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5 Pin Configuration and Functions

EN1
PGOOD2/CLKO
PGOOD1
VIN

VIN

VIN
DNC
DNC
SW2
PGND
PGND
PGND
VOUT2
VOUT2
VOUT2

1 EN2/ISHARE

FB2/VSHARE

BP5

AGND

AGND

K 5-1. 51-Pin RDB QFN Package (Top View)

% 5-1. Pin Functions

MODE2
MODE1
SYNC
VIN
VIN
VIN
DNC
DNC
sSwi
PGND
PGND
PGND
VOUT1
VOUT1
VOUT1

Pin
Type(") Description

Name No.

AGND 42,43 G Analog _grou_nd f_or the internal analog control circuit. Connect to PGND at one single point, away
from noisy circuitry.

BP5 44 o Output of the internal 5-V regulator. Bypass this pin with a minimum of 1.5 pF of effective
capacitance to AGND. Can be used as a pullup voltage for PGOOD signals.
Do not connect. Do not connect these pins to AGND, PGND, to another DNC pin, or to any

DNC 7,8, 31,32 - other voltage. These pins are connected to internal circuitry. Each pin must be soldered to an
isolated pad.

EN1 1 Channel 1 Enable input. Float or pull high to enable. Can also be used to externally adjust EN
UVLO by connecting a resistor divider between VIN and AGND.
Multi-function pin:
Dual output configuration: Channel 2 Enable input. Float or pull high to enable. Can also be

EN2/ISHARE 46 I/0 used to externally adjust EN UVLO by connecting resistor divider between VIN and AGND.
Parallel output configuration: Current balance node of the internal regulators. Leave this pin
open

FB1 40 Channel 1 feedback input. Connect to output voltage of channel 1 with a resistor divider.
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# 5-1. Pin Functions (continued)

Pin

Name No.

Type(" Description

Multi-function pin:

Dual output configuration: Channel 2 Feedback input. Connect to output voltage of channel 2
with a resistor divider.

Parallel output configuration: The COMP voltage of the internal regulators. Leave this pin open.

FB2/VSHARE 45 110

Mode setting pin. Programs channel configuration as either dual or parallel outputs and
MODE1 37 programs channel interleaving using a resistor between MODE1 pin and AGND. A 10-k Q
resistor is required between the MODE1 pin and MODEZ2 pin.

Mode setting pin. Select from four pre-set switching frequencies using a resistor between

MODE?2 38 MODE2 pin and AGND. A 10-k Q resistor is required between MODE1 pin and MODE2 pin.
10.11. 12 Power ground of the device. This is the return current path for the power stage of the device.
27’ 28, 29’ Connect these pins to the bypass capacitors associated with VIN and VOUT. Connect pads 47,
PGND T Ao G 48, 49, 50, and 51 to the PCB ground planes using multiple vias for optimal thermal
47, 48, 49, . ) .
50 51 performance. All pins must be connected together externally with a copper plane or pour directly

under the device.

Channel 1 Power Good indicator output. This pin is an open-drain output, which asserts low
PGOOD1 3 O during any fault condition. When used, a pullup resistor to BP5 or other external supply is
required. Leave this pin open if unused.

Multi-function pin:

Dual output configuration: Channel 2 Power Good indicator output. This pin is an open-drain
PGOOD2/CLKO 2 (6] output, which asserts low during any fault condition. When used, a pullup resistor to BP5 or
other external supply is required. Leave this pin open if unused.

Parallel output configuration: 180° clock output. Leave this pin open if unused.

For parallel output applications, this pin functions as remote sense negative input to the
RS - 41 G differential amplifier. Connect this pin to the point of ground regulation using a kelvin trace. For
dual output configurations, this pin must be tied to AGND.

External Soft Start when configured for parallel output operation. Place a capacitor from SS to

SS 39 AGND to set output voltage rise time. For independent dual channel configurations, leave this
pin open.

SWi1 30 (0] Channel 1 power stage switch node. Can be used to monitor the switch node.

SwW2 9 (0] Channel 2 power stage switch node. Can be used to monitor the switch node.

SYNC 36 | Synchronizes to external clock, or the CLKO pin of another device.

Power conversion input pins. Pins 4, 5, and 6 are not internally connected to pins 33, 34, and

VIN 45,6, 33, 35. Connection must be made using the PCB VIN plane. Bypass VIN pins with ceramic
34,35 . )
capacitance to PGND, close to the device.
20, 21, 22, ) . .
Channel 1 output voltage. These pins are connected to the internal output inductor. Connect to
VOUT1 23, 24, 25, (o] . }
26 the output load. Place external bypass capacitors between these pins and PGND.
13, 14, 15, . . .
VOUT2 16 17 18 o Channel 2 output voltage. These pins are connected to the internal output inductor. Connect to
’ 19’ ’ the output load. Place external bypass capacitors between these pins and PGND.

(1) G =Ground, | = Input, O = Output
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
VIN -0.3 16 \Y
Input voltage BP5, EN1, EN2/ISHARE, FB1, FB2/VSHARE, MODE1, MODE?2, 03 6 v
PGOOD1, PGOOD2/CLKO, SS, SYNC
RS -, PGND to AGND -0.3 0.3 \
VOUT1, VOUT2 -0.3 6 \Y
Output voltage SWH1, SW2 -0.3 16 \%
SWH1, SW2 transient (10 ns) -3 18 \
T, Operating IC junction temperature -40 125 °C
Tstg Storage temperature -55 125 °C
Peak reflow case temperature 260 °C
Maximum number or reflows allowed 3
Mechanical shock Mil-STD-883D, Method 2002.3, 1 msec, 1/2 sine, mounted 500 G
Mechanical vibration Mil-STD-883D, Method 2007.2, 20 to 2000 Hz 20 G

(1)  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

used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully

functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, all pins(") + 2500
Electrostatic
V(esp) discharge Charged device model (CDM), per JEDEC specification JESD22-C101, all +1000 v
pins(@) -
(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.
6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)(")
MIN NOM MAX UNIT
VN Input voltage 452 15 \%
Vout Output voltage 0.5 5.5 \%
lout Output current per channel, continuous 6 A
VEN EN voltage 0 5.5 \Y
VPGOOD PGOOD pU”Up voltage 55 \Y
Ta Operating ambient temperature -40 105 °C

(1) Recommended operating conditions indicate conditions for which the device is intended to be functional, but do not ensure

specific performance limits. For ensured specifications, see the Electrical Characteristics table.

