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5 Pin Configuration and Functions
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Ed 5-1. 28-Pin QFN RDU Package (Top View)

# 5-1. Pin Functions

PIN
110 DESCRIPTION
NO. NAME
18 VIN | Power supply input voltage pin
1,2,3,5,
6,7,8,9,
16,17, |PGND Power ground connection
25, 26,
28
10, 11,
12,13,
1415 VOUT 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 # 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) 03 Viy + 0.3 Vv
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
Rga 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) °CI/W
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.conr | S-CONF resistor step range accuracy according to % 7-1 4 +4 Yo
Maximum capacitance connected to S-
CS-CONF CONF pm 30 pF
Vpg Power good threshold Vg rising, referenced to Vg 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 \
Ipg ke | 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
tpe,DLY Power good delay time Vgg falling 8 us
OUTPUT
ton Minimum on-time VINZ5V, lgit=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 LG Input leakage current into FB Veg=0.8V 1 70 nA

Vin=12V, 1.2 Vourt, 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, Cng/
VNRMS Output voltage RMS noise ss = 220 nF, fsyw = 2.2 MHz, Voy1=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=3x22uF, Ls=10nH, C;=2x 22 9 MVRMS
uF
Vin=5V, fsw=2.2 MHz, Vour= 1.2V,
Vopp Output ripple voltage at fgy Cout=3x22uF, Ls=10nH, C;=2x 22 <3 MVRMS
uF
Rpis Output discharge resistance \ENéz:hjfyi?ﬁDeg?g:;;tz ViVinz s 7 Q
Rpis Output discharge resistance glﬁ;i;ﬁgggﬁg@ t= S5V.ViNz5V. 32 Q
fsw Switching frequency 2.2-MHz setting 1.98 22 242 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 1.2 MHz
Dsync Synchronization duty cycle 45 55 %
tsync_delay | Synchronization phase delay f;hg\s/\? g:llr?g ;':g; EN/SYNC rising edge 90 ns
Iswpeak | Peak switch current limit TPSM82912(") 2.9 3.5 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
Inegya1ey |Negative valley current limit -1.39 -0.96 A
Roson) High-side FET on-resistance ViN25V 57 95 mQ
Low-side FET on-resistance ViN25V 20 39 mQ

(1)  Preview information
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6.6 Typical Characteristics

Vin=12V, Vour = 1.2V, Tp = 25°C, BOM = 3 8-1, (unless otherwise noted)

Vout 1 mV/div

1 ps/div

12Vto12V, 1A 2.2 yH, 1 MHz

First L-C Only
6-1. Vout Ripple After the First L-C Filter

MO

Vout 1 mV/div

1 ps/div

12Vto12V,1A 2.2 yH, 1 MHz

First and second L-C

B4 6-3. VouT Ripple After the Second L-C Filter

450
Spread Spectrum Modulation
400 — OFF
—— Random
350
@
2 300
Z
5 250
g 200
2
3 150
>
100
50
0 FTTTTT . ..m,,,.ﬂm
0x10° 2x107 4x107 6x107 8x107 1x108
Frequency (Hz)
BW =10 kHz
12Vto1.2V,1A 2.2 yH, 1 MHz First L-C Only
6-2. Voyt Ripple FFT After the First L-C Filter
20
Spread Spectrum Modulation
18 — OFF
16 —— Random

Vourt Ripple (1Vrus)
>

8
6
4
2
0

0x10° 2x107 4x107 6x107 8x107 1x108
Frequency (Hz)

BW =10 kHz

12Vto12V, 1A 2.2 yH, 1 MHz

First and second L-C

6-4. Voyt Ripple FFT After the Second L-C Filter

Vout 1 mV/div

1 ps/div

12Vto1.8V, 1A 2.2 yH, 1 MHz

First L-C Only
B4 6-5. Vourt Ripple After the First L-C Filter

650

600 Spread Spectrum Modulation
— OFF

550 — Random

500

450
400
350
300
250
200
150
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6-6. Vout Ripple FFT After the First L-C Filter
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6.6 Typical Characteristics (continued)

Vin=12V, Vour = 1.2V, To = 25°C, BOM = 3 8-1, (unless otherwise noted)

ol o

Vout 1 mV/div

1 ps/div

12Vto18V, 1A 2.2 pH, 1 MHz

First and second L-C

6-7. Vout Ripple After the Second L-C Filter

20
Spread Spectrum Modulation
18 — OFF
16 —— Random
2 14
o
3 12
2 10
=
xr g
5
L 6
4 M
2
0
0x10° 2x107 4x107 6x107 8x107 1x108
Frequency (Hz)
BW =10 kHz
12Vt0o1.8V,1A 2.2 uH, 1 MHz  First and second L-C

