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UCC2822x Interleaved Dual PWM Controller With Programmable Max Duty Cycle

1 Features

* 2-MHz High-Frequency Oscillator With 1-MHz
Operation Per Channel

» Matched Internal Slope Compensation Circuits

* Programmable Maximum Duty Cycle Clamp 60%
to 90% Per Channel

» Peak Current Mode Control With Cycle-by-Cycle
Current Limit

* Current Sense Discharge Transistor for Improved
Noise Immunity

* Accurate Line Undervoltage and Overvoltage
Sense With Programmable Hysteresis

» Opto-Coupler Interface

* 110-V Internal Start-Up JFET (UCC28221)
» Operates From 12-V Supply (UCC28220)
e Programmable Soft Start

2 Applications

e High Output Current (50-A to 100-A) Converters
* Maximum Power Density Designs

» High-Efficiency 48-V Input With Low Output Ripple
Converters

» High-Power Offline, Telecom, and Datacom
Power Supplies

3 Description

The UCC28220 and UCC28221 are a family of
BiCMOS interleaved dual channel PWM controllers.
Peak current mode control is used to ensure current
sharing between the two channels. A precise
maximum duty cycle clamp can be set to any value
between 60% and 90% duty cycle per channel.

The UCC28220 has an UVLO turnon threshold of
10 V for use in 12-V supplies while UCC28221 has a
turnon threshold of 13 V for systems needing wider
UVLO hysteresis. Both have 8-V turnoff thresholds.

Additional features include a programmable internal
slope compensation with a special circuit which is
used to ensure exactly the same slope is added to
each channel and a high-voltage 110-V internal JFET
for easier start-up for the wider hysteresis UCC28221
version.

The UCC28220 is available in both 16-pin SOIC and
low-profile TSSOP packages. The UCC28221 also
comes in 16-pin SOIC package and a slightly larger
20-pin TSSOP package to allow for high-voltage pin
spacing to meet UL1950 creepage clearance safety
requirements.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
UCC28220, SOIC (16) 9.00 mm x 3.90 mm
uCc28221 TSSOP (16) 5.00 mm x 4.40 mm
uCC28221 TSSOP (20) 6.50 mm x 4.40 mm

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

Typical Application

1]LINEOV  VIN

LiNE LINEUV [15]

(8]cTRL DIsCHG[ 9]

12 Ucc27324

VOUT

b

-

Il
[
|
[

:
bl

Copyright © 2016, Texas Instruments Incorporated

Pin 16 is a no connect (NC) on UCC28220 which does not include the JFET option.
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5 Device Comparison Table

DEVICE DESCRIPTION PACKAGE OPTION
UCC2732x Dual 4-A High Speed Low Side MOSFET Drivers SOIC (8), PowerPAD MSOP (8), PDIP (8)
UCC2742x Dual 4-A High Speed Low Side MOSFET Drivers with Enable SOIC (8), PowerPAD MSOP (8), PDIP (8)
TPS281x Dual 2.4-A High Speed Low Side MOSFET Drivers SOIC (8), TSSOP (8), PDIP (8)

UC371x Dual 2.4-A High Speed Low Side MOSFET Drivers SOIC (8), PowerSOIC (14), PDIP (8)

6 Pin Configuration and Functions

D or PW Package
16-Pin SOIC or TSSOP

Top View

LINEUV

REF

ouT1

ouT2

GND

VIN (for UCC28221)
NC (for UCC28220)

PW Package
20-Pin TSSOP
Top View

VIN

NC

LINEUV

REF

OuUT1

ouT2

GND

CHG

DISCHG

NC

Pin Functions

PIN

NAME

solc,
TSSOP (16)

TSSOP (20)

11O

DESCRIPTION

CHG

10

13

Sets oscillator charge current: A resistor from this pin to GND sets up the
charging current of the internal Ct capacitor used in the oscillator. This resistor,
in conjunction with the resistor on the DISCHG pin is used to set up the
operating frequency and maximum duty cycle. Under normal operation the dc
voltage on this pinis 2.5 V.

Cs1

Channel 1 current sense input: These 2 pins are the current sense inputs to the
device. The signals are internally level shifted by 0.5 V before the signal gets to
the PWM comparator. Internally the slope compensation ramp is added to this
signal. The linear operating range on this input is 0 to 1.5 V. Also, this pin gets
pulled to ground each time its respective output goes low (that is: OUT1 and
ouT2).

CS2

Channel 2 current sense input: These 2 pins are the current sense inputs to the
device. The signals are internally level shifted by 0.5 V before the signal gets to
the PWM comparator. Internally the slope compensation ramp is added to this
signal. The linear operating range on this input is 0 to 1.5 V. Also, this pin gets
pulled to ground each time its respective output goes low (that is: OUT1 and
ouT2).

