Isc Short circuit current REF =0V, T;=25°C 10 20 mA
ERROR AMPLIFIER
Common-mode input voltage range -0.1 3.6 \%
Vio Offset voltage -7 7 mV
Isias Input bias current (EAP, EAN) -1 MA
EAOUT yon  High-level output voltage EAP — EAN =500 mV, Igpout = —0.5 mA 45 5 \%
EAOUT yoL  Low-level output voltage EAP — EAN = -500 mV, Igaoyt = 0.5 mA 0.2 0.4 Y
Isource Error amplifier output source current EAP — EAN =500 mV, EAOUT =25V 15 mA
Isink Error amplifier output sink current EAP — EAN = -500 mV, EAOUT =25V 25 4.5 mA
AvoL Open-loop dc gain 75 85 dB
GBW Unity gain bandwidth® 5 7 mHz
Slew rate® 3\5/\7 E'E’X;S#( E'A\‘/P =500 mv, 15 2.2 Vips
No-load comparator turn-off threshold 0.45 0.5 0.55 \%
No-load comparator turn-on threshold 0.55 0.6 0.69 \%

(1) Ensured by design. Not production tested.
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Electrical Characteristics (continued)

VDD =12 V, RT =82 kQ, CT =220 pF, RDELAB =10 kQ, RDELCD =10 kQ, CREF =0.1 ]J,F, CVDD =0.1 HF and no load on the

outputs, Tp = T;. T = 0°C to 70°C for UCC3895x, T, = —40°C to 85°C for UCC2895x and T, = -55°C to 125°C for the

UCC1895x (unless otherwise noted)

OV<CS<25V

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
No-load comparator hysteresis 0.035 0.1 0.165 \%
OSCILLATOR
fosc Frequency T;=25°C 473 500 527 | kHz
Frequency total variation Over line, temperature 2.5% 5%
ViH_syne SYNC input threshold, SYNC 2.05 2.1 2.4 \%
VoH_syNC High-level output voltage, SYNC Isync = —400 pA, Ver=2.6 V 4.1 45 5 \%
VoL _syne Low-level output voltage, SYNC Isync =100 pA, Ver =0V 0 0.5 1 \%
Sync output pulse width LOADgync = 3.9 kQ and 30 pF in parallel 85 135 ns
VRt Timing resistor voltage 2.9 3 3.1 \%
VeT(peak) Timing capacitor peak voltage 225 235 255 \%
VeT(valley) Timing capacitor valley voltage 0 0.2 0.4 \%
CURRENT SENSE
Icsbias) Current sense bias current 8 x :\DCSS:ZZS\\// -4.5 20 MA
Peak current threshold 1.9 2.1 \Y
Overcurrent threshold 2.4 25 2.6 \%
Current sense to output delay ODI\E/Ligsz %EECVD - REF 75 110 ns
SOFT START/SHUTDOWN
Isource Soft-start source current gg/lglflg \:/3'0 Vi -40 =35 =30 pA
lsink Soft-start sink current gg’glgg \:/3'0 Vi 325 350 375 HA
Soft-start/disable comparator threshold 0.44 05 0.56 \%
ADAPTIVE DELAY SET (ADS)
ADS=CS=0V 0.45 0.5 0.55
DELAB/DELCD output voltage égszzzc\)/v 19 ) o1 \%
toELAY Output delay®® ADS=CS=0V 450 560 620| ns
ADS bias current OV<ADS <25V, -20 20 HA

(2) Output delay is measured between OUTA and OUTB, or OUTC and OUTD. Output delay is defined as shown below where: tqoyta) =
falling edge of OUTA signal, t outg) = rising edge of OUTB signal (see Figure 1 and Figure 2).

Copyright © 1999-2019, Texas Instruments Incorporated

Submit Documentation Feedback

Product Folder Links: UCC1895 UCC2895 UCC3895

7


http://www.ti.com/product/ucc1895?qgpn=ucc1895
http://www.ti.com/product/ucc2895?qgpn=ucc2895
http://www.ti.com/product/ucc3895?qgpn=ucc3895
http://www.ti.com
http://www.ti.com/product/ucc1895?qgpn=ucc1895
http://www.ti.com/product/ucc2895?qgpn=ucc2895
http://www.ti.com/product/ucc3895?qgpn=ucc3895
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS157Q&partnum=UCC1895

13 TEXAS
INSTRUMENTS
UCC1895, UCC2895, UCC3895

SLUS157Q —DECEMBER 1999 —REVISED OCTOBER 2019 www.ti.com

Electrical Characteristics (continued)

VDD =12 V, RT =82 kQ, CT =220 pF, RDELAB =10 kQ, RDELCD =10 kQ, CREF =0.1 ]J,F, CVDD =0.1 HF and no load on the
outputs, Tp = T;. T = 0°C to 70°C for UCC3895x, T, = —40°C to 85°C for UCC2895x and T, = -55°C to 125°C for the
UCC1895x (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP MAX| UNIT
OUTPUT
VoH High-level output voltage (all outputs) lout =—-10 mA, VDD to output 250 400 mv
VoL Low-level output voltage (all outputs) lout = 10 mA UeC1895 150 300 mV
UCC2895, UCC3895 150 250
tr Rise time® ClLoap = 100 pF 20 35| ns
te Fall time® ClLoap = 100 pF 20 35| ns
PWM COMPARATOR
EAOUT to RAMP input offset voltage SELMAPBZOD\ELCD - REr 072 08 105 V
— ey Z
?AOIE'TXT:J Fgﬁec?gtm to OUTD) EQI\OAST :06\{%'0 mv 0.0% 085% 14%
toeLay Delay®@ 0V <RAMP <2.5V, EAOUT =12V, 0  120| ns
(RAMP to OUTC, RAMP to OUTD) DELAB = DELCD = REF
IR(bias) RAMP bias current RAMP <5V,CT=22V -5 5 HA
'Risink RAMP sink current Eﬁl\g-ﬁ/v’ 32222; UCC3895 12 12 mA

(3) Minimum phase shift is defined as:
© — 180 tioutc) ~ trouta) or —180x troutc) ~ trouts)

trERIOD trERIOD

where
(@) tyouta) = falling edge of OUTA signal
(b) tsouTs) = falling edge of OUTB signal
(¢) trourc) = falling edge of OUTC signal
(d) tsouTp) = falling edge of OUTD signal
(e) tperiop = period of OUTA or OUTB signal

—tperioD————— P

\_ OUTA

4
A 4

tDELAY = tfouTA) - t{ouTC)

OuUTC
Figure 1. Same Applies to OUTB and OUTD
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\ OUTA

<+—>rtpeELAY = tR(OUTB) - tiOUTA)
/ OouTB
Figure 2. Same Applies to OUTC and OUTD
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6.6 Typical Characteristics
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7 Detailed Description

7.1 Overview

The UCC3895 device combines all the functions necessary to control a phase-shifted full bridge power stage in a
20-pin package. It includes all the outputs needed to drive the four switches in the full-bridge circuit. The dead
times between the upper and lower switches in the full bridge may be set using the DELAB and DELCD inputs.
Further, this dead time may be dynamically adjusted according to the load level using the ADS pin allowing the
user to optimize the dead time for their particular power circuit and to achieve ZVS over the entire operating
range. At light loads a no-load comparator forces cycle skipping to maintain output voltage regulation. At higher-
power levels, two or more UCC3895 devices may be easily synchronized for parallel operation. The SS/DISB
input may be used to set the length of the soft-start process and to turn the controller on and off. The controller
may be used in Voltage mode or Current mode control and cycle-by-cycle current limiting is provided in both
modes. The switching frequency may be set over a wide range making this device suited to both IGBT and
MOSFET based designs.

7.2 Functional Block Diagrams
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Figure 9. Simplified Application Diagram
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Functional Block Diagrams (continued)
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Figure 10. Block Diagram
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Functional Block Diagrams (continued)
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Figure 12. Adaptive Delay Set Block Diagram
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Functional Block Diagrams (continued)
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Figure 13. Delay Block Diagram (One Delay Block Per Outlet)

7.3 Feature Description

7.3.1 ADS (Adaptive Delay Set)

This function sets the ratio between the maximum and minimum programmed output-delay dead time. When the
ADS pin is directly connected to the CS pin, no delay modulation occurs. The maximum delay modulation occurs
when ADS is grounded. In this case, delay time is four-times longer when CS = 0 than when CS = 2 V (the peak-
current threshold), ADS changes the output voltage on the delay pins DELAB and DELCD by Equation 1.

