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5 Pin Configuration and Functions
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Z% 5-1. Pin Functions

PIN

NAME

DGQ
(Adjustable)

DGQ
(Fixed)

TYPE

DESCRIPTION

EN

Input

Precision enable pin. Driving this pin higher than Vengiy enables the device.
Driving this pin lower than Ve ow) disables the device. This pin can be left
floating to enable the device because the device features an internal pullup
current source. If this pin is tied to the IN pin then the input voltage must not
exceed 18 V; see the Recommended Operating Conditions table.

FB

Input

Feedback pin. Input to the control-loop error amplifier for the (OUT) output.
This pin is used to set the output voltage of the device with the use of
external resistors. For adjustable-voltage version devices only. This pin must
not be left floating.

GND

Ground pin.

10

10

Input

Input pin. For best transient response and to minimize input impedance, use
the recommended value or larger ceramic capacitor from IN to ground; see
the Recommended Operating Conditions table. Place the input capacitor as
close to the IN and GND pins of the device as possible.

MID_OUT

Output

MID output pin. A capacitor is required from MID_OUT to ground for stability.
For best transient response, use the nominal recommended value or larger
capacitor from MID_OUT to ground. Follow the recommended capacitor
value as listed in the Recommended Operating Conditions table. Place the
MID output capacitor as close to the MID_OUT and GND pins of the device
as possible.

MVSEL1

Input

MID_OUT voltage-select pin. The MVSEL1 pin and MVSEL2 pin are used to
set the MID_OUT voltage; see the MID_OUT Voltage Setting section for
details on how to set the MID_OUT voltage using these pins. Do not float this
pin, instead tie this pin to GND if not used to set Vip_our-

MVSEL2

Input

MID_OUT voltage-select pin. The MVSEL2 pin and MVSEL1 pin are used to
set the MID_OUT voltage; see the MID_OUT Voltage Setting section for
details on how to set the MID_OUT voltage using these pins. Do not float this
pin, instead tie this pin to GND if not used to set Vyp_ourt-

NC

No internal connection. This pin must be left floating to observe high voltage
clearance between the IN and MID_OUT pins.

NC

No internal connection. This pin can be left floating or tied to the GND plane
to improve thermal performance.

ouT

Output

Output pin. A capacitor is required from OUT to ground for stability. For best
transient response, use the nominal recommended value or larger capacitor
from OUT to ground. Follow the recommended capacitor value as listed in
the Recommended Operating Conditions table. Place the output capacitor as
close to the OUT and GND pins of the device as possible.
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# 5-1. Pin Functions (continued)

PIN
DGQ DGQ TYPE DESCRIPTION
DANE (Adjustable) (Fixed)
Power-good pin. An open-drain output indicates when the output voltage
PG 3 3 Output re_ach_es ViT(PG, RISING); see the_ Electrical Characteristit_:s table. If not used,
this pin can be left floating or tied to the GND plane to improve thermal
performance.
Exposed pad of the package. Connect this pad to ground or leave floating.
Thermal pad Pad Pad — Connect the thermal pad to a large-area GND plane for improved thermal
performance.

6 Specifications
6.1 Absolute Maximum Ratings

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

MIN MAX UNIT
Vin -0.3 90
Vour (adjustable version) -0.3 Vywip + 0.3%)
Vour (fixed version) -0.3 5.5
Vmio_out -0.3 Vi +0.36)
Voltage@ Ve -0.3 55 v
Ven -0.3 20
VMvsEL1 -0.3 20
VmvseL2 -0.3 20
Vpg -0.3 20
Maximum output Internally limited
Current A
Maximum MID output Internally limited
Operating junction, T, -50 150
Temperature °C
Storage, Tsyg -65 150

(1)

)
©)
4)
®)

Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute Maximum Ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions. If
briefly operating outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not
sustain damage, but it may not be fully functional - this may affect device reliability, functionality, performance, and shorten the device
lifetime.

All voltages with respect to GND.

Absolute maximum voltage, withstand 90 V for 200 ms.

Vmip out + 0.3 Vor 20 V (whichever is smaller).

VN + 0.3 V or 20 V (whichever is smaller).

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001(1) +2000
V(Esp) Electrostatic discharge \Y
Charged device model (CDM), per JEDEC specification JESD22-C101(2) +750

M
)

JEDEC document JEP155 states that 2-kV HBM allows safe manufacturing with a standard ESD control process.
JEDEC document JEP157 states that 500-V CDM allows safe manufacturing with a standard ESD control process.
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6.3 Recommended Operating Conditions

MIN NOM MAX UNIT
VN Input voltage 4 85 \%
Vmip_out MID output voltage 10 15 \%
Vout Output voltage (adjustable version) 1.24 VMI\?BZL(J(IU;) Y
Vout Output voltage (fixed version) 1.25 55 \Y
lout Output current 0 50 - Imip_out mA
Imip_out MID rail output current 0 50 mA
VMVsSEL1 MID voltage select input voltage 1 0 18 \%
VMVSEL2 MID voltage select input voltage 2 0 18 \%
VEN Enable voltage 0 18 \Y
Vpg (M Power-good voltage 0 18 v
Cin®@ Input capacitor 0.1 uF
Cout @ Output capacitor 1 22 100 uF
Cwmip_out @ ® MID output capacitor 3 x Cout uF
T, Operating junction temperature -40 125 °C
(1)  Select pullup resistor to limit PG pin sink current when PG output is driven low. See the Power Good section for details.
(2) All capacitor values are assumed to derate to 50% of the nominal capacitor value.
(3) Maintain a 3:1 ratio between Cyip_out Vs Cour for stability.
6.4 Thermal Information
TPS7A43
THERMAL METRIC(") HVSSOP (DGQ) UNIT
8 PINS
Roja Junction-to-ambient thermal resistance 53.7 °C/W
R0 Jc(top) Junction-to-case (top) thermal resistance 76.6 °C/W
Ro s Junction-to-board thermal resistance 26.8 °C/W
wr Junction-to-top characterization parameter 3.6 °C/W
W Junction-to-board characterization parameter 26.7 °C/W
R0 yc(bot) Junction-to-case (bottom) thermal resistance 9.6 °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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6.5 Electrical Characteristics

