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UCCx8C5x Low-Power Current-Mode High-Performance PWM Controller
for Si and SiC MOSFETs

1 Features

* Undervoltage lockout options to support both Si
and SiC MOSFET applications
» 30-V VDD absolute maximum voltage
* 1-MHz maximum fixed frequency operation
»  50-pA startup current, 75-gyA maximum
* Low operating current: 1.3 mA (at fosc = 52 kHz)
» Fast 35-ns, cycle-by-cycle overcurrent limiting
* +1-A peak driving current
* Rail-to-rail output
— 25-nsrise time
— 20-ns fall time
* 1% accurate 2.5-V error amplifier reference
* Pin-to-pin compatible and drop-in replacement for
UCCx8C4x
» Functional Safety-Capable
— Documentation available to aid functional safety
system design

2 Applications

» General purpose single-ended DC-DC or off-line
isolated power converters

» Auxiliary power supply for solar power inverters,
motor drives, energy storage systems

» Isolated power supply for EV charging stations

3 Description

The UCCx8C5x family of devices are high-
performance current-mode PWM controllers that
can drive both Si and SiC MOSFETs in various
applications. The UCCx8C5x family is a more efficient
and robust version of the UCCx8C4x.

The UCCx8C5x family has new UVLO thresholds
that allow for reliable SiC MOSFET operation
(UCC28C56-59), in addition to existing UVLO
thresholds for continued Si MOSFET support

VDD absolute maximum voltage rating is extended
from 20 V to 30 V for optimally driving the gate of
20-Vgs, 18-V, or 15-Vgs SiC MOSFETSs, while also
allowing for the exclusion of an external LDO.

Device Performance Improvements

PARAMETER UCCx8C4x UCCx8C5x
Supply current at 52 kHz 2.3 mA 1.3 mA
Startup current (max) 100 pA 75 uA
VDD abs max 20V 30V
Reference Voltage Accuracy +2% +1%
UVLO and Dyax for Si FET 6 options 6 options
UVLO and Dyax for SiC FET none 6 options
Smallest package option VSSOP (8) VSSOP (8)

The UCCx8C5x family is offered in 8-pin VSSOP
(DGK), and 8-pin SOIC (D) packages.

Device Information

PART NUMBER PACKAGE(") | BODY SIZE (NOM)
UCC28C50, UCC28C51 SOIC (8) 3.91 mm x 4.90 mm
UCC28C52, UCC28C53,

UCC28C54, UCC28C55,
UCC38C50, UCC38C51 VSSOP (8) 3.00 mm x 3.00 mm

UCC38C52, UCC38C53
UCC38C54, UCC38C55

UCC28C56H, UCC28C56L

UCC28C57H, UCC28C57L, |SOIC (8) 3.91 mm x 4,90 mm

UCC28C58, UCC28C59

(1)  For all available packages, see the orderable addendum at
the end of the data sheet.

(UCCX8C50-55).
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Simplified Application

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Device Comparison Table

UVLO

Junction Maximum
Turn on at 14.5V Turn on at 8.4V Turnon at7V Temperature (T,)
Turn off at 9 V Turn off at 7.6 V Turn off at 6.6 V (°C) duty cycle
for off-line applications for dc/dc applications for battery applications
UCC28C52 UCC28C53 uCC28C50 —40 to 125 100%
UCC38C52 UCC38C53 UCC38C50 0to 85 ’
UCC28C54 UCC28C55 UCC28C51 —40 to 125 50
UCC38C54 UCC38C55 UCC38C51 0to 85 °
uvLo
Turn on at 18.8 V Turn on at 18.8 V Turnon at 16 V Junction Maximum
Turn off at 15.5 V Turn off at 14.5 V Turn off at 12.5 V Temperature (T))| g, 4 cvele
Suitable for HV applications Suitable for HV applications Suitable for HV applications (°C)
using GEN-I SiC MOSFET using GEN-II SiC MOSFET using GEN-lIl SiC MOSFET
UCC28C56H UCC28C56L uCC28C58 —40to 125 100%
UCC28C57H UCC28C57L UCC28C59 —40to 125 50%

Copyright © 2023 Texas Instruments Incorporated

Product Folder Links: UCC28C50 UCC28C51 UCC28C52 UCC28C53 UCC28C54 UCC28C55 UCC28C56H

