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INTERLEAVED DUAL PWM CONTROLLER
WITH PROGRAMMABLE MAXIMUM DUTY CYCLE

FEATURES

* Qualified for Automotive Applications

* 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
* Operates From 12-V Supply
* Programmable Soft-Start

TYPICAL APPLICATION

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

DESCRIPTION

The UCC28220 is a BIiCMOS interleaved
dual-channel PWM controller. 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. UCC28220 has an UVLO turn-on
threshold of 10 V for use in 12-V supplies. It has 8-V
turn-off threshold.

Additional features include a programmable internal
slope compensation with a special circuit that ensures
exactly the same slope is added to each channel.
The UCC28220 is available in a 16-pin low-profile
TSSOP package.
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ORDERING INFORMATION®
_ UVLO @ ORDERABLE PART TOP-SIDE
Ta=T, THRESHOLDS PACKAGE NUMBER MARKING
—40°C to 125°C 10V On/8VOff | TSSOP-16 — PW Reel of 2000 UCC28220QPWRQ1 U28220Q

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
web site at yww.i.com.
(2) Package drawings, thermal data, and symbolization are available at [vWww.TI.com/packadind.

ABSOLUTE MAXIMUM RATINGS®®

over operating free-air temperature (unless otherwise noted)

Vpp Supply voltage 15V
loutdey Output current, dc ‘ OuUT1, OUT2 +10 mA
OUT1/ OUT2 capacitive load 200 pF
IREF REF output current 10 mA
Current sense inputs CS1, CS2 -1Vto2V
. CHG, DISCHG, SLOPE, REF, CNTRL -0.3Vt03.6V
Analog inputs
SS, LINEOV, LINEUV, LINEHYS -0.3Vto7V
Pp Power dissipation at Tp = 25°C 400 mwW
T, Virtual-junction operating temperature range -55°C to 150°C
Tstg Storage temperature range —65°C to 150°C
Tiead Lead temperature (soldering, 10 seconds) 300°C

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

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

RECOMMENDED OPERATING CONDITIONS

MIN MAX | UNIT
VN High-voltage start-up input voltage 36 76 \%

Vpp Supply voltage 8 14.5 \%
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ELECTRICAL CHARACTERISTICS
Vpp = 12 V, 0.1-pF capacitor from VDD to GND, 0.1-pF capacitor from REF to GND, fosc = 1 MHz, T, = —40°C to 125°C,

Ta = T; (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP  MAX UNIT

Overall

Operating VDD 8.5 14 \%
Quiescent current SS =0V, No switching, fosc = 1 MHz 1.5 A
Operating current Outputs switching, fosc = 1 MHz 1.6 3.5 6
Startup Section

Startup current VDD < (UVLO - 0.8) 200 HA
UVLO start threshold 9.5 10 10.5 \Y
UVLO stop threshold 7.6 8.4 \%
UVLO hysteresis 1.8 2 2.2 \%
Reference

Output voltage 85V<VDD <14V, Il oap =0 mAto-10 mA 3.15 3.3 3.45 \%
QOutput current Outputs not switching, CNTRL =0 V 10 mA
Qutput short-circuit current Vrep =0V -40 -20 -10 mA
Vgeg UVLO 2.55 3 325 Y
Soft Start (SS)

SS charge current Rchg =10.2kQ,SS=0V -60 -100 -130 HA
SS discharge current Rchg =10.2kQ,SS=2V 60 100 130 HA
SS initial voltage LINEOV =2V, LINEUV =0V 0.5 1 1.5 v
SS voltage at 0% dc Point at which output starts switching 0.5 1.2 1.8

SS voltage ratio 75 20 100 %
SS maximum voltage LINEOV =0V, LINEUV =2V 3 3.5 4 \%
Oscillator and PWM

Output frequency Rchg = 10.2 kKQ, RpjscHg = 10.2 kQ 400 500 550 kHz
Oscillator frequency Rchg = 10.2 kKQ, RpjscHg = 10.2 kQ 900 1000 1100 kHz
Output maximum duty cycle s‘é'*ai;:c?; Ié)%%f"asr‘fé'%;%g 2kQ, 73 75 77 %
CHG voltage 15 25

DISCHG voltage 15 25 v
Slope Compensation

Slope ReLope = 75 "0% Ron =66 KQ, Roiscre = 44 kO, 140 200  260| mVips
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 input0 Vto 1.5V step 40 85 ns
CS1, CS2 sink current CSx=2V 2.3 45 7 mA
CNTRL Section