Voer =[0.75% (Vgs — Vaps )| +0.5 V

where
e Vs and Vyps are in volts 1)

ADS must be limited to between 0 V and 2.5 V and must be less-than or equal-to CS. DELAB and DELCD are
clamped to a minimum of 0.5 V.

7.3.2 CS (Current Sense)

The CS input connects to the inverting input of the current-sense comparator and the non-inverting input of the
overcurrent comparator and the ADS amplifier. The current sense signal is used for cycle-by-cycle current
limiting in peak current-mode control, and for overcurrent protection in all cases with a secondary threshold for
output shutdown. An output disable initiated by an overcurrent fault also results in a restart cycle, called soft stop,
with full soft start.

7.3.3 CT (Oscillator Timing Capacitor)
The UCC3895 oscillator charges CT via a programmed current. The waveform on C is a sawtooth, with a peak
voltage of 2.35 V. The approximate oscillator period is calculated by Equation 2.
R

tose = 2RTCT 420 ns
where

e Cyisin Farads

e Ryisin Ohms

e tpgc is in seconds

e C; can range from 100 to 880 pF 2)
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Feature Description (continued)

NOTE
A large C; and a small Ry combination results in extended fall times on the C; waveform.
The increased fall time increases the SYNC pulse width, hence limiting the maximum
phase shift between OUTA, OUTB and OUTC, OUTD outputs, which limits the maximum
duty cycle of the converter (see Figure 11).

7.3.4 DELAB and DELCD (Delay Programming Between Complementary Outputs)

DELAB programs the dead time between switching of OUTA and OUTB. DELCD programs the dead time
between OUTC and OUTD. This delay is introduced between complementary outputs in the same leg of the
external bridge. The UCC3895 allows the user to select the delay, in which the resonant switching of the external
power stages takes place. Separate delays are provided for the two half-bridges to accommodate differences in
resonant-capacitor charging currents. The delay in each stage is set according to Equation 3.

25x1012 )x RpeL s
+ ns

toeLay =
VbeL

where
e Vpg isin volts
e Rpg isin Ohms
* tpeLay IS in seconds 3)

DELAB and DELCD source about 1-mA maximum. Choose the delay resistors so that this maximum is not
exceeded. Programmable output delay is defeated by tying DELAB and, or, DELCD to REF. For an optimum
performance keep stray capacitance on these pins at less than 10 pF.

7.3.5 EAOUT, EAP, and EAN (Error Amplifier)

EAOUT connects internally to the non-inverting input of the PWM comparator and the no-load comparator.
EAOUT is internally clamped to the soft-start voltage. The no-load comparator shuts down the output stages
when EAOUT falls below 500 mV, and allows the outputs to turn on again when EAOUT rises above 600 mV.

EAP is the non-inverting and the EAN is the inverting input to the error amplifier.

7.3.6 OUTA, OUTB, OUTC, and OUTD (Output MOSFET Drivers)

The four outputs are 100-mA complementary MOS drivers, and are optimized to drive MOSFET driver circuits.
OUTA and OUTB are fully complementary, (assuming no programming delay) and operate near 50% duty cycle
and one-half the oscillator frequency. OUTA and OUTB are intended to drive one half-bridge circuit in an external
power stage. OUTC and OUTD drive the other half-bridge and have the same characteristics as OUTA and
OUTB. OUTC is phase shifted with respect to OUTA, and OUTD is phase shifted with respect to OUTB.

NOTE
Changing the phase relationship of OUTC and OUTD with respect to OUTA and OUTB
requires other than the nominal 50% duty ratio on OUTC and OUTD during those
transients.

7.3.7 PGND (Power Ground)

To keep output switching noise from critical analog circuits, the UCC3895 has two different ground connections.
PGND is the ground connection for the high-current output stages. Both GND and PGND must be electrically tied
together. Also, because PGND carries high current, board traces must be low impedance.

7.3.8 RAMP (Inverting Input of the PWM Comparator)

This pin receives either the C; waveform in voltage and average current-mode controls, or the current signal
(plus slope compensation) in peak current-mode control.
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Feature Description (continued)
7.3.9 REF (Voltage Reference)

The 5-V + 1.2% reference supplies power to internal circuitry, and also supplies up to 5 mA to external loads.
The reference is shutdown during undervoltage lockout but is operational during all other disable modes. For
best performance, bypass with a 0.1-uF low-ESR low-ESL capacitor to GND. To ensure the stability of the
internal reference, do not use more than 1 pF of total capacitance on this pin for the UCC1895.

For the UCC2895 and the UCC3895, this capacitance increases as per the limits defined in the Recommended
Operating Conditions of this specification.
7.3.10 RT (Oscillator Timing Resistor)

The oscillator in the UCC3895 operates by charging an external timing capacitor, Cy, with a fixed current
programmed by Rt. Ry current is calculated with Equation 4.

3V
e (A)= Rr () )

R+ ranges from 40 kQ to 120 kQ. Soft-start charging and discharging currents are also programmed by Izt (Refer
to Figure 11).

7.3.11 GND (Analog Ground)

This pin is the chip ground for all internal circuits except the output stages.

7.3.12 SS/DISB (Soft Start/Disable)
This pin combines two independent functions.

Disable Mode: A rapid shutdown of the chip is accomplished by externally forcing SS/DISB below 0.5 V,
externally forcing REF below 4 V, or if VDD drops below the undervoltage lockout threshold. In the case of REF
being pulled below 4 V or an undervoltage condition, SS/DISB is actively pulled to ground via an internal
MOSFET switch.

If an overcurrent fault is sensed (CS = 2.5 V), a soft stop is initiated. In this mode, SS/DISB sinks a constant
current of (10 x Izy). The soft stop continues until SS/DISB falls below 0.5 V. When any of these faults are
detected, all outputs are forced to ground immediately.

NOTE
If SS/DISB is forced below 0.5 V, the pin starts to source current equal to Igt. The only
time the part switches into low Ipp current mode, though, is when the part is in
undervoltage lockout.

Soft Start Mode: After a fault or disable condition has passed, VDD is above the start threshold, and, or,
SS/DISB falls below 0.5 V during a soft stop, SS/DISB switches to a soft-start mode. The pin then sources
current, equal to Igt. A user-selected resistor/capacitor combination on SS/DISB determines the soft-start time
constant.

NOTE
SS/DISB actively clamps the EAOUT pin voltage to approximately the SS/DISB pin
voltage during soft-start, soft-stop, and disable conditions.
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Feature Description (continued)
7.3.13 SYNC (Oscillator Synchronization)

This pin is bidirectional (refer to Figure 11). When used as an output, SYNC is used as a clock, which is the
same as the internal clock of the device. When used as an input, SYNC overrides the internal oscillator of the
chip and acts as the clock signal. This bidirectional feature allows synchronization of multiple power supplies.
Also, the SYNC signal internally discharge the C; capacitor and any filter capacitors that are present on the
RAMP pin. The internal SYNC circuitry is level sensitive, with an input-low threshold of 1.9 V, and an input-high
threshold of 2.1 V. A resistor as small as 3.9 kQ may be tied between SYNC and GND to reduce the sync pulse
width.

7.3.14 VDD (Chip Supply)

This is the input pin to the chip. VDD must be bypassed with a minimum of 1-pF low ESR, low ESL capacitor to
ground. The addition of a 10-uF low ESR, low ESL between VDD and PGND is recommended.

7.4 Device Functional Modes
The UCC3895 has a number of operational modes. These modes are described in detail in Feature Description
section.

e Current mode - The UCC3895 device may be operated in current mode control. The CS pin is connected to
the current sense signal plus slope compensation. The RAMP pin is connected to the CS pin.

» Voltage mode - The UCC3895 may be operated in voltage mode control. The RAMP pin is connected to the
signal at CT.

» Light load mode - Under light load conditions the signal at the EAOUT pin can fall below the threshold of the
No-Load-Comparator. When this happens the UCC3895 maintains output regulation by skipping cycles.

* Synchronized mode - Multiple UC3895 devices may be synchronised to each other or to an external clock
signal.

» Disable mode - The device will stop if the EN/DISB pin is pulled below 0.5 V.
» Soft-start mode - This mode protects the power stage from excessive stresses during the start-up process.