Submit Document Feedback

UCC28C56L UCC28C57H UCC28C57L UCC28C58 UCC28C59 UCC38C50 UCC38C51 UCC38C52
UCC38C53 UCC38C54 UCC38C55

3


https://www.ti.com
https://www.ti.com/product/UCC28C50
https://www.ti.com/product/UCC28C51
https://www.ti.com/product/UCC28C52
https://www.ti.com/product/UCC28C53
https://www.ti.com/product/UCC28C54
https://www.ti.com/product/UCC28C55
https://www.ti.com/product/UCC28C56H
https://www.ti.com/product/UCC28C56L
https://www.ti.com/product/UCC28C57H
https://www.ti.com/product/UCC28C57L
https://www.ti.com/product/UCC28C58
https://www.ti.com/product/UCC28C59
https://www.ti.com/product/UCC38C50
https://www.ti.com/product/UCC38C51
https://www.ti.com/product/UCC38C52
https://www.ti.com/product/UCC38C53
https://www.ti.com/product/UCC38C54
https://www.ti.com/product/UCC38C55
https://www.ti.com/lit/pdf/SLUSER8
https://www.ti.com/feedbackform/techdocfeedback?litnum=SLUSER8C&partnum=UCC28C50
https://www.ti.com/product/ucc28c50?qgpn=ucc28c50
https://www.ti.com/product/ucc28c51?qgpn=ucc28c51
https://www.ti.com/product/ucc28c52?qgpn=ucc28c52
https://www.ti.com/product/ucc28c53?qgpn=ucc28c53
https://www.ti.com/product/ucc28c54?qgpn=ucc28c54
https://www.ti.com/product/ucc28c55?qgpn=ucc28c55
https://www.ti.com/product/ucc28c56h?qgpn=ucc28c56h
https://www.ti.com/product/ucc28c56l?qgpn=ucc28c56l
https://www.ti.com/product/ucc28c57h?qgpn=ucc28c57h
https://www.ti.com/product/ucc28c57l?qgpn=ucc28c57l
https://www.ti.com/product/ucc28c58?qgpn=ucc28c58
https://www.ti.com/product/ucc28c59?qgpn=ucc28c59
https://www.ti.com/product/ucc38c50?qgpn=ucc38c50
https://www.ti.com/product/ucc38c51?qgpn=ucc38c51
https://www.ti.com/product/ucc38c52?qgpn=ucc38c52
https://www.ti.com/product/ucc38c53?qgpn=ucc38c53
https://www.ti.com/product/ucc38c54?qgpn=ucc38c54
https://www.ti.com/product/ucc38c55?qgpn=ucc38c55

UCC28C50, UCC28C51, UCC28C52, UCC28C53, UCC28C54, UCC28C55, UCC28C56H, UCC28C56Ly, .
UCC28C57H, UCC28C57L, UCC28C58, UCC28C59, UCC38C50, UCC38C51, UCC38C52, UCC38Coi /P TEXAS

UCC38C54, UCC38C55 INSTRUMENTS
SLUSERSC — JUNE 2022 — REVISED MARCH 2023 www.ti.com
6 Pin Configuration and Functions
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Figure 6-1. D Package 8-Pin SOIC (Top View) Figure 6-2. DGK Package, 8-Pin VSSOP (Top View)

Table 6-1. Pin Functions

PIN

TYPE

NAME

NO.

(1)

DESCRIPTION

COMP

This pin provides the output of the error amplifier for compensation. In addition, the COMP pin is frequently
used as a control port, by utilizing a secondary-side error amplifier to send an error signal across the
secondary-primary isolation boundary through an opto-isolator. The error amplifier is internally current limited
so the user can command zero duty cycle by externally forcing COMP to GND.

Cs

Primary-side current sense pin. The current sense pin is the noninverting input to the PWM comparator.
Connect to current sensing resistor. This signal is compared to a signal proportional to the error amplifier
output voltage. The PWM uses this to terminate the OUT switch conduction. A voltage ramp can be applied to
this pin to run the device with a voltage mode control configuration.

FB

This pin is the inverting input to the error amplifier. FB is used to control the power converter voltage-feedback
loop for stability. The noninverting input to the error amplifier is internally trimmed to 2.5V + 1%.

GND

Ground return pin for the output driver stage and the logic level controller section.

ouT

The output of the on-chip drive stage. OUT is intended to directly drive a MOSFET. The OUT pin in the
UCCx8C50, UCCx8C52, UCCx8C53, UCC28C56H/L and UCC28C58 is the same frequency as the oscillator,
and can operate near 100% duty cycle. In the UCCx8C51, UCCx8C54, and UCCx8C55, UCC28C57H/L and
UCC28C59, the frequency of OUT is one-half that of the oscillator due to an internal T flipflop. This limits the
maximum duty cycle to < 50%. Peak currents of up to 1 A are sourced and sunk by this pin. OUT is actively
held low when VDD is below the turn-on threshold.

RT/CT

110

Fixed frequency oscillator set point. Connect timing resistor (Rrt) to VREF and timing capacitor (Cct) to GND
from this pin to set the switching frequency. For best performance, keep the timing capacitor lead to the device
GND as short and direct as possible. If possible, use separate ground traces for the timing capacitor and

all other functions. The switching frequency (fsy) of the UCCx8C50, UCCx8C52, UCCx8C53, UCC28C56H/L
and UCC28C58 gate drive is equal to fosc; the switching frequency of the UCCx8C51, UCCx8C54, and
UCCx8C55, UCC28C57H/L and UCC28C59 is equal to half of the fogc.

VDD

Analog controller bias input that provides power to the device. Total VDD current is the sum of the quiescent
VDD current and the average OUT current. A bypass capacitor, typically 0.1 pF, connected directly to GND
with minimal trace length, is required on this pin. Additional capacitance at least 10 times greater than the gate
capacitance of the main switching FET used in the design and at least 10 times greater than the capacitance
on the VREF pin used in the design are also required on VDD.

VREF

5-V reference voltage. VREF is used to provide charging current to the oscillator timing capacitor through the
timing resistor. It is important for reference stability that VREF is bypassed to GND with a ceramic capacitor
connected as close to the pin as possible. A minimum value of 0.1 yF ceramic is required. Additional VREF
bypassing is required for external loads on VREF. No external voltage higher than specified VREF is allowed
to superimposed to VREF pin since VREF is an ouput.