Resistor ratio® 0.6

CTRL input current CTRL=0Vand 3.3V -100 100 nA
CTRL voltage at 0% dc (Ccﬁéczkg r\é’siz ?;?tr:ttk‘)")’hi‘:h output starts switching 05 12 18| Vv
(1) Specified by design
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ELECTRICAL CHARACTERISTICS (continued)

Vpp =12V, 0.1-pF capacitor from VDD to GND, 0.1-pF capacitor from REF to GND, fosc = 1 MHz, T, = —40°C to 125°C,
Ta =T, (unless otherwise noted)

PARAMETER | TEST CONDITIONS MIN TYP  MAX| UNIT
Output Section (OUT1, OUT2)
Low level loutr = 10 mA 0.4 \%
High level loutr = —10 MA, Vrer — Vour 0.4 1 \%
Rise time CrLoap = 50 pF 10 20 ns
Fall time CLoap = 50 pF 10 20 ns
Line-Sense Section
Ta=25°C 1.24 1.26 1.28
LINEOV threshold Y
Ta =—40°C to 125°C 1.23 1.26 1.29
Ta=25°C 1.24 1.26 1.28
LINEUV threshold Y
Ta =—40°C to 125°C 1.23 1.26 1.29
LINEHYST pull up voltage LINEOV =2V, LINEUV =2V 31 325 34 \%
LINEHYST off leakage LINEOV =0V, LINEUV =2V -500 0 500 nA
LINEHYS pullup resistance 1 =-20 pA 100 500 Q
LINEHYS pulldown resistance 1 =20 pA 100 500 Q
LINEOV bias current LINEOV =1.25V -900 900 nA
LINEUV bias current LINEUV =1.25V -500 500 nA
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FUNCTIONAL BLOCK DIAGRAM
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PW PACKAGE
(TOP VIEW)

LINEOV [T 1 16 _T_1NC
LINEHYS T 2 15 [T 1 LINEUV
VDD 1] 3 14 T 1REF
CS1T 4 13 [T—10UT1

SLOPE [T 5 12 [T 10UT2

Cs2[1T s 11 [T _1GND

SS[CIT ]~ 10 [T 1CHG
CTRL 1|8 9 [T _1DISCHG

NC - No internal connection

TERMINAL FUNCTIONS

TERMINAL
NO. NAME /10 FUNCTION
1 LINEOV | Input for line overvoltage comparator
2 LINEHYS | Sets line comparator hysteresis
3 VDD | Device supply input
4 CS1 | Channel 1 current sense input
5 SLOPE | Sets slope compensation
6 CS2 | Channel 2 current sense input
7 SS | Soft-start input
8 CTRL | Feedback control input
9 DISCHG | Sets oscillator discharge current
10 CHG | Sets oscillator charge current
11 GND Device ground
12 ouT2 (0] PWM output from channel 2
13 OuT1 (0] PWM output from channel 1
14 REF (0] Reference voltage output
15 LINEUV | Input for line undervoltage comparator
16 NC No connection
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TERMINAL DESCRIPTIONS

VDD: VDD supplies power to the device and is monitored by the UVLO circuit, which ensures glitch-free startup.
Until VDD reaches its UVLO threshold, the device remains in low-power mode, drawing approximately 150 pA of
current and forcing pins SS, CS1, CS2, OUT1, and OUT2 to logic 0 states. If VDD falls below 8 V after reaching
the turn-on threshold, the device returns to the low-power state. The UVLO turn-on threshold is 10 V, and the
turn-off threshold is 8 V.

CS1 and CS2: These two pins are the current-sense inputs to the device. The signals are internally level shifted
by 0.5 V before the signal reaches 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 is pulled to ground each time its
respective output goes low (i.e., OUT1 or OUT2).

SLOPE: 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 applied to an internal 10-pF capacitor. Under normal operation, the dc
voltage on this pin is 2.5 V.

SS: 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 3/7 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 overvoltage or undervoltage condition. Once an
overvoltage or undervoltage 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.

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

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

OUT1 and OUT2: 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.

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

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

LINEHYST: This pin is controlled by both the LINEOV and LINEUV pins. It controls the hysteresis values for both
the overvoltage and undervoltage line detectors.