(2) See the Minimum Input Voltage section for the recommended minimum input voltage at higher output voltages.
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6.4 Thermal Information

TPSM5D1806
THERMAL METRIC(") RDB (QFN) UNIT
51 PINS

Roua Junction-to-ambient thermal resistance 13.9 °CIW
wr Junction-to-top characterization parameter ©) 1.8 °C/W
W Junction-to-board characterization parameter ) 9.4 °C/W
TsHDN Thermal shutdown temperature 165 °C
TsHDN Thermal shutdown hysteresis 20 °C

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

(2) The junction-to-ambient thermal resistance, R ja, applies to devices soldered directly to a 100-mm x 100-mm, 6-layer PCB with 2-0z.
copper and natural convection cooling. Additional airflow reduces R ¢ ja.

(3) The junction-to-top characterization parameter, ¥ 1, estimates the junction temperature, T, of a device in a real system, using a
procedure described in JESD51-2A (section 6 and 7). Ty = ¥yt x Pdis + Tt; where Pdis is the power dissipated in the device and Ty is
the temperature of the top of the device.

(4) The junction-to-board characterization parameter, ¥ jg, estimates the junction temperature, T, of a device in a real system, using a
procedure described in JESD51-2A (sections 6 and 7). T; = ¥ jg x Pdis + Tg; where Pdis is the power dissipated in the device and Tg
is the temperature of the board 1mm from the device.

6.5 Electrical Characteristics

Limits apply over Tp = - 40°C to +105°C, V|y = 12 V (unless otherwise noted); Minimum and maximum limits are specified
through production test or by design. Typical values represent the most likely parametric norm and are provided for reference
only.

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

INPUT VOLTAGE (VIN)
Vin Operating input voltage range 4.5(1) 15| VvV

VN turn-on V)N increasing 3.5 3.7 3.9 \%
UvLO

Hysteresis 200 mV
I Quiescent current gc\)/n-switching, Vg1, VEg2 > 0.5V, Tp = 25°C, EN1 =EN2 = 4 mA
ISHDN Shutdown supply current Ta=25°C,EN1=EN2=0V 270 uA
INTERNAL LDO (BP5)
BP5 Regulation voltage 6V <VN=<15V, Il 0ap=70mA 4.8 5.0 52| V
FEEDBACK

Feedback voltage T,=25°C 0.5 \%

Temperature accuracy T,= -40°C to 125°C -1% +1%
ViFe1) ViFB2) -

Load regulation Ta = +25°C, over lgyt range 0.2%

Line regulation Ta =+25°C, loyt = 0 A, over V|y range 0.1%
OUTPUT CURRENT

Output current Per channel 0 6@ A
lout Overcurrent threshold source current | DC current 6.6 A

Overcurrent threshold sink current DC current -28 A
IsH(ace) Output current sharing accuracy lour = 3 A per channel 15%

lout < 3 A per channel 1 A
OCP hiccup wait time Wait time to attempt re-start 7 ms
OCP hiccup entry time Cycles before hiccup 16 cycles
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Limits apply over Tp = -40°C to +105°C, V|y = 12 V (unless otherwise noted); Minimum and maximum limits are specified
through production test or by design. Typical values represent the most likely parametric norm and are provided for reference

only.
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SOFT START
tss Default soft-start time Time from switching to PGOOD high without Cgg 1 ms
Iss Soft-start charge current Tss <=50 ms, Cgg < 0.3 yF 2 uA
Rss Soft-start discharge resistance 600 Q
ENABLE (EN)
EN rising 1.2 1.3 \
Ve Enable threshold voltage EN faling ] 7 v
Hysteresis on enable 100 mV
Enable pullup current EN floating 1.4 MA
Enable to start switching time VIN = 4.5V, toggle EN 0.3 ms
SWITCH NODE (SW)
SW1, SW2 discharge FET 32 Q
SW1, SW2 minimum on time 40 50 ns
SW1, SW2 minimum off time 150 200 ns
SWITCHING FREQUENCY
Fsw1 MODE?2 resistor = 10.7 k@ 450 500 550| kHz
Fsw2 MODE?2 resistor = 17.4 kQ 900 1000 1100| kHz
Fsw3 MODE?2 resistor = 28.7 kQ 1350 1500 1650| kHz
Fsw4 MODE?2 resistor = 53.6 kQ 1800 2000 2200| kHz
SYNCHRONIZATION (SYNC)
VIH(sYNC) High-level input 2 \%
ViLsync) Low-level input 0.6 \%
Input duty cycle 20% 80%
S;/;ﬁ;’zg:;:;r:;);versus internal - 20% +20%
CLOCK OUTPUT (CLKO)
VoH(cLKO) High-level output lo =20 pA 2.2 \%
VoL(cLko) Low-level output lo =20 pA 0.4 \%
Pulsewidth output 80 ns
POWER GOOD WARNING (PGOOD1, PGOOD2)
VEg1, VEg2 falling (warning) 87% 90% 93%
PGOOD thresholds Veg1, VEgo rising (good) 90% 93% 96%
Veg1, Vege falling (good) 104% 107% 110%
PGOOD Veg1, VEgg rising (warning) 107% 110% 113%
PGOOD leakage current Vpgoop = 5.5V 1 MA
PGOOD output low voltage BP5 =5V, Ipgoop = 6 mA 0.4 \%
Minimum VIN for asserted output Vpcoop < 0.4V, lpgoop = 1 mA 1.5 \
OUTPUT UNDERVOLTAGE AND OVERVOLTAGE FAULT PROTECTION
QV fault threshold Veg1, VEge rising (fault) 120%
UV fault threshold Veg1, Vege falling (fault) 80%
(1)  See the Minimum Input Voltage section for the recommended minimum input voltage at higher output voltages.
(2) See Safe Operating Area plots in the Typical Characterics sections of the datasheet.
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6.6 Typical Characteristics (VIN =12 V)