specified at T; = - 40°C to +125°C, V|y = VouTtmnom) + 1.5V or 4V, whichever is greater, FB tied to OUT (adjustable version
only), lout =1 MA, Iyip_out = 0MA, Ven =2V, Vyserr = 0.9V, Vysero =09V, Cy =1 uF, Cyip out =4.7 1 F, and Coyr
=1 uF (unless otherwise noted); typical values are at T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
AVout Adjustable version, Voyt = Vg 1.23 1.24 1.25 Vv
Output voltage Fixed output version, T, = 251 -0.5 05
AVout accuracy %
Fixed output version -0.75 0.75
Veg Feedback voltage | Adjustable version only 1.24 Vv
\Y +1Vor4V)<V,y<85V -0.05 0.05
A VOUT(AV|N) Line regulation(” ( OUT(nom) ) N %
VMiD_ouT(momy ¥ 1.5V < V|y <85V -0.05 0.05
< <
AVour(atour) |Load regulation :MEA;U\T 'f‘(J)Tm} S0 mA, -0.15 0.10 %
VmvseLt < VMVSEL1(LOW)s 14.4 15 156
VmvseL2 < VmvseL2(Low)
VmvseLt < VMvsEL1(LOW)
MID output voltage _ or VmvseLt =
AVmip_out accuracy ViN =Vmip_out + 1.5V VAVSELI(HIGH) 11.5 12 12.5 \Y
VmvseL2 = VMVSEL2(HIGH)
VMmvsELT = VMVSEL1(HIGH)» 96 10 104
VmvseL2 < VmvseL2(Low)
A VM|D_OUT(A Line regulation of (VMID_OUT(nom)) +15V < V|N <85V, - 0.1 0.1 %
VIN) MID OUtpUt(1) IMID_OUT =1 mA, IOUT =0mA '
< <
AVpip_out(a | Load regulation of 1 mA < lwip_out = 50 mA o
- MID outout ViNn=Vmp ouTt + 1.5V -0.2 0.1 %
IOUT) utpu lour = 0 MA
Dropout voltage of _
VDO(OUT) Vi to Vout @) loutr = 50 mA 800 mV
Dropout voltage of _

Vbo(ouT) Vmib_out to Vout ) lout =50 mA 200 mV
Vv Dropout voltage of | =50 mA 600 vV
DO(MID_OUT) Vin to Vo out @ MID_ouT =oU m m
ICL(OUT) Output current limit VOUT =0.9 x VOUT(nom) 100 125 145 mA

MID output current | Voyt = 0.9 x VMID_OUT(nom)y
ICL(MID_OUT) limit V|N — VM|D_OUT +15V 118 145 165 mA
lout = Imp_our =0 mA, | Ty =25°C 55
Vin=V, +15V - _40° B
lenD Ground pin current N TMipouT T 40°C to +125°C uA
IOUT =50 mA,
185
ViN=Vmip_out*+ 1.5V
VEN < VEN(LOW) , TJ = -40°C to +85°C 710 1600 nA
ISHUTDOWN Shutdown current | YIN = YMID_ouT(nom) * 1.5
v T, = -40°C to +125°C 2100 nA
lout = Imip_out = 0 MA
Ven < VEnLow) T,= -40°C to +85°C 710 1900
IsHUTDOWN Shutdown current VN =85V nA
louT = Iwib_ouT = 0 MA T,= -40°C to +125°C 2500
Irs FB pin current 10 nA
IMVSEL1 MVSEL1 pln current VMVSEL1 =18V 10 nA
IMVSELZ MVSEL2 pln current VMVSEL2 =18V 10 nA
len EN pin current Ven =18V 10 nA
MVSELA1 pin high-
VMVSELI(HIGH) | jgygl input voltage 0.9 v
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6.5 Electrical Characteristics (continued)

specified at Ty = - 40°C to +125°C, V| = Vout(nom) + 1.5V or 4V, whichever is greater, FB tied to OUT (adjustable version
only), loutr =1 MA, Iyip_out = 0MA, Ven =2V, Vmyserr = 0.9V, Vuysero =0.9V, Ciy=1 v F, Cuip out =4.7 1 F and Coyr
=1 pF (unless otherwise noted); typical values are at T; = 25°C

