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TPSM8291x 3-V to 17-V, 2-A/3-A Low-Noise and Low-Ripple Buck Power Module with
Integrated Ferrite Bead Filter Compensation

1 Features

Low output noise < 20 uVrus
(100 Hz to 100 kHz)

Low output voltage ripple < 10 pVrus after ferrite

bead

High PSRR of > 65 dB (up to 100 kHz)
2.2-MHz or 1-MHz fixed frequency peak current
mode control

Synchronizable with external clock (optional)
Integrated loop compensation supports ferrite
bead for second stage L-C filter with 30-dB
attenuation (optional)

Spread spectrum modulation (optional)

3.0-V to 17-V input voltage range

0.8-V to 5.5-V output voltage range
57-mQ/20-mQ Rpson

Output voltage accuracy of +1%

Precise enable input allows

— User-defined undervoltage lockout

— Exact sequencing

Adjustable soft start

Power-good output

Output discharge (optional)

—40°C to 125°C junction temperature range
— -55°C to 125°C for -ET versions

Create a custom design using the TPSM8291x
with the WEBENCH® Power Designer

2 Applications

Telecom infrastructure

Test and measurement

Aerospace and defense (radar, avionics)
Medical
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3 Description

The TPSM8291x devices are a family of high-
efficiency, low-noise and low-ripple current mode
synchronous buck power modules. The devices are
ideal for noise sensitive applications that would
normally use an LDO for post regulation such as
high-speed ADCs, clock and jitter cleaner, serializer,
de-serializer, and radar applications.

The devices operate at a fixed switching frequency of
2.2 MHz or 1 MHz and can be synchronized to an
external clock.

To further reduce the output voltage ripple, the device
integrates loop compensation to operate with an
optional second-stage ferrite bead L-C filter. This
feature allows an output voltage ripple below 10

MVRMs-

Low-frequency noise levels, similar to a low-noise
LDO, are achieved by filtering the internal voltage
reference with an integrated capacitor on the NR/SS
pin. An external capacitor can be added to the module
for additional filtering.

The optional spread spectrum modulation scheme
spreads the DC/DC switching frequency over a wider
span, which lowers the mixing spurs.

Device Information

OUTPUT w| BODY SIZE
DEVICE NAME | -/ jorey— | PACKAGE (NOM)
TPSM82912 2A
RDU (QFN, | 4.50 mm x 5.50
TPSM82913, 3 A 28) % 1.80 mm
TPSM82913E

(1)  For all available packages, see the orderable addendum at
the end of the data sheet.
O Vout

1\/2':, VIN out é? ’
l 33V/3A
N 3x
10 uF I EN/SYNC I 22 4F 224F
- FB

b
3
3
S-CONF L 3 154k

— NR/SS PG —

s )
PGND 1487

Typical Application

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions
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Figure 5-1. 28-Pin QFN RDU Package (Top View)

Table 5-1. Pin Functions

PIN
110 DESCRIPTION
NO. NAME
18 VIN | Power supply input voltage pin
1,235,
6,7,8,9,
16,17, |PGND Power ground connection
25, 26,
28
10, 11,
12,13,
1415 VOuUT O Output connection. Connect recommended output capacitance from VOUT to PGND.
27
4 SW NC | Switch pin of the power stage. Do not connect, leave floating.
19 PG o Open-drain power-good output. This pin is pulled to GND when Vgt is below the power-good threshold. It requires a pull-up
resistor to output a logic high. It can be left open or tied to GND if not used.
20 PSNS | Power sense ground. Connect directly to the ground plane.
21 NR/SS O | A capacitor connected to this pin sets the soft-start time and low frequency noise level of the device.
22 FB | Feedback pin of the device
23 S-CONF O Smart Configuration pin. This pin configures the operation modes of the device. See Table 7-1.
Enable/Disable pin including threshold-comparator. Connect to logic low to disable the device. Pull high to enable the device.
24 EN/SYNC | This pin has an internal pull-down resistor of typically 500 kQ when the device is disabled. Apply a clock to this pin to
synchronize the device.
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6 Specifications

6.1 Absolute Maximum Ratings
over operating junction temperature range (unless otherwise noted)("

MIN MAX UNIT
VIN, EN/SYNC, PG, S-CONF -0.3 18 \%
SW (DC) ~0.3 Viy + 0.3 Y
Voltage@ SW (AC, less than 10ns)®) 25 21 V
VOUT, FB, NR/SS -0.3 6 \
PSNS -0.3 0.3 \

Sink Current PG 10 mA
T, Junction temperature, -ET versions only -55 125 °C
Tstg Storage temperature -65 125 °C
Mechanical | Mil-STD-883D, Method 20023, 1 msec, 1/2 sine, mounted 1500 G
Mechanical | 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.