REF: 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, it is recommended that the reference
pin be bypassed with a minimum of 0.1-pF of capacitance to GND.
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APPLICATION INFORMATION

General

The device is composed 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. Other
functions contained in the device are supply UVLO, 3.3-V reference, accurate line overvoltage and undervoltage
functions, a high speed programmable oscillator for both frequency and duty cycle, programmable slope
compensation, and programmable soft-start functions.

The UCC28220 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.
Therefore, the active clamp forward and flyback converters, as well as the RCD and resonant reset forward
converters, are 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 via a
dedicated pin and can be set over a 50:1 range, ensuring good small-signal stability over a wide range of
applications.

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 set point and undervoltage hysteresis are accurately set
via external resistors. The overvoltage set point is also accurately set via a resistor ratio, but the hysteresis is
fixed by the same resistor that sets the undervoltage hysteresis.

Eigure 1] and Eigure 4 show a detailed functional diagram and operation of the undervoltage lockout (UVLO) and
overvoltage lockout (OVLO) features. The equations for setting the thresholds defined in are:

IA
|8s.I X Sﬂwg'l

(1)
I3 +x9 ( _
BS.I X " g =M ¢H +€4 ( @
IH +S49 +€4 (
|8S.I X cq @)

=pv BSI X Dg%

4

The UVLO hysteresis and the OVLO hysteresis can then 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=32.0V
e V2=340V
e V3=83.0V
e V4=84.7V
then

e R1=976kQ

+ R2=24.9kQ
+ R3=15.0kQ

and
* R4 =604kQ
8 upmi ocumentation Feedbac
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Input
Voltage
gm
uv
L22]
1.26 vl 126V
+
OPEN
HYS
L
VWA 2
CLOSED LINE_GOOD
§R2 <L
ov 1
L] i
R3 1.26V =
Figure 1. Line UVLO and OVLO Functional Diagram
ENABLE
LINE_GOOD
QFF
vl 7 V2 V3N V4
Figure 2. Line UVLO and OVLO Operation
VDD

Because the driver output impedance is high, the energy storage requirements on the VDD capacitor is low. For
improved noise immunity, it is recommended that the VDD pin be bypassed with a minimum of 0.1 pF of
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. In the aforementioned applications, it is beneficial to add a low-value resistor
between the bulk-storage capacitor of the driver and the VDD capacitor for the UCC28220. By adding a resistor
in series 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.

Reference

For improved noise immunity, it is recommended that the reference pin (REF) be bypassed with a minimum of
0.1 uF of capacitance to GND.

Copyright © 2008, Texas Instruments Incorporated bi-Resiiaentation Feedback
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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 two 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 set point are given by:

o = Xqdo (5)
M = I- & )&u_o))g\M ( (6)
1 = Bo (3§<0))g'\%
320 (7)
I e R

Ia o X 3
320 (8)

Where

Kosc = 2.04 x 10%° [Q)/s]

Fout = Switching frequency at the outputs of the chip (Hz)

Dwmax(ouyy = Maximum duty cycle limit at the outputs of the chip

Dwmax(osc) = Maximum duty cycle of the Oscillator for the desired maximum duty cycle at the outputs

Fosc = Oscillator frequency for desired output frequency (Hz)

Rcue = External oscillator resistor which sets the charge current (Q)

Rpische = External oscillator resistor which sets the discharge current (Q)

Soft Start

A current is forced out of the SS pin, equal to 3/7 of the current set by Rchg, to provide a controlled ramp
voltage. The current set by the Rgyg resistor is equal to 2.5 V divided by Rcpg. This ramp voltage overrides the
duty cycle on the CTRL pin, allowing a controlled startup. Assuming the UCC28220 is biased on the primary
side, the soft start should 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.

SURCAN

Voglo )

Where
ISS = current which is sourced out of the SS pin during the soft-start time (A)

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 should be selected such that it is very close to the maximum control
voltage, in order to limit the peak output current during short-circuit operation.

Output Drivers

The UCC28220 is intended to interface with the UCC27323/4/5 family of MOSFET drivers. As such, the output
drive capability is low (effectively 100 Q), and the driver outputs swing between GND and REF.
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Slope Compensation

The slope compensation circuit in the UCC28220 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 PWM cycle, a current is mirrored off the SLOPE pin into the
capacitor, developing an independent ramp. Since 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 the result forms an input to the PWM comparators.