(1) I=input, O = output, G = ground
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7 Specifications
7.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Input voltage VDD 30 \%
Input current VDD 30 mA
Output drive current (peak) +1 A
Output energy (capacitive load), Equt 5 [N}
Analog input voltage COMP, CS, FB, RT/CT -0.3 6.3
Output driver voltage ouT -0.3 30 \%
Reference voltage VREF 7
Error amplifier output sink current COMP 10 mA
D package 72.3
Total power dissipation at Ty = 25°C °C/W
DGK package 98.1
Lead temperature (soldering, 10 s), T gap 300 °C
Operating junction temperature, T, -40 150 °C
Storage temperature, Tsig -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 pin. Currents are positive into and negative out of the specified terminals.
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7.2 ESD Ratings

VALUE UNIT

o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(") +2500
V(Esp) Electrostatic discharge - — \%
Charged-device model (CDM), per JEDEC specification JESD22-C101(2) 1500

(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.

7.3 Recommended Operating Conditions

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

MIN MAX UNIT
Vvbbp Input voltage 28 \%
Vout Output driver voltage 28 \%
lout Average output driver current() 200 mA
louT(VREF) Reference output current(’) -20 mA
- UCC28C5x —40 125
T, Operating junction temperature(") °C
UCC38C5x 0 85

(1) Tl recommends against operating the device under conditions beyond those specified in this table for extended periods of time.

7.4 Thermal Information

UCC28C5x, UCC38C5x
THERMAL METRIC(") D (SOIC) DGK (VSSOP) UNIT

8 PINS 8 PINS
Reua Junction-to-ambient thermal resistance 128.9 176.4 °C/W
Rejcop) ~ Junction-to-case (top) thermal resistance 7.7 67.3 °C/W
Ress Junction-to-board thermal resistance 72.3 98.1 °C/W
Wyt Junction-to-top characterization parameter 23.4 111 °C/W
Wis Junction-to-board characterization parameter 71.5 91.5 °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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7.5 Electrical Characteristics

Vypp = 20V for UCC28C56H/L, UCC28C57H/L, and UCC28C58/9, Vypp = 15 V for all other device options, Rgt = 10 kQ,
Cct = 3.3 nF, Cypp = 0.1 yF and no load on the outputs, —-40°C < T; < 125°C for the UCC28C5x, 0°C < T, < 85°C, for the
UCC38C5x (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX| UNIT
REFERENCE
VVREF VREF voltage, initial accuracy Ty=25°C, loyr=1mA 4.95 5 5.05| V
Line regulation 12V<Vypp<s25V 0.2 20| mVv
Load regulation 1 mA to 20 mA 3 25| mV
Temperature stability(®) 0.2 0.4| mv/°C
Total output variation(® 4.85 515| V
VREF noise voltage(?) 10 Hz to 10 kHz, T; = 25°C 50 pv
Long term stability(?) 1000 hours, T = 125°C 5 25| mv
lVREF Output short circuit (source current) 30 45 55| mA
OSCILLATOR
fosc Initial accuracy(® T,=25°C 50.5 53 55| kHz
Voltage stability 12V<Vypps25V 0.2% 1%
Temperature stability(®) Tyminy to Tymax) 1% 2.5%
Amplitude RT/CT pin peak-to-peak voltage 1.9 \%
Discharge current(*) 1y=25°C Vruer =2V 7 84 mA
VRTcr=2V 7.2 84 9.5
ERROR AMPLIFIER
Veg Feedback input voltage, initial accuracy |Vcomp =2.5V, Ty =25°C 2.475 25 2525 V
Feedback input voltage, total variation |Vcomp =2.5V 245 2.5 255 V
Irg Input bias current (source current) Veg =5V 0.1 2| pA
AvoL Open-loop voltage gain 2V<sVgyrs4V 65 90 dB
Unity gain bandwidth(® 1 1.5 MHz
PSRR Power supply rejection ratio 12V<Vypp=s25V 60 dB
Output sink current Veg=2.7V,Veomp =11V 2 14 mA
Output source current Veg =23V, Veomp =5V 0.5 mA
VOH High-level COMP voltage Vg = 2.7 V, Reomp = 15 kQ COMP to GND VR%F_; v
VoL Low-level COMP voltage VEg = 2.7V, Rcomp = 15 kQ COMP to VREF 0.1 1.1 \Y
CURRENT SENSE
Acs Gain® (1) 2.85 3 3.15| VIV
Vcs Maximum input signal Veg <24V 0.9 1 1.1 V
PSRR Power supply rejection ratio(@) (3) 12V <Vypp<25V 70 dB
lcs Input bias current (source current) 0.1 2| MA
to CS to output delay 35 70| ns
COMP to CS offset Veg=0V 1.15 \%
OUTPUT
VouTgow) Rbs(on) pulldown Isink = 200 mA 5.5 15 Q
VouTt(highy Rbs(on) Pullup Isource =200 mA 10 25| Q
trISE Rise time T,=25°C, Coyr=1nF 25 50| ns
traLL Fall time T,=25°C, Coyr=1nF 20 40| ns
UNDERVOLTAGE LOCKOUT
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Vypp = 20V for UCC28C56H/L, UCC28C57H/L, and UCC28C58/9, V\pp = 15 V for all other device options, Rgr = 10 kQ,
Cct=3.3nF, Cypp = 0.1 yF and no load on the outputs, —-40°C < T < 125°C for the UCC28C5x, 0°C < T, < 85°C, for the
UCC38C5x (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
UCCx8C52, UCCx8C54 135 145 155
UCCx8C53, UCCX8C55 78 84 9
UCCx8C50, UCCX8C51 6.5 7 75
VDDon  Start threshold®) UCC28C56H, UCC28C57H 176 188 20| V
UCC28C56L, UCC28C57L 176 188 20
UCC28C58, UCC28C59 148 16 17.2
UCCx8C52, UCCx8C54 8 9 10
UCCx8C53, UCCX8C55 7 76 82
UCCx8C50, UCCX8C51 61 66 7.
VDDorr  Minimum operating voltage(® UCC28C56H, UCC28C57H 15 155 16| V
UCC28C56L, UCC28C57L 1395 145 15
UCC28C58, UCC28C59 12 125 13
UCCx8C52, UCCX8C54 54 55
UCCx8C53, UCCX8C55 08 09
UCCx8C50, UCCX8C51 04 05
VDDyyet  VDDop - VDDorr v
UCC28C56H, UCC28C57H 26 33
UCC28C56L, UCC28C57L 365 43
UCC28C58, UCC28C59 28 35
PWM
UCCX8C52, UCCX8C53, UCCX8C50,Veg < 2.4 V 94%  96%
UCC28C56H, UCC28C56L, UCC28C58,VFB < 2.4
y 94%  96%
Dmax Maximum duty cycle
UCCx8C54, UCCX8C55, UCCX8C51,Veg < 2.4 V 47%  48%
3CCZSCS7H, UCC28C57L, UCC28C59,VFB <24 | 420, 4o,
Dmin Minimum duty cycle Veg > 2.6V 0%
CURRENT SUPPLY
IstarT-.Up  Start-up current Vypp = VDDpon - 0.5V 50 75| A
lvob Operating supply current Veg =Ves =0V 1.3 2| mA