(2) All voltage values are with respect to the network ground terminal

(3)  While switching

6.2 ESD Ratings

VALUE UNIT
Human body model (HBM), per ANSI/ESDA/JEDEC JS-001, +2000
all pins( -
V(Esp) Electrostatic discharge P - Vv
Charged device model (CDM), per ANSI/ESDA/JEDEC +500
JS-002, all 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 junction temperature range (unless otherwise noted)

MIN NOM MAX| UNIT
ViN Input voltage 3.0 17 \%
Vout Output voltage 0.8 5.5 \%
Cin Effective input capacitance 5 10 uF
Cout Effective output capacitance 40 47 80 uF
L¢ Effective filter inductance 0 10 50 nH
Cs Effective filter capacitance 20 40 160 uF
Cout + C; | Effective total output capacitance, including first and second L-C filter 40 200 uF
lout Output current for TPSM82913 0 3 A
lout Output current for TPSM82912 0 2 A
T, M Junction temperature —40 125 °C
T,M Junction temperature, -ET versions only 55 125 °C
(1)  Operating lifetime is derated at junction temperatures above 125°C.
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6.4 Thermal Information

TPSM8291x
THERMAL METRIC(") RDU 30-pin QFN UNIT
JEDEC 51-7 PCB TPSM8291xEVM-213
Rgya Junction-to-ambient thermal resistance 31.3 30.2 °C/W
ReJcitop) Junction-to-case (top) thermal resistance 224 n/a @ °C/W
Ress Junction-to-board thermal resistance 7.2 n/a @ °C/W
Yir Junction-to-top characterization parameter -4.9 @) -3.00) °CIW
Y Junction-to-board characterization parameter 71 9.0 °C/W

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

(2) Not applicable to an EVM

(3) This is a negative value because the case temperature is higher than the die junction temperature due to the integrated inductor
having the highest power dissipation in the module.

6.5 Electrical Characteristics

Over recommended input voltage range, T;=-40 °C to 125 °C, (T, = -55 °C to 125 °C for -ET parts). Typical values are at Vin
=12V andT,; = 25 °C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SUPPLY
I Quiescent current gN = High, no load, device switching, fsw 5 mA
=1MHz
Isp Shutdown current EN = GND 0.3 70 MA
VuvLo Under voltage lockout V) rising 2.85 2.92 3.0 \Y
Vuvio Under voltage lockout V) rising 3.04 \%
Vhys Under voltage lockout hysteresis 200 mV
- Thermal shutdown threshold T, rising 170 °C
IS0 Thermal shutdown hysteresis T, falling 20 °C
CONTROL and INTERFACE
High-level input-threshold voltage at EN/
VH_EN SYNC 0.97 1.01 1.04 \Y
Low-level input-threshold voltage at EN/
VL EN SYNC 0.87 0.9 0.93 \Y
High-level input-threshold clock signal on _
VH_SYNC EN/SYNC EN/SYNC = clock 1.1 \Y
Low-level input-threshold clock signal on _
VL syne EN/SYNC EN/SYNC = clock 0.4 \
lEN LkG Input leakage current into EN/SYNC EN/SYNC = GND or VIN 5 160 nA
Rpp Pull-down resistor on EN/SYNC EN/SYNC = Low 330 500 kQ
¢ Enable delay time Time from EN/SYNC high to device starts 1 ms
delay y switching, Rs.conF = 80.6 kQ
INRISS NR/SS source current 67.5 75 825 HA
. Rs_conr tolerance for all settings o
Rs.cone | S-CONF resistor step range accuracy according to Table 7-1 -4 +4 %
Maximum capacitance connected to S-
CS—CONF CONF pln 30 pF
Vpg Power good threshold Vgg rising, referenced to Veg nominal 93 95 98 %
Vpg Power good threshold Vgg falling, referenced to Vg nominal 88 90 93 %
VpG oL Low-level output voltage at PG pin Isink = 1 mA 0.4 \Y
Ipg,LkG Input leakage current into PG pin Vpg =5V 5 500 nA
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6.5 Electrical Characteristics (continued)
Over recommended input voltage range, T;=-40 °C to 125 °C, (T, =-55 °C to 125 °C for -ET parts). Typical values are at Vin

