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4 Pin Configuration and Functions

UGATE
BOOT
PWM
GND

8 | PHASE
EN/PG
6] vop

LGATE

Al | PHASE
Exposed 1 ENPG
{ Thermal -

{ Die Pad VDD
"o LGATE

4-2. DRB Package 8-Pin VSON Top View

R 4-1. Pin Functions

PIN
NO. 1/0 DESCRIPTION
NAME
SOIC VSON

Floating bootstrap supply pin for the upper gate drive. Connect the bootstrap

BOOT 2 2 1/0 capacitor between this pin and the Phase pin. The bootstrap capacitor
provides the charge to turn on the upper MOSFET.
Enable/power good input/output pin with 1-MQ impedance. Connect this pin

EN/PG 7 7 /0 to High to enable and Low to disable the device. When disabled, the device
draws less than 350-pA bias current. If the Vpp is below UVLO threshold or
over temperature shutdown occurs, this pin is internally pulled low.

GND 4 4 - Ground pin. All signals are referenced to this node.
Lower gate drive sink and source output. Connect to the gate of the low-side

LGATE 5 5 o power N-Channel MOSFET.

PHASE 8 8 Connect this pin to the source of the upper MOSFET and the drain of the
lower MOSFET. This pin provides a return path for the upper gate driver.
The PWM signal is the control input for the driver. The PWM signal can enter

PWM 3 3 three distinct states during operation, see the 3-state PWM Input section
under DETAILED DESCRIPTION for further details. Connect this pin to the
PWM output of the controller.

Thermal pad Ech:)SaZd die - Connect directly to the GND for better thermal performance and EMI.
Upper gate drive sink/source output. Connect to gate of high-side power N-

UGATE 1 1 o Channel MOSFET.
Connect this pin to a 5-V bias supply. Place a high quality bypass capacitor

VDD 6 6 I
from this pin to GND.
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5 Specifications

5.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)() (3)

MIN MAX UNIT
Input supply voltage range, Vpp @ ‘ -0.3 8.8 \%
Boot voltage, Voot -0.3 33 \%
32 or Vgpor + 0.3 —
Phase voltage, Verase DC =2 Vpp Whichever is less v
Pulse < 400 ns, E = 20 pJ 7 33.1 or Veoor + 0.3 — Vv
Vpp whichever is less
Input voltage range, Vpwum, VeEnPG -0.3 13.2 \Y
V +0.3, (V, -
Vepase — 0.3 BO(\)/T <(8 BSC;OT Vv
PHASE < ©.
Output voltage range, Vygate v 03, (v

Pulse < 100 ns, E = 2 pJ Vprase—2  B0oT *9:9, (Veoor = v

M PHASE Vphase < 8.8)
Output volt v 03 Voo *+ 0.3 v

utput voltage range,

9¢ range, Yicare Pulse < 100 ns, E = 2 pJ 2 Vop + 0.3 v

Continuous total power dissipation See /275254
Operating virtual junction temperature range, T, -40 150 °C
Lead temperature (soldering, 10 sec.) 300 °C
Storage temperature, Tgig -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 unless otherwise noted. Currents are positive into, negative out of the specified terminal. Consult
Packaging Section of the Data book for thermal limitations and considerations of packages.

(3) These devices are sensitive to electrostatic discharge; follow proper device handling procedures.

5.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001(1) +2000 \Y
Vesp) |Electrostatic discharge Charged-device model (CDM), per JEDEC specification JESD22- £500 Vv
Cc101@ =

(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.

5.3 Recommended Operating Conditions

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

MIN NOM MAX UNIT
Vpp Input supply voltage 4.5 7.2 8 \Y
AN Power input voltage 3 32 V-VDD \%
T, Operating junction temperature range —40 125 °C
4 BHEHZBTT 57— RN 2 (ZE SR RB G PY) &5 Copyright © 2024 Texas Instruments Incorporated
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5.4 Thermal Information

TPS28225
THERMAL METRIC VSON (DRB) SOIC (D) UNIT
8 PINS 8 PINS
Rgya Junction-to-ambient thermal resistance 50.2 123.2 °C/W
Rauc(top) Junction-to-case (top) thermal resistance 57.5 77.0 °C/W
Ress Junction-to-board thermal resistance 25.9 63.5 °C/W
Wyt Junction-to-top characterization parameter 1.5 27.7 °C/W
Wis Junction-to-board characterization parameter 26.0 63.0 °C/W
Reuc(bot) Junction-to-case (bottom) thermal resistance 9.5 N/A °C/W
5.5 Electrical Characteristics
Vpp = 7.2V, EN/PG pulled up to Vpp by 100-kQ resistor, Tp = T; = —40°C to 125°C (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP() MAX‘ UNIT
UNDER VOLTAGE LOCKOUT
Rising threshold Vewm =0V 3.2 3.5 3.8 \%
Falling threshold Vpwm =0V 2.7 3.0 \%
Hysteresis 0.5 \%
BIAS CURRENTS
IpD(off) Bias supply current Venpg = low, PWM pin floating 350 MA
Iop Bias supply current Ven/pg = high, PWM pin floating 500 MA
INPUT (PWM)
Vpwm =5V 185 pA
lpwm Input current
Vewm =0V —200 pA
PWM 3-state rising threshold(@) 1.0 \Y
PWM 3-state falling threshold Vpwm PEAK =5V 3.4 3.8 4.0 \%
thip R 3-state shutdown Hold-off time 250 ns
Thin FF:L\Jl:lsl\g minimum pulse to force Ugate CL =3 nF at Ugare , Ve =5 V 30 ns
ENABLE/POWER GOOD (EN/PG)
Enable high rising threshold PG FET OFF 1.7 21 \Y
Enable low falling threshold PG FET OFF 0.8 1.0 \Y
Hysteresis 0.35 0.70 \%
Power good output Vpp=2.5V 0.2 \%
UPPER GATE DRIVER OUTPUT (UGATE)
Source resistance 500 mA source current 1.0 2.0 Q
Source current @) VUGATE-PHASE = 2.5 V 2.0 A
tru Rise time C_.=3nF 10 ns
Sink resistance 500 mA sink current 1.0 2.0 Q
Sink current () VUGATE-PHASE = 2.5 V 2.0 A
tru Fall time C_L=3nF 10 ns
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5.5 Electrical Characteristics (¥tX)
Vpp = 7.2V, EN/PG pulled up to Vpp by 100-kQ resistor, Ty = T; = —40°C to 125°C (unless otherwise noted)