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
MVSEL1 pin low-
VMVSELILOW) | gygl input voltage 03 v
MVSEL2 pin high-
VMVSEL2(HIGH) | jgygl input voltage 0.9 v
MVSEL2 pin low-
VMVSEL21LOW) | jgygl input voltage 03 v
Enable rising .
VENHI) threshold Device enabled 1.15 1.24 1.35 Vv
Enable falling . .
VENnLow) threshold Device disabled 1.11 1.19 1.28 \Y
Enable pin
VEN(HYST) hysteresis 50 mV
PG pin threshold RpuLLup = 10 kQ, Vour rising,
VIT(PG RISING) rising Vin = VOVLORISING) 88 93 96.5
= Q i
VHYS(PG) PG pln hysteresis RPUiUP 10ke, VOUT falllng’ 3 OA’VOUT
VIN = VUVLORISING)
PG pln threshold RPULLUP =10kQ y VOUT faIIing,
V\T(PG,FALLING) falling Vin = VovloRisiNG) 84 90 94.5
PG pin low level
VoLpa) outhLt voltage Vout < ViT(pa,FALLING): IPG-sink = 500 pA 0.4 \%
PG pin leakage
I ka(Pa) curant 9 Vout > Vit RrisiNG), Vpe = 18 V S 130 nA
f=10Hz 76
Power-supply =100 Hz 67
PSRR, rejection ratio of | =20 mA
o OJUT rail T f=1kHz 82
f=100 kHz 73
dB
f=10Hz 61
Power-supply f=100 Hz 64
PSRR(MIDfOUT) rejection ratio of IMIDfOUT =20 mA
MID_OUT rail f=1kHz 55
f=100 kHz 47
Output noise
Vi voltgge BW =10 Hz to 100 kHz, Voyt = 1.24 V 124 1 Vrms
Thermal shutdown . . o
Tsp(shutdown) temperature Shutdown, temperature increasing 170 C

(1) Line regulation from Input of the LDO to the final output of the LDO.
(2)  Vpo is measured with Viy = 0.95 x Voyr(nom) for fixed output voltage versions. Vpg is not measured for fixed output voltage versions

when Voyt < 3.1 V. For the adjustable output device, Vpo is measured with Vg = 0.95 x Veg(nom).
(3)  Vbomip_our) is measured with Vi = 0.95 x Viyip_ouT(nom) for Mid output voltages.
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6.6 Typical Characteristics

at operating temperature TJ =25°C, IOUT =1 mA, IMID_OUT =0 mA, VEN =2V, VMVSEL1 =09V, VMVSELZ =09V, CIN =1 upF,
Cmip_ out=4.7 uF, Coyr =1 nF, and Viy = Vuip_out *+ 1.5 V (unless otherwise noted); typical values are at T, = 25°C

0.5 0.5
Ty Ty
0.4 — -55°C 0°C 85°C —— 150°C 0.4 — -55°C 0°C 85°C —— 150°C
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p >
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© [ —
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6.6 Typical Characteristics (continued)

at operating temperature TJ =25°C, IOUT =1 mA, IMID_OUT =0 mA, VEN =2V, VMVSEL1 =09V, VMVSELZ =09V, CIN =1 uF,
Cmip_ out=4.7 uF, Coyr =1 nF, and Viy = Vuip_out *+ 1.5 V (unless otherwise noted); typical values are at T, = 25°C
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6.6 Typical Characteristics (continued)

at operating temperature TJ =25°C, IOUT =1 mA, IMID_OUT =0 mA, VEN =2V, VMVSEL1 =09V, VMVSELZ =09V, CIN =1 uF,
Cmip_ out=4.7 uF, Coyr =1 nF, and Viy = Vuip_out *+ 1.5 V (unless otherwise noted); typical values are at T, = 25°C
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6.6 Typical Characteristics (continued)

at operating temperature TJ =25°C, IOUT =1 mA, IMID_OUT =0 mA, VEN =2V, VMVSEL1 =09V, VMVSELZ =09V, CIN =1 uF,
Cmip_ out=4.7 uF, Coyr =1 nF, and Viy = Vuip_out *+ 1.5 V (unless otherwise noted); typical values are at T, = 25°C
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6.6 Typical Characteristics (continued)

at operating temperature TJ =25°C, IOUT =1 mA, IMID_OUT =0 mA, VEN =2V, VMVSEL1 =09V, VMVSELZ =09V, CIN =1 uF,
Cmip_ out=4.7 uF, Coyr =1 nF, and Viy = Vuip_out *+ 1.5 V (unless otherwise noted); typical values are at T, = 25°C
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6.6 Typical Characteristics (continued)

at operating temperature TJ =25°C, IOUT =1 mA, IMID_OUT =0 mA, VEN =2V, VMVSEL1 =09V, VMVSELZ =09V, CIN =1 uF,

Cmip_ out=4.7 uF, Coyr =1 nF, and Viy = Vuip_out *+ 1.5 V (unless otherwise noted); typical values are at T, = 25°C
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Al 6-36. MID_OUT PSRR vs Frequency and V|
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6.6 Typical Characteristics (continued)

at operating temperature TJ =25°C, IOUT =1 mA, IMID_OUT =0 mA, VEN =2V, VMVSEL1 =09V, VMVSELZ =09V, CIN =1 uF,
Cmip_ out=4.7 uF, Coyr =1 nF, and Viy = Vuip_out *+ 1.5 V (unless otherwise noted); typical values are at T, = 25°C
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Kl 6-37. MID_OUT PSRR vs Frequency and Cyip_out
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7 Detailed Description
7.1 Overview

The TPS7A43 is an 85-V, low quiescent current, low-dropout (LDO) linear regulator. The very low Iq
performance makes the device an excellent choice for battery-powered or line-power applications that are
expected to meet increasingly stringent standby-power standards.

The high accuracy over temperature and power-good indication make this device designed for meeting a broad
range of microcontroller power requirements. The device features a selectable MID_OUT voltage pin to provide
a secondary voltage to serve as a bias rail for gate drivers.

For increased robustness, the TPS7A43 also incorporates precision enable, output current limit, active

discharge, and thermal shutdown protection. The operating junction temperature for this device is from -40°C
to +125°C.

7.2 Functional Block Diagrams

IN ouT
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Current Current
limit limit
Band 1.24-V
and gap band gap | |_| Y

MVSEL1

—[]—l_

]
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>
i
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Internal
controller
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K 7-1. Adjustable Version
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& 7-2. Fixed Version

7.3 Feature Description
7.3.1 MID_OUT Voltage Selection

The TPS7A43 features a MID_OUT voltage pin that provides a secondary output voltage supply in addition to
the OUT pin, which is the main output voltage supply. The MID_OUT voltage can be set using the MVSEL1 and
MVSEL2 pins; see the MID_OUT Voltage Setting section for more details.