=12V andT; = 25 °C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
tegpy |Power good delay time Vgg falling 8 us
OUTPUT
ton Minimum on-time VINZEV, It =1A 35 70 ns
tof Minimum off-time VINZ5V, Igyt=1A 50 60 ns
Ve Feedback regulation accuracy —40°C<T; £125°C 0.792 0.8 0.808 \%
IFB,LKG Input leakage current into FB Veg=0.8V 1 70 nA

Vin=12V,1.2Vour, 1 A, Cnriss = 220
PSRR Power supply rejection ratio nF, fsw = 1 MHz, Cge = open, Coyt = 3 X 65 dB
22 pF, <100 kHz
Vin=12V, BW =100 Hz to 100 kHz, Cnr/
VNRMS Output voltage RMS noise ss =220 nF, fsyw =1 MHz, Voyr=1.2V, 274 MVRMS
Cgg =open, Coyr =3 x22 pF
Vin=5V, BW = 100 Hz to 100 kHz, Cngy
Vnrus | Output voltage RMS noise ss =220 nF, fgw=2.2 MHz, Vour=1.2V, 13.3 MVRMS
Crg=open, Coyt =3 x22 uF
Vin=12V, fsw=1MHz, Voyr=1.2V,
Vopp Output ripple voltage at fgy Coutr=3x22pF, Ls=10nH, C;=2x 22 9 MVRMS
uF
Vin=5V, fgw = 2.2 MHz, Vour = 1.2V,
Vopp Output ripple voltage at fgy Coutr=3x22uF, Ls=10nH, C;=2x 22 <3 MVRMS
uF
Rois Output discharge resistance 5%2:’;2;3’\‘6% }i)?ﬁ;j 2V, Vinz5 7 0
Rois Output discharge resistance g:éSsYe ’\éfi:(; gg?orvpolgtT =5V, Vin25V. 32 o)
fsw Switching frequency 2.2-MHz setting 1.98 2.2 242 MHz
fsw Synchronization range 2.2-MHz setting 1.9 2.2 242 MHz
fsw Switching frequency 1-MHz setting 0.9 1 1.18| MHz
fsw Synchronization range 1-MHz setting 0.86 1 12| MHz
Dsync Synchronization duty cycle 45 55 %
tsync_delay | Synchronization phase delay E)hg\s/\(i g:ll:g :é)gn; EN/SYNC rising edge 90 ns
Iswpeak | Peak switch current limit TPSM82912(") 2.9 35 4.0 A
Iswpeak | Peak switch current limit TPSM82913 3.7 4.3 5.1 A
Iswvalley | Valley switch current limit TPSM82912(") 3.4 A
Iswvalley | Valley switch current limit TPSM82913 4.2 A
Ineg, ey |Negative valley current limit -1.39 -0.96 A
Roson) High-side FET on-resistance ViNZ5V 57 95 mQ
Low-side FET on-resistance VN5V 20 39 mQ

(1)  Preview information
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6.6 Typical Characteristics
ViN=12V, Voyur = 1.2V, Tp = 25°C, BOM = Table 8-1, (unless otherwise noted)
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6.6 Typical Characteristics (continued)
ViN=12V, Vour = 1.2V, Tp = 25°C, BOM = Table 8-1, (unless otherwise noted)
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Figure 6-11. Voyt Ripple After the Second L-C Filter
Figure 6-12. Voyt Ripple FFT After the Second L-C Filter
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6.6 Typical Characteristics (continued)

ViN=12V, Vour = 1.2V, Tp = 25°C, BOM = Table 8-1, (unless otherwise noted)

Vout 1 mV/div

1 ps/div
2.2 yH, 2.2 MHz First L-C Only
Figure 6-13. Voyt Ripple After the First L-C Filter
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5Vto1.2V, 1A 2.2 yH, 2.2 MHz First L-C Only

Figure 6-14. Voyt Ripple FFT After the First L-C Filter

Vour Ripple (1Vrms)

Vout 1 mV/div

I
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Figure 6-15. Voyt Ripple after the Second L-C Filter
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Figure 6-16. Voyt Ripple FFT After the Second L-C Filter