7.5 Programming

7.5.1 Programming DELAB, DELCD and the Adaptive Delay Set

The UCC3895 allows the user to set the delay between switch commands within each leg of the full-bridge
power circuit according to Equation 5.

(25%107"% JxRpey

+25ns

toeLay =
VbEL (5)

From Equation 5 VDEL is determined in conjunction with the desire to use (or not) the ADS feature from
Equation 6.

Figure 14 illustrates the resistors needed to program the delay periods and the ADS function.
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Programming (continued)

| UCC3895
| cs [12]
DELAB |
RpELAB
10| DELCD  ADS |11]
______ |
RpeLcD

Figure 14. Programming Adaptive Delay Set

The ADS allows the user to vary the delay times between switch commands within each of the two legs of the
converter. The delay-time modulation is implemented by connecting ADS (pin 11) to CS, GND, or a resistive
divider from CS through ADS to GND to set Vpg as shown in Figure 14. From Equation 6 for Vpg,, if ADS is tied
to GND then Vpg, rises in direct proportion to Vg, causing a decrease in tpg oy as the load increases. In this
condition, the maximum value of Vpg is 2 V.

If ADS is connected to a resistive divider between CS and GND, the term (Vcos — Vaps) becomes smaller,
reducing the level of Vpg, . This reduction decreases the amount of delay modulation. In the limit of ADS tied to
CS, VpgL = 0.5 V and no delay modulation occurs. Figure 15 graphically shows the delay time versus load for
varying adaptive delay set feature voltages (Vaps).

In the case of maximum delay modulation (ADS = GND), when the circuit goes from light load to heavy load, the
variation of Vpg_ is from 0.5 to 2 V. This change causes the delay times to vary by a 4:1 ratio as the load is
changed.

The ability to program an adaptive delay is a desirable feature because the optimum delay time is a function of
the current flowing in the primary winding of the transformer, and changes by a factor of 10:1 or more as circuit
loading changes. Reference 7 (see the Related Documentation section) describes the many interrelated factors
for choosing the optimum delay times for the most efficient power conversion, and illustrates an external circuit to
enable ADS using the UC3879. Implementing this adaptive feature is simplified in the UCC3895 controller, giving
the user the ability to tailor the delay times to suit a particular application with a minimum of external parts.
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Programming (continued)
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Figure 15. Delay Time Under Varying ADS Voltages
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Figure 16. UCC3895 Timing Diagram
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8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI 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.

8.1 Application Information

A simplified electrical diagram of this converter is shown in Figure 18. The controller device is located on the
primary side of converter to allow easy bias power generation.

The power stage includes primary side MOSFETs, QA, QB, QC and QD. Diode rectification is used here for
simplicity but synchronous rectification is also possible and is described in application notes SLUU109 Using the
UCC3895 in a Direct Control Driven Synchronous Rectifier Applications and SLUA287 Control Driven
Synchronous Rectifiers In Phase Shifted Full Bridge Converters. The centre-tapped rectifier scheme with L-C
output filter is a popular choice for the 12-V output converters in server power supplies.

The major waveforms of the phase-shifted converter during normal operation are shown in Figure 17. The upper
four waveforms show the output drive signals of the controller. Current, Ipg, is the current flowing through the
primary winding of the power transformer. The bottom two waveforms show the voltage at the output inductor,
Vi ouT, @nd the current through the output inductor, I, oyr- ZVS is an important feature for high input voltage
converters in reducing switching losses associated with the internal parasitic capacitances of power switches and
transformers. The controller ensures ZVS conditions over the entire load current range by adjusting the delay
time between the primary MOSFETs switching in the same leg in accordance to the load variation. At light loads
the output of the error amplifier (EAOUT) will drop below the threshold of the No-Load Comparator and the
controller will enter a pulse skipping mode.
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Application Information (continued)
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Figure 17. Major Waveforms of Phase-Shifted Converter
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8.2 Typical Application

A typical application for the UCC3895 device is a controller for a phase-shifted full-bridge converter that converts
a 390-Vpc input to a regulated 12-V output.

8.2.1 Design Requirements
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Figure 18. UCC3895 Typical Application

Table 1 lists the requirements for this application.
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Table 1. UCC3895 Typical Application Design Requirements

PARAMETER ‘ TEST CONDITIONS | MIN TYP MAX| UNIT
INPUT CHARACTERISTICS
VN DC input voltage range 370 390 410 \%
Iin(max) Maximum input current V|n= 370 Vpc to 410 Vpe 2 A
OUTPUT CHARACTERISTICS
Vourt Output voltage Vin= 370 Vpc to 410 Vpe 114 12 12.6 \%
lout Output current Vin= 370 Vpc to 410 Vpe 50 A
Output voltage transient 90% load step 600 mV
PouTt Continuous output power Vin= 370 Vpc to 410 Vpe 600 w
Load regulation VN = 370 Vpc to 410 Vpg, lout=5Ato 50 A 140 mV
Line regulation VN = 370 Vpc to 410 Vpg, lout=5Ato 50 A 140 mV
Output ripple voltage VN = 370 Vpc to 410 Vpg, lout=5Ato 50 A 200 mV
SYSTEM
Fsw Switching frequency 100 kHz
Full-load efficiency V|n= 370 Vpc to 410 Vpc, Pout= 500 W 92% 93%
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8.2.2 Detailed Design Procedure

The phase-shifted full-bridge converter topology is well suited to high-power server applications. This is because
the phase-shifted, full-bridge converter can obtain zero-voltage switching on the primary side of the converter,
reducing switching losses and EMI and increasing overall efficiency. This is a review of the design of a 600-W,
phase-shifted, full-bridge converter for one of these power systems using Tl's UCC3895 device. The review is
based on typical values. In a production design, the values may need to be modified for worst-case conditions.

NOTE
Fsw refers to the switching frequency applied to the power transformer. The oscillator on
the UCC2895 is set to 2 x Fgy. The output inductor also experiences a switching
frequency which is 2 x Fgy.

8.2.2.1 Power Loss Budget
To meet the efficiency goal a power loss budget needs to be set.

1-
Peupcer = Pour X[ nﬂ) ~52W

)
8.2.2.2 Preliminary Transformer Calculations (T1)
Transformer turns ratio (al):
N
al=—"
Ng (8)

The voltage drop across the Rpg(on) Of the primary side FETs is negligible. We assume a 0.5-V forward voltage
drop in the output rectifiers.

V; =0.45V ©

Select transformer turns based on 70% duty cycle (Dyax) at minimum specified input voltage. This will give some
room for dropout if a PFC front end is used.

N
al=—*F

Ng (10)
al= Vinmin % Dmax ~ 21

Turns ratio rounded to the nearest whole turn.
al=21 (12)

Calculated typical duty cycle (Dyyp) based on average input voltage.

IN (13)
Output inductor peak-to-peak ripple current is set to 20% of the output current.
P, x0.2
_ Tour Y- _
Al gy =—UT222 10 A
out (14)
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Care must be taken in selecting the correct amount of magnetizing inductance (Lyag). The following equations
calculate the minimum magnetizing inductance of the primary of the transformer (T1) to ensure the converter
operates in current-mode control. As Lyac reduces, the increasing magnetizing current becomes an increasing
proportion of the signal at the CS pin. If the magnetizing current increases enough it can swamp out the current
sense signal across Rqg and the converter will operate increasingly as if it were in voltage mode control rather
than current mode.

Vin X (1=Dpyp)

Lyac = | 0 ~2.78mH
Bhour x0-5 5 F
sw
al (15)
Figure 19 shows the transformer primary and secondary currents during normal operation.
I,I\::« /\ /\IMPZ = lpp - Aliour/(2 a1)
Imp—— /
0A
s lps + Aliour/2
Ivs2 /\MS = lps + Aliour
Ims —— e
0A
Alyour/2
LOUT/OA / /
TON TOFF
Figure 19. T1 Primary and Secondary Currents
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Calculate T1 secondary RMS current (Isgms):

oo = our  Ahour 55
Vour (16)
o = our _ Bhour _ 45
VOUT 2 (17)
sz =lps — Blout 50
2 (18)

Secondary RMS current (Isgms1) When energy is being delivered to the secondary: (OUTA = OUTD = HI or
OUTB = OUTC = HI).

los —ls ¥
lsrust = (DM—AX] lps % s +M ~29.6 A

2 3
(19)
Secondary RMS current (Isgms2) during freewheeling period: (OUTA = OUTC = HI or OUTB = OUTD = HI).
2
1-D o —1
lsrmss = __ TMAX log X lyss +M ~20.3A

2 3

(20)

Secondary RMS current (Isgmsz) caused by the negative current in the opposing winding during freewheeling
period, please refer to Figure 19.