6-8. Vout Ripple FFT After the Second L-C Filter

Vout 1 mV/div

1 ps/div

12Vto33V,1A 22uH, 2.2 MHz

First L-C Only
6-9. Vourt Ripple After the First L-C Filter

400
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320 —— Random
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240
200
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120

80
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1 +
| | |

AT A T

o bl T P R T |

0x10° 2x107 4x107 6x107 8x107 1x108

Frequency (Hz)

BW =10 kHz

2.2 yH, 2.2 MHz

12Vto33V, 1A First L-C Only

6-10. Vout Ripple FFT After the First L-C Filter

Vout 1 mV/div

TR

1 ps/div
12Vt033V,1TA 22pH,2.2MHz Firstand second L-C

6-11. Voyrt Ripple After the Second L-C Filter

20

Spread Spectrum Modulation
18 — OFF
16 —— Random

Vourt Ripple (1Vrus)
>

0x10° 2x107 4x107 6x107 8x107 1x108
Frequency (Hz)

BW = 10 kHz

12Vto33V,1A 22uH,22MHz Firstand second L-C

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, To = 25°C, BOM = 3 8-1, (unless otherwise noted)

200
Spread Spectrum Modulation
180 — OFF
160 —— Random
2 140
= | " ] t >§ 120
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S 5 100
h € g
3 5
> l||||| S 60
40
20 I i
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. Frequency (Hz)
1 ps/div
5Vto12V,1A 22 pH, 2.2 MH First L-C Onl BW =10 kHz
01.2YV, . , 2. z irst L- n .
H v 5Vto12V,1A  22uH, 2.2 MHz First L-C Only
4] 6-13. V Ripple After the First L-C Filter
B out RIPP 6-14. Vour Ripple FFT After the First L-C Filter
20
Spread Spectrum Modulation
18 — OFF
16 —— Random
’% 14
2 Z 12
E % 10
T X g
g 5
> 3 s
4
2 ]
0
0x10° 2x107 4x107 6x107 8x107 1x108
1 us/div Frequency (Hz)
5Vto12V,1A 22uH, 22 MHz Firstand second L-C BW =10 kHz
5Vto1.2V,1A 22pH,22MHz Firstand second L-C
6-15. Voyt Ripple after the Second L-C Filter
6-16. Voyt Ripple FFT After the Second L-C Filter
200
Spread Spectrum Modulation
180 — OFF
160 —— Random
% 140
2 Ll 1 [N . 1 | 3 120
E ié 100
E Z o
o 2
> A AL L A L (LA L S 60
40 -
| AN
2 M Nl
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0x10° 2x107 4x107 6x107 8x107 1x108
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) BW =10 kHz
5Vto1.8V,1A 2.2 yH, 2.2 MHz First L-C Only )
5Vto1.8V,1A 2.2 yH, 2.2 MHz First L-C Only
g 6-17. V, Ripple After the First L-C Filter
& our KPP 6-18. Vour Ripple FFT After the First L-C Filter
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6.6 Typical Characteristics (continued)

Vin=12V, Vour = 1.2V, To = 25°C, BOM = 3 8-1, (unless otherwise noted)

20
Spread Spectrum Modulation
18 — OFF
16 —— Random
2 14
o
Z Z 12
S
€ §L 10
A 4
3 e °
> 3 6
>
4
|
2 ” I
0
0x10° 2x107 4x107 6x107 8x107 1x108
1 usldiv Frequency (Hz)
5Vto1.8V,1A  22pH,2.2MHz Firstand second L-C BW =10 kHz

5Vto1.8V,1TA 22uH,2.2MHz Firstand second L-C
6-19. Vout Ripple After the Second L-C Filter

6-20. Vour Ripple FFT After the Second L-C Filter
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180 — OFF
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140
120
100
80
60
40
20 i
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i i
0 L n oLl o
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Frequency (Hz)

1 ps/div

. BW =10 kHz
5Vto33V,1A 2.2 yH, 2.2 MHz First L-C Only

5Vto33V,1A 2.2 yH, 2.2 MHz First L-C Only
6-21. Voyt Ripple After the First L-C Filter

6-22. Vout Ripple FFT After the First L-C Filter
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Spread Spectrum Modulation
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Vourt Ripple (1Vrus)
>
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5Vt03.3V,1A 2.2pH,22MHz Firstand second L-C BW =10 kHz

5Vto33V,1A 22pH,22MHz Firstand second L-C
6-23. Vout Ripple After the Second L-C Filter

6-24. Voyt Ripple FFT After the Second L-C Filter
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6.6 Typical Characteristics (continued)

Vin=12V, Vour = 1.2V, To = 25°C, BOM = 3 8-1, (unless otherwise noted)