7.3.2 Precision Enable

The TPS7A43 features a precision enable circuit. The enable pin (EN) is active high; thus, enable the device by
forcing the voltage of the enable pin to exceed the Ven) voltage; see the Electrical Characteristics table. Turn
off the device by forcing the voltage of the enable pin to drop below the Vengow) voltage; see the Electrical
Characteristics table. EN is pulled high by a 50-nA current source; therefore, EN can be left floating to enable the
device. Board-level leakage on the order of tens of nanoamperes can cause the EN pin to be pulled low when
EN is left floating, so care must be taken to minimize leakage if this functionality is used.

If this pin is tied to the IN pin, the input voltage must not exceed 18 V; see the Recommended Operating
Conditions table.
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As shown in [ 7-3, an external resistor divider circuit can be used to enable the device using the input voltage.

IN
O—4—|
Internal
controller
R §
EN *
'—[]—,,—__ﬂ_
Re § Band gap
GND
v % %

& 7-3. Enable the Device Using the Input Voltage

The Veneniy (maximum) and Venow) (minimum) thresholds along with the application input voltage can be used
to set the R4 to Ry resistor divider ratio. The values of the R, and R4 resistors can also be optimized to minimize
the leakage current through the divider.

7.3.3 Dropout Voltage

Dropout voltage (Vpp) is defined as the input voltage minus the output voltage (V\y - Vout) at the rated output
current (Iratep), Where the pass transistor is fully on. Ixatep is the maximum Igyt listed in the Recommended
Operating Conditions table. The pass transistor is in the ohmic or triode region of operation, and acts as a
switch. The dropout voltage indirectly specifies a minimum input voltage greater than the nominal programmed
output voltage at which the output voltage is expected to stay in regulation. If the input voltage falls to less than
the nominal output regulation, then the output voltage falls as well.

For a CMOS regulator, the dropout voltage is determined by the drain-source on-state resistance (Rps(on)) of the
pass transistor. Therefore, if the linear regulator operates at less than the rated current, the dropout voltage for
that current scales accordingly. The following equation calculates the Rpg(on) of the device.

VDO

lrateD (1)

RDS(ON)

7.3.4 Current Limit

The device has internal current limit circuits for both MID _OUT and OUT rails. These circuits protect the
regulator during high-current load transient faults or shorting events on either rails. Both current limit circuits are
brick-wall schemes with Ic_ (ip_ouT) being higher than Ic our)- In @ high-current load transient fault, the brick-
wall scheme limits the output current to the respective current limit (Ic_ip_our) or lcLouT)), both of which are
listed in the Electrical Characteristics table.

When the device is in either current limit, the output voltages are not regulated. When a current limit event
occurs, the device begins to heat up because of the increase in power dissipation. When the device is in either
current limit, the corresponding pass transistor dissipates power. For instance, when the OUT rail is in current
limit, the power dissipation can be calculated as [(ViN - Vourt) * lcLoum)- If thermal shutdown is triggered, the
device turns off. After the device cools down, the internal thermal shutdown circuit turns the device back on. If
the faulty output current condition continues, the device cycles between current limit and thermal shutdown with
approximately a 5-ms time constant. For more information on current limits, see the Know Your Limits application
note.
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¥ 7-4 shows a diagram of the current limit.
Vour

A Brick Wall

Voutnom) /

ov | > lour
0mA IraTED ler

&| 7-4. Current Limit: Brick-Wall Scheme

7.3.5 Thermal Shutdown

The device contains a thermal shutdown protection circuit to disable the device when the junction temperature
(Ty) of the pass transistor rises to Tspshutdown) (typical). Thermal shutdown hysteresis assures that the device
resets (turns on) when the temperature falls to Tspreset) (typical).

The thermal time-constant of the semiconductor die is fairly short, thus the device can cycle on and off when
thermal shutdown is reached until power dissipation is reduced. Power dissipation during start up can be high
from large V|y - Vout voltage drops across the device or from high inrush currents charging large output
capacitors. Under some conditions, the thermal shutdown protection disables the device before start up
completes.

When the thermal limit is triggered with the load current near the value of the current limit, the output can
oscillate prior to the output switching off.

For reliable operation, limit the junction temperature to the maximum listed in the Recommended Operating
Conditions table. Operation above this maximum temperature causes the device to exceed operational
specifications. Although the internal protection circuitry of the device is designed to protect against thermal
overload conditions, this circuitry is not intended to replace proper heat sinking. Continuously running the device
into thermal shutdown or above the maximum recommended junction temperature reduces long-term reliability.
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7.3.6 Power Good

The power-good (PG) pin is an open-drain output and can be connected to a regulated supply through an
external pullup resistor. The maximum pullup voltage is listed as Vpg in the Recommended Operating Conditions
table. For the PG pin to have a valid output, the voltage on the IN pin must be greater than 4 V. When Vpyt
exceeds VirpgRrisiNg), the PG output is high impedance and the PG pin voltage pulls up to the connected
regulated supply. When the regulated output falls below Virpg raLLing), the open-drain output turns on and pulls
the PG output low after a short deglitch time. If output voltage monitoring is not needed, the PG pin can be left
floating or connected to ground.

The recommended maximum PG pin sink current (Ipg_sink) and the leakage current into the PG pin (I kg(pg)) are
listed in the Electrical Characteristics table.