Ta = 25°C, unless otherwise noted.

100

Output Current per channel (A)
Fsw=1.5 MHz Dual 1.8-V outputs IOUT1 = I0UT2

K] 6-5. Safe Operating Area (VOUT = 1.8 V)

3
Vour, Fsw
95 5.0V, 2MHz
3.3V, 2MHz
25 3.3V, 1.5MHz
90 — — 1.8V, 1.5MHz Y
. — — 1.8V, IMHz
85 s 1.2V, IMHz )4
= = 2[=——10v,1MHz 7 /'/'
& 80 9 <
g g 4.7
c 75 ‘w15 s
8 ]
) } a
£ 70 =
“ 3 g
65 /// 5.0V, 2MHz S
N 3.3V, 2MHz
60 //' 3.3V, 1.5MHz — —= ?
//. —— — 1.8V, 1.5MHz 05— —— ==
[ — — 1.8V, 1MHz R
55 ! 1.2V, 1MHz
: —---— 1.0V, 1MHz
50 LA 0
0 1 2 3 4 6 0 1 2 3 4 6
Output Current per channel (A) Output Current per channel (A)
Kl 6-1. Efficiency vs Output Current & 6-2. Power Dissipation vs Output Current
61 115
6 Fs‘g,OOKH
ra
TMHz 105
2% 1.5MHz
< 2MHz ~ 95
3 5.8 o
c o
% 5.7 % 85
5 58 §
255 £
§ 54 2 65
5 €
3 53 g 55
3 £
5 5.2 < 45 Airflow
[¢] 400LFM
51 35 200LFM
100LFM
5 Nat conv
4.9 25
o5 1 15 2 25 3 35 4 45 5 55 0 1 2 3 4 5 6
Output Voltage (V) Output Current per channel (A)
Refer to % 7-1 Fsw =1.0 MHz Dual 1.2-V outputs  IOUT1 = 10UT2
& 6-3. Maximum Output Current &l 6-4. Safe Operating Area (VOUT =1.2V)
115 15
105 105
c G %
® 85 L 85
=] =]
© ®
s 75 s 75
Qo Qo
5 5
8 65 S 65
|5 H
3 55 3 55
£ [
< 45 Airflow < 45 Airflow
400LFM 400LFM
200LFM 200LFM
35 100LFM 35 100LFM
Nat conv Nat conv
25 25
0 1 2 3 4 5 6 0 1 2 3 4 5 6

Fsw =2.0 MHz Dual 3.3-V outputs ~ IOUT1 = I0OUT2

Output Current per channel (A)

6-6. Safe Operating Area (VOUT = 3.3 V)
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Ambient Temperature (°C)

Fsw=2.0

115

105

95

85

75

65

55

45

35

25

Airflow

400LFM
200LFM
100LFM
Nat conv

0

MHz

1 2 3 4 5 6
Output Current per channel (A)

Dual 5-V outputs IOUT1 = I0UT2

K 6-7. Safe Operating Area (VOUT =5V)
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6.7 Typical Characteristics (VIN = 5 V)

Ta = 25°C unless otherwise noted.

100

Output Current per channel (A)
Fsw=1.5 MHz Dual 1.2-V outputs IOUT1 = I0UT2

& 6-12. Safe Operating Area (VOUT =1.2 V)

2.1
Vour, Fsw
95 3.3V, 1.5MHz
1.8V, 1.5MHz
18 1.8V, IMHz /
%0 — — 1.2V, 1.5MHz ya
_ — — 12V, 1MHz 7.7
85 S 15 1.0V, 1.5MHz &
< —-s-— 1.0V, IMHz L
£ w0 5 —---— 0.8V, 1MHz /
< =12 .7
Q o :1’
57 2
2 B 09
£ 70 =
w [
2
65 & 06
60
03
55 ===
50 0
0 1 2 3 4 6 0 1 2 3 4 6
Output Current per channel (A) Output Current per channel (A)
Kl 6-8. Efficiency vs Output Current & 6-9. Power Dissipation vs Output Current
6.1 115
6
5.9 105
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7 Detailed Description
7.1 Overview

The TPSM5D1806 device is a dual output, step-down DC-DC power module with 4.5-V to 15-V input voltage
range. Each device has two output channels and is capable of delivering up to 6-A of load current per channel.
The device features exceptional efficiency and thermal performance in a very small solution size. The device is
configurable as two independent 6-A outputs or a single 2-phase output to deliver up to 12 A. The TPSM5D1806
uses a fixed frequency, proprietary advanced current mode control architecture. The device operates in forced-
PWM (FPWM) operation to maintain constant switching frequency over the load range. The device is internally
compensated, which reduces design time and requires fewer external components. The switching frequency and
the phase operation are configured using pin strapping. The MODE1 pin sets the phase operation. & 7-4 shows
the resistor values that are required to set the phase operation and the correct phase offset. The switching
frequency can be selected from pre-set values of 500 kHz, 1.0 MHz, 1.5 MHz, and 2.0 MHz through pin-
strapping on MODE2 pin. The TPSM5D1806 is also capable of synchronization to an external clock. The four
switching frequency options allows the device to meet a wide range of design requirements. The module also
features a power-good (PGOOD) flag for each channel, precision enable for each channel, internal or adjustable
soft-start rate, and start-up into pre-bias voltage. The device has a pinout designed for simple, optimum PCB
layout, low EMI, and excellent thermal performance.