CTRL

Feedback control input:
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Pin Functions (continued)

PIN

NAME

solc,
TSSOP (16)

TSSOP (20)

11O

DESCRIPTION

DISCHG

12

Sets oscillator discharge current: A resistor from this pin to GND sets up the
discharge current of the internal Ct capacitor used in the oscillator. This
resistor, in conjunction with the resistor on the CHG pin is used to set up the
operating frequency and maximum duty cycle. Under normal operation the dc
voltage on this pinis 2.5 V.

GND

11

14

Device ground

LINEHYS

Sets line comparator hysteresis: This pin is controlled by both the LINEOV and
LINEUV pins. It is used to control the hysteresis values for both the over and
under voltage line detectors.

LINEOV

Input for line over voltage comparator: This pin is connected to a comparator
and used to monitor the line voltage for an over voltage condition. The typical
threshold is 1.26 V.

LINEUV

15

18

Input for line under voltage comparator: This pin is connected to a comparator
and used to monitor the line voltage for an under voltage condition. The typical
threshold is 1.26 V.

N/C

16

1,10, 11, 19

No connection

ouT1

13

16

PWM output from channel 1: These output buffers are intended to interface with
high current MOSFET drivers. The output drive capability is approximately 33
mA and has an output impedance of 100 Q. The outputs swing between GND
and REF.

ouT2

12

15

PWM output from channel 2: These output buffers are intended to interface with
high current MOSFET drivers. The output drive capability is approximately 33
mA and has an output impedance of 100 Q. The outputs swing between GND
and REF.

REF

14

17

Reference voltage output: REF is a 3.3-V output used primarily as a source for
the output buffers and other internal circuits. It is protected from accidental
shorts to ground. For improved noise immunity, TI recommends the reference
pin be bypassed with a minimum of 0.1 pF of capacitance to GND.

SLOPE

Sets slope compensation: This pin sets up a current used for the slope
compensation ramp. A resistor to ground sets up a current, which is internally
divided by 25 and then applied to an internal 10-pF capacitor. Under normal
operation th dc voltage on this pinis 2.5 V.

SS

Soft-start input: A capacitor to ground sets up the soft-start time for the open
loop soft-start function. The source and sink current from this pin is equal to
3/7th of the oscillator charge current set by the resistor on the CHG pin. The
soft start capacitor is held low during UVLO and during a Line OV or UV
condition. Once an OV or UV fault occurs, the soft-start capacitor is discharged
by a current equal to its charging current. The capacitor does NOT quickly
discharge during faults. In this way, the controller has the ability to recover
quickly from very short line transients. This pin can also be used as an
Enable/Disable function.

VDD

Device supply input: This is used to supply power to the device, monitoring this
pin is a the UVLO circuit. This is used to insure glitch-free startup operation.
Until VDD reaches its UVLO threshold, it remains in a low power mode,
drawing approximately 150 pA of current and forcing pins, SS, CS1, CS2,
OUT1, and OUT?2 to logic O states. If the VDD falls below 8 V after reaching
turnon, it goes back into this low power state. In the case of the UCC28221, the
UVLO threshold is 13 V. Itis 10 V for the UCC28220. Both versions have a
turnoff threshold of 8 V.

VIN

20

High voltage start-up input: This pin has an internal high voltage JFET used for
startup. The drain is connected to VIN, while its’ source is connected to VDD.
During startup, this JFET delivers 12 mA typically with a minimum of 4 mA to
VDD, which in turn, charges up the VDD bypass capacitor. When VDD gets to
13V, the JFET is turned off.
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7 Specifications

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

MIN MAX UNIT
High-voltage start-up input, V|y 110 \%
Supply voltage, Vpp 15 \%
Output current (OUT1, OUT2) dc, loyt(dc) +10 mA
OUT1/ OUT2 capacitive load 200 pF
REF output current, Iggg 10 mA
Current sense inputs, CS1, CS2 -1 2 \%
Analog inputs (CHG, DISCHG, SLOPE, REF, CNTRL) -0.3 3.6 \Y
Analog inputs (SS, LINEOV, LINEUV, LINEHYS) -0.3 7 \%
o PW package 400
Power dissipation at Tp = 25°C mw
D package 650
Junction operating temperature, T; -55 150 °C
Storage temperature, Tgyg —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.

7.2 ESD Ratings

VALUE UNIT
o Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001() +2500
Vies)  Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22-C101 @) +1500 v
(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
VN High-voltage start-up input 36 76 \%
Vpp Supply voltage 8.4 14.5 \%
7.4 Thermal Information
UCC28220, UCC28221 UCC28221
THERMAL METRIC® D (SOIC) PW (TSSOP) | PW (TSSOP) UNIT
16 PINS 16 PINS 20 PINS

Roia Junction-to-ambient thermal resistance 73 100.9 92.5 °C/W
Rojctop) Junction-to-case (top) thermal resistance 32.6 28.8 27.6 °C/W
Ross Junction-to-board thermal resistance 30.6 46.6 43.7 °C/W
Wit Junction-to-top characterization parameter 5.7 1.4 1.4 °C/W
ViR Junction-to-board characterization parameter 30.3 46 43.2 °C/W
Roic(bot) Junction-to-case (bottom) thermal resistance — — — °C/W