Al 1-D
lsruss = LSUT ( 2X'\:"3ijz1.1A

(21)
Total secondary RMS current (Isgms):

. 2 2 2
lSRMS _\/ISRMS1 +ISRM82 +ISRMSB ~36.0A (22)

Calculate T1 Primary RMS Current (Iprms):
Vinmin % Dyiax

Aliyac = ~047A
Lyac % 2% Fgy (23)
P Al 1
ler =( T Lot J—+AILMAG ~3.3A
Vour XN 2 al 0
Pour Al oyr | 1
e :(v — =37 |5+ Al = 2.8A
out XM a 25)
(pp —lp )
lbrms1 =, |(Omax )| Ipp XIyp + ~————— | ~ 2.5A
(26)
Al 1
lypo = lpp _(ﬂj_ ~3.0A
2 al on
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T1 Primary RMS (lprms1) current when energy is being delivered to the secondary.

2
lbrms1 =, |(Omax )| lpp < Ivp +w ~25A

(28)
T1 Primary RMS (lprms2) current when the converter is free wheeling.
(IPP - IMP2 )2
lbrus2 = (1 _DMAX) lop X e, +T ~1.7TA
(29)
Total T1 primary RMS current (Iprus):
2 2

lorus = \/lPRMS1 +lorus2” # 3.1A (30)
We select a transformer with the following specifications:

al=21 (31)

Lyac = 2.8mH =2
Transformer Primary DC resistance:

DCR,=0.215Q @3)
Transformer Secondary DC resistance:

DCR,=0.580 34
Estimated transformer core losses (P+,) are twice the copper loss.

NOTE
This is just an estimate and the total losses may vary based on magnetic design.

Pry = 2 (logys” *DCRp, +2xlggys” xDCRg )~ 7.0W )
Calculate remaining power budget:

PsubceT = Peubcer —Pr1 = 45W (36)
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8.2.2.3 QA, QB, QC, QD FET Selection

In this design to meet efficiency and voltage requirements 20 A, 650 V, CoolMOS FETSs from Infineon are chosen

for QA..QD.

FET drain to source on resistance:
Resionjon = 0.2200Q

(37)
FET Specified Cpss:
COSS_QA_SPEC = 780pF (38)
Voltage across drain-to-source (Vgsoa) Where Coss was measured, data sheet parameter:
Visan =25V (39)
Calculate average Cgs [2]:
Coss_aa_ave = Coss_an_spec Vason ~193pF
INMAX (40)
QA FET gate charge:
QAg =15nC 1)
Voltage applied to FET gate to activate FET:
Vg =12V 42)
Calculate QA losses (Pga) based on Rysonjoa @and gate charge (QAy):
Poa = lbrus” % Rosonan + 2% QA x V, xfy, =~ 2.1W (43)
Recalculate power budget:
PsubceT = Psubcer —4xPaa = 36.6W (44)
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8.2.2.4 Selecting Lg

Calculating the value of the shim inductor (Ls) is based on the amount of energy required to achieve zero voltage
switching. This inductor needs to able to deplete the energy from the parasitic capacitance at the switch node.
The following equation selects Lg to achieve ZVS at 100% load down to 50% load based on the primary FET’s
average total Cpygg at the switch node.

NOTE
The actual parasitic capacitance at the switched node may differ from the estimate and Lg
may have to be adjusted accordingly.

2

V
Ls > (2 X COSS_QA_AVG) A — L ~ 26pH
IPi _ AILOUT
2 2 X 81 (45)

Ls =26pH 46)
Typical shim inductor DC resistance:

DCR s =27mQ )
Estimate Lg power loss (P, s) and readjust remaining power budget:

P =2xlgys’ xDCR g = 0.5W 8)

Psubcet = Psubcer —PLs = 36.1W (49)

8.2.2.5 Selecting Diodes Dg and D¢

There is a potential for high voltage ringing on the secondary rectifiers, caused by the difference in current
between the transformer and the shim inductor when the transformer comes out of freewheeling. Diodes Dg and
D¢ provide a path for this current and prevent any ringing by clamping the transformer primary to the primary
side power rails. Normally these diodes do not dissipate much power but they should be sized to carry the full
primary current. The worse case power dissipated in these diodes is:

2
P =0.5xLg xorys X Fsw (50)
The diodes should be ultra-fast types and rated for the input voltage of the converter — V|y (410 VDC in this
case).
A MURS360 part is suitable at this power level.
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8.2.2.6 Output Inductor Selection (LoyT)

Inductor Loyt is designed for 20% inductor ripple current (Al oyt):

Pyur x0.2  600W x0.2

Al = ~10A
LouT Vour 12V

L= Vour X(1=Dryp) ~2uH

ouT =
Al gyr x2x g,

Calculate output inductor RMS current (I oyt _rms):

2 2
P Al
| = [l 2ur | 4| ur | —50.3A
LOUT _RMS [VOUT J ( \/5 j

Loyr =2pH

Typical output inductor DC resistance:
DCR o7 = 750uQ

(61)

(52)

(53)

(54)

(55)

Estimate output inductor losses (P oyt) and recalculate power budget. Note P oyt is an estimate of inductor
losses that is twice the copper loss. Note this may vary based on magnetic manufactures. It is advisable to

double check the magnetic loss with the magnetic manufacture.
2
Pour =2x% lLOUT_RMS xDCR oy #3.8W

(56)
Psubcer =Psubcer —PLout ~32.8W (57)
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8.2.2.7 Output Capacitance (Coyr)
The output capacitor is selected based on holdup and transient (V1ran) load requirements.

Time it takes Loyt to change 90% of its full load current:
Lour XPoyur 0.9

t,, = Vour =7.5us

HU
Vour (58)

During load transients most of the current will immediately go through the capacitors equivalent series resistance
(ESRcout)- The following equations are used to select ESRcqyt and Cqoyr based on a 90% load step in current.
The ESR is selected for 90% of the allowable transient voltage (V1ran), While the output capacitance (Coyy) is
selected for 10% of Viran-

Voeay X0.9
out :
VOUT (59)
Pour 0.9t

Vour ~5.6mF

Vipan X 0.1 (60)

=12mQ

COUT 2

Before selecting the output capacitor, the output capacitor RMS current (Icour rus) Mmust be calculated.

Al
| = LT ~58A
COUT_RMS NE) -

To meet the design requirements five 1500-uF, aluminum electrolytic capacitors are chosen for the design from
United Chemi-Con™, part number EKY-160ELL152MJ30S. These capacitors have an ESR of 31 mQ.

Number of output capacitors:
n=5 (62)

Total output capacitance:
Cour = 1500 uF xn ~ 7500 uF (©3)

Effective output capacitance ESR:

ESR,.,; = meQ -6.2mQ

(64)
Calculate output capacitor loss (PcouT):
PCOUT = ICOUT_RMS2 X ESRCOUT ~0.21W (65)
Recalculate remaining Power Budget:
Psubcet = Psubcer —Peout = 32.6W (66)

8.2.2.8 Select Rectifier Diodes

Selecting the rectifier diodes begins with determining the voltage and current ratings necessary. In this case the
peak diode reverse voltage is given by:

Vi
V =2x —MX x 38V
al (67)

The average output diode current is given by:

|
If: OU;ja_vg ~30A
(68)
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For this design we select dual 40-A, 45-V Schottky diodes type STPS40L45CT. This is a dual diode and we
connect both of the diodes in parallel for current sharing. Each diode in the package will carry approximately half
of the I; calculated above, or about 15 A. The forward voltage drop of these diodes at maximum output current
will be typically 0.45 V.

The power loss in the output rectifiers is dominated by the V4l; product.

The loss in each dual diode package is given by:

PDiode :VfXIf ~ 135W (69)
The device will require a heatsink to keep its junction temperature at a reasonable level.

The heatsink thermal resistance will have to be less than:

T -T
R =" 2Ry, ~4.5°CW
Diode ' (70)

TH HSK D
where Tj nax = 125°C, Tp = 50°C, and Ry j¢ = 0.8°Cw.
A typical heatsink with this thermal resistance would have dimensions 63.5 mm x 42 mm x 25 mm.