7.2 Functional Block Diagram
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7.3 Feature Description
7.3.1 Adjustable Output Voltage

When operating the TPSM5D1806 as a dual output device, the two output voltages (VOUT1 and VOUT2) are set
using resistor dividers between the output voltages and AGND with the mid-point of the resistor divider
connecting to the corresponding feedback pin (FB1 and FB2). See ¥ 7-4.

Select a bottom feedback resistor of 10 kQ2 and calculate the value for the top feedback resistor (RrgT) Using the
following equation. It is recommended to use divider resistors with 1% tolerance or better, and with temperature
coefficient of 100 ppm or lower.

Resr = 20 x (Vour - 0.5) (kQ) "
When connecting the two outputs of the TPSM5D1806 for current sharing, the output voltage is set using only a
single feedback divider connected to FB1. The FB pin of the second channel, FB2, must be left floating as

shown in & 7-2. Use Jj#£:X 1 to calculate the RggrT.

VOUT1
VOUT1 VOUT1 —>
RFBT1
FB1[ FB1[
10kQ
vouT2
vout2[ vour2[ ———
F‘FBTZ
FB2/Vshare FB2/Vshare|:E
AGND AGND
5 10kQ N
A 7-1. Single Device, Dual Output & 7-2. Single Device, Current Sharing

7.3.2 Frequency Selection

The TPSM5D1806 can be set to one of four switching frequencies; 500 kHz, 1.0 MHz, 1.5 MHz, or 2.0 MHz. The
switching frequency is set using the MODE2 pin on the device. When setting the switching frequency, both
channels of the device are set to the same frequency. Not all input voltage and output voltage combinations can
operate at all switching frequencies; check % 7-1 for allowable switching frequencies. Select the appropriate
resistor from & 7-5 to set the switching frequency.

7.3.2.1 Synchronization

The TPSM5D1806 can also be synchronized to an external clock that is within £20% of the switching frequency
set by the MODE2 pin. The external clock signal can be applied to the SYNC pin before or after powering up.
When the device is synchronized to an external clock signal, if the clock signal is removed, the device transitions
to an intermediate frequency which is 75% of the programmed frequency for approximately eight clock cycles.
After eight clock cycles, the device transitions to the switching frequency set by the MODEZ2 pin.

7.3.2.2 Allowable Switching Frequency

The TPSM5D1806 can be operated over a wide input voltage range, with a wide output voltage setting range
and at four selectable switching frequencies. However, not all input voltage, output voltage and switching
frequency combinations can be achieved due to timing and current limitations.

When setting the switching frequency, both channels of the device are set to the same frequency. When
operating in dual output configuration, make sure that both channels can be operated at the desired switching

frequency by referencing & 7-1.
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% 7-1. Allowable Switching Frequency

a q VNn=5V V|N=12V
Output Current ot
Frequency Vout Range Vout Range
per Channel (kHz)

Min Max Min Max
500 - - 0.5 0.8
1000 0.5 0.8 0.7 1.6

6 A
1500 0.5 1.3 1.0 24
2000 0.6 1.8 1.4 3.2
500 0.5 0.8 0.5 0.9
1000 0.5 1.8 0.7 2.0
5A
1500 0.5 3.3 1.0 3.6
2000 0.6 2.8 1.4 5.5
500 0.5 0.9 0.5 0.9
1000 0.5 3.9 0.7 2.0
<4A

1500 0.5 3.5 1.0 3.6
2000 0.6 2.8 1.4 5.5

7.3.3 Minimum and Maximum Input Voltage

The minimum input voltage of the TPSM5D1806 is 4.5 V, however, the minimum recommended input voltage
increases at higher output voltages. Refer to % 7-2 to determine the minimum recommended input voltage for
each switching frequency. Also reference ¥ 7-1 to ensure that the output voltage can be operated at the
selected switching frequency. It is recommended to control the turn ON and turn OFF of the device at an input
voltage greater than the minimum using a resistor divider on the EN1 (EN2) pin, between VIN and AGND (see 7
7.3.10).

% 7-2. Minimum Input Voltage

Switching Frequency (kHz) Minimum Input Voltage
500 45V
1000 4.5V or VOUTx1.3 (whichever is greater)
1500 4.5V or VOUTx1.6 (whichever is greater)
2000 4.5V or VOUTx1.75 (whichever is greater)

Additionally, the maximum input voltage of the TPSM5D1806 is 15 V, however, the maximum recommended
input voltage decreases at lower output voltages and higher switching frequencies. See 7-3 for maximum
recommended input voltage for each of the allowable switching frequencies across the output voltage range.
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Input Voltage (V)
=

Fsw

500 kHz
1.0 MHz
5 1.5 MHz
2.0 MHz

05 07 09 11 1.3 15 17 19 21 23 25
Output Voltage (V)

& 7-3. Maximum Input Voltage

7.3.4 Recommended Settings

& 7-3 lists the recommended operating settings for several common output voltages. The table takes into
account the minimum and maximum input voltage limits along with timing and current limitations. The table also
lists the minimum required effective output capacitance for each output voltage. Also included in this table is the
minimum required input voltage and required enable divider resistors to ensure safe turn ON at the minimum
input voltage.