PARAMETER \ TEST CONDITIONS \ MIN TYP() MAx\ UNIT
LOWER GATE DRIVER OUTPUT (LGATE)
Source resistance 500 mA source current 1.0 2.0 Q
Source current® VigatE =25V 2.0 A
trL Rise time(@ CL=3nF 10 ns
Sink resistance 500 mA sink current 0.4 1.0 Q
Sink current(@) Vigare =2.5V 4.0 A
Fall time® CL=3nF 5 ns
BOOTSTRAP DIODE
Ve Forward voltage Forward bias current 100 mA 1.0 \%
THERMAL SHUTDOWN
Rising threshold® 150 160 170 °C
Falling threshold@ 130 140 150 °C
Hysteresis 20 °C
(1)  Typical values for Tp = 25°C
(2) Not production tested.
5.6 Switching Characteristics
over operating free-air temperature range (unless otherwise noted)
PARAMETER ‘ TEST CONDITIONS MIN TYP MAX UNIT
SWITCHING TIME
toLu UGATE turn-off propagation Delay C_L=3nF 14 ns
toLL LGATE turn-off propagation Delay C_L=3nF 14 ns
toru Dead time LGATE turn off to UGATE CL=3nF 14 ns
turn on
torL Dead time UGATE turn off to LGATE CL=3nF 14 ns
turn on
o ¢ Enter into 3-State : . ¢ Enter into 3-State
e Normal switching . atPWMrise ... EBXt3Sae . atPWMfal
e > e
‘ IF
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, X% .
PWM
tHLDﬁF
I i
T ¢ 90%
UGATE
UGATE exits 3-State after PWM
goes Low and then High
LGATE

1l /.
i 1l

Eq 5-1. TPS28225 Timing Diagram

6 BFHB TS 70— N2 (ZE RO EPE) #55
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5.7 Typical Characteristics
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5.7 Typical Characteristics (continued)

15

. /

13
¢ /
E 12 Rise /
TE 11
2 /
&
2 10 / /
© /
::3 /
s 9
c
&
E —
< 8 Fall
7
6
-40 25 125

T, - Temperature - °C

VDD =72V CLOAD =3nF
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5-9. LGATE Rise and Fall Time vs Temperature
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5-11. UGATE and LGATE (Dead Time) vs Temperture
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5.7 Typical Characteristics (continued)
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5-14. Bias Supply Current vs Switching Frequency
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5-17. PWM Input Falling Switching Waveforms
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5-18. Minimum UGATE Pulse Switching Waveforms
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5-19. Normal and 3-State Operation Enter/Exit Conditions
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6 Detailed Description
6.1 Overview
The TPS28225 features a 3-state PWM input compatible with all multi-phase controllers employing 3-state

output feature. As long as the input stays within 3-state window for the 250-ns hold-off time, the driver switches
both outputs low. This shutdown mode prevents a load from the reversed- output-voltage.

The other features include undervoltage lockout, thermal shutdown and two-way enable/power good signal.
Systems without 3-state featured controllers can use enable/power good input/output to hold both outputs low
during shutting down.

The TPS28225 is offered in an economical SOIC-8 and thermally enhanced low-size Dual Flat No-Lead (DFN-8)
packages. The driver is specified in the extended temperature range of —40°C to 125°C with the absolute
maximum junction temperature 150°C.

52] BOOT

6.2 Functional Block Diagram
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For the TPS28225DRB the thermal PAD on the bottom side of package must be soldered and connected to the GND pin and to the
GND plane of the PCB in the shortest possible way.
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6.3 Feature Description
6.3.1 Undervoltage Lockout (UVLO)

The TPS28225 incorporates an under voltage lockout circuit that keeps the driver disabled and external power
FETs in an OFF state when the input supply voltage Vpp is insufficient to drive external power FETs
reliably.During power up, both gate drive outputs remain low until voltage Vpp reaches UVLO threshold, typically
3.5V . Once the UVLO threshold is reached, the condition of the gate drive outputs is defined by the input PWM
and EN/PG signals. During power down the UVLO threshold is set lower, typically 3.0 V. The 0.5 V for the
TPS28225 hysteresis is selected to prevent the driver from turning ON and OFF while the input voltage crosses
UVLO thresholds, especially with low slew rate. The TPS28225 has the ability to send a signal back to the
system controller that the input supply voltage Vpp is insufficient by internally pulling down the EN/PG pin. The
TPS28225 releases EN/PG pin immediately after the Vpp has risen above the UVLO threshold.

6.3.2 Output Active Low

The output active-low circuit effectively keeps the gate outputs low even if the driver is not powered up. This
prevents open-gate conditions on the external power FETs and accidental turn on when the main power-stage
supply voltage is applied before the driver is powered up. For the simplicity, the output active low circuit is shown
in a block diagram as the resistor connected between LGATE and GND pins with another one connected
between UGATE and PHASE pins.
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6.3.3 Enable/Power Good

The Enable/Power Good circuit allows the TPS28225 to follow the PWM input signal when the voltage at EN/PG

pin is above 2.1 V maximum. This circuit has a unique two-way communication capability. This is illustrated by
6-1.