The PG pullup voltage (Vpg puLLup), the desired minimum power-good output voltage (Vpgminy), and likgrac)
limit the maximum PG pin pullup resistor value (Rpg puLLur)- Vec puLLup, the PG pin low-level output voltage
(VoLpa)), and Ipg-gink limit the minimum Rpg puiLup. Maximum and minimum values for Rpg_puLLup Can be
calculated from the following equations:

Rpc_puLLupgvax) = (Vea_puLLup = Veaming) / ILka(PG)_MAX (2)
Rpc_puLLupgving = (Vpa_puLtur ~ Vourre)) / IPc-sink (3)

For example, if the PG pin is connected to a pullup resistor with a 3.3-V external supply, from the Electrical
Characteristics table, Rpg_puLLupvax) is 25 M Q. From the Electrical Characteristics table, Rpg_puLLupmin) is 6.6
kQ.
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7.4 Device Functional Modes
7.4.1 Device Functional Mode Comparison

# 7-1 shows the conditions that lead to the different modes of operation. See the Electrical Characteristics table
for parameter values.

% 7-1. Device Functional Mode Comparison

OPERATING PARAMETER
MODE ViN VEN Imip_out lout T,

. Vin >V +Vpo and Vi > | <

Normal operation IN OUT(”‘{/m) “bo N VeN > VeEnH) |M'D—OUT lout < louT(max) | Ty < TsD(shutdown)
IN(min) MID_OUT(max)
Dropout operation ViNmin) < VIN < VMID_oUT(nom) * Imip_our <
- VEn >V - | <l T,;<T

on MID_OUT Voo ouT) EN > VENHD 1o rmas) ouT < louT(max) | Ty < TsD(shutdown)
Dropout operation | Vinmin) < ViN < VouTnom) * Vbo(ouT) VEN > VEnH) | IMiD_ouT < lout < lout(max) | Ty < TsD(shutdown)
on OUT IMID_ouT(max)
Disabled
any true condition . .
gis;’bles the ViN<4V VeN < VEN(LOW) Not applicable Not applicable Ty> TSD(reset)
device)

7.4.2 Normal Operation
The device regulates to the nominal output voltages when the following conditions are met:

* The input voltage is greater than the nominal output voltage plus the dropout voltage on either rails
(Vmib_ouT(nom) * Voomip_out) @nd Vout(nom) *Voo(ouT))

* The current sourced from either MID_OUT and OUT is less than the respective current limit specified in the
Electrical Characteristics table for each rail

* The device junction temperature is less than the thermal shutdown temperature (T, < Tsp(shutdown))

* The enable voltage has previously exceeded the Ven)y (maximum) threshold and has not yet decreased to
less than the Vegnow) minimum threshold

* V|y has exceeded 4 V if the EN pin is left floating

7.4.3 Dropout Operation

Because the TPS7A43 has two output rails (MID_OUT and OUT), the device can be in either Vpowip_our) or
Vpo(our), or in both depending on the input voltage level while all other conditions are met for normal operation.
When the input voltage drops to lower than Viyip_outnom) * Vbomip_our) the device is in Vpomip_our) dropout.
During this rail dropout, Vyp out tracks V)y and the transient performance of Vyp oyt becomes significantly
degraded because the pass transistor is in the ohmic or triode region, and acts as a switch. The MID_OUT rail
line or load transients in the Vpowip_ouT) dropout can result in large Vi p_oyt deviations. When the device is still
in VDO(MID_OUT) and when V| is higher than VOUT(nom) + VDO(OUT)r Vourt is in regulation and is not in VDO(OUT)
dropout. When Vy drops below Voytnom) + Vbo(our), Vourt is no longer in regulation and transient performance
becomes significantly degraded.

When the device is in a steady dropout state (when the device is in both Vpowmip_out) @nd Vpo(our) dropout,
directly after being in a normal regulation state, but not during start up), the pass transistor is driven into the
ohmic or triode region. When the input voltage returns to a value greater than or equal to Vyip outnom) +
Vpomip_out) a@nd greater than Voyrnowm) + Voo, the output voltage (OUT) can overshoot for a short period of
time while the device pulls the pass transistor back into the linear region.

7.4.4 Disabled

The outputs of the device can be shutdown by forcing the voltage of the enable pin to less than Veniow)
(minimum); see the Electrical Characteristics table. When disabled, the pass transistor is turned off and internal

circuits are shutdown.
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8 Application and Implementation

#1E

PAR RLFR 4 145 B R T T1 38R YE FE , TI A GRILAERR A e . TI % N5 S
ARG THMH . & I, DU R RS DRE .

8.1 Application Information
8.1.1 MID_OUT Voltage Setting

The MID_OUT voltage has three different output voltage levels (10 V, 12 V, and 15 V), as listed in 3 8-1,
depending on the MVSEL1 and MVSEL2 pin voltage settings.

%% 8-1. MID_OUT Voltage Setting

VmvseL1 < VMvsEL1(LOW) VmvseL2 < VmvseL2(Low) 15V
VMvsEL1 < VMVSEL1(LOW) VMvSEL2 = VMVSEL2(HIGH) 12V
VmvseL1 = VMVSEL1(HIGH) VmvseLz < VmvseL2ow) 10V
VMVSEL1 = VMVSEL1(HIGH) VMvsEL2 = VMVSEL2(HIGH) 12V

For adjustable voltage options of the TPS7A43, and to maintain voltage regulation on the MID_OUT and OUT
pins, the input voltage must be kept = MID_OUT + Vpomip_our)- Additionally, to maintain regulation on the OUT
pin, the MID_OUT voltage must be set = Voyt(nom) * Vbo(ouT)-

Set the MVSEL1 and MVSEL?2 voltages before enabling the device to set the MID_OUT voltage level; however,
the MID_OUT voltage setting can be changed to a different level after the device had powered up. Do not allow
these pins to float, instead tie them both to GND if not used to set Vyyp out- When the device is powered while
either of these pins are floating, the MID_OUT voltage is not set properly and might switch levels and cause
damage to the device.