Refer to 3 7-1 for the allowable switching frequency. The recommended switching frequency typically results in
the highest efficiency. When operating at a switching frequency other than the recommended, consult 5 7.3.3
for the minimum and maximum allowable input voltage.

When setting the switching frequency, both channels of the device are set to the same frequency. When
operating in dual output configuration, make sure that both channels can be operated at the desired switching
frequency by referencing .

% 7-3. Recommended Settings

lop .. Minimum el
Output Feed.back Fsw MOPEZ Minimum Input Ene.lble
Voltage Resistor Resistor Cout @ Resistor
(V) Regr () (kHz) (kQ) (WF) Vo(l:la)ge Reng ©)
(kQ) (kQ)
0.5 open 500 10.7 400 4.5 -@
0.8 6.04 500 10.7 280 4.5 -
0.9 8.06 1000 17.4 265 4.5 -
1.0 10.0 1000 17.4 250 4.5 -
1.1 121 1000 17.4 235 4.5 -
1.2 14.0 1000 17.4 220 4.5 -
1.5 20.0 1000 17.4 180 4.5 -
1.8 26.1 1000 17.4 140 4.5 -
2.5 40.2 1500 28.7 100 4.5 -
3.0 49.9 1500 28.7 85 4.8 294
3.3 56.2 1500 28.7 75 5.3 26.1
4.0 69.8 2000 53.6 65 7.1 18.2
4.5 80.6 2000 53.6 60 7.9 16.2
5.0 90.9 2000 53.6 50 8.8 14.3
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# 7-3. Recommended Settings (continued)

Top Minimum Bottom
Output Feedback F MODE2 Minimum Inout Enable
Voltage Resistor S Resistor Coutr @ pu Resistor
(V) Rear (! (kHz) (kQ) (MF) VoI:Iage Reng @
(k@) i (k@)
5.5 100 2000 53.6 45 9.6 13.0

(1) Rrse=10kQ

(2) Minimum Cqyr listed is the effective value, taking into account the effects of DC bias and
temperature variation.

(3) RENT =100 k@

(4) "-"not required
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7.3.5 Device Mode Configuration

The TPSM5D1806 provides a wide range of configurations through pin strapping of two pins: MODE1 and
MODE2. These pins are used to configure the device outputs, set the phase offset, and set the switching
frequency. The operating mode of the device can be either two independent 6-A outputs or both outputs

connected together in parallel for increased current up to 12 A. In either application, a 10-k Q resistor is required
from MODE1 to MODE2.

7.3.5.1 MODE1 (Operating Mode and Phase Position)
Place a 10-k Q resistor from MODE1 to MODEZ2.

Place a resistor from MODE1 to AGND to set the device in the desired operating mode. The MODE1 resistor
also selects the phase position for each channel. See % 7-4 for MODE1 resistor values and the corresponding
settings.

# 7-4. Operating Mode and Phase Position Settings

Channel 1 Channel 2 Mode1
Operating Mode Phase Position | Phase Position Resistor Comments
) ) (ko)
Sets phase position for both
0 180 154 channels to 0° and 180°.
Dual outputs Sets phase position for both
90" 270 24.9 channels to 90° and 270° from SYNC
signal.
Paralleled outputs 0 180 107 Sets phase positions for both
(2 phase) ’ channels of the device.

(1)  Requires synchronization to an external clock signal.
7.3.5.2 MODEZ2 (Setting the Switching Frequency)

Place a resistor from MODE2 to AGND to set the switching frequency of the device. See & 7-5 for MODE2
resistor values and the corresponding settings. For dual output applications, check % 7-1 to make sure both
outputs can operate at the selected switching frequency.

If synchronizing to an external clock, the TPSM5D1806 can only be synchronized to a frequency that is within
120% of the switching frequency set by the MODEZ2 pin.

% 7-5. Switching Frequency Settings

Switching Frequency MODEZ2 Resistor
(kHz) (kQ)
500 10.7
1000 17.4
1500 28.7
2000 53.6
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7.3.6 Input Capacitors

The TPSM5D1806 requires a minimum input capacitance of 88 nF (4 x 22 uF or 2 x 47 uF) of ceramic type.
High-quality, ceramic-type X5R or X7R capacitors with sufficient voltage rating are required. Place input
capacitors, as close as possible to both VIN sides of the device, between VIN and PGND as shown in 7-4.

Applications with transient load requirements can benefit from adding additional bulk capacitance to the input as
well.

JviN VIN[
(4,5,6) (33,34,35)
47yF 47uF
1PGND PGND[
— | (7,8,9) (27,28,29) | =

Kl 7-4. Input Capacitors Pin Connections

7.3.7 Minimum Required Output Capacitance

The TPSM5D1806 requires a minimum amount of ceramic output capacitance (per phase) depending on the
output voltage setting. The amount of required output capacitance is shown in ¥ 7-5 and is the amount of
effective capacitance. The effects of DC bias and temperature variation must be considered when using ceramic
capacitance. For ceramic capacitors, the package size, voltage rating, and dielectric material contributes to
differences between the standard rated value and the actual effective value of the capacitance. When adding
additional capacitance above the minimum, the capacitance can be ceramic type, low-ESR polymer type, or a
combination of the two.

400
375
350
325
300
275
250
225
200
175
150
125
100

75

50

25

0
0.5 1 1.5 2 25 3 35 4 4.5 5 5.5
Output Voltage (V)

Minimum Effective Coyt (UF)

& 7-5. Minimum Required Output Capacitance (per Phase)
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7.3.8 Ambient Temperature Versus Total Power Dissipation

When operating the TPSM5D1806 in dual channel configuration with different output voltages, the maximum
operating ambient temperature can be determined using the total power dissipation of both channels. Refer to
the Power Dissipation curves, 6-2 and Power Dissipation vs Output Current, to determine the power
dissipation for each output. Sum the power dissipation of both outputs to calculate the total power dissipation.
Refer to 7-6 to determine the maximum allowable operating ambient temperature for a given total power
dissipation. Increasing the airflow allows operation at a higher ambient temperature.

