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1. SCOPE

1.1 Scope. This drawing documents the general requirements of a high performance 4.5 V to 20 V input, 3 A output synchronous
pulse width modulator microcircuit, with an operating temperature range of -55°C to +125°C.

1.2 Vendor Item Drawing Administrative Control Number. The manufacturer’s PIN is the item of identification. The vendor item
drawing establishes an administrative control number for identifying the item on the engineering documentation:

V62/06610 - o1 X E
Drawing Device type Case outline Lead finish
number (See 1.2.1) (See 1.2.2) (See 1.2.3)

1.2.1 Device type(s).

Device type Generic Output voltage Circuit function
01 TPS54350-EP Adjustable to 0.891 V 4.5V to 20 V input, 3 A output

synchronous pulse width modulator

1.2.2 Case outline(s). The case outline(s) are as specified herein.

Outline letter Number of pins JEDEC PUB 95 Package style
X 16 MO-153 Plastic small outline with thermal pad

1.2.3 Lead finishes. The lead finishes are as specified below or other lead finishes as provided by the device manufacture:

Finish designator Material
A Hot solder dip
B Tin-lead plate
C Gold plate
D Palladium
E Gold flash palladium
A Other
1.3 Absolute maximum ratings. 1/
Input voltage range (V)):
RV 1 OSSP -0.3Vto215V
VSENSE, UVLO PINS ..oiiiiiiiiiieeiiiee et siiee e sttt e e s sntee e s snneeaeantaeeesnnseeessnneeeeansaeeennns -0.3Vto8V
SYNC, ENA pins -0.3Vto4V
12101 I o1 PO PP PR PPPPPT VI(PH) + 8V
Output voltage range (Vo):
VBIAS, LSG PINS ..eeiiieiiiiiesiiiie st e e e sitee et e st e e s sntee e s snneeeeantaeeeennseeesanneeeeansneeeann -0.3Vto 85V
SYNC, RT, COMP pins -0.3Vto4V
PWRGD pin -0.3Vto6V
PH PIN o a e e e e e -1l.5Vto22V

1/ Stresses beyond those listed under “absolute maximum rating” may cause permanent damage to the device. These are stress
ratings only, and functional operation of the device at these or any other conditions beyond those indicated under
“recommended operating conditions” is not implied. Exposure to absolute-maximum-rated conditions for extended periods may
affect device reliability.
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1.4

15.

Absolute maximum ratings - continued. 1/

Source current (Io):

[ o 7 PRSP Internally limited (A)
LSG (steady State CUMTENt) PIN .....ooooeiiiiiiiiiiee e e e ee e e e 10 mA
COMP, VBIAS PINS ..eieiiieiiieiet ettt ettt ettt ettt sin e neb e sine et e snneenene s 3 mA
Sink current (Is):
5 4 1N O o 1o PR SUPRPPRN 5 mA
LSG (steady State CUMreNt) PIN .....ccceeiiciiiiiirie et e s esiire et e e s e s e e e e e e saeveee s 100 mA
PH (steady State CUMTENT) PIN .....eeiiiiieiiiei e e e 500 mA
COMP  PINS ettt ee ettt e e oottt et e e e e e e a ettt et e e e e e e anntbeeeeaeeeeantbneeeaaeaeanne 3mA
ENA, PWRGD PINS ..outiiiiiiiiie ettt sttt sttt sttt e bt beesnneeaneesnneean 10 mA
Voltage differential (AGND to0 PGND PINS) ...ccooiuiiiiiieeeiiiiiiiiiee et eee e eineveeae e +0.3V

ContinUOUS POWET AISSIPALION .. ...ueiiiiiieiiiiiiiee e eee e et e e e e e e e e e s e nneeeeeas See power dissipation rating table
Operating virtual junction temperature range (TJ) .occoveereeeiiiiiiiieiee e e e -55°C to +150°C
Storage temperature ranNQgE (TSTE) ««veeeerrereeirtrrreriiireeerirreearteeesaireeesieeeessneeesatneeenaes -65°C to +150°C
Lead temperature 1.6 mm (1/16 inch) from case for 10 seconds ...........ccccceeeeeennnnns +260°C
Recommended operating conditions. 2/
INPUL VOIEGE FANGE (V]) <eeiiiiiiiiieiee ettt ettt e e e et e e e e e s e ennaaeeaaa e an 45Vto20V
Operating junction temperature range (TJ) .eveeeeeeiioiiiiieiee e e e e -55°C to +125°C
Power dissipation rating table. 3/
Thermal
Package impedance Ta=25°C Ta=70°C Ta =85°C
Junction-to- power rating power rating power rating
ambient
Case X with solder 4/ 42.1°C/W 2.36 W 1.31W 0.95W
Case X without solder 151.9°C/W 0.66 W 0.36 W 0.26 W