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

report.
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7.5 Electrical Characteristics

Vpp =12 V, 0.1-puF capacitor from VDD to GND, 0.1-pF capacitor from REF to GND, Fpgc = 1 MHz, T, = —40°C to 105°C,
and T, = T, (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
OVERALL
Operating VDD 8.4 145 \%
Quiescent current SS =0V, no switching, Fosc = 1 MHz 15 3 4 mA
Operating current Outputs switching, Fosc = 1 MHz 1.6 35 6 mA
START-UP
Startup current UCC28220, VDD < (UVLO - 0.8) 200 HA
UVLO start threshold Ucc28220 93 10 105 \Y
ucc28221 12.3 13 13.7
UVLO stop threshold 7.6 8 8.4 \%
UVLO hysteresis Ucc28220 18 2 2.2 \Y
ucc28221 4.8 5 5.2
SS = 0, outputs not switching, VDD decreasing 9.5 10 105
JFET ON threshold SS =2V, Cntrl = 2 V, output switching, VDD 76 8 8.4 \
decreasing; same threshold as UVLO stop
VIN=36Vto76V,VDD=0V 16 48 100
High voltage JFET current VIN=36Vto76V, VDD =10V 16 40 mA
VIN =36 Vto 76 V, VDD < UVLO 4 12 40
JFET leakage VIN=36Vto76V,VDD =14V 100 HA
REFERENCE
Output voltage 8V <VDD <14V, ILOAD =0 mA to —10 mA 3.15 3.3 3.45 \%
Output current Outputs not switching, CNTRL =0 V 10 mA
Output short-circuit current Veep =0V -40 -20 -10 mA
Vger UVLO 2.55 3 3.25 \
SOFT START
SS charge current RCHG =10.2kQ,SS=0V -70 -100 -130 HA
SS discharge current RCHG =10.2kQ,SS=2V 70 100 130 HA
SS initial voltage LINEOV =2V, LINEUV =0 V 0.5 1 1.5 \
SS voltage at 0% dc Point at which output starts switching 0.5 1.2 1.8 \%
SS voltage ratio 75% 90% 100%
SS max voltage LINEOV =0V, LINEUV =2V 3 35 4 \
OSCILLATOR AND PWM
Output frequency RCHG = 10.2 kQ, RDISCHG = 10.2 kQ 450 500 550 kHz
Oscillator frequency RCHG = 10.2 kQ, RDISCHG = 10.2 kQ 900 1000 1100 kHz
Output maximum duty cycle EcefaHscaerlgltzokgT‘FaDrlg%%?; 10.2 ke, 73% 75% 7%
CHG voltage 25 3 \%
DSCHG voltage 25 3 \%
SLOPE COMPENSATION
Slope SSIFSOCFEG_:724%,RSS< Coviosy 140 200 260\  mvius
Channel matching RSLOPE =75 kQ, Csx =0V 0% 10%
CURRENT SENSE
CS1, CS2 bias current CS1=0,Cs2=0 -500 0 500 nA
Prop delay CSx to OUTx CSx input 0 Vto 1.5V step 40 85 ns
CS1, CS2 sink current CSx=2V 2.3 4.5 7 mA
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Electrical Characteristics (continued)

Vpp = 12 V, 0.1-pF capacitor from VDD to GND, 0.1-uF capacitor from REF to GND, Fggc = 1 MHz, T, = —40°C to 105°C,
and T, = T, (unless otherwise noted).

PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
CNTRL
Resistor ratio® 0.6
Ctrl input current CTRL=0Vand 3.3V -100 100 nA
Ctrl voltage at 0% dc gﬁ)éc:kg r\é’sg?g:trgiighim output starts switching 0.5 12 1.8 Y
OUTPUT (OUT1, OUT2)
Low level lour = 10 mA 0.4 1 \%
High level lout = —10 MA, VREF — VOUT 0.4 1 v
Rise time CLoap =50 pF 10 20 ns
Fall time CrLoap = 50 pF 10 20 ns
LINE SENSE
LINEOV threshold Ta=257C 124 126 128 \Y;
Ta =-40°C to 105°C 1.235 1.26 1.285
Ta =25°C 1.24 1.26 1.28
LINEUV threshold \%
Ta =-40°C to 105°C 1.235 1.26 1.285
LINEHYST pullup voltage LINEQOV =2V, LINEUV =2 V 3.1 3.25 3.4 \%
LINEHYST off leakage LINEOV =0V, LINEUV =2 V -500 0 500 nA
LINEHYS pullup resistance 1 =-20 pA 100 500 Q
LINEHYS pulldown resistance 1 =20 pA 100 500 Q
LINEOV, LINEUV bias | LINEOV = 1.25V, LINEUV = 1.25 V -500 500 nA
(1) Ensured by design. Not 100% tested in production.
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7.6 Typical Characteristics