40 2x104
30 — Random " Spread Spectrum Modulation
20 — Off 1.8x10 _ F
10 —— Triangular 1.6x10% —_— Relmdom
0 T . —— Triangular
< 1.4x10°
%\ -10 % " -4
S 20 2 1.2x10
3 -3 ©  1x10
g 40 & axi0
< -5 r 3
-60 N > 6x10°
-70 4x10°
-80
90 210 ! | i
-100 0x10° L In —H |
0 300000 600000 900000 1200000 1500000 0x10° 1x108 2x108 3x108 4x10° 5x10°
Frequency (in Hz) Frequency(Hz)
6Vto1.2V,1A 2.2 yH, 1 MHz BW =50 Hz 12Vto1.2V,2A 2.2 yH, 1 MHz BW =10 kHz
S-CONF = OFF, Triangular, Random S-CONF = OFF, Triangular, Random
6-25. Spread Spectrum FFT - 50-Hz BW 6-26. Spread Spectrum FFT - 10-kH BW
10 10
5 5
2 2
—_ 1 -~ “\ —_— 1 “\\ \h
N W N f
% 0.5 =5 = % 0.5 Fr i
SR ] i AN Z 02 N
> o1 [N N > o1 o
s . — B . =
c 0.05 c 0.05 N
a \ 8
2 002 2 002
.g 0.01 -g 0.01
Z  0.005 | — Cnrss = open, 25.8 uVrwis 2 0.005| — Cnrss = open, 27.5 uVrus
—— Cnrss =220 nF, 27.4 HVRMS —— Cnrss = 220 nF, 25.7 HVRMS
0.002| ___ G\ ces = 470 nF, 27.3 pVrus 0.002) _ Cyrss =470 nF, 25.9 uVrus
0.001| — Cygrss = 2.2 pF, 25 pVrus 0.001 | — Cpgrss = 2.2 pF, 25.9 pVrus
0.0005 e e S ARl 0.0005 e S S
1x10° 1x102 1x103 1x10* 1x10° 1x10Bx10° 1x10° 1x10? 1x10° 1x10* 1x10° 1x108x108
Frequency (Hz) Frequency (Hz)
12Vto1.2V 1 MHz After ferrite bead filter 12Vto1.8V 1 MHz After ferrite bead filter
NR/SS = Open, 220 nF, 470 nF, 2.2 yF, BW = 100 Hz to 100 kHz NR/SS = Open, 220 nF, 470 nF, 2.2 yF, BW = 100 Hz to 100 kHz
6-27. Output Noise Density vs Frequency 6-28. Output Noise Density vs Frequency
10 10
5 5
'\\‘\. 2
2 \y
. 1 ‘\“‘\ ™ — 1 [y
N 7 —— N Wty
I 05 N ELN =
> S 9
= 0.2 n% = 0.2 N
> o1 > o1 ke M SH
2 005 2 0.05 =i+ ] e e
9] 8 N
o 002 o 0.02 N
7] A
.g 0.01 3 0.01
Z  0.005| — Cnrss = open, 19.6 uVrus Z 0.005| = Cnrss = open, 13.8 uVrus
— CNRSS =220 nF, 17 HVRMS 0.002 — CNRSS =220 nF, 13.3 HVRMS
0.002 — CNRSS =470 nF, 16.6 HVRMS - — CNRSS =470 nF, 13.2 HVRMS
0.001 | — Cpprss = 2.2 yF, 16.3 utVRus 0.001 | — Cygrss = 2.2 pF, 13.2 pVrus ==
0.0005 L 0.0005 :
1x10" 1x102 1x10° 1x104 1x10° 1x108x10° 1x10° 1x10? 1x10% 1x104 1x10° 1x10%8x108
Frequency (Hz) Frequency (Hz)
12Vto 3.3V 2.2 MHz After ferrite bead filter 5Vto1.2V 2.2 MHz After ferrite bead filter
NR/SS = Open, 220 nF, 470 nF, 2.2 uF, BW = 100 Hz to 100 kHz NR/SS = Open, 220 nF, 470 nF, 2.2 yF, BW = 100 Hz to 100 kHz
6-29. Output Noise Density vs Frequency 6-30. Output Noise Density vs Frequency
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6.6 Typical Characteristics (continued)

Vin=12V, Vour = 1.2V, To = 25°C, BOM = 3 8-1, (unless otherwise noted)