(1) For UCC28C56H/L, UCC28C57H/L and UCC28C58/9 adjust Vypp to a value above the start threshold before setting it to 20 V. For all
other device options, adjust Vypp to a value above the start threshold before setting it to 15.5 V

(2) Specified by design. Not production tested.

(38) Output frequencies of the UCCx8C51, UCCx8C54, and the UCCx8C55, UCC28C57H/L and the UCC28C59 are half the oscillator
frequency.

(4) Oscillator discharge current is measured with Rzt = 10 kQ to VREF.

(56) Parameter measured at trip point of latch with Vgg = 0 V. Gain is defined as Acs = AVgomp / AVgs , 0V £ Vg <900 mV.

(6) VDDon, VDDogg and Vger are tracking each other in the same direction. (Minimum VDDggg is due to minimum VDDgy.)
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7.6 Typical Characteristics
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Figure 7-2. Oscillator Discharge Current vs
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Figure 7-3. Error Amplifier Frequency Response | Group 1: UCCx8C50 to
UCCx8C55

Group 2: UCC28C56HI/L,
UCC28C57HIL, and
UCC28C58/9

Figure 7-4. COMP to CS Offset Voltage vs
Temperature
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Figure 7-7. Reference Short-Circuit Current vs
Temperature
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Figure 7-8. Error Amplifier Input Bias Current vs
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8 Detailed Description
8.1 Overview

The UCCx8C5x series of control integrated circuits provide the features necessary to implement AC-DC or
DC-to-DC fixed-frequency current-mode control schemes with a minimum number of external components.
Protection circuitry includes undervoltage lockout (UVLO) and current limiting. Internally implemented circuits
include a start-up current of less than 75 YA, a precision reference trimmed for accuracy at the error amplifier
input, logic to ensure latched operation, a pulse-width modulation (PWM) comparator that also provides current-
limit control, and an output stage designed to source or sink high-peak current. The output stage, suitable for
driving N-channel MOSFETs, is low when it is in the OFF state. The oscillator contains a trimmed discharge
current that enables accurate programming of the maximum duty cycle and dead time limit, making this device
suitable for high-speed applications.

Major differences between members of this series are the UVLO thresholds, acceptable ambient temperature
range, maximum duty cycle and frequency. Typical UVLO thresholds of 14.5 V (ON) and 9 V (OFF) on the
UCCx8C52 and UCCx8C54 devices make them ideally suited to off-line AC-DC applications. The corresponding
typical thresholds for the UCCx8C53 and UCCx8C55 devices are 8.4 V (ON) and 7.6 V (OFF), making them
ideal for use with regulated input voltages used in DC-DC applications. The UCCx8C50 and UCCx8C51
feature a start-up threshold of 7 V and a turnoff threshold of 6.6 V (OFF), which makes them suitable for
battery-powered applications. The UCC28C56H/L, UCC28C57H/L, UCC28C58 and UCC28C59 can operate
with higher UVLO thresholds to reliably drive SiC MOSFETs in high-voltage applications. The UCC28C56H
and UCC28C57H operate with start threshold of 18.8 V (ON) and stop threshold of 15.5 V (OFF). The
UCC28C56L and UCC28C57L operate with start threshold of 18.8V (ON) and stop threshold of 14.5 V (OFF).
The UCC28C58 and UCC28C59 operate with start threshold of 16 V (ON) and stop threshold of 12.5 V
(OFF). The UCCx8C50, UCCx8C52, UCCx8C53, UCC28C56H/L and UCC28C58 devices can operate with duty
cycles approaching 100%. The UCCx8C51, UCCx8C54, UCCx8C55, UCC28C57H/L and UCC28C59 devices
can operate from 0% to 50% duty cycle, by the addition of an internal toggle flip-flop, which blanks the output
off every other clock cycle. The UCC28C5x series is specified for operation from —40°C to 125°C, and the
UCC38C5x series is specified for operation from 0°C to 85°C. The switching frequency (fSSW) of the UCCx8C50,
UCCx8C52, UCCx8C53, UCC28C56H/L and UCC28C58 gate drive is equal to fogc; the switching frequency of
the UCCx8C51, UCCx8C54, UCCx8C55, UCC28C57H/L and UCC28C59 is equal to half of the fogc.