\ \ \ \ 40
s |- T
UCC28221 UVLO on threshold 35 L
> < ’ UCC28221 EXCLUDES JFET CURRENT
L 125 £
k] 130
@ 115 5 25
£ o
o €
3 | UCC28220 UVLO on threshold and UCC28221 8 20
> 105
=|> ) JFET on threshold (when not switching) .3 o -
S ~ o~
N
S G 15 §118
> 95 N S
=] [=] (&) 4 (8]
> o 1.0 \ 4 (SN N o _ |
UCC28220 and UCC28221 UVLO off threshold and : =] >
8.5 UCC28221 JFET on threshold (when switching)
0.5
7.5 0.0
-50 -25 0 25 50 75 100 125 0 2 4 6 s 10 12 14 16
Tj = Temperature - °C Vpp - Supply Voltage - V
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Typical Characteristics (continued)
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Figure 12. Soft-Start Discharge Current vs Temperature
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Typical Characteristics (continued)
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Figure 13. Programming Resistors vs Switching Frequency
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Figure 14. Oscillator Frequency vs Temperature
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8 Detailed Description

8.1 Overview

The UCC2822x device is comprised of several housekeeping blocks as well as two slope compensated PWM
channels that are interleaved. The circuit is intended to run from an external VDD supply voltage between 8 V
and 14 V; however, the UCC28221 has the addition of a high-voltage start-up JFET with control circuitry which
can be used for system start-up. Other functions contained in the device are supply UVLO, 3.3-V reference,
accurate line OV and UV functions, a high-speed programmable oscillator for both frequency and duty cycle,
programmable slope compensation, and programmable soft-start functions.

The UCC2822x is a primary side controller for a two-channel interleaved power converter. The device is
compatible with forward or flyback converters as long as a duty cycle clamp between 60% and 90% is required.
The active clamp forward and flyback converters as well as the RCD and resonant reset forward converters are
therefore compatible with this device. To ensure the two channels share the total converter output current,
current mode control with internal slope compensation is used. Slope compensation is user programmable
through a dedicated pin and can be set over a 50:1 range, ensuring good small-signal stability over a wide range
of applications.

8.2 Functional Block Diagram

L RUN
REF Eﬂ— REFERENCE > LvLOl JFET 4|1§| VIN
; CONTROL (N/Con
! UCC28220)
CHG| 10— i
osc ! VDD
DISCHG| 9 |[——»] ;
:
L
cs1 {’T’ ouT1
I— GND
SLOPE
COMPENSATION |
csz2| 6 [ > 0'5|V CLK?2 S Q VREF
—||+ LATCH
- OUT?2
[ ] R o 12]
? RUN
sLoPe| 5 |
20 kQ
cTrRL| 8 |——%
H ¥ ! LINEOV
- 30kQ L
T 1pF LINE OV/UV LINEHYS
«— LINEUV
Soft-Start
ss|7 €« RUN

Copyright © 2016, Texas Instruments Incorporated

Pinout for 16 pin option shown. See the 20-pin connection to UCC28221-PW in Pin Configuration and Functions.
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8.3 Feature Description

8.3.1 VDD

Because the driver output impedance is high, the energy storage requirement on the VDD capacitor is low. For
improved noise immunity, TI recommends that the VDD pin is bypassed with a minimum of 0.1-puF capacitance to
GND. In most typical applications, the bias voltage for the MOSFET drivers is also used as the VDD supply
voltage for the chip. It is beneficial to add a low valued resistor between the bulk storage capacitor of the driver
and the VDD capacitor for the UCC2822x. By adding a resistor in series with the bias supply with the bias
supply, any noise that is present on the bias supply is filtered out before getting to the VDD pin of the controller.

8.3.2 Reference

For improved noise immunity, Tl recommends that the reference pin, REF, is bypassed with a minimum of 0.1-pF
capacitance to GND.

8.3.3 Oscillator Operation and Maximum Duty Cycle Setpoint

The oscillator uses an internal capacitor to generate the time base for both PWM channels. The oscillator is
programmable over a 200-kHz to 2-MHz frequency range with 20% to 80% maximum duty cycle range. Both the
dead time and the frequency of the oscillator are divided by 2 to generate the PWM clock and off-time
information for each of the outputs. In this way, a 20% oscillator duty cycle corresponds to a 60% maximum duty
cycle at each output, where an 80% oscillator duty cycle yields a 90% duty cycle clamp at each output.