After ferrite bead filter
6-33. PSRR vs Frequency

10 10
5 5
2 2 |
SR AN B A,
N N ¥ S
z 0.5 == ~ z 0.5 =
> | N >
=, 0.2 B = 0.2 .E’&
> o1 e > o1
2 005 2 005
a N a8
> 0.02 \ > 002
2 001 2 001
Z  0.005| = Cnrss = open, 15.3 uWrus Z  0.005| = Cngrss = open, 19.1 uWVWgrus
— CNRSS =220 nF, 14.3 MVRMS — CNRSS =220 nF, 16.6 IJ'VRMS
0.002| ___ s = 470 nF, 14.3 uVryis 0002 Cyrss = 470 nF, 16.1 jVruis
0.001 | — Cnrss = 2.2 uF, 14.2 pVRus 0.001 | — Cyrss = 2.2 pF, 15.9 pVrus
0.0005 ‘ 0.0005 i
1x10° 1x102 1x10° 1x10% 1x10° 1x108x10° 1x10° 1x102 1x108 1x10% 1x10° 1x10%Bx108
Frequency (Hz) Frequency (Hz)
5Vto1.8V 2.2 MHz After ferrite bead filter 5Vto3.3V 2.2 MHz After ferrite bead filter
NR/SS = Open, 220 nF, 470 nF, 2.2 pF, BW = 100 Hz to 100 kHz NR/SS = Open, 220 nF, 470 nF, 2.2 uF, BW = 100 Hz to 100 kHz
6-31. Output Noise Density vs Frequency 6-32. Output Noise Density vs Frequency
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20 20
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Frequency (Hz) Frequency (Hz)
12Vto1.2V 2.2 yH, 1 MHz 1A,2A, 3A 12Vto1.8V 2.2 yH, 1 MHz 1A,2A 3A

After ferrite bead filter
6-34. PSRR vs Frequency
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6.6 Typical Characteristics (continued)

Vin=12V, Vour = 1.2V, To = 25°C, BOM = 3 8-1, (unless otherwise noted)

6-39. Output Voltage Error vs Load
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After ferrite bead 6-36. High-Side Rps(on) vs Junction Temperature
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6-35. PSRR vs Frequency
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6-40. Oscillator Frequency vs Temperature
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6.6 Typical Characteristics (continued)

Vin=12V, Vour = 1.2V, To = 25°C, BOM = 3 8-1, (unless otherwise noted)

2.425 ° — 3V
2.375 45 — 5
4 — 12V
2.325
¥ 2275 35
= -~ 3
= 2.225 ] <
g 2175 — — < 25
> 0 /
§ 2125 2
% 2075 1.5 /7
2.025 1 » //
1.975 0.5 —— =
1.925 0 ;
40 20 0 20 40 60 80 100 120 140 40 20 0 20 40 60 80 100 120 140
Temperature (°C) Temperature (°C)
12 ViN 2.2 MHz VN3V, 5V, 12V
6-41. Oscillator Frequency vs Temperature 6-42. Shutdown Current vs Temperature
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Output Voltage (V)
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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-pH 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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1 1
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Vig j =
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1.0v Thermal shutdown
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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. # 7-1 shows the configuration options of the following:

« Switching frequency

* Spread spectrum modulation
* Output discharge

* Synchronization

# 7-1. S-CONF Device Configuration Modes

S-CONF EREQUENGY sPREAD SPECTRuM | OUTBUT SYNCHRONIZATION
VIN 2.2 MHz OFF OFF No
GND 1 MHz OFF OFF No
4.87 kQ 2.2 MHz OFF OFF 1.9 MHz to 2.42 MHz
6.04kQ 2.2MHz Triangle OFF No
7.5kQ 2.2 MHz Random OFF No
9.31kQ 1 MHz OFF OFF 0.9 MHz to 1.2 MHz
11.5kQ 1 MHz Triangle OFF No
14.3 kQ 1 MHz Random OFF No
Discharge On
18.2 kQ 2.2 MHz OFF ON No
22.1kQ 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
42.2 kQ 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 tyelay €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.
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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 [X] 7-1.

EN
CLK :D—[] EN/SYNC

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 3 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 6-2. The random SSM operates with
the same frequency spread and modulation period as the triangular SSM. The randomized modulation uses a
Fibonacci Linear-Feedback Shift Register (LFSR) so that every tone is generated once during the pseudo-
random generation period. The frequency spreading is shown in [X|] 7-2.The attenuation using random or triangle
SSM is shown in [X| 6-26.

few
Unmodulated
Spectral envelope of (single tone)
triangular modulation
(+/- 10% fsw) \

\
Spectral envelope of \
random modulation \
(+/- 10%) fsw) \\

Amplitude (dB)

fMOD
Triangular
(single tone) Increased noise floor
with random modulation

7-2. Spread Spectrum Modulation

7.3.5 Output Discharge

Output discharge is enabled or disabled, depending on the S-CONF setting. With output discharge enabled, the
output voltage is pulled low by a discharge resistor Rpg of typically 7 Q. The output discharge function is
enabled during thermal shutdown, UVLO, or when EN/SYNC is pulled low.
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7.3.6 Undervoltage Lockout (UVLO)

To avoid misoperation of the device at low input voltages, the device is enabled after the input voltage is above
the undervoltage lockout threshold. The device is disabled after the input voltage falls below the undervoltage
threshold.