8.1.2 Adjustable Device Feedback Resistors

The adjustable-version device requires external feedback divider resistors to set the output voltage. Vout is set
using the feedback divider resistors, R4 and R,, according to the following equation:

Vout = Vs X (1 +R1/Rp) (4)

To ignore the FB pin current error term in the Voyt equation, set the feedback divider current to 100 times the FB
pin current listed in the Electrical Characteristics table. This setting provides the maximum feedback divider
series resistance, as shown in the following equation:

Ry + Rz < Vour / (Irs * 100) (5)
8.1.3 Recommended Capacitor Types

The device is designed to be stable using low equivalent series resistance (ESR) capacitors at the input and
output. Multilayer ceramic capacitors have become the industry standard for these types of applications and are
recommended, but must be used with good judgment. Ceramic capacitors that employ X7R-, X5R-, and C0G-
rated dielectric materials provide relatively good capacitive stability across temperature, whereas the use of Y5V-
rated capacitors is discouraged because of large variations in capacitance.

Regardless of the ceramic capacitor type selected, the effective capacitance varies with operating voltage and
temperature. As a rule of thumb, expect the effective capacitance to decrease by as much as 50%. The input
and output capacitors recommended in the Recommended Operating Conditions table account for an effective
capacitance of approximately 50% of the nominal value.
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8.1.4 Input and Output Capacitor Requirements

An input capacitor is not required for stability except when the device maximum current is sourced from the
MID_OUT pin. However, adding an input capacitor is always good analog design practice to counteract reactive
input sources and improve transient response, input ripple, and PSRR. Starting with the nominal input capacitor
value is required if large, fast transient load or line transients are anticipated on the MID_OUT pin or if the device
is located several inches from the input power source.

A minimum of a 3:1 capacitor ratio between Cyp_out and Coyr is required for proper operation of the TPS7A43
LDO and a 4.7- u F capacitor can be connected from the MID_OUT pin to GND.

A minimum 1- 1 F output capacitor is required for Vgoyt stability. A maximum 100- 1 F output capacitor can be
used as long as the 3:1 ratio between Cyp_out and Coyr is maintained.

8.1.5 Power Dissipation (Pp)

Circuit reliability requires consideration of the device power dissipation, location of the circuit on the printed
circuit board (PCB), and correct sizing of the thermal plane. The PCB area around the regulator must have few
or no other heat-generating devices that cause added thermal stress.

To first-order approximation, power dissipation in the regulator depends on the input-to-output voltage difference
and load conditions. The following equation calculates power dissipation (Pp).

Po = (Vin = Vour) * lout (6)

#HiE
Power dissipation can be minimized, and therefore greater efficiency can be achieved, by correct
selection of the system voltage rails. For the lowest power dissipation use the minimum input voltage
required for correct output regulation.

For devices with a thermal pad, the primary heat conduction path for the device package is through the thermal
pad to the PCB. Solder the thermal pad to a copper pad area under the device. This pad area must contain an
array of plated vias that conduct heat to additional copper planes for increased heat dissipation.

The maximum power dissipation determines the maximum allowable ambient temperature (T,) for the device.
According to the following equation, power dissipation and junction temperature are most often related by the
junction-to-ambient thermal resistance (R ¢ ja) of the combined PCB and device package and the temperature of
the ambient air (Ta).

Ty=Ta+ (Royax Pp) (7)

Thermal resistance (R ja) is highly dependent on the heat-spreading capability built into the particular PCB
design, and therefore varies according to the total copper area, copper weight, and location of the planes. The
junction-to-ambient thermal resistance listed in the Thermal Information table is determined by the JEDEC
standard PCB and copper-spreading area, and is used as a relative measure of package thermal performance.

8.1.6 Estimating Junction Temperature

The JEDEC standard now recommends the use of psi (V) thermal metrics to estimate the junction temperatures
of the linear regulator when in-circuit on a typical PCB board application. These metrics are not thermal
resistance parameters and instead offer a practical and relative way to estimate junction temperature. These psi
metrics are determined to be significantly independent of the copper area available for heat-spreading. The
Thermal Information table lists the primary thermal metrics, which are the junction-to-top characterization
parameter (¥ 1) and junction-to-board characterization parameter (¥ jg). As described in 5722 8 and J7 &
9, these parameters provide two methods for calculating the junction temperature (T;). Use the junction-to-top
characterization parameter ( ¥ j7) with the temperature at the center-top of device package (Tt) to calculate the
junction temperature. Use the junction-to-board characterization parameter (v ;g) with the PCB surface
temperature 1 mm from the device package (Tg) to calculate the junction temperature.
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where:

* Ppis the dissipated power
* Ty is the temperature at the center-top of the device package

Ty=Tg+ byg*xPp 9)

where:

* Tgis the PCB surface temperature measured 1 mm from the device package and centered on the package
edge

For detailed information on the thermal metrics and how to use them, see the Semiconductor and IC Package

Thermal Metrics application note.