The design equations for the oscillator and maximum duty cycle setpoint are given in Equation 1 through
Equation 4.
Fosc =2xFour 1)
DMAX(osc) = 1—2><(1—D|\/|Ax(out)) )
I:)MAX(osc)

Rehe =Kosc =
0sc (3

Roische =Kosc * {17 Buaxiose))
F
osC
where
+  Kosc = 2.04 x 10'° (Q/s)
e Four = Switching frequency at the outputs of the chip (Hz)
*  Duax(uy = Maximum duty cycle limit at the outputs of the chip
*  Dwax(se) = Maximum duty cycle of the oscillator for the desired maximum duty cycle at the outputs
* Fosc = Oscillator frequency for desired output frequency (Hz)
* Rche = External oscillator resistor which sets the charge current ()
*  Rpiscue = External oscillator resistor which sets the discarge current (Q) 4)

8.3.4 Soft Start

A current is forced out of the SS pin, equal to 3/7 of the current set by Rcyg, to provide a controlled ramp
voltage. The current set by the Rcg resistor is equal to 2.5 V divided by Rcyg. This ramp voltage overrides the
commanded duty cycle on the CTRL pin, allowing a controlled start-up. Assuming the UCC288221 is biased on
the primary side, the soft start must be quite quick to allow the secondary bias to be generated and the
secondary side control can then take over. Once the soft-start time interval is complete, a closed-loop soft-start
on the secondary side can be executed, such as Equation 5.

3 25
ISS = =x
CHG
where
e ISS = current which is sourced out of the SS pin during the soft-start time (A) (5)
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Feature Description (continued)
8.3.5 Current Sense

The current sense signals CS1 and CS2 are level shifted by 0.5 V and have the slope compensation ramps
added to them before being compared to the control voltage at the input of the PMW comparators. The amplitude
of the current sense signal at full load must be selected such that it is very close to the maximum control voltage
to limit the peak output current during short-circuit operation.

8.3.6 Output Drivers

The UCC2822x is intended to interface with the UCC2732x family of MOSFET drivers. As such, the output drive
capability is low, effectively 100 Q, and the driver output swing between GND and REF.

8.4 Device Functional Modes

8.4.1 Line Overvoltage and Undervoltage

Three pins are provided to turn off the output drivers and reset the soft-start capacitor when the converter input
voltage is outside a prescribed range. The undervoltage setpoint and undervoltage hysteresis are accurately set
through external resistors. The overvoltage set point is also accurately set through a resistor ratio, but the
hysteresis is fixed by the same resistor that set the undervoltage hysteresis.

Figure 17 and Figure 18 show the detailed functional diagram and operation of the undervoltage lockout (UVLO)
and overvoltage lockout (OVLO) features. Equation 6 through Equation 9 are for setting the thresholds define in
Figure 18.

V1 :1.26xl+1.26
(R2 + R3) )
v&mzw@, where Rx = R4 || (R2 + R3) ”
V4 -1 26« (R1+R2+R3)
R3 (8)
V3= V4—1.26x[&j
R4 )
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Device Functional Modes (continued)

Input
Voltage

L

uv

HYS

R4

Sre

R3

< 15J

A 2
s2
CLOSED °<} LINE_GOOD
ov
0—| 1
126V :’

+
1.26 V 1.26 V —ﬂ
+
S1
OPEN -]

Copyright © 2016, Texas Instruments Incorporated

Figure 17. Line UVLO and OVLO Functional Diagram

ENABLE

OFE

LINE_GOOD

vl 7 V2 V3N V4
Figure 18. Line UVLO and OVLO Operation

The UVLO hysteresis and the OVLO hysteresis can be calculated as V2 — V1 and V4 — V3, respectively. By

examining the design equations,

it becomes apparent that the value of R4 sets the amount of hysteresis at both

thresholds. By realizing this fact, the designer can then set the value of R4 based on the most critical hysteresis
specification either at high line or at low line. In most designs the value of R4 is determined by the desired

amount of hysteresis around the

UVLO threshold. As an example, consider a telecom power supply with the

following input UVLO and OVLO design specifications:

e V1=32V

e V2=34V

e V3=83V

e V4=847V
Then,

* R1=976 kQ
* R2=249KkQ
+ R3=15kQ

* R4 =604 kQ
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Device Functional Modes (continued)
8.4.2 Start-Up JFET Section

A 110-V start-up JFET is included to start the device from a wide range (36 V to 75 V) telecom input source.
When VDD is lower than 13 V, the JFET is on, behaving as a current source charging the bias capacitors on
VDD and supplying current to the device. In this way, the VDD bypass capacitors are charged to 13 V where the
outputs start switching and the JFET is turned off. To enable a constant bias supply to the device during a pulse
skipping condition, the JFET is turned back on whenever VDD decreases below 10 V and the outputs are not
switching. Thus, the current from the JFET can overcome the internal bias currents, as long as the device is not
actively switching the output drivers. See Figure 19 for a representation of the JFET and VDD operation. The
0OCC28220 does not contain an internal JFET and has a start-up threshold of 10 V which makes it capable of
directly operating off a 12-V dc bus.