7.3.7 Power-Good Output

The device has a power-good output. The PG pin goes high impedance once the FB pin voltage is above 95% of
the nominal voltage, and is driven low after the voltage falls below typically 90% of the nominal voltage. % 7-2
shows the typical PG pin logic. The PG pin is an open-drain output and is specified to sink up to 10 mA. The
power-good output requires a pullup resistor connecting to any voltage rail less than 18 V. The PG signal can be
used for sequencing of multiple rails by connecting to the EN pin of other converters. If not used, the PG pin can
be left floating or connected to GND. PG has a deglitch time of typically 8 us before going low.

£ 7-2. Power Good Pin Logic

PG LOGIC STATUS
DEVICE STATE
HIGH IMPEDANCE Low
Veg 2V, y
Enabled (EN/SYNC = High) = re

Vgg < Vpg after tpg S
Shutdown (EN/SYNC = Low) v
UVvLO 0.7 V<V <Vuwo N
Thermal Shutdown T,>Tysp \

Power Supply Removal ViN<0.7V v

7.3.8 Noise Reduction and Soft-Start Capacitor (NR/SS)

A capacitor connected to this pin reduces the low frequency noise of the converter and sets the soft-start time.
The larger the capacitor, the lower the noise and the longer the start-up time of the converter. The module has
an internal 220-nF capacitor connected to the NR/SS pin. If no external capacitor is connected to the NR/SS pin,
the default start-up time is 2.35 ms, although longer start-up times and additional noise reduction can be
achieved with additional capacitance connected to the NR/SS pin. The maximum NR/SS cap is 3.3 pF for a
start-up time of 35 ms.During soft start with a light load, the device skips switching pulses as needed to not
discharge the output voltage. The device can start into a pre-biased output voltage.

The device achieves low noise by adding an R-C filter to the reference voltage, as shown in Functional Block
Diagram. During start-up, the NR/SS capacitor is charged with a constant current of 75 A (typical) to 0.8 V.
Larger NR/SS capacitors provide for lower low frequency noise, as shown in [X] 6-29.

7.3.9 Current Limit and Short-Circuit Protection

The device is protected against short circuits and overcurrent. The switch current limit prevents the device from
high inductor current and from drawing excessive current from the input voltage rail. Excessive current can occur
with a shorted, saturated inductor or a heavy load, shorted output circuit condition. If the inductor current reaches
the threshold Isypeak, the high-side MOSFET is turned off and the low-side MOSFET is turned on to ramp down
the inductor current. The high-side MOSFET is turned on again only when the low-side current is below the low-
side sourcing current limit Isyyaliey-

Due to internal propagation delay, the actual current can exceed the static current limit, especially if the input
voltage is high and very small inductances are used. The dynamic current limit is calculated as follows:

Ipeak(ryp) = ISWpeak + (Ej X1trD
L (1)

where
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Iswpeak is the static current limit, specified in Electrical Characteristics
* L is the inductance (2.2 pyH for the TPSM8291x)
» V_is the voltage across the inductor (VIN — VOUT)
* tpp is the internal propagation delay, typically 50 ns

The low-side MOSFET also contains a negative current limit to prevent excessive current from flowing back
through the inductor to the input. This can happen during light load conditions or a pre-biased output condition. If
the low-side sinking current limit is exceeded, the low-side MOSFET is turned off. In this scenario, both
MOSFETSs are off until the start of the next cycle.

7.3.10 Thermal Shutdown

The device goes into thermal shutdown after the junction temperature exceeds typically 170°C with a 20°C
hysteresis.

7.4 Device Functional Modes
7.4.1 Fixed Frequency Pulse Width Modulation

To minimize output voltage ripple, the device operates in fixed frequency PWM operation down to no load. The
switching frequency of 1 MHz or 2.2 MHz is selected using the S-CONF pin.

7.4.2 Low Duty Cycle Operation

For high input voltages or low output voltages, the 70-ns minimum on-time limits the maximum input to output
voltage difference and the switching frequency selected. When the minimum on-time is reached, the output
voltage rises above the regulation point. Refer to # 8-2 for detailed design recommendations.

7.4.3 High Duty Cycle Operation (100% Duty Cycle)

The device offers a low input-to-output voltage differential by entering 100% duty cycle mode. In this mode, the
high-side MOSFET switch is constantly turned on. The minimum input voltage to maintain output voltage
regulation, depending on the load current and the output voltage level, is calculated as:

Vin amin) = Vour min) + lour X (Rpson) + Rr) )

where

* VouTt(min) is the minimum output voltage the load can accept
* lpyr is the output current

. RDS(ON) is the RDS(ON) of the h|gh-S|de MOSFET

* R is the DC resistance of the inductor used,

76 mQ for the TPSM8291x

To maintain fixed frequency switching, the device requires a minimum off-time of 50 ns (typical), 60 ns
(maximum). If this limit is reached during a switching pulse, the device skips switching pulses to maintain output
voltage regulation. If the input voltage decreases further, the device enters 100% mode.