The UCC28C5x and UCC38C5x series devices are drop-in replacement for BICMOS UCCx8C4x family and
pin-to-pin compatibile with the bipolar UC284x, UC384x, UC284xA, and UC384xA families. The new series
offers improved performance when compared to older bipolar devices and other competitive BICMOS devices
with similar functionality. These improvements generally consist of tighter specification limits that are a subset
of the older product ratings. In new designs, these improvements can reduce the component count or enhance
circuit performance when compared to theolder generation devices.
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8.2 Functional Block Diagram
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Toggle flip-flop used only in UCCx8C51, UCCx8C54, UCCx8C55, UCC28C57H/L, and UCC28C59

8.3 Feature Description

The BiCMOS design allows operation at high frequencies that were not feasible in the predecessor bipolar
devices. First, the output stage has been redesigned to drive the external power switch in approximately half
the time of the earlier devices. Second, the internal oscillator is more robust, with less variation as frequency
increases. This faster oscillator makes this device suitable for high speed applications and the trimmed
discharge current enables precise programming of the maximum duty cycle and dead-time limit. In addition,
the current sense to output delay is kept the same 45 ns (typical) as UCCx8C4x. Such a delay time in the
current sense results in superior overload protection at the power switch. The reduced start-up current of this
device minimizes steady state power dissipation in the startup resistor, and the low operating current maximizes
efficiency while running, increasing the total circuit efficiency, whether operating off-line, DC input, or battery
operated circuits. These features combine to provide a device capable of reliable, high-frequency operation.

Table 8-1. Improved Key Parameters

PARAMETER UCCx8C4x UCCx8C5x
Supply current at 52 kHz 2.3 mA 1.3 mA
Start-up current, maximum 100 pA 75 pA
Vypp absolute maximum 20V 30V
Reference voltage accuracy +1% + 2%
UVLO and Dmax for Si FETs 6 options 6 options
UVLO and Dmax for SiC FETs No options 6 options
Smallest package option VSSOP (8) VSSOP (8)
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8.3.1 Detailed Pin Description
8.3.1.1 COMP

The error amplifier in the UCC28C5x family has a unity-gain bandwidth of 1 MHz. The COMP terminal can both
source and sink current. The error amplifier is internally current-limited, so that one can command zero duty
cycle by externally forcing COMP to GND.

8.3.1.2FB

FB is the inverting input of the error amplifier. The noninverting input to the error amplifier is internally trimmed to
2.5V £ 1%. FB is used to control the power converter voltage-feedback loop for stability. For best stability, keep
FB lead length as short as possible and FB stray capacitance as small as possible.

8.3.1.3CS

The UCC28C5x current sense input connects directly to the PWM comparator. Connect CS to the MOSFET
source current sense resistor. The PWM uses this signal to terminate the OUT switch conduction. A voltage
ramp can be applied to this pin to run the device with a voltage mode control configuration or to add slope
compensation. To prevent false triggering due to leading edge noises, an RC current sense filter may be
required. The gain of the current sense amplifier is typically 3 V/V.

8.3.1.4 RT/CT

The internal oscillator uses a timing capacitor (Cct1) and a timing resistor (Rgrt) to program the oscillator
frequency and maximum duty cycle. The operating frequency can be programmed based the curves in Figure
7-1, where the timing resistor can be found once the timing capacitor is selected. It is best for the timing
capacitor to have a flat temperature coefficient, typical of most COG or NPO type capacitors. For this converter,
15.4 kQ and 1000 pF were selected for Ryt and Cct to operate at 110-kHz switching.

8.3.1.5 GND

GND is the signal and power returning ground. Tl recommends separating the signal return path and the high
current gate driver path so that the signal is not affected by the switching current.

8.3.1.6 OUT

The high-current output stage of the UCCx8C5x to drive the external power switch has been kept the same as
the earlier devices UCC28C4x. To drive a power MOSFET directly, the totem-pole OUT driver sinks or source
up to 1 A peak of current. The OUT of the UCCx8C50, UCCx8C52, UCCx8C53 UCC28C56H/L and UCC28C58
devices switch at the same frequency as the oscillator and can operate near 100% duty cycle. In the UCCx8C51,
UCCx8C54, and UCCx8C55, UCC28C57H/L and UCC28C59, the switching frequency of OUT is one-half that
of the oscillator due to an internal T flip-flop. This limits the maximum duty cycle in the UCCx8C51, UCCx8C54,
and UCCx8C55, UCC28C57H/L and UCC28C59 to < 50%.

The UCCx8C5x family houses unique totem pole drivers exhibiting a 10-Q impedance to the upper rail and a
5.5-Q impedance to ground, typically. This reduced impedance on the low-side switch helps minimize turn-off
losses at the power MOSFET, whereas the higher turnon impedance of the high-side is intended to better match
the reverse recovery characteristics of many high-speed output rectifiers. Transition times, rising and falling
edges, are typically 25 nanoseconds and 20 nanoseconds, respectively, for a 10% to 90% change in voltage.