Vee Vpp=4.5Vto8V
Driver TPS28225
6
System 220 kQ 2V Rise
Controller 1V Fall
1 kQ
| EN/PG =
L * |_7 A AMN—
I
k 4 RDS(on) =1kQ
L,
UvLO
1™ -
v
Thermal
v SD

Ed 6-1. Enable/Power Good Circuit

The EN/PG pin has approximately 1-kQ internal series resistor. Pulling EN/PG high by an external = 20-kQ
resistor allows two-way communication between controller and driver. If the input voltage Vpp is below UVLO
threshold or thermal shut down occurs, the internal MOSFET pulls EN/PG pin to GND through 1-kQ resistor. The
voltage across the EN/PG pin is now defined by the resistor divider comprised by the external pull up resistor, 1-
kQ internal resistor and the internal FET having 1-kQ Rpson). Even if the system controller allows the driver to
start by setting its own enable output transistor OFF, the driver keeps the voltage at EN/PG low. Low EN/PG
signal indicates that the driver is not ready yet because the supply voltage Vpp is low or that the driver is in
thermal shutdown mode. The system controller can arrange the delay of PWM input signals coming to the driver
until the driver releases EN/PG pin. If the input voltage Vpp is back to normal, or the driver is cooled down below
its lower thermal shutdown threshold, then the internal MOSFET releases the EN/PG pin and normal operation
resumes under the external Enable signal applied to EN/PG input. Another feature includes an internal 1-MQ
resistor that pulls EN/PG pin low and disables the driver in case the system controller accidentally loses
connection with the driver. This could happen if, for example, the system controller is located on a separate PCB
daughter board.

The EN/PG pin can serve as the second pulse input of the driver additionally to PWM input. The delay between
EN/PG and the UGATE going high, provided that PWM input is also high, is only about 30 ns. If the PWM input
pulses are synchronized with EN/PG input, then when PWM and EN/PG are high, the UGATE is high and
LGATE is low. If both PWM and EN/PG are low, then UGATE and LGATE are both low as well. This means the
driver allows operation of a synchronous buck regulator as a conventional buck regulator using the body diode of
the low-side power MOSFET as the freewheeling diode. This feature can be useful in some specific applications
to allow startup with a pre-biased output or, to improve the efficiency of buck regulator when in power saving
mode with low output current.
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6.3.4 3-State Input

As soon as the EN/PG pin is set high and input PWM pulses are initiated (see Note below). The dead-time
control circuit ensures that there is no overlapping between UGATE and LGATE drive outputs to eliminate shoot
through current through the external power FETs. Additionally to operate under periodical pulse sequencing, the
TPS28225 has a self-adjustable PWM 3-state input circuit. The 3-state circuit sets both gate drive outputs low,
and thus turns the external power FETs OFF if the input signal is in a high impedance state for at least 250 ns
typical. At this condition, the PWM input voltage level is defined by the internal 27-kQ to 13-kQ resistor divider
shown in the block diagram. This resistor divider forces the input voltage to move into the 3-state window. Initially
the 3-state window is set between 1.0-V and 2.0-V thresholds. The lower threshold of the 3-state window is
always fixed at about 1.0 V. The higher threshold is adjusted to about 75% of the input signal amplitude. The
self-adjustable upper threshold allows shorter delay if the input signal enters the 3-state window while the input
signal was high, thus keeping the high-side power FET in ON state just slightly longer than 250 ns time constant
set by an internal 3-state timer. Both modes of operation, PWM input pulse sequencing and the 3-state
condition, are illustrated in the timing diagrams shown in 5-19. The self-adjustable upper threshold allows
operation in wide range amplitude of input PWM pulse signals. The waveforms in [X] 6-2 and [X| 6-3 illustrates
the TPS28225 operation at normal and 3-state mode with the input pulse amplitudes 6 V and 2.5 V accordingly.
After entering into the 3-state window and staying within the window for the hold-off time, the PWM input signal
level is defined by the internal resistor divider and, depending on the input pulse amplitude, can be pulled up
above the normal PWM pulse amplitude ([X| 6-3) or down below the normal input PWM pulse (X 6-2).

6.3.4.1 TPS28225 3-State Exit Mode
» To exit the 3-state operation mode, the PWM signal should go low and then high at least once.

This is necessary to restore the voltage across the bootstrap capacitor that could be discharged during the 3-
state mode if the 3-state condition lasts long enough.

File  Control  Setup  Measure  Analyze  Utilities  Help B:06 P File  Contral Setup Measure  Analyze  Utiliies  Help 1215 P
I s stopped. f s stopped.
Fmrr b 2 ]
E,—“| ﬁl ),E',—”| ihl 3)%“|mnwmv ﬂ 4)|%”|snnv:div A;LI ,07” ihl )%‘ ﬂ 3),?,—"1uuwmv il 4),07” 5 00 div ﬁ
FAWM, BY: 100kHz, 300ns, double pulse burst TP328225;LF 1.3, VDD=7.2v P, 2.5%, 100kHz] 300ns. double pulse burst TPS528225,LF 1.3, VOD=7.2v
\ m— = I I
" ¥ ! ¥
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6-2. 6-V Amplitude PWM Pulse 6-3. 2.5-V Amplitude PWM Pulse
s

The driver sets UGATE low and LGATE high when PWM is low. When the PWM goes high, UGATE
goes high and LGATE goes low.

6.3.4.2 External Resistor Interference

Any external resistor between PWM input and GND with the value lower than 40 kQ can interfere with the 3-
state thresholds. If the driver is intended to operate in the 3-state mode, any resistor below 40 kQ at the PWM
and GND should be avoided. A resistor lower than 3.5 kQ connected between the PWM and GND completely
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disables the 3-state function. In such case, the 3-state window shrinks to zero and the lower 3-state threshold
becomes the boundary between the UGATE staying low and LGATE being high and vice versa depending on the
PWM input signal applied. It is not necessary to use a resistor <3.5 kQ to avoid the 3-state condition while using
a controller that is 3-state capable. If the rise and fall time of the input PWM signal is shorter than 250 ns, then
the driver never enters into the 3-state mode.

In the case where the low-side MOSFET of a buck converter stays on during shutdown, the 3-state feature can
be fused to avoid negative resonant voltage across the output capacitor. This feature also can be used during
start up with a pre-biased output in the case where pulling the output low during the startup is not allowed due to
system requirements. If the system controller does not have the 3-state feature and never goes into the high-
impedance state, then setting the EN/PG signal low will keep both gate drive outputs low and turn both low- and
high-side MOSFETs OFF during the shut down and start up with the pre-biased output.