Use of this product beyond the manufacturers design rules or stated parameters is done at the user’s risk. The manufacturer
and/or distributor maintain no responsibility or liability for product used beyond the stated limits.

For more information on the case X (PWP) package, see the manufacturer’s technical brief SLMA002.

Test board conditions:

Thickness: 0.062 inch.

3inch x 3 inch.

2.0 ounce copper traces located on the top and bottom of the printed circuit board (PCB) for soldering.
Copper areas located on top and bottom of the printed circuit board (PCB) for soldering.

Power and ground planes, 1 ounce copper (0.036 mm) thick.

Thermal vias, 0.33 mm diameter, 1.5 mm pitch.

Thermal isolation of power plane.

@rpoooTy
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2. APPLICABLE DOCUMENTS
JEDEC Solid State Technology Association
JEDEC PUB 95 - Registered and Standard Outlines for Semiconductor Devices
(Applications for copies should be addressed to the Electronic Industries Alliance, 2500 Wilson Boulevard, Arlington, VA
22201-3834 or online at http://www.jedec.org)
3. REQUIREMENTS

3.1 Marking. Parts shall be permanently and legibly marked with the manufacturer’'s part number as shown in 6.3 herein and as
follows:

A. Manufacturer's name, CAGE code, or logo
B. Pin 1 identifier
C. ESDS identification (optional)

3.2 Unit container. The unit container shall be marked with the manufacturer’'s part number and with items A and C (if applicable)
above.

3.3 Electrical characteristics. The maximum and recommended operating conditions and electrical performance characteristics are
as specified in 1.3, 1.4, and table | herein.

3.4 Design, construction, and physical dimension. The design, construction, and physical dimensions are as specified herein.

3.5 Diagrams.

3.5.1 Case outline. The case outline shall be as shown in 1.2.2 and figure 1.

3.5.2 Terminal connections. The terminal connections shall be as shown in figure 2.

3.5.3 Logic diagram. The logic diagram shall be as shown in figure 3.

3.5.4 Timing waveforms. The timing waveforms shall be as shown in figure 4.

3.5.5 Test circuit. The test circuit shall be as shown in figure 5.
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TABLE I. Electrical performance characteristics. 1/ 2/

Test Symbol Conditions Temperature, Device Limits Unit
T3 type
Min Max
Supply voltage section
Quiescent current Q) Operating current, PH pin open, -55°C to +125°C 01 5 typical mA
no external low side MOSFET,
RT = Hi-Z
Shutdown, ENA =0V 1 typical
Start threshold voltage | v/ -55°C to +125°C 01 4.52 \%
Stop threshold voltage VIN -55°C to +125°C 01 3.63
Hysteresis VIN -55°C to +125°C 01 350 typical mV
Under voltage lock out (UVLO pin) section
Start threshold voltage -55°C to +125°C 01 1.28
Stop threshold voltage -55°C to +125°C 01 1.02
Hysteresis voltage -55°C to +125°C 01 100 typical mV
Bias voltage (VBIAS pin) section
Output voltage VBIAS IVBIAS = 1 MA, VIN > 12 V -55°C to +125°C 01 7.5 8.035 \%
lvBlAS = 1 mA, VIN =45V -55°C to +125°C 4.4 4.5
Reference system accuracy section
Reference voltage 25°C 01 0.888 0.896 \%
-55°C to +125°C 0.88 0.899
Oscillator (RT pin) section
Internally set PWM RT grounded -55°C to +125°C 01 183 300 kHz
switching frequency
RT open 396 600
Externally set PWM RT = 100 kQ, -55°C to +125°C 01 400 595 kHz
switching frequency (1 % resistor to AGND)
See footnotes at end of table.
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TABLE I. Electrical performance characteristics — Continued. 1/ 2/