VDD
A EC VAR — 13V
N\ 8-14V A\
10V
NORMAL OPERATION 8V (UVLO off)
ov
OUTx
OFF
GATE DRV ON
HV JFET ON OFF

Figure 19. JFET Device Operation With VDD Voltage

8.4.3 Slope Compensation

The slope compensation circuit in the UCC2822x operates on a cycle-by-cycle basis. The two channels have
separate slope compensation circuits. These are fabricated in precisely the same way so as current sharing is
unaffected by the slope compensation circuit. For each channel, an internal capacitor is reset whenever that
channel's output is off. At the beginning of the PMW cycle, a current is mirrored off the SLOPE pin into the
capacitor, developing an independent ramp. Because the two channel's ramps start when the channel's output
changes from a low to high state, the ramps are thus interleaved. These internal ramps are added to the voltages
on the current sense pins, CS1 and CS2, and form an input to the PMW comparators.
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Device Functional Modes (continued)

REF
™ SLOPE
2.5/(16.6¥R_SLOPE)= SC  (y ) (5)
R_SLOPE
PWM oo AN CTRL
TO RESET \<11+ . l ®
of +
PWM LATCH 0.5v
_Lc_sc
OUT 1 ’DP% S1 10 pF
ON | OFF P
cs1
(4)
\ S2

<

Figure 20. Slope Compensation Detail for Chanel 1.
Duplicate Matched Circuitry Exists for Channel 2.

To ensure stability, the slope compensation circuit must add between 1/5 and 1 times the inductor downslope to
each of the current sense signals before being applied to the input of the PWM comparator.
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9 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.

9.1 Application Information

The UCC28220 control device from Texas Instruments is used in a dual-interleaved, forward converter that
enables the power supply designer to reduce output current ripple and reduce magnetic size per power stage
allowing for improved transient response. The UCC28220 is a dual-interleaved PWM controller with
programmable maximum duty cycle per channel up to 90% for interleaved forward and interleaved flyback

designs.

9.2 Typical Application

1/2 UCC27424
VDD REF {>_J

VIN %
~14
UCC28220

n CTRL DISCHG n 1/2 UCC27424

SLoPE  ouT2[12
CS2 HC
ﬂ cs2 GND ,

il Ty

%

—

E/A

VouTt

= H

Copyright © 2016, Texas Instruments Incorporated

Figure 21. Interleaved Boost Application Circuit Using the UCC28220
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Typical Application (continued)
9.2.1 Design Requirements

Table 1 lists the design parameters for the interleaved boost application circuit.

Table 1. Design Parameters

PARAMETER MIN TYP MAX UNIT
VN 85 110 or 230 265| VRMS
Vout 374 390 425 v
VRIPPLE — — 30 \%
Current THD at 350 W — — 10%
PF at 350 W 0.95 — —
Full load efficiency 90% — —
fs — 100 — kHz
Holdup requirements, tyoLp — — 20 ms
fLNE 47 50 60 Hz

9.2.2 Detailed Design Procedure

9.2.2.1 Overvoltage Protection and Undervoltage Lockout

The OVP function and undervoltage lockout (UVLO) were handled by the UCC28220. It is a simple comparator
that monitors the boost voltage. The OVP for this design was set to 425 V and UVLO was set to 108 V. The
preregulator does not start switching until Vot reaches 108 V.

9.2.2.2 Peak Current Limit

Peak current limit is set by the maximum control voltage (V¢) at the input of the UCC28220's PWM comparator
with Equation 10 through Equation 12. Where a is the current sense transformer turns ratio of T1 and T2. The
peak current limit trip point was set for 130% of the nominal peak current to protect the boost FETSs.

Ne Vo _ls_ 1
NS VS IP 50 (10)

Poutr Xv2 AL
IPEAK = 2 ouT + 2 X 13
X Vin(min)x n

(11)
Ve = 1.8, Vgl Was set to a maximum of 3 V to protect the UCC28220 CTRL pin.
Ve -05V
Rsense = | 2
PEAK X @ (12)

Equation 12 considers slope compensation that is added later.

The peak current of the FET during power up is 2 times lpgak Under normal operation as calculated with
Equation 13. This is due to the excessive slope compensation that is required for stability.

lbEAKk (startup) = 2 % lpEAK (13)

9.2.2.3 Current Sense Transformer Reset Resistor (T1 and T2)

Ve -0.5V
_ 2
RRESET - | 4_D
X . a
PEAK ( M|N(LL))>< (14)
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9.2.2.4 Oscillator and Maximum Duty Cycle Clamp

The UCC28220’s oscillator and maximum duty cycle clamp are setup through resistor Rcpg and discharge. The
desired duty cycle clamp (Dyax) Was set at 0.9 to stop the current sense transformers from saturating.

Kosc = (2.04 1010)%

Equation 15 is UCC28220's oscillator constant.

FOSC = 2)( fS

Equation 16 is UCC28220's internal oscillator frequency.

FOSC = 2)( fS

Equation 17 is the internal duty cycle clamp.