7.4.4 Second Stage L-C Filter Compensation (Optional)

Most low-noise and low-ripple applications use a ferrite bead and bypass capacitor before the load. Using a
second L-C filter is especially useful for low-noise and low-ripple applications with constant load current such as
ADCs, DACs, and Jitter Cleaner. The second stage L-C filter is optional, and the device can be used without this
filter. Without the filter, the device has a low output voltage noise of typically 16.6 uyVrys shown in [%| 6-29 with
an output voltage ripple of 280 uVrms shown in 6-10. The second stage L-C filter attenuates the output
voltage ripple by another approximately 30 dB shown in [X| 6-12. To improve load regulation, the device can
remote sense the output voltage after the second stage L-C filter and is internally compensated for the additional
double pole generated by the L-C filter.

To keep the second stage L-C filter as small as possible, the internal compensation is optimized for a 10-nH to
50-nH inductance. A small ferrite bead or even a PCB trace provides sufficient inductance for output voltage

ripple filtering. See 252~ 8.2.2.2.3 for details.
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8 Application and Implementation

g2
Information in the following applications sections is not part of the Tl component specification, and TI
does not warrant its accuracy or completeness. TI’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 family of devices are optimized for low noise and low output voltage ripple.

8.2 Typical Applications

Vin
VIN ouT O Vo
12v | | ¥4 12V/3A
C
Cn EN/SYNC ouT

2x10pFI 3x R C

= 22puF 3 2 x22F
S-CONF FB L 243k T 2x22m

| — NR/SS PG —

PGND
L =

Eq 8-1. Typical Schematic

# 8-1 shows the list of components for the application curves in #2272 8.2.3, unless otherwise noted.

3 8-1. List of Components

REFERENCE PART NUMBER DESCRIPTION MANUFACTURER(
Low-noise and low-ripple buck
TPSM82913 TPSM82913 Texas Instruments
module
Ceramic capacitors: 2 x 10 yF £10%
Cinv C2012X7STE106K125AC 25-V ceramic capacitor X7S 0805 TDK
Ceramic capacitors: 3 x 22 yF, 10V,
Cout C2012X7S1A226M125AC £20%, X7S. 0805 TDK
L¢ BLE18PS080SN1 Ferrite Bead MuRata
Ceramic capacitor: 2 x 22 yF, 10V,
Cs C2012X7S1A226M125AC +20%, X7S, 0805 TDK
Cnriss, Crr Optional, not shown Ceramic capacitor Standard
R1, R2 Resistor Standard

(1) See the Third-Party Products Disclaimer
8.2.1 Design Requirements

The external components have to fulfill the needs of the application, but also meet the stability criteria of the
control loop of the device. The device is optimized to work within a range of external components, and can be
optimized for the following:
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» Efficiency

* Output ripple
»  Component count
* Lowest noise

Typical applications that have input voltages of < 6 V use a 2.2-MHz switching frequency. Applications that have
input voltages > 6 V can be optimized for efficiency using a 1-MHz switching frequency. In this case, the output
voltage ripple doubles, which is typically acceptable when powering high speed ADCs. Optimization for powering
clock and PLL circuits that need a 3.3-V output use a 2.2-MHz switching frequency, minimizing output voltage
ripple and low frequency noise.

For the application cases that are not found in % 8-2, there are two methods to design the TPSM8291x circuit.
g2 8.2.2.1 uses Webench to design the circuit automatically or the calculations in =252 8.2.2.2 can be
used instead.

# 8-2. Typical Single L-C Filter Design Recommendations

DESIGN GOAL Vin Vout Fsw OUTPUT CAPACITORS °

Typical 12V <20Vv" 1 MHz 3 x 22 yF, 10 V, 0805

Higher efficiency (with <

higher ripple and noise) 12V 20V <Vour<3.3V 1 MHz 3 x 22 yF, 10 V, 0805

Low ”Fg'oeék”g'jspf’y"" and 12V 26V <Voyur<3.3V 2.2 MHz 3 x 22 uF, 10 V, 0805
Typical 12V >33V 2.2 MHz
Typical 5V <33V 2.2 MHz 3 x22pF, 10V, 0805
. 1 x 47 yF, 1210 and 2 x

Typical 5V >33V 2.2 MHz 22 uF, 10 V, 0805

(1)  The maximum input to output voltage difference is limited by the device maximum minimum on-time of 70 ns. This is especially
important for input voltages above 12 V or output voltages below 1 V. See ©7>=52-8.2.2.2.1.
(2) For output capacitor part numbers, see % 8-4.