Test Symbol Conditions Temperature, Device Limits Unit
T3 type
Min Max
Falling edge triggered bidirectional SYNC system (SYNC pin) section
SYNC out low to 10% / 90%, 25 pF to ground 3/ -55°C to +125°C 01 500 ns
high rise time
SYNC out high to 90% / 10%, 25 pF to ground 3/ -55°C to +125°C 01 10 ns
low fall time
Falling edge delay time Delay from rising edge to 3/ -55°C to +125°C 01 180¢° typical
rising edge of PH pins, see figure 4
Minimum input pulse RT=100kQ 3/ -55°C to +125°C 01 100 typical ns
width
Delay (falling edge RT=100kQ 3/ -55°C to +125°C 01 360 typical ns
SYNC to rising
edge PH)
SYNC out high level 50 kQ resistor to ground, -55°C to +125°C 01 25 \%
voltage no pull up resistor
SYNC out low level -55°C to +125°C 01 0.6 \Y,
voltage
SYNC in low level -55°C to +125°C 01 0.8 \Y,
threshold
SYNC in high level -55°C to +125°C 01 2.3 \%
threshold
SYNC in frequency 3/ Percentage of programmed -55°C to +125°C 01 -10% 10%
range frequency
225 770 kHz
Feed forward modulation (internal signal) section
Modulation gain VIN=12V +25°C 01 8 typical VIV
Modulation gain o o
variation -55°C to +125°C 01 -25% 25%
Minimum controllable 3/ -55°C to +125°C 01 180 typical ns
ON time
Maximum duty factor VIN=45V 3/ -55°C to +125°C 01 80%
See footnotes at end of table.
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TABLE I. Electrical performance characteristics — Continued. 1/ 2/

Test Symbol Conditions Temperature, Device Limits Unit
T3 type
Min Max
Error amplifier section (VSENSE and COMP pins)
Error amplifier open o o
loop voltage gain 3/ -55°C to +125°C 01 60 dB
Error amplifier unity o o
gain bandwidth 3/ -55°C to +125°C 01 1 MHz
Input bias current, o o
VSENSE pin 3/ -55°C to +125°C 01 500 nA
Output voltage slew coMP |3/ -55°C to +125°C | 01 1.5 typical Vius
rate (symmetric) = ) H
Enable (ENA pin) section
Disable low level -55°C to +125°C 01 0.5 \
input voltage
Internal slow start time fg = 250 kHz, RT = ground 3/ -55°C to +125°C 01 4.6 typical ms
(10% to 90%) —
fs =500 kHz, RT=Hi-Z 3/ 2.3 typical
Pull up current source -55°C to +125°C 01 1.8 10 pA
Pull down MOSFET (ENA) = 1 mA -55°C to +125°C 01 0.1 typical \Y;
Power good (PWRGD pin) section
Power good threshold Rising voltage -55°C to +125°C 01 97 % typical
Rising edge delay 3/ fg = 250 kHz -55°C to +125°C 01 4 typical ms
fs = 500 kHz 2 typical
Output saturation PWRGD | |gnk =1 mA, VIN> 4.5V -55°C to +125°C 01 0.05 typical \%
voltage
IsiNk =100 pA, VIN=0V 0.76 typical
Open drain leakage PWRGD | \/oltage on PWRGD = 6 V 55°C to +125°C | 01 3 LA
current
See footnotes at end of table.
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TABLE I. Electrical performance characteristics — Continued. 1/ 2/

Test Symbol Conditions Temperature, Device Limits Unit
T3 type
Min Max

Current limit section
Current limit VIN=12V +25°C 01 3 7.2 A
Current limit Hiccup fs =500 kHz, 4/ -55°C to +125°C 01 4.5 typical ms
time -
Thermal shutdown section
Thermal shutdown o o . o

trip point 4/ -55°C to +125°C 01 165 typical C
Thermal shutdown o o . o

hysteresis 4/ -55°C to +125°C 01 7 typical C
Low side MOSFET driver (LSG pin) section
Turn onrise time 3/ VIN=45YV, o o .