Dyax(osc) =1~ 2 (1~ Dmax)

RDISCHG = KOSC

9.2.3 Application Curves

(1 - DMAX(OSC))
Fosc

(15)

(16)

a7

(18)

(19)

L Aomvidiv,

e S

POUT =350 W

t = Time - 5 ms/div.

Figure 22. Output Ripple Voltage

Ccmeven
- 100Vidi, .

 CH1: 100 V/div. || ”
‘ Rectified Line Ii' ‘ ‘ Ii

14

t = Time — 100 ms/div.

Line transients at 350-W load

V|n stepped from 240 V to 120 V to 240 V

Figure 23. Line Dropout at Full Load

10 Power Supply Recommendations

The VDD power terminal for the device requires the placement of electrolytic capacitor as energy storage
capacitor. And requires the placement of low-ESR noise decoupling capacitance as directly as possible from the
VDD terminal to the VSS terminal, ceramic capacitors with stable dielectric characteristics over temperature are
recommended, such as X7R or better. TI recommends a 1-pF, 50-V e-capacitor.
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11 Layout

11.1 Layout Guidelines
Tl recommends placing a 1-puF ceramic decoupling capacitor as close as possible between the VDD terminal

1.

2.

and GND, tracked directly to both terminals.

Tl recommends placing a small, external filter capacitor on the CS1 and CS2 terminal. Track the filter

capacitor as directly as possible from the CS to GND terminal.
Reduce the total surface area of traces on the CS net to a minimum.

Connect decoupling and noise filter capacitors, as well as sensing resistors directly to the GND terminal in a
star-point fashion, ensuring that the current-carrying power tracks (such as the gate drive return) are track
separately to avoid noise and ground-drops that could affect the analogue signal integrity.

11.2 Layout Example

1 LINEOV
O

2 LINEHYS

3 | vDD

4 cs1

5 SLOPE

6 | Cs2

7 ss

8 CTRL

Figure 24. UCC28221 Layout
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12 Device and Documentation Support

12.1 Documentation Support

12.1.1 Related Documentation

An evaluation module and an associated user’s guide are available. The UCC28221 is used in a two-channel
interleaved Forward design converting from 36-V to 76-V dc input voltage to a regulated 12-V dc output. The
power module has two isolated 100 W forward power stages operating at 500 kHz, which are operating 180
degrees out of phase with each other allowing for output current ripple cancellation and smaller magnetic design.
This design also takes advantage of the UCC28221’s on-board 110-V internal JFET start up circuit that removes
the need of an external trickle charge resistor for boot strapping. This circuit turns off after auxiliary power is
supplied to the device conserving power.

UCC28221 200-W Evaluation Module (EVM) (SLUU173)

For other related documentation see the following:

* Unitrode - UC3854A/B and UC3855A-B Provide Power Limiting With Sinusoidal Input Current for PFC Front
Ends (SLUA196)

* Advanced PFC/PWM Combination Controller With Trailing-Edge/Trailing-Edge Modulation (SLUS608)

12.2 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

TECHNICAL TOOLS & SUPPORT &

PARTS PRODUCT FOLDER SAMPLE & BUY DOCUMENTS SOFTWARE COMMUNITY
UCC28220 Click here Click here Click here Click here Click here
uUCC28221 Click here Click here Click here Click here Click here

12.3 Receiving Notification of Documentation Updates

To receive naotification 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.

12.4 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect Tl's views; see TlI's Terms of
Use.

TI E2ZE™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

12.5 Trademarks

E2E is a trademark of Texas Instruments.
All other trademarks are the property of their respective owners.

12.6 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.
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12.7 Glossary

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

13 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.
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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 ©)
@ )

UCC28220D Active Production SOIC (D) | 16 40 | TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 105 28220
UCC28220D.A Active Production SOIC (D) | 16 40 | TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 105 28220
UCC28220DR Active Production SOIC (D) | 16 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 28220

UCC28220DR.A Active Production SOIC (D) | 16 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 28220
UCC28220PW Active Production TSSOP (PW) | 16 90 | TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 105 28220
UCC28220PW.A Active Production TSSOP (PW) | 16 90 | TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 105 28220
UCC28220PWR Active Production TSSOP (PW) | 16 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 28220
UCC28220PWR.A Active Production TSSOP (PW) | 16 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 105 28220

UCC28221D Active Production SOIC (D) | 16 40 | TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 105 28221
UCC28221D.A Active Production SOIC (D) | 16 40 | TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 105 28221
UCC28221DG4 Active Production SOIC (D) | 16 40 | TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 105 28221
UCC28221PW Active Production TSSOP (PW) | 20 70 | TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 105 28221

UCC28221PW.A Active Production TSSOP (PW) | 20 70 | TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 105 28221