The second stage L-C filter is optional, as the device can be used without this filter to achieve below 20-pVgrums
noise typically. A second stage filter is added to provide additional attenuation of the output voltage ripple. The
output voltage is sensed after the second L-C filter by connecting the FB resistors to the second stage L-C filter
capacitor. This action provides remote sense, minimizing output voltage drop due to the ferrite bead. Refer to &
8-3 for second stage L-C filter recommendations based on the output voltage.

# 8-3. Second Stage L-C (Ferrite Bead) Filter Design Recommendations

Vout (V) FERRITE BEAD IMPEDANCE (AT 100 MHZ)” OUTPUT CAPACITORS ()
<33V 8010200 2 x 22 pF, 10 V, 0805
>33V 8Qt0200Q 3 x 22 uF, 10 V, 0805

(1)  For output capacitor part numbers, see % 8-4.
(2) For second stage L-C filter part numbers, see 3 8-5.

8.2.2 Detailed Design Procedure

If the specific design is not found in the # 8-2 section, TI recommends WEBENCH® to generate the design.
Alternatively, the manual design procedure in External Component Selection can be followed.

8.2.2.1 Custom Design With WEBENCH® Tools
Click here to create a custom design using the TPSM8291x 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.

3. Open the advanced tab to optimize for output voltage ripple.

4. Afterin a TPSM8291x design, enable the second stage L-C filter and change other settings from the drop-
down on the left.
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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
» 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/WEBENCH.

8.2.2.2 External Component Selection

8.2.2.2.1 Switching Frequency Selection

The switching frequency can be chosen to optimize efficiency (1 MHz) or ripple, noise (2.2 MHz). Using the 2.2-
MHz setting increases the gain of the feedback loop and can result in lower output noise. However, additional
considerations for minimum on-time and duty cycle must also be considered. First, calculate the duty cycle using
3 3. Higher efficiency results in a shorter on-time, so a conservative approach is to use a higher efficiency than
expected in the application.

D= Vour
VIN X 77 (3)

where
» nis the estimated efficiency (use the value from the efficiency curves or 0.9 as an conservative assumption)

Then, calculate the on-time with both 1 MHz and 2.2 MHz using = 4. The on-time must always remain above
the minimum on-time of 70 ns. Use the maximum input voltage and maximum efficiency to determine the
minimum duty cycle, Dyin. Use the maximum switching frequency for fgyy.

Drnin

SW _ max (4)

fON _min =

then

* Ifton_min Min <70 ns with 2.2 MHz, use 1 MHz.

* If ton_min Min <70 ns with 1 MHz, reduce the maximum input voltage.

* If ton_min Min 2 70 ns for both cases, use 1 MHz for highest efficiency, or 2.2 MHz for lowest noise and ripple.

8.2.2.2.2 Output Capacitor Selection

The effective output capacitance can range from 40 pF (minimum) up to 200 yF (maximum) for a single L-C
system design. When using a second L-C filter, the first L-C filter must have output capacitance between 40 uF
and 80 pF, the second stage L-C filter (if used) must have at least 20 yF of capacitance, and the total
capacitance for both L-C filters must be less than 200 uF. Load transient testing and measuring the bode plot are
good ways to verify stability.

Tl recommends ceramic capacitors (X5R or X7R). Ceramic capacitors have a DC-Bias effect, which has a strong
influence on the final effective capacitance. Choose the right capacitor carefully in combination with considering
its package size and voltage rating. The ESR and ESL of the output capacitor are also important considerations
in selecting the output capacitors for low noise applications. Smaller package sizes typically have lower ESL and
ESR. 0805 or smaller packages are recommended, as long as they provide the required capacitance and
voltage rating for stable operation. 7% 8-4 lists recommended output capacitors.

# 8-4. Recommended Output Capacitors

CAPACITOR TYPE CAPACITOR VALUE MANUFACTURER VOLTAGE (V) PACKAGE
Bulk Capacitor 22 uF, X7S TDK C2012X7S1A226M125AC 10 0805
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# 8-4. Recommended Output Capacitors (continued)
CAPACITOR VALUE MANUFACTURER VOLTAGE (V)
47 pF, X7R Murata GRM32ER71A476ME15L

PACKAGE
1210

CAPACITOR TYPE
Bulk Capacitor

10

8.2.2.2.3 Ferrite Bead Selection for Second L-C Filter

Using a ferrite bead for the second stage L-C filter minimizes the external component count because most of the
noise sensitive circuits use a RF bead for high frequency attenuation as a default component at their inputs.