(10% / 90%) capacitive load = 1000 pF -55°Cto+125°C | 01 15 typical ns
Dead time 3/ VIN=12V -55°C to +125°C 01 60 typical ns
Driver ON resistance VIN = 4.5V sink/source -55°C to +125°C 01 7.5 typical Q

VIN = 12 V sink/source 5 typical
Output power MOSFETs (PH pins) section
Phase node voltage DC conditions and no load, o o .

when disabled ENA =0V -55°C to +125°C 01 0.5 typical \%
Voltage drop, low side VIN =4.5V, Idc =100 mA -55°C to +125°C 01 1.42 \%

FET and diode

VIN =12V, Idc = 100 mA 1.38
High side power 4/ 'DS(ON VIN=4.5V, BOOT-PH=4.5V, . .
MOSFET switch O cosaA 55°C to +125°C | 01 300 | mo
VIN =12V, BOOT-PH =8V, 220
lo=05A

1/ Testing and other quality control techniques are used to the extent deemed necessary to assure product performance over
the specified temperature range. Product may not necessarily be tested across the full temperature range and all parameters
may not necessarily be tested. In the absence of specific parametric testing, product performance is assured by characterization

and/or design.

2/ Unless otherwise specified, Tj = -55°C to +125°C and V| = 4.5V to 20 V.

3/ Ensured by design, not production tested.

4/ Resistance from VIN to PH pins.
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Case X
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FIGURE 1. Case outline.
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Case

X

Dimensions
Symbol Inches Millimeters

Min Max Min Max
A .047 1.20
Al .001 .005 0.05 0.15
b .007 .011 0.19 0.30
c .005 nominal 0.15 nominal
D 192 .200 4.90 5.10
e .025 nominal 0.65 nominal
E .169 177 4.30 4.50
El 244 .259 6.20 6.60
L .019 .029 0.50 0.75
n 16

NOTE:

1. Controlling dimensions are millimeter, inch dimensions are given for reference only.
2.  Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 mm

(.005 inch) per side.

3. This package is designed to be soldered to a thermal pad on the board. Refer to technical brief, power pad
thermally enhanced package, manufacturer’s literature number SLMAOQO2 for information regarding recommended
board layout. This document is available from the manufacturer.

4. Falls within JEDEC MO-153.

FIGURE 1. Case outline — Continued.
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Device type 01
Case outline X
Terminal number Terminal symbol
1 VIN
2 VIN
3 UVLO
4 PWRGD
5 RT
6 SYNC
7 ENA
8 COMP
9 VSENSE
10 AGND
11 PGND
12 VBIAS
13 LSG
14 PH
15 PH
16 BOOT

NOTE: If there is not a pin 1 indicator, turn device to enable reading the symbol from left to right.

Pin 1 is at the lower left corner of the device.

FIGURE 2. Terminal connections.
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Terminal Description
symbol P
Input supply voltage, 4.5 V to 20 V. Must bypass with a low equivalent
VIN . : . .
series resistance (ESR) 10 uF ceramic capacitor.
Undervoltage lockout pin. Connecting an external resistive voltage divider
UVLO from VIN to the pin overrides the internal default VIN start and stop
thresholds.
Power good output. Open drain output. A low on the pin indicates that the
PWRGD output is less than the desired output voltage. There is an internal rising
edge filter on the output of the PWRGD comparator.
Frequency setting input. Connect a resistor from RT to AGND to set the
RT switching frequency. Connecting the RT pin to ground or floating will set
the frequency to an internally preselected frequency.
Bidirectional synchronization I/O pin. SYNC pin is an output when the RT
pin is floating or connected low. The output is a falling edge signal out of
SYNC phase with rising edge of PH. SYNC may be used as an input to
synchronize to a system clock by connecting to failing edge signal when an
RT resistor is used. See the 180° out of phase synchronization operation
in the application information section.
ENA Enable. Below 0.5 V, the device stops switching. Float pin to enable.
COMP Error amplifier output. Connect frequency compensation network from
COMP to VSENSE pins.
VSENSE Inverting node error amplifier.
AGND Analog ground internally connected to the sensitive analog ground circuitry.
Connect to PGND and thermal pad.
PGND Power ground. Noisy internal ground return currents from the LSG driver
output return through the PGND pin. Connect to AGND and thermal pad.
Internal 8 V bias voltage. A 1 uF ceramic bypass capacitance is required
VBIAS -
on the VBIAS pin.
Low side gate driver. Gate drive for optional low side metal oxide
LSG semiconductor field effect transistor (MOSFET). Connect gate of n-channel
MOSFET for a higher efficiency synchronous buck converter configuration.
Otherwise, leave open and connect schottky diode from ground to PH pins.
PH Phase node. Connect to external inductor-capacitor (L-C) filter.
BOOT Bootstrap capacitor for high side gate driver. Connect 0.1 puF ceramic
capacitor from BOOT to PH pins.
Thermal pad PGND. and AGND pins must be connected to the exposed pad for proper
operation
FIGURE 2. Terminal connections — Continued.
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FIGURE 3. Block diagram.
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INPUT RIPPLE CANCELLATION
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INPUT RIPPLE CANELLATION-V
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— VIN = 12 V,V 51 = 1.8V,
—Vop = 3.3 V,SEE FIG 5
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FIGURE 4. Timing waveforms.
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3.3V /1.8 V power supply with sequencing