The self-adjustable input circuit accepts wide range of input pulse amplitudes (2 V up to 13.2 V) allowing use of
a variety of controllers with different outputs including logic level. The wide PWM input voltage allows some
flexibility if the driver is used in secondary side synchronous rectifier circuit. The operation of the TPS28225 with
a 12-V input PWM pulse amplitude, and with Vpp = 7.2 V and Vpp = 5 V respectively is shown in [%| 6-4 and
6-5.

FEile Control Setup  Measure  Analyze  LUtilities Help B:48 P File  Control  Setup  Measure  Analyze  Utilities Help B:50 Pha
A s stoppad. [ s stoppec
I e I e
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6-4. 12-V PWM Pulse at Vpp = 7.2 V B 6-5. 12-V PWM Pulse at Vpp =5V
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6.3.5 Bootstrap Diode

The bootstrap diode provides the supply voltage for the UGATE driver by charging the bootstrap capacitor
connected between BOOT and PHASE pins from the input voltage VDD when the low-side FET is in ON state.
At the very initial stage when both power FETs are OFF, the bootstrap capacitor is pre-charged through this path
including the PHASE pin, output inductor and large output capacitor down to GND. The forward voltage drop
across the diode is only 1.0 V at bias current 100 mA. This allows quick charge restore of the bootstrap capacitor
during the high-frequency operation.

6.3.6 Upper and Lower Gate Drivers

The upper and lower gate drivers charge and discharge the input capacitance of the power MOSFETSs to allow
operation at switching frequencies up to 2 MHz. The output stage consists of a P-channel MOSFET providing
source output current and an N-channel MOSFET providing sink current through the output stage. The ON state
resistances of these MOSFETSs are optimized for the synchronous buck converter configuration working with low
duty cycle at the nominal steady state condition. The UGATE output driver is capable of propagating PWM input
puses of less than 30-ns while still maintaining proper dead time to avoid any shoot through current conditions.
The waveforms related to the narrow input PWM pulse operation are shown in [%] 5-18.

6.3.7 Dead-Time Control

The dead-time control circuit is critical for highest efficiency and no shoot through current operation throughout
the whole duty cycle range with the different power MOSFETs. By sensing the output of driver going low, this
circuit does not allow the gate drive output of another driver to go high until the first driver output falls below the
specified threshold. This approach to control the dead time is called adaptive. The overall dead time also
includes the fixed portion to ensure that overlapping never exists. The typical dead time is around 14 ns,
although it varies over the driver internal tolerances, layout and external MOSFET parasitic inductances. The
proper dead time is maintained whenever the current through the output inductor of the power stage flows in the
forward or reverse direction. Reverse current could happen in a buck configuration during the transients or while
dynamically changing the output voltage on the fly, as some microprocessors require. Because the dead time
does not depend on inductor current direction, this driver can be used both in buck and boost regulators or in
any bridge configuration where the power MOSFETs are switching in a complementary manner. Keeping the
dead time at short optimal level boosts efficiency by 1% to 2% depending on the switching frequency. Measured
switching waveforms in one of the practical designs show 10-ns dead time for the rising edge of PHASE node
and 22 ns for the falling edge (] 9-1 and [X| 9-2 in the Application Section of the data sheet).

Large non-optimal dead time can cause duty cycle modulation of the DC-to-DC converter during the operation
point where the output inductor current changes its direction right before the turn ON of the high-side MOSFET.
This modulation can interfere with the controller operation and it impacts the power stage frequency response
transfer function. As the result, some output ripple increase can be observed. The TPS28225 driver is designed
with the short adaptive dead time having fixed delay portion that eliminates risk of the effective duty cycle
modulation at the described boundary condition.

6.3.8 Thermal Shutdown

If the junction temperature exceeds 160°C, the thermal shutdown circuit will pull both gate driver outputs low and
thus turning both, low-side and high-side power FETs OFF. When the driver cools down below 140°C after a
thermal shutdown, then it resumes its normal operation and follows the PWM input and EN/PG signals from the
external control circuit. While in thermal shutdown state, the internal MOSFET pulls the EN/PG pin low, thus
setting a flag indicating the driver is not ready to continue normal operation. Normally the driver is located close
to the MOSFETs, and this is usually the hottest spots on the PCB. Thus, the thermal shutdown feature of the
TPS28225 can be used as an additional protection for the whole system from overheating.
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6.4 Device Functional Modes
TPS28225 device functional mode truth table.

X 6-1. Truth Table
Vpp FALLING > 3 V AND T, < 150°C

Vpp RISING <3.5V EN/PG FALLING > 1.0V
PIN ORT, > 160°C EN/PG RISING
d <17V PWM <1V PWM > 1.5V AND PWM SIGNAL SOURCE IMPEDANCE
Trise/TraLL < 200 ns >40 kQ FOR > 250 ns (3-State) (@)
LGATE Low Low High Low Low
UGATE Low Low Low High Low
EN/PG Low - - - -

(1)  To exit the 3-state condition, the PWM signal should go low. One Low PWM input signal followed by one High PWM input signal is
required before re-entering the 3-state condition.

7 Application and Implementation

-
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7.1 Application Information

To effect fast switching of power devices and reduce associated switching power losses, a powerful MOSFET
driver is employed between the PWM output of controllers and the gates of the power semiconductor devices.
Also, MOSFET drivers are indispensable when it is impossible for the PWM controller to directly drive the
MOSFETs of the switching devices. With the advent of digital power, this situation will be often encountered
because the PWM signal from the digital controller is often a 3.3-V logic signal which cannot effectively turn on a
power switch. Level shifting circuitry is needed to boost the 3.3-V signal to the gate-drive voltage (such as 12 V)
in order to fully turn on the power device and minimize conduction losses. Traditional buffer drive circuits based
on NPN/PNP bipolar transistors in totem-pole arrangement, being emitter follower configurations, prove
inadequate with digital power because they lack level-shifting capability. MOSFET drivers effectively combine
both the level-shifting and buffer-drive functions.