A low impedance MOS structure in parallel with a bipolar transistor, or BICMOS construction, comprises the
totem-pole output structure. This more efficient utilization of silicon delivers the high peak current required along
with sharp transitions and full rail-to-rail voltage swings. Furthermore, the output stage is self-biasing, active
low during under-voltage lockout type. With no VDD supply voltage present, the output actively pulls low if
an attempt is made to pull the output high. This condition frequently occurs at initial power-up with a power
MOSFET as the driver load.
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8.3.1.7 VDD

VDD is the power input connection for this device. In normal operation, power VDD through a current limiting
resistor. The absolute maximum supply voltage is 30 V (extended from 20 V of UCCx8C4x) to facilitate more
designs and applications. The voltage level of 30 V, including any transients that may be present, cannot be
exceeded, device damage is likely if otherwise. Because of this limitation, the UCCx8C5x devices match the
predecessor bipolar devices, which could survive up to 30 V on the input bias pin. Because no internal clamp
is included in the device, the VDD pin must be protected from external sources which could exceed the 30 V
level. If containing the start-up and bootstrap supply voltage from the auxiliary winding Na below 30 V under all
line and load conditions can not be achieved, use a zener protection diode from VDD to GND. Depending on the
impedance and arrangement of the bootstrap supply, this may require adding a resistor, Rypp, in series with the
auxiliary winding to limit the current into the zener as shown in Figure 8-1. Ensure that over all tolerances and
temperatures, the minimum zener voltage is higher than the highest UVLO upper turn-on threshold. To prevent
noise related problems, filter VDD with a ceramic bypass capacitor to GND. The VDD pin must be decoupled as
close to the GND pin as possible.

o

-~ D
Np% Ns
g Rstart S
To Rvoo Daias Na
Input * D
VDD =
N g out[
7T Cvee T Cuboip GND
DzcLamp 0.1 uF
Res

~

Figure 8-1. VDD Protection

Although nominal VDD operating current is only 1.3 mA, the total supply current is higher, depending on the
OUT current. Total VDD current is the sum of quiescent VDD current and the average OUT current. Knowing the
operating frequency and the MOSFET gate charge (Qq), average OUT current can be calculated from Equation
1.

lour = Qg X fow (1)

8.3.1.8 VREF

VREF is the voltage reference for the error amplifier and also for many other internal circuits in the IC. The
5-V reference tolerance is +1% for the UCC28C5x family. The high-speed switching logic uses VREF as the
logic power supply. The reference voltage is divided down internally to 2.5 V £1% and connected to the error
amplifier's noninverting input for accurate output voltage regulation. The reference voltage sets the internal
bias currents and thresholds for functions such as the oscillator upper and lower thresholds along with the
overcurrent limiting threshold. The output short-circuit current is 55 mA (maximum). To avoid device over-heating
and damage, do not pull VREF to ground as a means to terminate switching. For reference stability and to
prevent noise problems with high-speed switching transients, bypass VREF to GND with a ceramic capacitor
close to the IC package. A ceramic capacitor with a minimum value of 0.1 yF is required. Additional VREF
bypassing is required for external loads on the reference. An electrolytic capacitor may also be used in addition
to the ceramic capacitor.
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8.3.2 Undervoltage Lockout

Six sets of UVLO thresholds are available with turn-on and turnoff thresholds of: (14.5 V and 9 V), (8.4 V and
76 V), (7 Vand 6.6 V), (18.8 V and 15.5 V), (18.8 V and 14.5V) and (16 V and 12.5V), respectively. The first
set is primarily intended for off-line and 48-V distributed power applications, where the wider hysteresis allows
for lower frequency operation and longer soft-starting time of the converter. The second set of UVLO option is
ideal for high frequency DC-DC converters typically running from a 12-VDC input. The third set is for battery
powered and portable applications. The fourth to sixth UVLO sets are suitable to drive SiC MOSFETs in high
voltage applications. Table 8-2 shows the maximum duty cycle and UVLO thresholds by device.

Table 8-2. UVLO Options

MAXIMUM UVLO ON UVLO OFF DEVICE

DUTY CYCLE (%) V) ) NUMBER
100 145 9 UCCx8C52
100 8.4 7.6 UCCx8C53
100 7 6.6 UCCx8C50
100 18.8 155 UCC28C56H
100 18.8 145 UCC28C56L
100 16 125 UCC28C58
50 145 9 UCCx8C54
50 8.4 7.6 UCCx8C55
50 7 6.6 UCCx8C51
50 18.8 155 UCC28C57H
50 18.8 145 UCC28C57L
50 16 125 UCC28C59

During UVLO the IC draws less than 75 pA of supply current. Once crossing the turnon threshold the IC supply
current increases to a maximum of 2mA, typically 1.3 mA. This low start-up current allows the power supply
designer to optimize the selection of the startup resistor value to provide a more efficient design. In applications
where low component cost overrides maximum efficiency, the low run current of 1.3 mA (typical) allows the
control device to run directly through the single resistor to (+) rail, rather than requiring a bootstrap winding on
the power transformer, along with a rectifier. The start and run resistor for this case must also pass enough
current to allow driving the primary switching MOSFET, which may be a few milliamps in small devices.
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Figure 8-2. UVLO ON and OFF Profile
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8.3.3 1% Internal Reference Voltage

The BiCMOS internal reference of 2.5 V has an enhanced design, and uses production trim to allow initial
accuracy of +1% at room temperature and +2% over the full temperature range. This reference voltage can be
used to eliminate an external reference in applications that do not require the extreme accuracy afforded by the
additional device. This reference voltage is useful for non-isolated DC-DC applications, where the control device
is referenced to the same common as the output. It is also applicable in off-line designs that regulate on the
primary side of the isolation boundary by looking at a primary bias winding, or from a winding on the output
inductor of a buck-derived circuit.
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8.3.4 Current Sense and Overcurrent Limit

An external series resistor (Rcg) senses the current and converts this current into a voltage that becomes the
input to the CS pin. The CS pin is the noninverting input to the PWM comparator. The device compares the CS
input with a signal proportional to the error amplifier output voltage. The gain of the current sense amplifier is
typically 3 V/V. The peak Isgnsg current is determined using Equation 2

Vs

Isense =
Res

)

The typical value for Vg is 1 V. A small RC filter (Rcsp and Ccsg) may be required to suppress switch transients
caused by the reverse recovery of a secondary side diode or equivalent capacitive loading in addition to parasitic
circuit impedances. The time constant of this filter should be considerably less than the switching period of the
converter.