338
N 3902
)2_| = (390 J2_sFas)\a. Gy a)
39012 A
MW y AT
3e3sm —X 4u__' J_ 8)
to
awa  HOT ve.0
020
TUo Dﬁ re Aqlor
|
12p
®™
\ee

Figure 3. Slope Compensation Detail for Channel 1 (Duplicate Matched Circuitry 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 prior to being applied to the PWM comparator's input.

Determining the value for the slope compensation resistor:

Design Example

Nerp =1 Vout =12 Np=7 Rsense = 5.23 Fstou) = 500000
Ncr) = 50 Lour=3.2x10° Ns=5 Vea = 1.98
Where

Ncr(p) = Number of primary turns on the Current Transformer (Turns)

Ncr(s) = Number of Secondary turns on the current transformer (Turns)

Vout = Nominal output voltage of the converter (V)

Lout = Inductance value of each output inductor (H)

Np = Number of primary turns on the main transformer (Turns)

Ns = Number of secondary turns on the main transformer (Turns)

Rsense = Value of current sense resistor on secondary of current sense transformer (Q)
Vea) = Maximum value of the E/A output voltage (V)

Fs(ouy = Switching frequency of each output (Hz)
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Determine the correct value for the slope resistor, Rg opg, t0 provide the desired amount of slope compensation.

N
NCT _C1e) Current Transformer Turns Ratio

Nets) (10)
1. Transform the secondary inductor downslope to the primary
Yo %: 2
= = . Aexa.S \ye
)] Jo ?’smnq)J (11)
2. Calculate the transformed slope voltage at sense resistor
‘1q)J @mi%)J X Wy %ofheV *(arnig) vV I8ss \ue (12)

3. Calculate the Rg opg Value to give a compensating ramp equal to the transformed slope voltage given in
Equation 14

=0.1 (13)

The desired ratio between the compensating ramp and the output inductor downslope ramp, transformed to the
primary sense resistor, is shown in Equation 14,

_ or *
12 - _'qa 39012 A 8ce.ce Q
Mx@hgs X 0L~ 2 (14)
i
% 120 % iH
é 08S8500U L L .
W
VU ‘
>
Vo
3¢ | s 3
SOJU Q\r L
ITUO i
<20 ‘ ‘
STUO
oOHO b \ \Ja
DOHO2Ia *CHOU S\I =
4 gﬂ

Figure 4. Interleaved Flyback Application Circuit
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Figure 5. Interleaved Boost Application Circuit
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS (continued)
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TYPICAL CHARACTERISTICS (continued)

Von AND Vo,
VS

SOFT-START CHARGE CURRENT
VS

TEMPERATURE TEMPERATURE
1.0 ‘ -70 ‘ I
loyr = 10 MA
0ol Rewe = 10.2 kQ
-80
0.8
<
> 0.7 3
I J -9
§ VREF - VOUT (Vou) 3
= 0.5 o o -100
= / =
8 0.4 ,/ / g
o
I — I -110
s 03 57/ z
0.2
-120
0.1
0.0 -130
-50 -25 0 25 50 75 100 125 -50 -25 0 25 50 75 100 125
T, - Temperature — °C T, —Temperature — °C
Figure 14. Figure 15.
SOFT-START DISCHARGE CURRENT PROGRAMMING RESISTORS
VS Vs
TEMPERATURE SWITCHING FREQUENCY
130 M
120
i C;’} Rcuns = RDlsRG
L 110 $ 100k \ Dyux = 75%
[= f= \
o [T} A
= 9
S 100 g BN
o e e S
g ’/ % ‘\
Q w0 <
', L 10k
- mu
N
80
70 1K
-50 -25 0 25 50 75 100 125 10k 100k 1 10M
T, —-Temperature — °C
! P fs — Switching Frequency — Hz
Figure 16. Figure 17.
16 ubmit Documentafion Feedbac]

WWW.