Recalculate the power budget.
P BUDGET — PBUDGET —2x PDiode ~5.6W (72)
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8.2.2.9 Input Capacitance (Cy)

The input voltage in this design is 390 Vp¢, which is generally fed by the output of a PFC boost pre-regulator.
The input capacitance is generally selected based on holdup and ripple requirements.

NOTE
The delay time needed to achieve ZVS can act as a duty cycle clamp (Dciawvp)-

Calculate tank frequency:

fz = 1
275\/Ls x(2xCoss_qa_ave) 72)
Estimated delay time:
2
DELAY ~ ¢ 4 ~314ns
R (73)
Effective duty cycle clamp (D¢ amp):
1
Deiave = [W - tDELAYj x2xfyy =94%
X lsw (74)

Vprop IS the minimum input voltage where the converter can still maintain output regulation. The converter’s input
voltage would only drop down this low during a brownout or line-drop condition if this converter was following a
PFC pre-regulator.

a1 X (VOUT + Vf )

DeLamp (75)
C\y was calculated based on one line cycle of holdup:
1
2xPy o x——
T 60Hz
Cn=—— = ~364pF
(VlN - VDROP ) (76)
Calculate high frequency input capacitor RMS current (Icinrms)-
P 2
loinrus = IPRMS12 _(LJ =1.8A
Vi x @1

(77)

To meet the input capacitance and RMS current requirements for this design a 330-pF capacitor was chosen
from Panasonic part number EETHC2W331EA.

C, = 330pF 8
This capacitor has a high frequency (ESR¢)) of 150 mQ, measured with an impedance analyzer at 200 kHz.

ESR., =0.150Q (79)
Estimate C,y power dissipation (P¢y):

PCIN = ICINRM82 X ESRCIN =0.5W (80)
Recalculate remaining power budget:

PBUDGET = PBUDGET - PCIN ~5.0W (81)

There is roughly 5.0 W left in the power budget left for the current sensing network, and biasing the control
device and all resistors supporting the control device.
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8.2.2.10 Current Sense Network (CT, Rcs, Rg, Da)

The CT chosen for this design has a turns ratio (CTgat) Of 100:1.

CTrat = :L =100
s

Calculate nominal peak current (Ip1) at Vinmin:
Peak primary current:

loy :( Pour + AlLOUTJ 1 + Vinmin X Dyiax ~3.3A

Vour XM 2 5 Lyac X 2% Fgy

The CS pin voltage where peak current limit will trip.
V, =2V

(82)

(83)

(84)

Calculate current sense resistor (Rcs) and leave 300 mV for slope compensation. Include a 1.1 factor for margin:

V,-0.3V
Res = ———— 2 47Q
I
— P x1.1
CTrat (85)
Select a standard resistor for Res:
RCS = 47Q (86)
Estimate power loss for Reg:
2
I
_ | 'PRMS1 ~
Pracs = (CT xReg ~0.03W
RAT (87)
Calculate maximum reverse voltage (Vpa) on Da:
Deiave
Vp, =V, —CMP_ 29 8V
~YeLawp (88)
Estimate D, power loss (Ppa):
P,,x0.6V
Py, = —UT ~0.01W
V, xnxCT.
iNmiN X T RAT (89)
Calculate reset resistor Rg:
Resistor Ry is used to reset the current sense transformer CT.
RR =1OOXRCS :47kQ (90)
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Resistor R ¢ and capacitor C, ¢ form a low pass filter for the current sense signal (Pin 15). For this design we
chose the following values. This filter has a low frequency pole (f.gp) at 482 kHz. This should work for most
applications but may be adjusted to suit individual layouts and EMI present in the design.

RLF =1kQ (91)
C,. =330pF (92)
f = L = 482kHz

27'Cf X RLF X CLF (93)

The UCC3895 REF output (Pin 4) needs a high frequency bypass capacitor to filter out high frequency noise.
The maximum amount of capacitance allowed is given in the Recommended Operating Conditions.

Crer =10F (94)

The voltage amplifier reference voltage (Pin 2, EA+) can be set with a voltage divider (R1, R2), for this design
example, the error amplifier reference voltage (V1) will be set to 2.5 V. Select a standard resistor value for R1
and then calculate resistor value R2.

UCC3895 reference voltage:
Veer =9V

(95)
Set voltage amplifier reference voltage:
V1=2.5V (96)
R1=2.37kQ (97)
ro = R (Veee =V1) ) 370
(98)
Voltage divider formed by resistor R3 and R4 are chosen to set the DC output voltage (Voyt) at Pin 3 (EA-).
Select a standard resistor for R3:
R3 =2.37kQ (99)
Calculate R4:
R4 - R3 x (VOUT — V1) < 9KO
1 (100)
Then choose a standard resistor for R4:
ra = R3*MVour =V _g 090
(101)

8.2.2.10.1 Output Voltage Setpoint

Peak current mode control is chosen for this design and a TL431 (U1) acts as the output voltage error amplifier.
It has a 2.5-V internal reference and we want to regulate Vgyt to 12 V. We set Rg, the lower resistor of the
output voltage divider chain to 10 kQ. R, the upper resistor is given by:

Rs= RB[@AJ =38 kQ

REF (102)

It is possible, but not necessary, to add a small resistor, R, qop, in series with the feedback network as a signal
injection point for loop stability tests, R, oop-

The output of U, is transferred across the isolation barrier by the optocoupler U, and fed into the EAP pin of the
UCC3895 as a current demand signal. The UCC2895 internal error amplifier is configured as a voltage follower
by connecting EAN to EAOUT.
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8.2.2.10.2 Voltage Loop Compensation

We choose a standard configuration for a TL431 / optocoupler based feedback network. Type 2 loop
compensation is appropriate for a design using peak current mode control. First we set the DC operating points
for the TL431 (U1) and the optocoupler (U2).

We assume that the optocoupler (U2) has a current transfer ratio (CTR) of 1 and choose to operate it at a
maximum LED current, I of 10 mA. Rp is then given by:

V -V:=-V,
RD _ out Il—_ k_MIN ~820 O
F (103)

We set the parallel combination of Rg and Rg to 2.4 kQ for a nominal 10-dB gain for output perturbations via the
direct path from Rp to the optocoupler diode. This path exists in parallel with the path through R, and the TL431.
The direct path is important at frequencies where the gain of the TL431 integrator has fallen to 0 dB.

Rg and R form a potential divider whose function is to keep the EAP pin within the upper limit of its common
mode input range (Vcm_max = 3.6 V) when there is no current in the photo-transistor. Rg is connected to VREF
and this constraint on the voltage at the EAP pin gives:

Rg = RF£—1 =0.39 R
VCMfMAX (104)

Since we know the parallel value of R and Rg and their ratio (Re/Rg), we calculate RF as follows:
1.39
Rr = R || R ——~8.6kQ
F=FRrllfe g3 (105)
and
R;=0.39 Rp=3.3 kQ (106)

At low frequencies the gain is dominated by the response of the TL431 error amplifier which is configured as a
pure integrator. The TL431 has a typical open loop gain of about 60 dB at DC, which decreases at the normal
—20 dB per decade. Its gain will be 0 dB when the impedance of CE falls to that of RA. Even though the TL431
gain has fallen to 0 dB, the system still has 10-dB gain due to the direct path through RD.

We put the zero due to capacitor Cg and resistor R, at the desired 0-dB gain frequency of 2 kHz. Since Ry is
already selected from Vg1 setpoint considerations we calculate Cg as follows:

Ce = 1 ~22 nF
21m2000Hz38kQ) (107)

The optocoupler has a 10-dB response through the direct path, to perturbations on V7. At higher frequencies
the capacitance at the collector of the optocoupler (Cg) forms a pole with the resistor in series with the
optocoupler LED. The gain then rolls off in half a decade to reach 0 dB. With CF = 68 nF this pole is at about 2.8
kHz.

Having chosen the component values in the feedback path around the TL431 we can draw a Bode Plot of the
VOUT to EAP transfer function G¢(f).