115
105
~ 95
%)
<
o 85
=]
2
©
& 75
o
&
2 65
-
S
2 55
£
45 Airflow
400LFM
200LFM
3% 100LFM
Nat Conv
25

0 0.5 1 1.5 2 25 3 35 4 4.5 5 5.5
Total Power Dissipation (W)

K 7-6. Ambient Temperature Versus Total Power Dissipation

7.3.9 Remote Sense

The TPSM5D1806 supports differential remote sense for accurate output regulation when operated in multi-
phase configuration. In multi-phase configuration, FB1 and RS- pins are used for remote sensing. The FB1 pin
must be connected to the mid-point of the resistor divider. Additionally, the RS- pin must be connected to the
negative sensing point. The FB1 and RS- pins are extremely high-impedance input terminals of the true
differential remote sense amplifier. The feedback resistor divider must use resistor values much less than 100
kQ to reduce susceptibility to noise. A simple rule of thumb is to use a 10-kQ lower divider resistor and then
size the upper resistor to achieve the desired ratio.

When configured as a dual-output device, connect the RS- pin to AGND.
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7.3.10 Enable (EN) and Under Voltage Lockout (UVLO)

The precision enable feature of the TPSM6D 1806 allows the voltage on the EN pin (Vgy) to control the ON/OFF
functionality of the device. The EN pin has an internal pullup. Floating the EN pin allows the device to start up
when a valid input voltage is applied. The TPSM5D1806 switching action and output regulation are enabled
when Vgy is greater than 1.2 V (typical). While the device is switching, if the EN voltage falls below 1.1 V
(typical), the device stops switching.

It is recommended to control the turn ON and turn OFF of the device at a voltage greater than the minimum input
voltage as shown in & 7-2. An external UVLO control can be added using a resistor divider on the EN1 (EN2)
pin, between VIN and AGND (see K 7-7). Select a top enable resistor of 100 kQ and calculate the value for the
bottom enable resistor (Rgng) using /7 #£x{ 2. It is recommended to use divider resistors with 1% tolerance or
better, and with temperature coefficient of 100 ppm or lower.

Rens= 110 + ( Vin - 1.1) (kQ) 2

VIN

100kQ

EN1 (EN2)

Rens
AGND

7

& 7-7. Adjustable UVLO Control

7.3.11 Soft Start

The TPSM5D1806 soft start feature limits the inrush current from the input supply when the device is powered
up. For dual output configuration, the soft start time is internally programmed to 1 ms. The soft start pin must be
left floating in dual output configuration.

The external soft start is enabled when the device is configured in parallel output operation. In parallel output
applications, if the SS pin is left open, the default soft start time is also 1 ms. Applications that deliver high load
current can have a large amount of capacitance at the output and can require longer soft start time. The soft
start time for such applications can be extended by connecting an external capacitor, Cgg from the soft-start pin
to AGND. With external Cgg, the soft-start time is the longer of 1 ms or the programmed external soft start time.
An internal current source (Iss =2 1 A) charges Csg and generates a ramp from 0 V to Vg (0.5 V) to control the
ramp-up rate of the output voltage. The external soft-start time can be selected from 3 7-6 or calculated using

JitEa 3.

0.5 x Cgg
tSS = - -
2 pA 3)
& 7-6. Css Values and Soft-Start Times
Css (nF) Open 6.2 8.2 10 12 20
tss (ms) 1 1.5 2 25 3 5
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The soft-start capacitor is discharged when VOUT is shut down by either fault protection or when Vgy is below
the enable threshold.
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7.3.12 Power Good

The Power Good pins (PGOOD1, PGOOD2) are open-drain outputs which require a pullup resistor of 1 kQ to
100 kQ to a voltage source of 5.5 V or less to indicate the output voltage is within the PGOOD range. The BP5
output can be used as the pullup voltage source. The PGOOD detection is activated after soft start is completed.
When the output voltage is within a range of £+10% of the target, the PGOOD goes high after a 50-ps internal
delay. During operation, if the output voltage falls outside of +10% of target voltage, the PGOOD is pulled low
after 10-ys delay. PGOOD feature is active while the voltage at VIN pin is either equal to or greater than 1.5 V.

7.3.13 Safe Start-up into Pre-Biased Outputs
The device has been designed to prevent the low-side MOSFET from discharging a pre-biased output.
7.3.14 BP5

The BP5 pin is the output of an internal 5-V regulator. Bypass this pin with a minimum of 1.5 nF of effective
capacitance to AGND. Place the capacitor as close as possible to the BP5 pin. This pin can be used as a pullup
voltage for Power Good signals.

7.3.15 Overcurrent Protection

For protection against load faults, the TPSM5D1806 implements a cycle-by-cycle peak current protection. When
the inductor current hits the peak current limit theshold, the high-side FET turns off and the low-side FET turns
on. The device monitors the valley current threshold during the high-side FET off-time. If the inductor current
clears the valley current threshold, the high-side FET will turn on at the next clock edge. However, if the inductor
current remains higher than valley current threshold, the next high-side FET cycle is skipped, the low-side FET
remains on, and an internal counter is incremented. This counter increments every clock edge as long as the
inductor current remains higher than valley current threshold. If the current falls below the valley current
threshold at the next clock edge, the counter is reset. If the counter increments 16 consecutive clock cycles, a
current limit fault is identified and the device enters hiccup mode to reduce power dissipation. In hiccup mode,
the module continues in a cycle of successive shutdown and power up until the load fault is removed. During this
period, the average current flowing into the fault is significantly reduced, which reduces power dissipation. Once
the fault is removed, the module automatically recovers and returns to normal operation.