Error
Amplifier

PWM
Comparator

Figure 8-3. Current-Sense Circuit Schematic

Cycle-by-cycle pulse width modulation performed at the PWM comparator essentially compares the error
amplifier output to the current sense input. This is not a direct volt-to-volt comparison, as the error amplifier
output network incorporates two diodes in series with a resistive divider network before connecting to the PWM
comparator. The two-diode drop adds an offset voltage that enables zero duty cycle to be achieved with a low
amplifier output. The 2R/R resistive divider facilitates the use of a wider error amplifier output swing that can be
more symmetrically centered on the 2.5-V noninverting input voltage.

The 1-V Zener diode associated with the PWM comparator input from the error amplifier is not an actual diode
in the device design, but an indication that the maximum current sense input amplitude is 1 V (typical). When
this threshold is reached, regardless of the error amplifier output voltage, cycle-by-cycle current limiting occurs,
and the output pulse width is terminated within 35 ns (typical). The minimum value for this current limit threshold
is 0.9 V with a 1.1-V maximum. In addition to the tolerance of this parameter, the accuracy of the current sense
resistor, or current sense circuitry, must be taken into account. It is advised to factor in the worst case of primary
and secondary currents when sizing the ratings and worst-case conditions in all power semiconductors and
magnetic components.
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8.3.5 Reduced-Discharge Current Variation

The oscillator design for the UCC28C5x controllers incorporates a trimmed discharge current to accurately
program maximum duty cycle and operating frequency. In its basic operation, a timing capacitor (Cc7) is charged
by a current source, formed by the timing resistor (Rgt) connected to the device reference voltage (VREF).
The oscillator design incorporates comparators to monitor the amplitude of the timing capacitor voltage. The
exponentially shaped waveform charges up to a specific amplitude representing the oscillator upper threshold of
3 V. After the controller reaches this level, an internal current sink to ground turns on and the capacitor begins
to discharge. This discharge continues until the oscillator lower threshold has reached 0.7 V at which point the
current sink is turned off. Next, the timing capacitor starts charging again and a new switching cycle begins.

torr

Figure 8-4. Oscillator Circuit

While the device discharges the timing capacitor, resistor Rgt continues attempting to charge Ccr. It is the exact
ratio of these two currents, the discharging versus the charging current, which specifies the maximum duty cycle.
During the discharge time of Cct, the device output is always off. This represents an ensured minimum off
time of the switch, commonly referred to as dead-time. To program an accurate maximum duty cycle, use the
information provided in Maximum Duty Cycle vs Oscillator Frequency for maximum duty cycle versus oscillator
frequency. Any number of maximum duty cycles can be programmed for a given frequency by adjusting the
values of Rgrt and Cct. After selecting the value of Rgr, find the oscillator timing capacitance using the curves in
Oscillator Frequency vs Timing Resistance and Capacitance. However, because resistors are available in more
precise increments, typically 1%, and capacitors are only available in 5% accuracy, it might be more practical to
select the closest capacitor value first and then calculate the timing resistor value.

8.3.6 Oscillator Synchronization

Synchronization is best achieved by forcing the timing capacitor voltage above the oscillator internal upper
threshold. A small resistor is placed in series with Cct to GND. This resistor serves as the input for the sync
pulse which raises the Cct voltage above the oscillator internal upper threshold. The PWM is allowed to run
at the frequency set by Rrr and Cct until the sync pulse appears. This scheme offers several advantages
including having the local ramp available for slope compensation. The UCC28C5x oscillator must be set to a
lower frequency than the sync pulse stream, typically 20 percent with a 0.5-V pulse applied across the resistor.

VREF
Rt
7 A Cor + SYNC
Cer | = RT/CT
SYNC YN
o— 4 SYNC |_|
50 Q
GND Cor
Copyright © 2016, Texas Instruments Incorporated
Figure 8-5. Oscillator Synchronization Circuit
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8.3.7 Soft-Start Timing

The soft-start timing is the technique to gradually power up the converter in a well-controlled fashion by slowly
increasing the effective duty cycle starting at zero and gradually rising. Following start-up of the PWM, the error
amplifier inverting input is low, commanding the error amplifier's output to go high. The output stage of the
amplifier can source 1 mA typically, which is enough to drive most high impedance compensation networks, but
not enough for driving large loads quickly. Soft-start timing is achieved by charging a fairly large value, >1-pF,
capacitor (Cgg) connected to the error amplifier output through a PNP transistor as shown in Figure 8-6

ﬁ:‘ VREF

g Rss

icgs

Figure 8-6. Soft-Start Implementation

2N2907

To VOUT

The limited charging current of the amplifier into the capacitor translates into a dv/dt limitation on the error
amplifier output. This directly corresponds to some maximum rate of change of primary current in a current mode
controlled system as one of the PWM comparator inputs gradually rises. The values of Rgg and Cgg must be
selected to bring the COMP pin up at a controlled rate, limiting the peak current supplied by the power stage.
After the soft-start interval is complete, the capacitor continues to charge to VREF, effectively removing the PNP
transistor from the circuit consideration. Soft-start timing offers a different, frequently preferred function in current
mode controlled systems than it does in voltage mode control. In current mode, soft start controls the rising of
the peak switch current. In voltage mode control, soft start gradually widens the duty cycle, regardless of the
primary current or rate of ramp-up.