MOSFET drivers also find other needs such as minimizing the effect of high-frequency switching noise by
locating the high-current driver physically close to the power switch, driving gate-drive transformers and
controlling floating power-device gates, reducing power dissipation and thermal stress in controllers by moving
gate charge power losses from the controller into the driver.
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7.2 Typical Application

The DC-DC converter in [X] 7-1 displays the schematic of the TPS28225 in a multiphase high-current step-down
power supply (only one phase is shown). This design uses a single high-side MOSFET Q10 and two low-side
MOSFETs Q8 and Q9, the latter connected in parallel. The TPS28225 is controlled by multiphase buck DC-to-
DC controller like TPS40090. As TPS28225 has internal shoot-through protection only one PWM control signal is
required for each channel.

’\/”\WQ\/ ‘ L cas [ca7 [cas | ces [ces | o7
T WuF_P_7uF_P7uF_T47uF _P7uFT WF GND

a8 cse | osi
Q1o 1000pF 1000pF f | c41 | ca2
- 1.2V/35A
Thour [10uF
@ 12 uH
VO+
VDR_ 7.5V
c23

TPSZBZZSDRB ZZUF

L I0GATE PHSE
21800T EN/PG 7 ENDR )
PWM Slowm  vool2

5
GND _ LGATE
PwPd ] ¢25
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EJ 7-1. One of Four Phases Driven by TPS28225 Driver in 4-Phase VRM Reference Design
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7.2.1 Design Requirements

The VRM Reference Design is capable of driving 35 A per phase. In this example it has a nominal input voltage
of 12 V within a tolerance range of +5%. The switching frequency is 500 kHz. The nominal duty cycle is 10%,
therefore the low-side MOSFETs are conducting 90% of the time. By choosing lower Rpg(on) the conduction
losses of the switching elements are minimized.

# 7-1. VRM Reference Design Requirements

DESIGN PARAMETER VALUE
Supply voltage 12V 5%
Output voltage 0.83Vto16V
Frequency 500 kHz
Peak-to-peak output voltage variation on load current transient (0 A to 100 A )
o <160 mV
within 1 s
Dynamic output voltage change slew rate 12.25 mV per 5 ps

7.2.2 Detailed Design Procedure

The bootstrap current can be limited by changing R32 to prevent overcharging of the bootstrap capacitor and to
slow the turn-on transition of the high-side MOSFET. This reduces the peak amplitude and ringing of the
switching node. Furthermore it minimizes the possibility of Cdv/dt-induced shoot-through of the low-side
MOSFETs. The snubbers composed of C50 with R51 and C51 with R52 help to reduce switching noise.

The output component selection considers the requirement of a fast transient response. For output capacitors
small capacitance values are chosen because of rapid changes of the output voltage. These changes also
require an inductor with low inductance. Due to the small duty cycle the low-side MOSFETs conduct a long time.
Two low-side MOSFETs are selected to increase both thermal performance and efficiency.
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7.2.2.1 Four Phases Driven by TPS28225 Driver

When using the same power stage 7-1, the driver with the optimal drive voltage and optimal dead time can
boost efficiency up to 5%. The optimal 8-V drive voltage versus 5-V drive contributes 2% to 3% efficiency
increase and the remaining 1% to 2% can be attributed to the reduced dead time. The 7-V to 8-V drive voltage is
optimal for operation at switching frequency range above 400 kHz and can be illustrated by observing typical
Rps(on) curves of modern FETs as a function of their gate-drive voltage. This is shown in [x] 7-2.

7-2 and [¥] 7-3 show that the Rps(on) at 5-V drive is substantially larger than at 7 V and above that the Rpg(on)
curve is almost flat. This means that moving from 5-V drive to an 8-V drive boosts the efficiency because of
lower Rps(on) of the MOSFETSs at 8 V. Further increase of drive voltage from 8 V to 12 V only slightly decreases
the conduction losses but the power dissipated inside the driver increases dramatically (by 125%). The power
dissipated by the driver with 5-V, 8-V and 12-V drive as a function of switching frequency from 400 kHz to 800
kHz. It should be noted that the 12-V driver exceeds the maximum dissipated power allowed for an SOIC-8
package even at 400-kHz switching frequency.
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7.2.2.2 Switching The MOSFETs

Driving the MOSFETs efficiently at high switching frequencies requires special attention to layout and the
reduction of parasitic inductances. Efforts need to be done both at the driver's die and package level and at the
PCB layout level to keep the parasitic inductances as low as possible. 7-4 shows the main parasitic
inductances and current flow during turning ON and OFF of the MOSFET by charging its Cgg gate capacitance.

L bond wire T Lpin Ltrace
I 6
VDD
I JE—
|'_ §Rsource ( souree Cvdd
o - -
Driver L bond wire MM Lpin Ltrace Rg "
Output ¢ 5 i
Stage LGATE
—
_|"‘ §Rsink ( I sink 1
i i > Cgs
L bond wire rY‘ Y] L pin L trace L trace
' ' 4 ' | ® MM ®
GND

& 7-4. MOSFET Drive Paths and Main Circuit Parasitics
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The Isource current charges the gate capacitor and the Ignk current discharges it. The rise and fall time of
voltage across the gate defines how quickly the MOSFET can be switched. The timing parameters specified in
datasheet for both upper and lower driver are shown in [X| 5-16 and [X| 5-17 where 3-nF load capacitor has been
used for the characterization data. Based on these actual measurements, the analytical curves in [X] 7-5 and [X|
7-6 show the output voltage and current of upper and low side drivers during the discharging of load capacitor.
The left waveforms show the voltage and current as a function of time, while the right waveforms show the
relation between the voltage and current during fast switching. These waveforms show the actual switching
process and its limitations because of parasitic inductances. The static Voyt/ loyt curves shown in many
datasheets and specifications for the MOSFET drivers do not replicate actual switching condition and provide

limited information for the user.