7.3.16 Thermal Shutdown

The internal thermal shutdown circuitry forces the device to stop switching if the junction temperature exceeds
165°C typically. The device reinitiates the power up sequence when the junction temperature drops below 145°C
typically.

7.4 Device Functional Modes

7.4.1 Active Mode

The TPSM5D1806 is in active mode when VIN is above the turn-ON threshold and the EN pin voltage is above
the EN high threshold. Floating the EN pin allows the device to start-up when a valid input voltage is applied.

This allows self start-up of the TPSM5D1806 when the input voltage is in the operation range of 4.5V to 15 V.
Connecting a resistor divider between VIN, EN, and AGND increases the UVLO threshold.

7.4.2 Shutdown Mode

The EN pin provides electrical ON and OFF control for the TPSM5D1806. When the EN pin voltage is below the
EN low threshold, the device is in shutdown mode. In shutdown mode, the standby current is 250 u A typical.
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8 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. Tl’ s customers are responsible for determining
suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

8.1 Application Information

The TPSM5D1806 is a dual 6-A output, step-down, DC/DC power module. It is used to convert a higher DC
voltage to two separate 6-A power rails or one combined 12-A power rail. The following design procedure can be
used to select components for the TPSM5D1806. Alternately, the WEBENCH® software can be used to generate
complete designs. When generating a design, the WEBENCH® software uses an iterative design procedure and
accesses comprehensive databases of components. See www.ti.com for more details.

8.2 Typical Application (Dual Outputs)
¥l 8-1 shows a typical TPSM5D1806 schematic for a dual-output design.

VIN PGOOD1| |

PGND

BP5

RS-[ |
EN1
PGOOD2/CLKO [
EN2/Ishare VOUT2 18V
L1
AGND MODE1 = =
2 x 100 yF

A 8-1. TPSM5D1806 Dual Output Typical Schematic

8.2.1 Design Requirements

For this design example, use the parameters listed in ¥ 8-1 as the input parameters and follow the design
procedures in 77 8.2.2.

% 8-1. Design Example Parameters

Design Parameter Value
Input voltage V |y 12 V typical
Output voltage Voyt1 1.0V
Output voltage Vouto 1.8V
Switching frequency 1.5 MHz
Output current rating Up to 6 A/ output
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8.2.2 Detailed Design Procedure
8.2.2.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the TPSM5D 1806 device with the WEBENCH® Power Designer.

1. Start by entering the input voltage (Vy), output voltage (Vout), and output current (Ioyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.

In most cases, these actions are available:

* Run electrical simulations to see important waveforms and circuit performance
* Run thermal simulations to understand board thermal performance

* Export customized schematic and layout into popular CAD formats

* Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/WWEBENCH.
8.2.2.2 Output Voltage Setpoint

The output voltage of the TPSM5D1806 device is externally adjustable using a resistor divider. The
recommended value of Rggg is 10 k Q. The value for Rggt can be calculated using /7 f23X 4:

RFBT =20 x (VOUT -0.5 ) (kQ) (@)

For the desired output voltage of 1.0 V, the formula yields a value of 10 kQ . Choose the closest available value
of 10.0 kQ for RFBT-

For the desired output voltage of 1.8 V, the formula yields a value of 26 kQ. Choose the closest available value
of 26.1 kQ for RegT-

8.2.2.3 Input Capacitors

The TPSM5D1806 requires a minimum input capacitance of 88 n F of ceramic type. High-quality ceramic type
X5R or X7R capacitors with sufficient voltage rating are recommended. An additional 100 pyF of non-ceramic
capacitance is recommended for applications with transient load requirements. The voltage rating of the input
capacitors must be greater than the maximum input voltage.

For this design example, two 47-uF, 25-V, ceramic capacitors are used.
8.2.2.4 Output Capacitor Selection

The TPSM5D1806 requires a minimum amount of output capacitance for proper operation. The minimum
amount of required output varies depending on the output voltage. See 7-5 for the required output
capacitance.

For this design example, three 100-uF, 6.3-V, ceramic capacitors are selected for the 1.0-V output. For the 1.8-V
output, two 100-pF, 6.3-V ceramic capacitors are selected. Additional output capacitance can be needed to meet
transient requirements.
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8.2.3 Typical Application (Paralleled Outputs)

The dual outputs of the TPSM5D1806 can be combined to create a higher current (up to 12 A), single output.
8-2 shows a typical TPSM5D1806 schematic for a paralleled output design.

VIN PGOOD1| |
VOUT1[ |

PGND

FB1[ |

BP5

EN1 RS-

EN2/Ishare PGOOD2/CLKO ||

vouT2[ ]
SYNC

FB2/Vshare| |
Ss
AGND MODE1 MODE2
] ] ] - L= =
i 3 x 100pF

10.7kQ S 10KQ =47 4kq

& 8-2. TPSM5D1806 Parallel Outputs Typical Schematic

8.2.3.1 Design Requirements

For this design example, use the parameters listed in ¥ 8-2 as the input parameters and follow the design
procedures in 77 8.2.3.2.

& 8-2. Design Example Parameters

Design Paramter Value
Input voltage V| 12 V typical
Output voltage 09V
Switching frequency 1.0 MHz
Output current rating Upto12 A
Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 25

Product Folder Links: TPSM5D 1806


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/tpsm5d1806?qgpn=tpsm5d1806
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSMP8B&partnum=TPSM5D1806
https://www.ti.com.cn/product/cn/tpsm5d1806?qgpn=tpsm5d1806

13 TEXAS
TPSM5D1806 INSTRUMENTS
ZHCSMP8B - NOVEMBER 2020 - REVISED MARCH 2021 www.ti.com.cn

8.2.3.2 Detailed Design Procedure
8.2.3.2.1 Output Voltage Setpoint

The output voltage of the TPSM5D1806 device is externally adjustable using a resistor divider. The
recommended value of Rggg is 10 k Q. The value for Rggt can be calculated using 75 f£x 5:

Reer = 20 x ( Vour - 0.5) (kQ) (5)

For the desired output voltage of 0.9 V, the formula yields a value of 8 k Q. Choose the closest available value of
8.06 kQ for Regt or place two resistors in series to come closer to the exact value.