The control to output transfer function of the power train is approximated by:
_ AVour _

~alxClgar x Rioap x[1 +8 ESRcour *Cour ]X 1
c cs 1+8 Ry 0ap *Cout s [ < Jg
1+ 2 4+ =
Spp \ Spp

cof)

where
e s = 2gjf is the complex frequency
e sppis Fgy /2 =50 kHz in this case
e The overall loop response is then given by G¢(f). G¢(0). (208)

This loop response has a crossover frequency of 7.5 kHz. TI recommends that you check the loop stability of the
final design with load transient tests and by checking that the gain and phase margins are sufficient. R gop
provides a convenient point to inject signals for loop gain and phase measurements. The feedback network may
need to be adjusted to achieve satisfactory performance.
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8.2.2.10.3 Setting the Switching Frequency

In this design we set the UCC2895 oscillator frequency to 200 kHz to give a switching frequency (Fsy) of 100
kHz at the transformer primary. We set Ry = 82 kQ, within the limits given in the RT (Oscillator Timing Resistor)
section and rearrange Equation 2 to find the needed value of C5.

48x| thgs —120ns
¢, - #8Llosc 1 <560 oF
5x Ry (109)
This value is within the limits for Ct in the CT (Oscillator Timing Capacitor) section.

8.2.2.10.4 Soft Start
= 2V <36 uA
Ry (110)
The UCC3895 has a soft-start function to reduce component stresses during the start-up phase. For this design
we set the soft-start time to 50 ms. This time is controlled by the value of the capacitor Cgg at the SS/DISB pin
and the charging current set by Rt (Equation 4).
Cos = lpyx—158_ -3V, Iss 470 nF
36V Ry 36V (111)

8.2.2.10.5 Setting the Switching Delays

Higher power designs will benefit from the adaptive delays provided by the ADS pin but that feature is not used
in this example. Setting RADSH = 0 Q defeats the adaptive delay and a fixed value for tpg ag and tpg cp is used.
If it is planned to use the adaptive delay feature then the resistor RADSL should be included in the layout but not
populated until delay optimisation is being done on actual hardware.

UCC3895 | Rani

|
ADEL (14— —9
I RAEFHI

ADELEF | 13

] § R,
Raer ;

Figure 20. UCC3895 Adaptive Delays

We set the delay times as follows. The resonant frequency of the shim inductor Lg with the stray capacitance at
the switched node is given by:

_ L ~1.6 MHz
2”\/LS ><2>< COSS_AVG (112)

fr

Set the initial tagseT and tepset Values to half the resonant period
tpeLay =314 ns (113)

The resistors Rpg and Rcp are given by a modified version of Equation 5 and Equation 6.
t -25ns)x0.5 VvV
25x10” (114)
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It is important to recognise that the delay times set by Ryg and Rcp are those measured at the device pins.
Propagation delays mean that the delay times seen at the primary of the transformer will be different and this is
the reason why the delays have to be optimised on actual hardware. Once the prototype is up and running it is
recommended that you fine tune tagset and tepser at light load. Refer to Figure 21 and Figure 22. It is easier to
achieve ZVS at the drain of QD than at the drain of QA because the output inductor current reflected in the
transformer primary is greater at QD and QC turn-off than it is at QA and QB turn-off.

Sett at resonant tank Peak and Valley

ABSET

t

ABSET

™\ Miller Plateau

™\ Miller Plateau

|

|

|

|

|

_ |

twer =t2 -ty |
I

|

|

a8 :
|

tuer =ts-ty

[
o —— — — —

Figure 21. tagset to Achieve Valley Switching at Light Loads
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Set t

at resonant tank Peak and Valley

CDSET

Qc,

1-==
=
)
=
3
Q
-
]
Q
c

QD ™\ Miller Plateau

tMILLER =t - t4

. ————— e o ——— — — —

-~

0 1 "2

Figure 22. tcpset to Achieve Valley Switching at Light Loads

8.2.2.10.6 Setting the Slope Compensation

Slope compensation is necessary to stabilise a converter operating in peak current mode at duty cycles greater
than 50%. The optimum slope compensation ramp should be half the inductor current ramp downslope during
the off time. This slope is calculated as follows:

me =0.5 Vour*Res  _ 67 my s
Loyr xalx CTgar (115)

The magnetizing current of the power transformer provides part of the compensating ramp and is calculated as
follows. The V,y x Dyyp factor takes account of the fact that the slope of the magnetizing current is less at lower
input voltages.

Vjyx D R
Myag =-N X ErypX Mes 43 mv s~
Liag* CTrat (116)
The added slope compensation ramp is then:
-1
Mgypy = Mg — Myag~24 Mv us (117)
The resistor Rgc sets the added slope compensation ramp, mgyy and is chosen as follows:
Reo = Rir x — BT o1k

A small AC coupling capacitor is used in the emitter of Q1 to eliminate the need for offset biasing circuitry. Co = 1
nF.

The resistor Rg, is a DC load resistor for the emitter of Q1. It should have the same value as Rgc.
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A small capacitor at the RAMP pin input helps suppress high frequency noise, we set Cramp = 56 pF. Transistor

Q1 is a small signal NPN type.

In peak current mode control the RAMP pin receives the current sense signal, plus the slope compensation
ramp, through the 510-Q resistor Rrcs. The 10-kQ resistor Rgg provides approximately 250-mV offset bias. The
value of this resistor may be adjusted up or down to alter the point at which the internal no load comparator trips.

J
;
L % vouT] @é vouT] olo
R1 R28 & o (s (o] olo
2.37k {VBIAS] oUTE ) olo
zsegk % UT8 05:: OUTF ) olo
A A UTD, ouTC ) OLO
= 1(:‘; cs »EW oUTA OUTD ) olo
T SYNC] Sl (cst olo
R2 !
2.37k R7 RO
2.37k 27.4k ri8
L Zrisa 1.00k
I, - 56@pF |
R1
5.6nF u1 §22.6 R21
SRoa | ucczBssorw [ o
J{VREF—oNpF27
EA+ VD
[ o2 R23
EA ouTA °
4lcomp  outsl!
Sss/en  outcl22] [ R26
8 oELas  ouTp{-2 ‘ -
Z{bereo  outeHE ‘
8lpeLer  ouTAHZ
13 MmN+ sYNG] :g R16 %mg R24
RT cs| 8.25k 8.25k 16.9k
o psum  ADELH4
::150"F§§§:k g 1k 5; 1k ?i ok ?;on R 2pon_noeier > Tsa0
X . . X 330pF
61.9k P
R12 §R14 |
S 127k 1 s c6 R17 R20 R25
T 1oF TGJUF 4.22k 348 1.00k
v

Figure 23. Daughter Board Schematic
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Figure 24. Power Stage Schematic
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8.2.3 Application Curves

D PR —

OuTA

P s A e e e Aatat T

[ Transformer Primary

T =]

VlN =390V
loutr=5A

Figure 25. Full Bridge Gate Drives and Primary Switched
Nodes

OUTA

o ouTB

ouTD

ouTC

Operating at Dmax

V|N =390V
lout=5A

Figure 26. Gate Drive Signals at DMAX

OUTA

by A " A .
B
N\Jv\— s \l,_, s 1 Y ou

ouTD

N ey

outc

D=72%

VIN =390V
IOUT =10A

Figure 27. Gate Drive Signals D = 72%

VIN =390V
IOUT =10A

Figure 28. Typical Start-up (Into 50% Full Load)
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9 Power Supply Recommendations

The UCC3895 device should be operated from a Vpp rail within the limits given in the Recommended Operating
Conditions of this data sheet. To avoid the possibility that the device might stop switching, Vpp must not be
allowed to fall into the UVLO(off) range. In order to minimize power dissipation in the device, Vpp should not be
unnecessarily high. Keeping Vpp at 12 V is a good compromise between these competing constraints. The gate
drive outputs from the UCC3895 device deliver large-current pulses into their loads. This indicates the need for a
low-ESR decoupling capacitor to be connected as directly as possible between the Vpp and PGND terminals.

Tl recommends ceramic capacitors with stable dielectric characteristics over temperature, such as X7R. Avoid
capacitors which have a large drop in capacitance with applied DC voltage bias. For example, use a part that has
a low-voltage co-efficient of capacitance. The recommended decoupling capacitance is 1 pF, X7R, with at least a
25-V rating with a 0.1-pF NPO capacitor in parallel.

10 Layout

10.1 Layout Guidelines

In order to increase the reliability and robustness of the design, it is recommended that the following layout

guidelines are followed.

* EAN pin - This is the inverting input to the error amplifier. It is a high impedance pin and is susceptible to
noise pickup. Keep tracks from this pin as short as possible.

» EAP pin - This is the non-inverting input to the error amplifier. It is a high impedance pin and is susceptible to
noise pickup. Keep tracks from this pin as short as possible.