Vout 1 mV/div

1 ps/div
2.2 yH, 2.2 MHz First L-C Only
Figure 6-17. Voyt Ripple After the First L-C Filter

5Vto1.8V, 1A
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Figure 6-18. Vout Ripple FFT After the First L-C Filter
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6.6 Typical Characteristics (continued)

ViN=12V, Vour = 1.2V, Tp = 25°C, BOM = Table 8-1, (unless otherwise noted)

Vout 1 mV/div

1 ps/div
5Vto1.8V,1A 2.2 yH, 2.2 MHz First and second L-C
Figure 6-19. Voyt Ripple After the Second L-C Filter
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5Vto1.8V,1TA 22uH,2.2MHz Firstand second L-C
Figure 6-20. Voyt Ripple FFT After the Second L-C Filter

Vout 1 mV/div

1 ps/div
5Vto3.3V,1A 2.2 pH, 2.2 MHz First L-C Only
Figure 6-21. Voyt Ripple After the First L-C Filter
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Figure 6-22. Voyt Ripple FFT After the First L-C Filter
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1 ps/div
5Vto33V,1A 2.2 yH, 2.2 MHz  First and second L-C
Figure 6-23. Voyt Ripple After the Second L-C Filter

20
Spread Spectrum Modulation
18 F

16 —— Random

Vour Ripple (uVrus)
)

8

6

4 Il

2 I

0

0x10° 2x107 4x107 6x107 8x107 1x108
Frequency (Hz)
BW =10 kHz

5Vto33V,1A 2.2 uH, 2.2 MHz First and second L-C
Figure 6-24. Vout Ripple FFT After the Second L-C Filter
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6.6 Typical Characteristics (continued)

ViN=12V, Vour = 1.2V, Tp = 25°C, BOM = Table 8-1, (unless otherwise noted)
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Figure 6-25. Spread Spectrum FFT - 50-Hz BW Figure 6-26. Spread Spectrum FFT - 10-kH BW
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Figure 6-27. Output Noise Density vs Frequency Figure 6-28. Output Noise Density vs Frequency
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Figure 6-29. Output Noise Density vs Frequency Figure 6-30. Output Noise Density vs Frequency
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6.6 Typical Characteristics (continued)

ViN=12V, Vour = 1.2V, Tp = 25°C, BOM = Table 8-1, (unless otherwise noted)

After ferrite bead filter

Figure 6-33. PSRR vs Frequency
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Figure 6-31. Output Noise Density vs Frequency Figure 6-32. Output Noise Density vs Frequency
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Figure 6-34. PSRR vs Frequency
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6.6 Typical Characteristics (continued)

ViN=12V, Vour = 1.2V, Tp = 25°C, BOM = Table 8-1, (unless otherwise noted)

0O 03 06 09 12 15 18 21 24 27 3
Output Current (A)

5 VlN t0 0.8 VOUT 1 MHz
Figure 6-39. Output Voltage Error vs Load
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Figure 6-35. PSRR vs Frequency
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Figure 6-40. Oscillator Frequency vs Temperature
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6.6 Typical Characteristics (continued)
ViN=12V, Vour = 1.2V, Tp = 25°C, BOM = Table 8-1, (unless otherwise noted)
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Figure 6-41. Oscillator Frequency vs Temperature Figure 6-42. Shutdown Current vs Temperature
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Figure 6-43. Output Discharge Resistance vs Output Voltage
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7 Detailed Description

7.1 Overview

The TPSM8291x low-noise, low-ripple synchronous buck converter module is a fixed frequency current mode
converter module. The converter module has a filtered internal reference to achieve a low-noise output similar
to low-noise LDOs. The converter module achieves lower output voltage ripple by using a switching frequency
of either 2.2 MHz or 1 MHz and an integrated 2.2-uyH inductor. The output voltage ripple can be further reduced
by adding a small second stage L-C filter to the output. This can be a ferrite bead or a small inductor, followed
by an output capacitor. Internal compensation maintains stability with an external filter inductor up to 50 nH.
To avoid voltage drops across this second stage filter, the device regulates the output voltage after the filter.
The TPSM8291x family supports an optional spread spectrum modulation. For example, when powering ADCs,
spread spectrum modulation reduces the mixing spurs. Switching frequency, spread spectrum modulation, and
output discharge are set using the S-CONF pin.