8.2.3.2.2 Input Capacitors

The TPSM5D1806 requires a minimum input capacitance of 88 1 F of ceramic type. High-quality ceramic type
X5R or X7R capacitors with sufficient voltage rating are recommended. An additional 100 yF of non-ceramic
capacitance is recommended for applications with transient load requirements. The voltage rating of the input
capacitors must be greater than the maximum input voltage.

For this design example, two 47-uF, 25-V ceramic capacitors are used.
8.2.3.2.3 Output Capacitor Selection

The TPSM5D1806 requires a minimum amount of output capacitance for proper operation. The minimum
amount of required output varies depending on the output voltage. See K| 7-5 for the required output
capacitance.

For this design example, six 100-pF, 6.3-V, ceramic capacitors are selected for the 0.9-V output. Additional
output capacitance can be needed to meet transient requirements.

9 Power Supply Recommendations

The TPSM5D1806 is designed to operate from an input voltage supply range between 4.5V and 15 V. This input
supply must be well-regulated and able to withstand maximum input current and maintain a stable voltage. The
resistance of the input supply rail must be low enough that an input current transient does not cause a high
enough drop at the TPSM5D1806 supply voltage that can cause a false UVLO fault triggering and system reset.

If the input supply is located more than a few centimeters from the TPSM5D 1806, additional bulk capacitance
can be required in addition to the ceramic bypass capacitors. The typical amount of bulk capacitance is a 47-uF
electrolytic type capacitor.
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10 Layout

The performance of any switching power supply depends as much on the layout of the PCB as the component
selection. The following guidelines help users design a PCB with the best power conversion performance,
optimal thermal performance, and minimized generation of unwanted EMI.

10.1 Layout Guidelines

To achieve optimal electrical and thermal performance, an optimized PCB layout is required. | 10-1 and & 10-2
show typical PCB layouts. The following are some considerations for an optimized layout.

* Use large copper areas for power planes (VIN, VOUT, and PGND) to minimize conduction loss and thermal
stress.

* Place ceramic input and output capacitors close to the device pins to minimize high frequency noise.
* Locate additional output capacitors between the ceramic capacitor and the load.

* Connect AGND to PGND at a single point.

* Place Reggt and Rggg as close as possible to the FB pin.

* Use multiple vias to connect the power planes to internal layers.

10.2 Layout Examples

Single Device Dual Output

PGND

can COUTL
“"\9.0\?_ . . - . =
| | II-'

= femwmmw  VOUTI
VN = ===

mEmaE \oyT2

CouT2 PGND

& 10-1. Typical Dual-Output Layout

Single Device Parallel Output

& 10-2. Typical Parallel-Output Layout
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10.2.1 Package Specifications

TPSM5D1806 Value Unit
Weight 429 mg
Flammability Meets UL 94 V-O
MTBF Calculated Reliability Per Bellcore TR-332, 50% stress, Ta = 40°C, ground benign 89.3 MHrs

10.2.2 EMI

The TPSM5D1806 is compliant with EN55011 Class-B radiated emissions. & 10-3 and &/ 10-4 show typical
examples of radiated emissions plots for the TPSM5D1806. The graphs include the plots of the antenna in the
horizontal and vertical positions.

EMI plots were measured using the standard TPSM5D1806EVM with ferrite beads (Murata, BLM18SG330SN1)
in series with the input wires.
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& 10-3. Radiated Emissions 5-V Input, 1.8-V Outputs, 6-A/Output Load
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& 10-4. Radiated Emissions 12-V Input, 5-V Output, 6-A/Output Load
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11 Device and Documentation Support
11.1 Device Support

11.1.1 Development Support

11.1.1.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the TPSM5D1806 device with the WEBENCH® Power Designer.

1. Start by entering the input voltage (Vy), output voltage (VouT), and output current (Ioyt) requirements.
2. Optimize the design for key parameters such as efficiency, footprint, and cost using the optimizer dial.
3. Compare the generated design with other possible solutions from Texas Instruments.

The WEBENCH Power Designer provides a customized schematic along with a list of materials with real-time
pricing and component availability.

In most cases, these actions are available:
* Run electrical simulations to see important waveforms and circuit performance
* Run thermal simulations to understand board thermal performance

* Export customized schematic and layout into popular CAD formats
* Print PDF reports for the design, and share the design with colleagues

Get more information about WEBENCH tools at www.ti.com/\WWEBENCH.
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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.
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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 ©)
@ ©)

TPSM5D1806RDBR Active Production BOQFN (RDB) | 51 2000 | LARGE T&R Exempt NIPDAU Level-3-260C-168 HR -40 to 125 TPSM5D1806
TPSM5D1806RDBR.A Active Production BOQFN (RDB) | 51 2000 | LARGE T&R Exempt NIPDAU Level-3-260C-168 HR -40 to 125 TPSM5D1806
TPSM5D1806RDBRG4 Active Production BOQFN (RDB) | 51 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPSM5D1806

TPSM5D1806RDBRG4.A Active Production BOQFN (RDB) | 51 2000 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPSM5D1806

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

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

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

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

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 TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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PACKAGE OUTLINE
BOQFN - 1.9 mm max height
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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
RDBOO0O51A BOQFN - 1.9 mm max height
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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
RDBOO0O51A BOQFN - 1.9 mm max height
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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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