The purpose of resistor Rgg and the diode is to remove the soft-start capacitor from the error amplifier path
during normal operation, after the soft-start period completes and the capacitor charges fully. The optional
diode in parallel with the resistor forces a soft-start period each time the PWM goes through UVLO condition
that forces VREF to go low. Without the diode, the capacitor remains charged during a brief loss of supply or
brown-out, and the device does not emable a soft-start function upon re-application of VDD.

8.3.8 Enable and Disable

There are several ways to enable or disable the UCC28C5x devices, depending on which type of restart is
required. The two basic techniques use external transistors to either pull the error amplifier output low (< 2 Vgg)
or pull the current sense input high (> 1.1 V). Application of the disable signal causes the output of the PWM
comparator to be high. The PWM latch is reset dominant so that the output remains low until the next clock
cycle after the shutdown condition at the COMP or CS pin is removed. Another choice for restart without a
soft-start period is to pull the current sense input above the cycle-by-cycle current limiting threshold. A logic level
P-channel FET from the reference voltage to the current sense input can be used.

|_,—|::| COMP
DISABLE Bﬂ

Figure 8-7. Disable Circuit
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8.3.9 Slope Compensation

With current mode control, slope compensation is required to stabilize the overall loop with duty cycles
exceeding 50%. Although not required, slope compensation also improves stability in applications using below
a 50% maximum duty cycle. Slope compensation is introduced by injecting a portion of the oscillator waveform
to the actual sensed primary current. The two signals are summed together at the current sense input (CS)
connection at the filter capacitor. To minimize loading on the oscillator, it is best to buffer the timing capacitor
waveform with a small transistor whose collector is connected to the reference voltage.

VREF [] T
10.1 uF é Rrr
RT/CT []j—< A

_1L Cer

RRAMP
I Isense

= RCS F

cs| |

Res

] 1 rn

Figure 8-8. Slope Compensation Circuit

8.3.10 Voltage Mode

In certain applications, voltage mode control may be a preferred control strategy for a variety of reasons. Voltage
mode control is easily executable with any current mode controller, especially the UCC28C5x family members.
Implementation requires generating a 0-V to 0.9-V sawtooth shaped signal to input to the current sense pin
(CS) which is also one input to the PWM comparator. This is compared to the divided down error amplifier
output voltage at the other input of the PWM comparator. As the error amplifier output is varied, it intersects the
sawtooth waveform at different points in time, thereby generating different pulse widths. This is a straightforward
method of linearly generating a pulse whose width is proportional to the error voltage.

Implementation of voltage mode control is possible by using a fraction of the oscillator timing capacitor
(Cct) waveform. This value can be divided down and fed to the current sense pin as shown in Figure 8-9.
The oscillator timing components must be selected to approximate as close to a linear sawtooth waveform
as possible. Although exponentially charged, large values of timing resistance and small values of timing
capacitance help approximate a more linear shaped waveform. A small transistor is used to buffer the oscillator
timing components from the loading of the resistive divider network. Due to the offset of the oscillator’s lower
timing threshold, a DC blocking capacitor is added.

2N2222
:] RT/CT

Cer

Figure 8-9. Current Mode PWM Used as a Voltage Mode PWM
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8.4 Device Functional Modes
8.4.1 Normal Operation

During normal operating mode, the controller can be used in peak current mode or voltage mode control.
When the converter is operating in peak current mode, the controller regulates the converter's peak current and
duty cycle. When used in voltage mode control, the controller regulates the power converter's duty cycle. The
regulation of the system's peak current and duty cycle can be achieved with the use of the integrated error
amplifier and external feedback circuitry.

8.4.2 UVLO Mode

During the system start-up, VDD voltage starts to rise from 0 V. Before the VDD voltage reaches its
corresponding turn-on threshold, the IC is operating in UVLO mode. During UVLO mode operation, the VREF
pin voltage is not generated. When VDD is above 1 V and below the turn-on threshold, the VREF pin is actively
pulled low. This behavior allows VREF to be used as a logic signal to indicate UVLO mode. If the bias voltage to
VDD drops below the UVLO-OFF threshold, the PWM switching stops and VREF returns to 0 V. The device can
be restarted by applying a voltage greater than the UVLO-ON threshold to the VDD pin.
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9 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, as well as validating and testing their design
implementation to confirm system functionality.

9.1 Application Information

The UCC28C5x controllers are peak current mode pulse width modulators. These controllers have an onboard
amplifier and can be used in isolated and nonisolated power supply designs. The onboard totem pole gate
driver is capable of delivering 1 A of peak current. This high-speed PWM is capable of operating at switching
frequencies up to 1 MHz. Since UCCx8C5x can be used to directly substitute UCCx8C4x by drop-in, the design
steps are the same as those for UCCx8C4x. The same design example, including the layout, of UCCx8c4x is
re-used for UCCx8C5x as shown below. Figure 9-1 shows a typical off-line application using UCC38C44.
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Figure 9-1. Typical Off-Line Application
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Figure 9-2 shows a forward converter with synchronous rectification. This application provides 48 V to 3.3 V at
10 A with over 85% efficiency, and uses the UCC38C42as the secondary-side controller and UCC3961 as the

primary-side startup control device.
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Figure 9-2. Forward Converter with Synchronous Rectification Using the UCC38C42 as the Secondary-

Side Controller
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