8.2 Typical Application

This section discusses the implementation of the TPS7A43 in a cordless power tools application. 5| 8-1 shows a

typical circuit diagram for this application.
ouT JIVO‘”T[IJVCC vsSs Jll
Cour
MCU GND

" [%
TPS7A4333 .
MID_OUTL ITLIJ* [Ilj
Cwmip_out
Gate GND

GND
1 MVSEL2 PG [% Driver
GND

il

Ry
GND L GND

K 8-1. Powering Cordless Power Tools

8.2.1 Design Requirements
#* 8-2 summarizes the design requirements for & 8-1.

% 8-2. Design Parameters

PARAMETER DESIGN VALUES
A\ 15V (min), 85 V (transient max)
Vout 33V 2%
VMvsEL1 ov
VmvseL2 =09V
Vaip_out 12V £ 5%
lgny (no load) <9 nA
louT (typical), (max) 20 mA, 50 mA
Imip_our (typical), (max) 0mA, 1 mA
Ta 60°C (max)
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8.2.2 Detailed Design Procedure

A fixed 3.3-V output voltage device is used for this application. The MID_OUT voltage is set to 12 V by tying the
VuvseL1 pin to GND and setting Vpysel2 to = 0.9 V using the R3 and R4 resistor divider. The value of the R3
and R4 divider ratio must ensure that Vyysg 2 is set to = 0.9 V when V,y = 15 V. To limit the current burned
through this divider to 5 1A, R3 can be calculated using 7723 10, and the calculated value then can be
rounded to the nearest standard value. When V|y goes all the way up to 85 V during a transient, the VysgL2
voltage goes up to 3.9 V (which is still lower than the maximum recommended value for this pin, as specified in
the Recommended Operating Conditions table).

R3=(15V - 0.9V)/5 uA=282MQ (10)
R4 then can be calculated with 752X 11 by using the VMVSEL2 value of the same current value.

R3=0.9V/5 uA=180kQ (11)

The enable precision circuit is also used to turn off the device when V,y drops below 15 V. The R1 and R2
resistor divider is used to set Vgy to lower than Vengow) of 1.15 V when Vg drops below 15 V. R1 can be
calculated using 5 #£3X 12 to limit the burned current through this divider to 5 1 A, similar to the above divider.

R1=(15V - 1.15V)/5 uA=2.77 MQ (12)

J £33 13 can then be used to calculate R2. The calculated R1 and R2 values can then rounded to the nearest
standard values.

R2=1.15V/5 n A=230kQ (13)

8.2.3 Application Curves

200 320 5 320
<« Mour scale | — Vmip_out Vin < Vour scale | — Vour Vin
150 280 ﬂ
Z 100 / 240 s o0 y ALY MR WMAAMM 520
- = £ -
=3 > o
i 50 I AN n 200 S E §
s o I~ 160 £ - 160 2
3 V \ P z = z
T 50 » 120 B 3 3
8 /| £ Q 8
& -100 80 2 10 80
< Vin|scalg —
-150 40 VN scale —
-200 | 0 s o
0 01 02 03 04 05 06 07 08 09 1 0 01 02 03 04 05 06 07 o8 o095 1
Time (ms) Time (ms)
Vin=15V 1085V, Vjyramp rate = 10 V/ u's, Vyyse1 = 0V, Vin=15V 1085V, Vyramp rate = 10 V/ s, Vyysert = 0 V,
VmvseLz = 0.9V, lout = 50 mA, lwip_out = open VuvseLz = 0.9V, loyt = 50 mA, lyip_out = open
| 8-2. TPS7A43 Line Transient: 15Vto 85V | & 8.3, TPS7A43 Line Transient: 15 V to 85 V (Zoom
on Vouyr)
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8.3 Power Supply Recommendations

The device is designed to operate from an input supply voltage range of 4 V to 85 V. To ensure that the output
voltages are well regulated and dynamic performance is optimum, the input supply must be at least
VMID_ouT(nom) + 1.5 V. Connect a low output impedance power supply directly to the input pin of the TPS7A43.

8.4 Layout
8.4.1 Layout Guidelines

* Place input and output capacitors as close to the device pins as possible.

* Use copper planes for device connections to optimize thermal performance.

* Place thermal vias around the device and under the thermal pad to distribute heat.

* Only place tented thermal vias directly beneath the thermal pad of the DGQ package. An untented via can

wick solder or solder paste away from the thermal pad joint during the soldering process, leading to a
compromised solder joint on the thermal pad.
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8.4.2 Layout Examples
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& 8-4. Adjustable Version Layout Example
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& 8-5. Fixed Version Layout Example
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9 Device and Documentation Support
9.1 Device Support

9.1.1 Development Support

9.1.1.1 Evaluation Modules

An evaluation module (EVM) for a similar P2P device, the TPS7A43, is available to assist in the initial circuit
performance evaluation for the TPS7A43. The TPS7A43EVM-047 Evaluation Module user guide can be
requested at the Texas Instruments website through the product folders or purchased directly from the Tl Store.

9.1.1.2 Spice Models
SPICE models for the TPS7A43 are available through the product folder under Tools & software.
9.1.2 Device Nomenclature

% 9-1. Device Nomenclature(!)

PRODUCT Vout

xx(x) is the nominal output voltage. For output voltages with a resolution of 100 mV, two
digits are used in the ordering number; for output voltages with a resolution of 50 mV, three
digits are used (for example, 28 = 2.8 V; 125 = 1.25 V). 01 indicates adjustable output
version.

yyy is the package designator.

TPS7A43 xx(x)yyyz

z is the package quantity. R is for large quantity reel, T is for small quantity reel.

(1)  For the most current package and ordering information see the Package Option Addendum at the end of this document, or visit the
device product folder at www.ti.com.

9.2 Documentation Support
9.2.1 Related Documentation

For related documentation see the following:

* Texas Instruments, TPS7A43EVM-047 Evaluation Module user guide
* Texas Instruments, LDO Basics: Preventing reverse current blog
* Texas Instruments, LDO basics: capacitor vs. capacitance blog
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9.5 Trademarks

TI E2E™ is a trademark of Texas Instruments.