@ 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.
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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 UCC28220 :

o Automotive : UCC28220-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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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 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
UCC28220DR SoIC D 16 2500 330.0 16.4 6.5 103 | 21 8.0 16.0 Q1
UCC28220PWR TSSOP PW 16 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
UCC28220DR SOIC D 16 2500 353.0 353.0 32.0
UCC28220PWR TSSOP PW 16 2000 353.0 353.0 32.0
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TUBE
T - Tube
height L - Tubelength
*
> w-Tube| I U U L
> V\£ dth
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
UCC28220D D SoIC 16 40 506.6 8 3940 4.32
UCC28220D.A D SoIC 16 40 506.6 8 3940 4.32
UCC28220PW PW TSSOP 16 920 530 10.2 3600 35
UCC28220PW.A PW TSSOP 16 20 530 10.2 3600 35
uUCC28221D D SOIC 16 40 506.6 8 3940 4.32
UCC28221D.A D SoIC 16 40 506.6 8 3940 4.32
UCC28221DG4 D SoIC 16 40 506.6 8 3940 4.32
UCC28221PW PW TSSOP 20 70 530 10.2 3600 35
UCC28221PW.A PW TSSOP 20 70 530 10.2 3600 3.5
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PACKAGE OUTLINE
TSSOP - 1.2 mm max height

PWO0O020A

SMALL OUTLINE PACKAGE

PIN 1 INDEX AREA
18X -0.65
R 20
1 == )
== -
—
—
2X
6.6 5.85
64 —
NOTE 3
—
—
o
10 g e et
- J 11
20X 0.30
E 45 0.19
4.3

./'

&-«/\ (0.15)TYPjr
SEE DETAIL A

GAGE PLANE

DETAIL A
TYPICAL

4220206/A 02/2017

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.

(G20 w N
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EXAMPLE BOARD LAYOUT
PWO0O020A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

20X(1.5) SYMM
|1 ‘ r ¢ (R0.05) TYP
oo [ | e
b |

|
) |

|
e |

L

18X (0.65) — -

-

)
1]
1)

o | ]

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK METAL UNDER SOLDER MASK
oPEN|NG\ METAL SOLDER MASK OPENING
777777777777 .
|
|

T EXPOSED METAL

*H‘* 0.05 MAX *j 0.05 MIN

EXPOSED METAL

ALL AROUND ALL AROUND
NON-SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED) SOLDER MASK DETAILS

4220206/A 02/2017

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

SMALL OUTLINE PACKAGE

20X (0.45)

f

e
-

aai

SYMM

=
[N

20X (1.5) SYMM
i j | r ¢ (R0.05) TYP
| |
|
|
|
|
|
4
|
|
|
|
|
|
|

[ ]
1]
]
o

R

L— (5.8) —J

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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MECHANICAL DATA

D (R—PDSO—-G16) PLASTIC SMALL QUTLINE

0.394 (10,00)

0.386 (9,80)
PN
16 9
0.244 (6,20)
0.228 (5,80)
< - - - 0.157 (4,00)
\ 0.150 (3,80) AN

L LR ,

Pin 1

Index Area 0.050 (1,27) OOZO (©, 51;
\@\o.o (0,25 @]
/ \
[ \ \
\
v 0 % J\ /k
— 0.069 (1,75) Max 0. 004
0.010 (0,25) // .
0.005 (0,15)1 , \
A
\ t \ //\ | []0.004 (0,10)
Gauge Plane - == !
%D . x Seating Plane
0.010 (0,25) 0-8" N L7
~4
0.050 (1,27)
0.016 (0,40)
4040047-6/M 06 /11
NOTES:  A. Al linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
@ Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.
@ Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.
E. Reference JEDEC MS—012 variation AC.
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PACKAGE OUTLINE

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE
6.6
6.2 TYP
PIN 1 INDEX AREA 14)(
1] e
— 4= -
— —
2X
51 | 1
4.9
— —
— — 4X (0°-12°)
Y — jzgf
° L 16x 9-30
B] 45 0 . 0.17 —

4.3 y
S0 [c[Ale]

\\.

\ / ]
~~&.«/\ (0.15) TYPjr
SEE DETAIL A

GAGE PLANE

P

DETAIL A
TYPICAL

4220204/B  12/2023

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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PWOO0O16A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

:

7 1

16X (1.5)
|
{ [
|

16X (0.45)

(R0.05) TYP

e
.
-

SYMM

-
St
S

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK
OPENHVGAA\\\ METAL
EXPOSED METAL

*H‘* 0.05 MAX

ALL AROUND

NON-SOLDER MASK
DEFINED
(PREFERRED)

METAL UNDER
SOLDER MASK

SOLDER MASK
fOPENING
ffffffffffff N

I
"~ EXPOSED METAL
0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS
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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

PWOO16A TSSOP - 1.2 mm max height
SMALL OUTLINE PACKAGE

16X (0.45) |

16X (1.5) SYMM
|1 | ¢ (RO.05) TYP
— | e
|
|

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 10X

4220204/B 12/2023

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
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