» EAOUT - pin Keep tracks from this pin as short as possible.

* RAMP,CT, RT, DELAB, DELCD and ADS pins - The components connected to these pins are used to set
important operating parameters. Keep these components close to the IC and provide short, low impedance
return connections to the GND pin.

* REF pin - Decouple this pin to GND with a good quality ceramic capacitor. A 1-uF, X7R, 25-V capacitor is
recommended. Keep REF PCB tracks as far away as possible from sources of switching noise.

* SYNC pin - This pin is essentially a digital I/O port. If it is unused, then it may be left open circuit. If
Synchronisation is used, then route the incoming Synchronisation signal as far away from noise sensitive
input pins as possible.

* CS pin - This connection is arguably the most important single connection in the entire PSU system. Avoid
running the CS signal traces near to sources of high dv/dt. Provide a simple RC filter as close as possible to
the pin to help filter out leading edge noise spikes which will occur at the beginning of each switching cycle.

e SS/DISB pin - Keep tracks from this pin as short as possible. If the Enable signal is coming from a remote
source then avoid running it close to any source of high dv/dt (MOSFET Drain connections for example) and
add a simple RC filter at the SS/DISB pin.

« OUTA, OUTB, OUTC, and OUTD pins - These are the gate drive output pins and will have a high dv/dt rate
associated with their rising and falling edges. Keep the tracks from these pins as far away from noise
sensitive input pins as possible. Ensure that the return currents from these outputs do not cause voltage
changes in the analog ground connections to noise sensitive input pins.

* VDD pin - This pin must be decoupled to PGND using ceramic capacitors as detailed in the Power Supply
Recommendations section. Keep this capacitor as close to the VDD and PGND pins as possible.

e GND pin - This pin provides the analog ground reference to the controller. Use this pin to provide a return
path for the components at the RAMP, REF, CT, RT, DELAB, DELCD, ADS, CS, and SS/DISB pins. Use a
Ground Plane to minimise the impedance of the ground connection and to reduce noise pickup. It is important
to have a low impedance connection from GND to PGND.

 PGND pin - This pin provides the ground reference to the controller. This pin should be used to return the
currents from the OUTX and SYNC pins. Use a Ground Plane to minimise the impedance of the ground
connection and to reduce noise pickup.

An ideal ground plane provides an equipotential surface to which the controller ground pins can be connected.
However, real ground planes have a non-zero impedance and having separate ground planes for analog and
driver circuits is an easy way to prevent the analog ground from being disturbed by driver return currents. A
single ground plane may be used if care is taken to ensure that the driver return currents are kept away from the
part of the ground plane used for analog connections.
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10.2 Layout Example

Further layout information for this device is given in application report SLUA501.

Figure 29. Suggested PCB Layout
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11 Device and Documentation Support

11.1 Documentation Support

11.1.1 Related Documentation

See the following for related documentation:
1. UCC2895 Layout and Grounding Recommendations, (SLUA501).
2. Using the UCC3895 in a Direct Control Driven Synchronous Rectifier Applications, (SLUU109).

3. M. Dennis, A Comparison Between the BICMOS UCC3895 Phase Shift Controller and the UC3875,
Application Note (SLUA246).

4. L. Balogh, The Current-Doubler Rectifier: An Alternative Rectification Technique for Push-Pull and Bridge
Converters, Application Note (SLUA121).

5. W. Andreycak, Phase Shifted, Zero Voltage Transition Design Considerations, Application Note (SLUA107).

6. L. Balogh, The New UC3879 Phase Shifted PWM Controller Simplifies the Design of Zero Voltage Transition
Full-Bridge Converters, Application Note (SLUA122).

7. L. Balogh, Design Review: 100 W, 400 kHz, dc-to-dc Converter With Current Doubler Synchronous
Rectification Achieves 92% Efficiency, Unitrode Power Supply Design Seminar Manual, SEM-1100, 1996,
Topic 2.

8. UC3875 Phase Shift Resonant Controller, Data Sheet (SLUS229).

9. UC3879 Phase Shift Resonant Controller, Data Sheet (SLUS230).

10. UCC3895EVM-1, Using the UCC3895 in a Direct Control Driven Synchronous Rectifier Applications, User's
Guide (SLUU109).

11. UCC3895,0UTC/OUTD Asymmetric Duty Cycle Operation, Application Report (SLUA275).
12. Current Doubler Rectifier Offers Ripple Current Cancellation, Application Note (SLUA323).

13. Control Driven Synchronous Rectifiers In Phase Shifted Full Bridge Converters, Application Note
(SLUA287).

11.1.2 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 2. Related Links

PARTS PRODUCT FOLDER SAMPLE & BUY Jgggl\’jlfcl\f\TLS S-(I-)?:('?\I/_VSAgE ggr/l'l:\’/lolJT\l-ll-T%
UCC1895 Click here Click here Click here Click here Click here
UCC2895 Click here Click here Click here Click here Click here
UCC3895 Click here Click here Click here Click here Click here

11.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me 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.

11.3 Community Resource

Tl 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 TI's views; see TI's Terms of Use.

11.4 Trademarks
E2E is a trademark of Texas Instruments.
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11.4 Trademarks (continued)

United Chemi-Con is a trademark of United Chemi-Con.
All other trademarks are the property of their respective owners.

11.5 Electrostatic Discharge Caution

A 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.

11.6 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 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.

Copyright © 1999-2019, Texas Instruments Incorporated Submit Documentation Feedback 45
Product Folder Links: UCC1895 UCC2895 UCC3895


http://www.ti.com/product/ucc1895?qgpn=ucc1895
http://www.ti.com/product/ucc2895?qgpn=ucc2895
http://www.ti.com/product/ucc3895?qgpn=ucc3895
http://www.ti.com
http://www.ti.com/product/ucc1895?qgpn=ucc1895
http://www.ti.com/product/ucc2895?qgpn=ucc2895
http://www.ti.com/product/ucc3895?qgpn=ucc3895
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS157Q&partnum=UCC1895
http://www.ti.com/lit/pdf/SLYZ022

13 TEXAS

INSTRUMENTS

www.ti.com

PACKAGE OPTION ADDENDUM
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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 ©)
@ ©)
UCC1895J Active Production CDIP (J) | 20 20 | TUBE No SNPB N/A for Pkg Type -55to 125 UCC1895J
UCC1895J.A Active Production CDIP (J) | 20 20 | TUBE No SNPB N/A for Pkg Type -55t0 125 UCC1895J
UCC1895L Active Production LCCC (FK) | 20 55| TUBE No SNPB N/A for Pkg Type -55t0 125 UCC1895L
UCC1895L.A Active Production LCCC (FK) | 20 55 | TUBE No SNPB N/A for Pkg Type -55t0 125 UCC1895L
UCC2895DW Active Production SOIC (DW) | 20 25| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40to 85 UCC2895DW
UCC2895DW.A Active Production SOIC (DW) | 20 25| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40to 85 UCC2895DW
UCC2895DWG4 Active Production SOIC (DW) | 20 25| TUBE Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 UCC2895DW
UCC2895DWTR Active Production SOIC (DW) | 20 2000 | LARGE T&R Yes NIPDAU | NIPDAU  Level-2-260C-1 YEAR -40to 85 UCC2895DW
UCC2895DWTR.A Active Production SOIC (DW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 UCC2895DW
UCC2895DWTRG4 Active Production SOIC (DW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 85 UCC2895DW
UCC2895N Active Production PDIP (N) | 20 18 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 UCC2895N
UCC2895N.A Active Production PDIP (N) | 20 18 | TUBE Yes NIPDAU N/A for Pkg Type -40to 85 UCC2895N
UCC2895PW Active Production TSSOP (PW) | 20 70 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40to 85 UCC2895
UCC2895PW.A Active Production TSSOP (PW) | 20 70 | TUBE Yes NIPDAU Level-2-260C-1 YEAR -40to 85 UCC2895
UCC2895PWTR Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 UCC2895
UCC2895PWTR.A Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 85 UCC2895
UCC3895DW Active Production SOIC (DW) | 20 25| TUBE Yes NIPDAU Level-2-260C-1 YEAR 0to 70 UCC3895DW
UCC3895DW.A Active Production SOIC (DW) | 20 25| TUBE Yes NIPDAU Level-2-260C-1 YEAR 0to 70 UCC3895DW
UCC3895DWG4 Active Production SOIC (DW) | 20 25| TUBE Yes NIPDAU Level-2-260C-1 YEAR 0to 70 UCC3895DW
UCC3895DWTR Active Production SOIC (DW) | 20 2000 | LARGE T&R Yes NIPDAU | NIPDAU  Level-2-260C-1 YEAR 0to 70 UCC3895DW
UCC3895DWTR.A Active Production SOIC (DW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR 0to 70 UCC3895DW
UCC3895DWTRG4 Active Production SOIC (DW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR 0to 70 UCC3895DW
UCC3895N Active Production PDIP (N) | 20 18 | TUBE Yes NIPDAU N/A for Pkg Type 0to 70 UCC3895N
UCC3895N.A Active Production PDIP (N) | 20 18 | TUBE Yes NIPDAU N/A for Pkg Type 0to 70 UCC3895N
UCC3895NG4 Active Production PDIP (N) | 20 18 | TUBE Yes NIPDAU N/A for Pkg Type 0to 70 UCC3895N
UCC3895PW Active Production TSSOP (PW) | 20 70 | TUBE Yes NIPDAU Level-2-260C-1 YEAR 0to 70 UCC3895
UCC3895PW.A Active Production TSSOP (PW) | 20 70 | TUBE Yes NIPDAU Level-2-260C-1 YEAR 0to 70 UCC3895
UCC3895PWTR Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR 0to 70 UCC3895
UCC3895PWTR.A Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR 0to 70 UCC3895
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
(1) %) @3) Ball material Peak reflow (6)
4 (©)]
UCC3895PWTRG4 Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR 0to 70 UCC3895