Turning Off of the MOSFET needs to be done as fast as possible to reduce switching losses. For this reason the
TPS28225 driver has very low output impedance specified as 0.4 Q typical for lower driver and 1 Q typical for
upper driver at DC current. Assuming 8-V drive voltage and no parasitic inductances, one can expect an initial
sink current amplitude of 20 A and 8 A respectively for the lower and upper drivers. With pure R-C discharge
circuit for the gate capacitor, the voltage and current waveforms are expected to be exponential. However,
because of parasitic inductances, the actual waveforms have some ringing and the peak current for the lower
driver is about 4 A and about 2.5 A for the upper driver ([X] 7-5 and [%| 7-6). The overall parasitic inductance for
the lower drive path is estimated as 4 nH and for the upper drive path as 6 nH. The internal parasitic inductance
of the driver, which includes inductances of bonded wires and package leads, can be estimated for SOIC-8
package as 2 nH for lower gate and 4 nH for the upper gate. Use of DFN-8 package reduces the internal

parasitic inductances by approximately 50%.

g 8
i 7
; 5
> B
= ~
] 3 =2 4
Lo 2 s 3
L :
g 4 5
a A 5
2 | 0
3 b
3 2
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 -3
t 2 41 0 1 2 3 4 5
, NS
— Voltage LGATE Current, A
— Current

B 7-5. LGATE Turning Off Voltage and Sink Current vs Time (Related Switching Diagram (right))

. 7
6 6
= 9 >
> 4 S
= = 3
e, 2
Ll L
5 z |
=] 0 L] 0 C
4 »
5 5
3 P
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 0 1 2 3
tns UGATE Current, A
— Voltage
— Current

Eq 7-6. UGATE Turning Off Voltage and Sink Current vs Time (Related Switching Diagram (right))
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7.2.2.3 List of Materials

For this specific example see 7 7-2. The component vendors are not limited to those shown in the table below.
It should be noted that in this example, the power MOSFET packages were chosen with drains on top. The
decoupling capacitors C47, C48, C65, and C66 were chosen to have low profiles. This allows the designer to
meet good layout rules and place a heatsink on top of the FETs using an electrically isolated and thermally
conductive pad.

& 7-2. List of Materials

REF DES COUNT DESCRIPTION MANUFACTURE PART NUMBER
gg; ggg 4 Capacitor, ceramic, 4.7 uF, 16 V, X5R 10%, low profile 0.95 mm, 1206 |TDK C3216X5R1C475K
C41, C42 2 Capacitor, ceramic, 10 pF, 16 V, X7R 10%, 1206 TDK C3216X7R1C106K
C50, C51 2 Capacitor, ceramic, 1000 pF, 50 V, X7R, 10%, 0603 Std Std
Cc23 1 Capacitor, ceramic, 0.22 pF, 16 V, X7R, 10%, 0603 Std Std
C25, C49, C71 3 Capacitor, ceramic, 1 uF, 16 V, X7R, 10%, '0603 Std Std
L3 1 Inductor, SMT, 0.12 uH, 31 A, 0.36 mQ, 0.400 x 0.276 Pulse PA0511-101
Q8, Q9 2 Mosfet, N-channel, Vps 30 V, Rps 2.4 mQ, Ip 45 A, LFPAK-i Renesas RJK0301DPB-I
Q10 1 Mosfet, N-channel, Vps 30 V, Rps 6.2 mQ, Ip 30 A, LFPAK-i Renesas RJK0305DPB-I
R32 1 Resistor, chip, 0 Q, 1/10 W, 1%, '0805 Std Std
R51, R52 2 Resistor, chip, 2.2 Q, 1/10 W, 1%, '0805 Std Std
u7 1 Bi\lﬂ?g High Frequency 4-A Sink Synchronous Buck MOSFET Driver, Texas Instruments TPS28225DRB
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7.2.3 Application Curves
Efficiency achieved using TPS28225 driver with 8-V drive at different switching frequencies a similar industry 5-V
driver using the power stage in [%] 7-1 is shown in [ 7-7, [X] 7-8, [} 7-9, [X] 7-10 and [X] 7-11.
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7.3 System Examples

7-12, 7-13 and 7-14 below illustrate typical implementations of the TPS28225 in step-down power

supplies.
Vpp (4.5Vto8V) ViNn(3Vto32V -Vpp)
o _L (6] vbD BOOT[2}— o
TPS28225 T4 L
+ |l-< T
|» UGATE[ 1] -
—
TPS40200 <
J:| PWM PHASE 8J
vce Vour
._I 0
ouT
——7] ENBL oa
FB SEEES
GND
J7 M AA
B 7-12. One-Phase POL Regulator
12V
i 4 35V to 75V
° ——— Vour=33V
I Primary High Side p—O
— Vpp High Voltage Driver ‘ ‘
L . HB
L
I::l HI I: 4 . HO
o
PWM = HS LINEAR
CONTROLLER = REG.
[ u 3 e
|—| DRIVE Lo i
Lo
TPS28255 ‘

ISOLATION
AND
FEEDBACK

7JEN/PG PHASE[8]

7-13. Driver for Synchronous Rectification with Complementary Driven MOSFETs
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Vpp 4.5Vto8V)

Tl

[cls] VDD

PWM1

PWM2

ViN(BVto32V -Vpp)

VIN

TPS4009x
or any other analog
or digital controller

PWM 4

GND
VOuT

GNDS

L

7-14. Multi-Phase Synchronous Buck Converter

BOOT |2 1 l o
TPS28225 T |:
UGATE [1 |
(3] pwm PHASE [g
—7] EN/PG >
>
LGATE Jl—-
GND [4] cs1
To Driver To Controller
o ~
o
To Driver
[(Ii]VDD BOOT [2}—
TPS28225 Tr_ CT; :ontrgI::N
I
UGATE |1 -
5] pwm  PHASE [8
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b p—o— O
p
——{7] EN/PG H
Enable LGATE = T
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8 Power Supply Recommendations

The supply voltage range for operation is 4.5 to 8 V. The lower end of this range is governed by the under-
voltage lockout thresholds. The UVLO disables the driver and keeps the power FETs OFF when Vpp is too low.
A lows ESR ceramic decoupling capacitor in the range of 0.22 pF to 4.7 pyF between Vpp and GND is

recommended.
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9 Layout

9.1 Layout Guidelines

To improve the switching characteristics and efficiency of a design, the following layout rules need to be
followed.

» Locate the driver as close as possible to the MOSFETSs.

» Locate the Vpp and bootstrap capacitors as close as possible to the driver.