P b H % 5 A & I .

9.6 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

A with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.
“ \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
- be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.
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10 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 ©)
@ )
TPS7A4301DGQR Active Production HVSSOP (DGQ) | 10 2500 | LARGE T&R Yes NIPDAUAG Level-2-260C-1 YEAR -40 to 125 4301
TPS7A4301DGQR.A Active Production HVSSOP (DGQ) | 10 2500 | LARGE T&R Yes NIPDAUAG Level-2-260C-1 YEAR -40 to 125 4301
TPS7A4333DGQR Active Production HVSSOP (DGQ) | 10 2500 | LARGE T&R Yes NIPDAUAG Level-2-260C-1 YEAR -40 to 125 4333
TPS7A4333DGQR.A Active Production HVSSOP (DGQ) | 10 2500 | LARGE T&R Yes NIPDAUAG Level-2-260C-1 YEAR -40 to 125 4333
TPS7A4350DGQR Active Production HVSSOP (DGQ) | 10 2500 | LARGE T&R Yes NIPDAUAG Level-2-260C-1 YEAR -40 to 125 4350
TPS7A4350DGQR.A Active Production HVSSOP (DGQ) | 10 2500 | LARGE T&R Yes NIPDAUAG Level-2-260C-1 YEAR -40 to 125 4350

@ 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 Tl RoHS Statement for additional information and value definition.

@ Lead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer: The information provided on this page represents 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. TI 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.
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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 14-Nov-2022
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TPS7A4301DGQR HVSSOP| DGQ 10 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
TPS7A4333DGQR HVSSOP| DGQ 10 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
TPS7A4350DGQR HVSSOP| DGQ 10 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
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PACKAGE MATERIALS INFORMATION

I} TEXAS
INSTRUMENTS
www.ti.com 14-Nov-2022
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPS7A4301DGQR HVSSOP DGQ 10 2500 366.0 364.0 50.0
TPS7A4333DGQR HVSSOP DGQ 10 2500 366.0 364.0 50.0
TPS7A4350DGQR HVSSOP DGQ 10 2500 366.0 364.0 50.0
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GENERIC PACKAGE VIEW
DGQ 10 PowerPAD™ HVSSOP - 1.1 mm max height

3 x 3, 0.5 mm pitch PLASTIC SMALL OUTLINE

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

4224775/A
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PACKAGE OUTLINE
DGQO0010D PowerPAD™ - 1.1 mm max height

PLASTIC SMALL OUTLINE

5.05
72 TYP
PIN 11D
AREA
S —8x[05]
=1
[ | I — % — 1
2X
' 2]
|
[
) 6 b oo
- 10x 947 i
8] 234— [ Jo.080 [c[A[B] 1.1 MAX
NOTE 4

/,
0.23

[ y ! 013 'P
. ; jp\a—
e /\ SEE DETAIL A

AT )

EXPOSED
THERMAL PAD
)
5
—| —:
N — —
1.89
18— —

(I 1

LW—) 10

DETAIL A
1.83 TYPICAL
1.63

4218842/B 04/2024
PowerPAD is a trademark of Texas Instruments.

NOTES:

[N

. 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-187, variation BA-T.

g~ w N

INSTRUMENTS
www.ti.com




EXAMPLE BOARD LAYOUT

DGQO0010D PowerPAD™ - 1.1 mm max height

PLASTIC SMALL OUTLINE

(2.2)
NOTE 9
(1.83) SOLDER MASK
SOLDER MASK DEFINED PAD
OPENING

SEE DETAILS

10X (1.45)
10X (0.3) r T
—‘ 1 |
)

(

(1.3) ?
TYP (1.89)
SOLDER MASK

1T
| | |
Lo e —or o oame |

NOTE 9
|
T
(R0.05) TYP i 7+ B i 77777 *k—\\ |
(©0.2) TYP / ‘ SEMM w \LMETAL COVERED

VIA BY SOLDER MASK

|
\ |
! (4.4) J

LAND PATTERN EXAMPLE
SCALE:15X
SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \ SOLDER MASK‘\ fopEN|NG
[
4# 0.05 MAX 4# 0.05 MIN
ALL AROUND ALL AROUND

NON SOLDER MASK
DEFINED

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4218842/B 04/2024

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.

8. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature
numbers SLMAOO02 (www.ti.com/lit/sima002) and SLMA004 (www.ti.com/lit/sima004).

9. Size of metal pad may vary due to creepage requirement.
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EXAMPLE STENCIL DESIGN
DGQO0010D PowerPAD™ - 1.1 mm max height

PLASTIC SMALL OUTLINE

(1.83)
BASED ON
0.125 THICK
STENCIL

rlox (1.45)T
10X (0.3)
o

L )

e ‘ 1 3
—— Y S
PR o e s -
[E R o 0.125 THICK

8X (0.5) ‘ STENCIL

e i

| m—
(R0.05) TYP

METAL COVERED
BY SOLDER MASK ‘

SEE TABLE FOR

DIFFERENT OPENINGS
FOR OTHER STENCIL

‘ THICKNESSES

SOLDER PASTE EXAMPLE
EXPOSED PAD
100% PRINTED SOLDER COVERAGE BY AREA

SCALE:15X
STENCIL SOLDER STENCIL
THICKNESS OPENING
0.1 2.05X2.11
0.125 1.83X1.89 (SHOWN)
0.150 1.67 X 1.73
0.175 1.55 X 1.60

4218842/B 04/2024

NOTES: (continued)

10. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
11. Board assembly site may have different recommendations for stencil design.
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