7.2 Functional Block Diagram
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7.3 Feature Description
7.3.1 Smart Config (S-CONF)

This S-CONF pin configures the device based on the resistor value. This pin is read after EN/SYNC goes high.
The device configuration cannot be changed during operation. The S-CONF value is re-read if EN is pulled
below 200 mV or if VIN falls below UVLO. Table 7-1 shows the configuration options of the following:

« Switching frequency

* Spread spectrum modulation
* Output discharge

* Synchronization

Table 7-1. S-CONF Device Configuration Modes

S-CONF FSR‘»'EESELN& sPREAD SPECTRUM | OUTEUT SYNCHRONIZATION
VIN 2.2 MHz OFF OFF No
GND 1 MHz OFF OFF No
487 KO 2.2 MHz OFF OFF 1.9 MHz to 2.42 MHz
6.04kQ 2.2MHz Triangle OFF No
75kQ 2.2 MHz Random OFF No
9.31 kQ 1 MHz OFF OFF 0.9 MHz to 1.2 MHz
11.5kQ 1 MHz Triangle OFF No
14.3 kO 1 MHz Random OFF No
Discharge On
182 kQ 2.2 MHz OFF ON No
221 KQ 1 MHz OFF ON No
27.4KQ 2.2 MHz OFF ON 1.9 MHz to 2.42 MHz
34 kQ 2.2 MHz Triangle ON No
422 K0 2.2 MHz Random ON No
52.3 kQ 1 MHz OFF ON 0.9 MHz to 1.2 MHz
64.9kQ 1 MHz Triangle ON No
80.6 kQ 1 MHz Random ON No

7.3.2 Device Enable (EN/SYNC)

The device is enabled by pulling the EN/SYNC pin high and has an accurate rising threshold voltage of typically
1.01 V. After the device is enabled, the operation mode is set by the configuration of the S-CONF pin. This
occurs during the device start-up delay time tgejay- After tyeiay €xpires, the internal soft-start circuitry ramps up the
output voltage over the soft-start time set by the Cyr/ss capacitor. The start-up delay time tye 5y varies depending
on the selected S-CONF value. the time is shortest with smaller S-CONF resistors.

The EN/SYNC pin has an active pulldown resistor Rpp. This resistor prevents an uncontrolled start-up of the
device, in case the EN/SYNC pin cannot be driven to a low level. The pulldown resistor is disconnected after
start-up. With EN set to a low level, the device enters shutdown and the pulldown resistor is activated again.

7.3.3 Device Synchronization (EN/SYNC)

The EN/SYNC pin is also used for device synchronization. After a clock signal is applied to this pin, the device
is enabled and reads the configuration of the S-CONF pin. The external clock frequency must be within the
clock synchronization frequency range set by the S-CONF pin. When the clock signal changes from a clock to a
static high, then the device switches from external clock to internal clock. To shutdown the device when using an
external clock, EN/SYNC must go low for at least 10 ps.

The clock signal can be a logic signal with a logic level as specified in the electrical table, and can be applied
directly to the EN/SYNC pin. External logic, such as an AND gate, can be used to combine separate enable and
clock inputs, as shown in Figure 7-1.
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Figure 7-1. Synchronization with Separate Enable Signal (Optional)

7.3.4 Spread Spectrum Modulation

Using the S-CONF pin enables or disables spread spectrum modulation. DC/DC converters generate an output
voltage ripple at the switching frequency. When powering ADCs or an analog front end (AFE), the switching
frequency generates high frequency mixing spurs as well as a low frequency spur in the output frequency
spectrum. Using the optional second stage L-C filter reduces the ripple of the converter and spurs by up to 30
dB.

The device has integrated two different spread spectrum modulation (SSM) schemes that are selected by
the resistor connected to the S-CONF pin according to Table 7-1. It is possible to select random or triangle
modulation to spread the switching frequency over a larger frequency range. The triangular SSM is modulated
based on the switching frequency, and results in 1.9-kHz for 1-MHz switching frequency and 4.3-kHz for
2.2-MHz switching frequency. The modulation spread is +10% of the device switching frequency. This SSM
provides high attenuation when the receiver bandwidth is less than the modulation frequency, typically the
case for systems using Fast Fourier Transforms (FFT) post processing as in high speed ADC applications.
For applications sensitive to noise at the modulation frequency, random SSM is used. Using a random spread
spectrum modulation also reduces the spurs in the output spectrum as shown in Figure 6-2. The random
SSM operates with the