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

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

OTHER QUALIFIED VERSIONS OF UCC1895, UCC2895, UCC3895 :
o Catalog : UCC3895

o Automotive : UCC2895-Q1

¢ Enhanced Product : UCC2895-EP
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o Military : UCC1895

NOTE: Qualified Version Definitions:

o Catalog - TI's standard catalog product
o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
o Enhanced Product - Supports Defense, Aerospace and Medical Applications

o Military - QML certified for Military and Defense Applications
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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 O 0O O 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)
UCC2895DWTR SoIC DW 20 2000 330.0 24.4 108 | 133 | 2.7 12.0 | 24.0 Q1
UCC2895PWTR TSSOP PW 20 2000 330.0 16.4 6.95 | 7.0 14 8.0 16.0 Q1
UCC3895DWTR SOIC DwW 20 2000 330.0 24.4 10.8 | 13.3 2.7 12.0 | 240 Q1
UCC3895PWTR TSSOP PW 20 2000 330.0 16.4 6.95 | 7.1 1.6 8.0 16.0 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)
UCC2895DWTR SoIC DW 20 2000 356.0 356.0 41.0
UCC2895PWTR TSSOP PW 20 2000 356.0 356.0 35.0
UCC3895DWTR SoIC DW 20 2000 350.0 350.0 43.0
UCC3895PWTR TSSOP PW 20 2000 367.0 367.0 38.0
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TUBE

T - Tube
height L - Tubelength

< n < n
« Lt < Lt

' 5
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)

UCC1895L FK LCcC 20 55 506.98 12.06 2030 NA
UCC1895L.A FK LCCC 20 55 506.98 12.06 2030 NA
UCC2895DW DW SoIC 20 25 507 12.83 5080 6.6
UCC2895DW.A DW SoIC 20 25 507 12.83 5080 6.6
UCC2895DWG4 DW SoIC 20 25 507 12.83 5080 6.6
UCC2895N N PDIP 20 18 506 13.97 11230 4.32
UCC2895N.A N PDIP 20 18 506 13.97 11230 4.32
UCC2895PW PW TSSOP 20 70 530 10.2 3600 35
UCC2895PW.A PW TSSOP 20 70 530 10.2 3600 35
UCC3895DW DwW SoIC 20 25 507 12.83 5080 6.6
UCC3895DW.A DW SOIC 20 25 507 12.83 5080 6.6
UCC3895DWG4 DW SoIC 20 25 507 12.83 5080 6.6
UCC3895N N PDIP 20 18 506 13.97 11230 4.32
UCC3895N.A N PDIP 20 18 506 13.97 11230 4.32
UCC3895NG4 N PDIP 20 18 506 13.97 11230 4.32
UCC3895PW PW TSSOP 20 70 530 10.2 3600 35
UCC3895PW.A PW TSSOP 20 70 530 10.2 3600 35
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J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

PINS *x

ol 14 16 18 20
B 0.300 0.300 0.300 0.300
762) | (762 | (7.62) | (7.62)

14 8 BSC BSC BSC BSC
alaiaialaialia B MAX 0.785 | .840 | 0.960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)

D C B MIN — | — | — | —
l C A 0.300 | 0.300 | 0.310 | 0.300
VIVAVAVIVEVEY (7,62) | (7,62) | (7.87) | (7,62)
1J L 7 0.245 | 0.245 | 0220 | 0.245

0.065 (1,65) C MN : : : :
0015 (174 (6,22) | (6,22) | (559) | (6,22)

0.060 (1,52
—» |e— 0.005 (0,13) MIN Wﬁ% |<— —»‘

— 0.200 (5,08) MAX
— —Y ¢ Seating Plane

* 0.130 (3,30) MIN

J L7 026 (0,66)
0.014 (o 36) 015"
[0.100 (2,54)] 0.014 (0,36)

0.008 (0,20)

4040083 /F 03/03

NOTES:  A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package is hermetically sealed with a ceramic lid using glass frit.
D

E

Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.



GENERIC PACKAGE VIEW
FK 20 LCCC - 2.03 mm max height

8.89 x 8.89, 1.27 mm pitch LEADLESS CERAMIC CHIP CARRIER

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

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
< A oM PINS ™1 44 16 18 20
16 9
- AWK | (e | (1969) | (2557 | (26.92)
0.745 | 0.745 | 0.850 | 0.940
D) %&2?&) ACMING 1 1892y | (18,92) | (21,59) | (23,88)
PR ey ey ey e ey gy g Yo\ VXS\;\?\O&N A BB AC AD
w J L 8
0.070 (1,78)
0085 (114 O
0.045 (1,14) .
—» rom(om Yo 0.020 (0,51) MIN % —

\ 5 0.015 (0,38)
T 0.200 (5,08) MAX

4+ v L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

—J 0.430 (10,92) MAX L

r_——-\

? Gauge Plane

0.021 (0,53)
0.015 (0,38)

[4]0.010 (0,25) W]

)

U 14/18 Pin Only "

= 20 Pin vendor option

4040049/€ 12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.

b TExAS
INSTRUMENTS
www.ti.com



DWO0020A

PACKAGE OUTLINE
SOIC - 2.65 mm max height

SOIC

10.63
9.97

W

TYP

@ PIN 11D

AREA

J
)
(=]

_ 18x[1.27]
() — ==
— ==-—
—] —
— —
130 [ — 2%
12.6 [11.43]
NOTES —
— —
— —
— —
it
10 ] i
- o 1112(»(0.51 —L
7.6 0.31 .65 MAX
8] 74 (@ [0.250) [c|A[B]
NOTE 4

\

1

/'\ :

)

T

<\ SEE DETAIL A

E,

o
1

GAGE PLANE

0‘7-8"T+

1.27 L 92

" 040

DETAIL A
TYPICAL

4220724/A 05/2016

NOTES:

-

per ASME Y14.5M.

exceed 0.15 mm per side.

s W N

. Reference JEDEC registration MS-013.

. 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

. All linear dimensions are in millimeters. Dimensions in parenthesis are for reference only. Dimensioning and tolerancing

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.43 mm per side.
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EXAMPLE BOARD LAYOUT
DWO0020A SOIC - 2.65 mm max height
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SOLDER MASK DETAILS
4220724/A 05/2016

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
DWO0020A SOIC - 2.65 mm max height
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:6X

4220724/A 05/2016

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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PACKAGE OUTLINE
TSSOP - 1.2 mm max height
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NOTES:

1. All linear dimensions are in millimeters. Any 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 MO-153.
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EXAMPLE BOARD LAYOUT
PWO0O020A TSSOP - 1.2 mm max height
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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
PWO0O020A TSSOP - 1.2 mm max height
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SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220206/A 02/2017

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 DATA SHEETS), 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
will 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 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.

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2025, Texas Instruments Incorporated


https://www.ti.com/legal/terms-conditions/terms-of-sale.html
https://www.ti.com
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