» Pay special attention to the GND trace. Use the thermal pad of the DFN-8 package as the GND by
connecting it to the GND pin. The GND trace or pad from the driver goes directly to the source of the
MOSFET but should not include the high current path of the main current flowing through the drain and
source of the MOSFET.

* Use a similar rule for the PHASE node as for the GND.

* Use wide traces for UGATE and LGATE closely following the related PHASE and GND traces. Eighty to 100
mils width is preferable where possible.

* Use at least 2 or more vias if the MOSFET driving trace needs to be routed from one layer to another. For the
GND the number of vias are determined not only by the parasitic inductance but also by the requirements for
the thermal pad.

* Avoid PWM and enable traces going close to the PHASE node and pad where high dV/dT voltage can induce
significant noise into the relatively high impedance leads.

It should be taken into account that poor layout can cause 3% to 5% less efficiency versus a good layout design
and can even decrease the reliability of the whole system.

The schematic of one of the phases in a multi-phase synchronous buck regulator and the related layout are
shown in [X] 7-1 and [X| 9-3. These help to illustrate good design practices. The power stage includes one high-
side MOSFET Q10 and two low-side MOSFETS (Q8 and Q9). The driver (U7) is located on bottom side of PCB
close to the power MOSFETs. The related switching waveforms during turning ON and OFF of upper FET are
shown in [X] 9-1 and [¥] 9-2. The dead time during turning ON is only 10 ns (%] 9-1) and 22 ns during turning OFF
(X 9-2).

File Control Setup  Measure  Analyze  Uilities Help VB9 FM | File Control  Setup  Measure  Analyze  Utilities Help 801 Pk

|l &
)zl = R D T D o R = )] = R 2 pFeve s EEre =
12/06/05, TPS262250,. PRA37 (LIFO#2, Vdd=8V 12/06/05, TPS282250. PR437,§ LIFO#2. \Wdd=8%
Mun=12Y%; 10=304, B00kHz, 200ns Wunz12%10=3048 UkHzZUEns
/\ pper Gate JpperGatEe
A U NIV W .
/ \ -\\\_/.w“ Fhase
SO RO P e M L
o il ho% Phase \\ D@D
Pyl Pk

i ErEE [ [200 et ] o] 55 500 e o] T e i | olexa H][1o0 e/ | [u[ | ¥ [33500 s o|» T ==

9-1. Phase Rising-Edge Switching Waveforms Ed 9-2. Phase Falling-Edge Switching Waveforms
(20 ns/div) of the Power Stage in ¥ 7-1 (10 ns/div) of the Power State in X 7-1
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9.2 Layout Example
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9-3. Component Placement Based on Schematic in [X] 7-1

28 BFHBT 57— RN 2 (TS CB I Sbe) &85 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TPS28225
English Data Sheet: SLUS710


https://www.ti.com/product/ja-jp/tps28225?qgpn=tps28225
https://www.ti.com/ja-jp/lit/pdf/JAJSC54
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSC54E&partnum=TPS28225
https://www.ti.com/product/ja-jp/tps28225?qgpn=tps28225
https://www.ti.com/lit/pdf/SLUS710

13 TEXAS
INSTRUMENTS TPS28225
www.ti.comlja-jp JAJSC54E — MAY 2006 — REVISED JANUARY 2024

10 Device and Documentation Support

10.1 Device Support
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PR R—=F B T — BRI T DTV R AL RV ALY DL, I E X TV R A RV LA
VORGP AL —FRICRBESND G GRS, =R =T g B G F T —EADE A I DR
—R N =T RS E T —E XD RBOEXP T ER T LD TIIHIEE A,

10.2 Documentation Support

10.2.1 Related Documentation

+ TPS40090, TPS40091 2/3/4-Phase Multi-Phase Controller, (SLUS578)
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10.5 Trademarks
THxP R ARV VA Y E2E™ is a trademark of Texas Instruments.
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11 Revision History
ERERSRBOFETFIILGET 2R TWET, LOUGETIREEITREERICHEL TOET,

Changes from Revision D (September 2015) to Revision E (January 2024) Page
* Deleted ambient temperature from Absolute Maximum Ratings.............coooiiiiiiiiiie e 4
Changes from Revision C (April 2010) to Revision D (September 2015) Page

o TEUHERBIOMEEE | B ay | THDHRWIZBE T2 ER 0., THEERBA B ar | [T M 2OMEEET—R &
gvay N7 IV r—artFE ik v var FERICETAHERFIE v/ ay (LAT UM BV ay 5342

BLORFaANDYR = wriar [ AN=Jv o= BEOEXFHR] E7v a2 28 M 1
o TPS28226 T /N A A HIBR 0 woveieteieiete sttt ettt r et a ettt et Rt neete et s et s ne et e e eneenns 1
Changes from Revision B (July 2007) to Revision C (April 2010) Page
* Changed FUNCTIONAL BLOCK DIAGRAM......coiitiiiiiii ettt et be e sae e e s bae e e saree s 3

12 Mechanical, Packaging, and Orderable Information

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

30 BHEHZBTT 57— RN 2 (ZE SR RB G PY) &5 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: TPS28225
English Data Sheet: SLUS710


https://www.ti.com/product/ja-jp/tps28225?qgpn=tps28225
https://www.ti.com/ja-jp/lit/pdf/JAJSC54
https://www.ti.com/ja-jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSC54E&partnum=TPS28225
https://www.ti.com/product/ja-jp/tps28225?qgpn=tps28225
https://www.ti.com/lit/pdf/SLUS710