Copyri Texas Instruments Incorporated
Bl Ll &eom/


http://focus.ti.com/docs/prod/folders/print/ucc28220-q1.html
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLUS789&partnum=UCC28220-Q1
http://focus.ti.com/docs/prod/folders/print/ucc28220-q1.html

3 Texas UCC28220-07

INSTRUMENTS
www.ti.com
SLUS789—MARCH 2008
TYPICAL CHARACTERISTICS (continued)
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Related Products

DEVICE DESCRIPTION PACKAGE OPTIONS
UCC27323/4/5 Dual 4-A High-Speed Low-Side MOSFET Drivers SOIC-8, PowerPAD™ MSOP-8, PDIP-8
UCC27423/4/5 Dual 4-A High-Speed Low-Side MOSFET Drivers with Enable SOIC-8, PowerPAD MSOP-8, PDIP-8
TPS2811/12/13 Dual 2.4-A High-Speed Low-Side MOSFET Drivers SOIC-8, TSSOP-8, PDIP-8
UC3714/15 Dual 2.4-A High-Speed Low-Side MOSFET Drivers SOIC-8, PowerSOIC-14, PDIP-8
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PACKAGING INFORMATION

Orderable Device status @  Package Package Pins Package Eco Plan ® Lead/Ball Finish MSL Peak Temp ©
Type Drawing Qty
UCC28220QDRQ1 ACTIVE SOIC D 16 2500 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sb/Br)
UCC28220QPWRQ1 ACTIVE TSSOP PW 16 2000 Green (RoHS & CU NIPDAU Level-1-260C-UNLIM
no Sh/Br)

O The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in
a new design.

PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check
http://www.ti.com/productcontent for the latest availability information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements
for all 6 substances, including the requirement that lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered
at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.

Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and
package, or 2) lead-based die adhesive used between the die and leadframe. The component is otherwise considered Pb-Free (RoHS
compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame
retardants (Br or Sb do not exceed 0.1% by weight in homogeneous material)

®) MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder
temperature.

Important Information and Disclaimer:The information provided on this page represents Tl'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 TI 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 TI
to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF UCC28220-Q1 :
o Catalog: UCC28220

NOTE: Qualified Version Definitions:
o Catalog - Tl's standard catalog product

Addendum-Page 1
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
s |+ KO [¢—P1—
OO0 006 0O T
& © ’E Bo W
Reel X | — l
Diameter
Cavity +I A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ 1
—f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O OO0 O OO0 O O?——Sprocket Holes
1
I
v ® e
4--9--A
Q3 1 Q4 User Direction of Feed
%
T
N
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
UCC28220QDRQ1 SoIC D 16 2500 330.0 16.4 6.5 10.3 21 8.0 16.0 Q1
UCC28220QPWRQ1 TSSOP PW 16 2000 330.0 12.4 7.0 5.6 1.6 8.0 12.0 Q1

Pack Materials-Page 1

www.BDTIC.com/TI



/ PACKAGE MATERIALS INFORMATION

INSTRUMENTS

www.ti.com 29-Jul-2009

TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
UCC28220QDRQ1 SOIC D 16 2500 346.0 346.0 33.0
UCC28220QPWRQ1 TSSOP PW 16 2000 346.0 346.0 29.0

Pack Materials-Page 2
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MECHANICAL DATA

MTSS001C — JANUARY 1995 — REVISED FEBRUARY 1999
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MECHANICAL DATA
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NOTES: All linear dimensions are in inches (millimeters).

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 .006 (0,15) per end.
Body width does not include interlead flash.

Reference JEDEC MS—012 variation AC.

Interlead flash shall not exceed .017 (0,43) per side.
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LAND PATTERN
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Example Board Layout
(Note C)
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NOTES:

All linear dimensions are in millimeters.
This drawing is subject to change without notice

A

B.

C. Refer to IPC7351 for alternate board design.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
Refer to IPC-7525

contact their board assembly site for stencil design recommendations.

Customers should

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers pmplifier.ti.com Audio [vww.1r.com/audid

Data Converters Automotive [vww Tr.com/automofiv
DLP® Products Broadband [yww fi.com/broadband
DSP Espficom Digital Control [pww ir-com/digitalcontrol
Clocks and Timers [yww Ti.com/cloc Medical [pww Ti.com/medical
Interface [nferfacedico Military [pww ir-com/military
Logic [oaicTiconi Optical Networking [xww Ti.com/opficalnetwor
Power Mgmt powerfr.com Security vww Tr.com/securt
Microcontrollers fnicrocontroller.fi.conj Telephony vww.tr.com/telephony
RFID [wWwiiirfid-co Video & Imaging [pww i-com/vided

RF/IF and ZigBee® Solutions [yww.i.com/Ipr] Wireless [vww fi.com/wirelesy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2009, Texas Instruments Incorporated
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