u1
TPS54350PWP

6 V-1B V

£ L

[1]
1
o1 ]
T47uF 10 uF 2|N Ay
= —[3]uwo PH
o0

VIN BOAT

(&}
10 4H

LYY YL

1 Z VOUT 3.3 VAT 3 A

1[2] 3fs]7] *

Q1

4
—=2 Y [4]pwrop R10
LSG 13 E} 47 0
—{s &t VaIAS 12— w
B[S 100 uF 7T
—&|sme PeND |—— |: =
>
7 [Ena —s cia
_E AGND[ID 1 4 3300 pF
1 uF
8|coMP  VSENSE| 9| ~
PWRPAD
k!
08 I rs R1
B2 nf = 7680, 1ka
} W AN ’s
PULL UP TO RS
J3IVOR SV 15°|°|P" 137k A }J
11 w—
R4 R2 cs
10ka 3748, 33 nf
POWER GOOD
18 V vz =
TPS54350PWP L2
10 pH
1 2 VOUT 1.8 VAT 3 A
E VIN BOAT :’YYY\

S47a

Al

—
{4 ]PwRe L5G
—
[s|rr VBIAS
R13
1D k A & |sTe PGND
= 7 [ena AGND
O o PRASE & |comp VSENSE
SYNCHRONIZANON PWRPAD
ke
c13 e
B2 nF = hn
I AW
c17
1800 pF

Q1, Q2:  Fairchild Semiconductor FDR6674A
L1, L2: Vishay IHLP-5050CE
C2,C11: Sanyo 6TPC100M

FIGURE 5. Test circuit.
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4. VERIFICATION

4.1 Product assurance requirements. The manufacturer is responsible for performing all inspection and test requirements as
indicated in their internal documentation. Such procedures should include proper handling of electrostatic sensitive devices,
classification, packaging, and labeling of moisture sensitive devices, as applicable.

5. PREPARATION FOR DELIVERY

5.1 Packaging. Preservation, packaging, labeling, and marking shall be in accordance with the manufacturer’s standard commercial
practices for electrostatic discharge sensitive devices.

6. NOTES
6.1 ESDS. Devices are electrostatic discharge sensitive and are classified as ESDS class 1 minimum.

6.2 Configuration control. The data contained herein is based on the salient characteristics of the device manufacturer’'s data book.
The device manufacturer reserves the right to make changes without notice. This drawing will be modified as changes are provided.

6.3 Suggested source(s) of supply. Identification of the suggested source(s) of supply herein is not to be construed as a guarantee
of present or continued availability as a source of supply for the item. DLA Land and Maritime maintains an online database of all
current sources of supply at http://www.landandmaritime.dla.mil/Programs/Smct/.

Vendor item drawing Device Output voltage Package 2/ Vendor part number
administrative control manufacturer
number 1/ CAGE code
Adjustable to Plastic
V62/06610-01XE 01295 HTSSOP TPS54350MPWPREP
0.891V (PWP)

1/ The vendor item drawing establishes an administrative control number for identifying the item on the
engineering documentation.
2/ The PWP package is also available taped and reeled. Add an R suffix to the device type (for example,

TPS54350PWPR ).
CAGE code Source of supply
01295 Texas Instruments, Inc.

Semiconductor Group

8505 Forest Lane

P.O. Box 660199

Dallas, TX 75243

Point of contact: U.S. Highway 75 South
P.O. Box 84, M/S 853
Sherman, TX 75090-9493
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