SEELBMOEHELKREEIE
TRYAAVAY NI P T — S LGHINET — 4 (7= = MG HET) BEHY =R V77V A FYA kG HET), 7TV r—a
RO FHIB T BT R SA A, Web ¥ —)v ZeVEEH, ZTOMOY Y —2%  KIEHSFET DA HEMOSHD THUROFE 4L TR, @it
BLOWEE B B35 A PEOBURIRAE, 55 =& OB FEEHEDIER FEIRGEA & TR ARG | BRI E/ BRI b THEA L E
ERS
INHDVY =L, TP R ARV VAR ZAE 23R G ORBREREA T HEE ~OREEZFERLIZLOTT, (1) BEEROT 7V —e
NTHLIZ TRV R A ANV A VR ORIE, (2) BEHEDOT IV r—ar Oiit, MEE, R, (3) BEREDT F Uy — a S+ 551
RSO, T OMOBLWH LM X2V T ¢, B, IO B ~OMEE AT A ETE . BEKOABEIMTAILDOELET,
FROEFY Y —RL, TPERLKERINDAREERHVET, ZNHDOVY—RF, VY —ATHBAIINTND TP R AL R VA H G %A 5
LT FVIr—ar ORRFED B TORI, TEFA AL ANV AN ZIZOFAEBREICHHLET, 2hHo) Y —RZBL T, ftho B iR
DR T A LTSN TONET, TR IR AU RY VALY RE ZFEDHIMPEHED T A B AP SN TOBIRTIEH FE A, BERE
I, INH0)Y —2% B S CHER LRI ETHLDLH LT, #85E, A, AL, BLIZONWT, TF TR AL AL AV BILOEOH
ANEFERITHETHLDEL, THFH A AL AV LA F—HOBFTEAELLET,
TXRP R AR NAYOBELE, THP R ARV AYDIRGESM: F21E ti.com 003015 TH VA A LAY LAY LI O BTG R e &
DOWTNEBC TR i ATRERRED FCHREEENTOET, THF VR ARV LAY RINEDOY Y — 25T 22013, SN
FXH R A LAY VA DIRFEETIIMMORRE D FED YRR H B R T 55D TIEHV £ A,
BEREBODRDIBINGFEEIIMNBRLELRRELILG A T, TE VA ARV AV TZNLICRHEB L IBELET,

B4 SE P : Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2024, Texas Instruments Incorporated


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

i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 6-Apr-2024

PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ®3) (4/5)
(6)
TPS28225D LIFEBUY SOIC D 8 75 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 28225
TPS28225DR ACTIVE SOoIC D 8 2500 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 28225
TPS28225DRBR ACTIVE SON DRB 8 3000 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 8225
65166
TPS28225DRBT ACTIVE SON DRB 8 250 RoHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 8225
65166
TPS28226D LIFEBUY SoIC D 8 75 RoOHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 28226
TPS28226DR ACTIVE SoIC D 8 2500 RoHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 28226
TPS28226DRBR ACTIVE SON DRB 8 3000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 8226
TPS28226DRBT LIFEBUY SON DRB 8 250 RoHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 8226

@ 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.

@ RoHS: TI defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.

@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
® There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.
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® | ead finish/Ball material - Orderable Devices 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.

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 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 TPS28225 :

o Automotive : TPS28225-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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PACKAGE MATERIALS INFORMATION
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INSTRUMENTS
www.ti.com 19-Jan-2024
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
LR ey R g T
o| |e e Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O OO 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)

TPS28225DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TPS28225DRBR SON DRB 8 3000 330.0 12.4 33 3.3 11 8.0 12.0 Q2
TPS28225DRBT SON DRB 8 250 180.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2

TPS28226DR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TPS28226DRBR SON DRB 8 3000 330.0 12.4 3.3 3.3 1.1 8.0 12.0 Q2
TPS28226DRBT SON DRB 8 250 180.0 12.4 33 3.3 11 8.0 12.0 Q2
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www.ti.com 19-Jan-2024
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS28225DR SOIC D 8 2500 340.5 338.1 20.6
TPS28225DRBR SON DRB 8 3000 346.0 346.0 33.0
TPS28225DRBT SON DRB 8 250 182.0 182.0 20.0
TPS28226DR SolIC D 8 2500 340.5 338.1 20.6
TPS28226DRBR SON DRB 8 3000 356.0 356.0 35.0
TPS28226DRBT SON DRB 8 250 210.0 185.0 35.0
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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)
TPS28225D D SOIC 8 75 507 8 3940 4.32
TPS28226D D SOIC 8 75 507 8 3940 4.32
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N

INSTRUMENTS
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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GENERIC PACKAGE VIEW
DRB 8 VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4203482/L
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N PACKAGE OUTLINE
VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

DRBOO0OSA

PIN 1 INDEX AREA— |-

1 MAX
T O SO o N
8-83 j DIM A
' OPT1 | OPT2
- 4X (0.23)
EXPOSED ﬂ ﬁ (DIM A) TYP
THERMAL PAD
ak
-+—-—  175%01
Innl GE
| |
| | 0.37
| | 8X0.25
PIN 11D | | 010 [C|AlB
OPTIONAL —L’—Lru
( ) (0.65) ] & 0.05 |C
0.5
8X 3

4218875/A 01/2018

NOTES:

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

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT
DRBOOO0SA VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

(1.5)
—= (0.65) |=—
SYMM

8X (0.6) ‘
! (0.825)
o 1| || | L mmr

e

6X (0.65)
v
(R0.05) TYP
(0.2) VIA
TYP
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:20X
0.07 MAX 0.07 MIN
ALL AROUND ALL AROUND
EXPOSED e < EXPOSED
METAL | 7 METAL
|
\ /
SOLDERMASKAJ// METAL METALUNDER—J/Ir )\¥ASOLDERMASK
OPENING SOLDER MASK OPENING
NON SOLDER MASK
DEFINED SOLDER MASK
(PREFERRED)

SOLDER MASK DETAILS

4218875/A 01/2018

NOTES: (continued)

4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
number SLUA271 (www.ti.com/lit/slua271).

5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DRBOOO0SA VSON - 1 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

= (0.65) —=|

4X(0.23) — | = |

SYMM
¢
SR METAL
4X |
0.728) 4~
1 1
w |
8X(0.31) 1 ‘ | I 8
{ |
} { N \
I . ) I
Qj T Qj e
|
SYMM |
t—-—r—-—{-— s — - - — -+ -— @5
=1 I =S
6X (0.65) ‘ L) !
L U ! B,
5
(R0.05) TYP L 1

(1.34)

(2.8)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL

EXPOSED PAD

84% PRINTED SOLDER COVERAGE BY AREA
SCALE:25X

4218875/A 01/2018

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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