Select a ferrite bead with sufficiently high inductance at full load, and with low DC resistance (below 10 mQ) to
keep the converter efficiency as high as possible. The ferrite bead inductance decreases with increased load
current. Therefore, the ferrite bead must have a current rating much higher than the desired load current.

The recommendation is to choose a ferrite bead with an impedance of 8 Q to 20 Q at 100 MHz. Refer to 5% 8-5
for possible ferrite beads.

# 8-5. Recommended Ferrite Beads

PART NUMBER MANUFACTURER SIZE 'MPE&ASSE AT 'NDLiﬁmﬁE At DC RESISTANCE CI;":T'TEET
(CALCULATED)
BLE18PS080SN1  |MuRata 0603 [850Q 13.5nH 4mQ 5A
74279221100 Wurth Elektronik 1206 [10Q 15.9 nH 3mQ 10.5 A
7427922808 Wurth Electronik 0603 [80Q 12.7 nH 5mQ 95A

The internal compensation has been designed to be stable with up to 50 nH of inductance in the second stage
filter. To achieve low ripple, the second L-C filter requires only 5-nH to 10-nH inductance. The inductance can be
estimated from the ferrite bead impedance specification at 100 MHz, with the assumption that the inductance is
similar at the selected converter switching frequency of 1 MHz or 2.2 MHz, and can be verified through tools
available on some manufacturer websites. The inductance of a ferrite bead is calculated using =X 5:

_Zz
(2x7zx f)

®)

where

« Zis the impedance of the ferrite bead in ohms at the specified frequency (usually 100 MHz)
« fis the specified frequency (usually 100 MHz)

8.2.2.2.4 Input Capacitor Selection

For the best output and input voltage filtering, Ti recommends X5R or X7R ceramic capacitors. The input bulk
capacitor minimizes input voltage ripple, suppresses input voltage spikes, and provides a stable system rail for
the device. TI recommends a 10-yF or larger input capacitor. Having two in parallel further improves the input
voltage ripple filtering, minimizing noise coupling into adjacent circuits. The voltage rating of the cap must also
be taken into consideration, and must provide the required 5-uyF minimum effective capacitance after DC bias
derating.

In addition to the bulk input cap, a smaller cap must be placed directly from the VIN pin to the PGND pin to
minimize input loop parasitic inductance, thereby minimizing the high frequency noise of the device. The input
cap placement affects the output noise, so care must be taken in placing both the bulk cap and bypass caps.
8-6 lists recommended input capacitors.

3 8-6. Recommended Input Capacitors

INPUT CAP TYPE CAPACITOR VALUE MANUFACTURER VOLTAGE RATING (V) PACKAGE SIZE
TDK
Bulk Cap 10 pF, X7S C2012X7S1E106K125AC |22 0805
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# 8-6. Recommended Input Capacitors (continued)

INPUT CAP TYPE CAPACITOR VALUE MANUFACTURER VOLTAGE RATING (V) PACKAGE SIZE
Murata
Bypass Cap 2.2 nF, X7R GRM155R71E222KA01D 25 0402

8.2.2.2.5 Setting the Output Voltage

Choose resistors R1 and R2 to set the output voltage within a range of 0.8 V to 5.5 V, according to =X 6. To keep
the feedback network robust from noise, and to reduce the self-generated noise of resistors, set R2 equal to or
lower than 5 kQ. Lower values of FB resistors achieve better noise immunity, and lower light load efficiency, as
explained in the Design Considerations for a Resistive Feedback Divider in a DC/DC Converter technical brief.

R1=R2 x (VOUT —1] =R2 x (VOUT - 1]
B 0.8V ()
A feedforward capacitor (Cgg) is not required for proper operation, but can further improve output noise.
However, care must be taken in choosing the Cgg, because the power-good (PG) function can not be valid with a
large Cgf during start-up, and can cause spurious triggering of the PG pin during a large load transient. Refer to
the Pros and Cons Using a Feedforward Capacitor with a Low Dropout Regulator application report for a
discussion of the pros and cons of using a feedforward capacitor.

8.2.2.2.6 NR/SS Capacitor Selection

As described in 2272 7.3.8, the NR/SS cap affects both the total noise and the soft-start time. When no
NR/SS cap is connected, there is a default 2.35-ms soft-start time. The recommended value for a 5-ms soft-start
time and good noise performance is 220 nF, as there is an internal 220 nF capacitor already in the module. The
maximum NR/SS cap is 3.3 pF for a start-up time of 35 ms. Values greater than 1 yF have minimal improvement
in noise performance. Use = 7 and =\ 8 to calculate the soft-start time based on desired soft-start time or the
chosen capacitor value. Note that the Cyrgs in the equation below is the combination of the internal 220 nF cap
and any external cap from the Cyrss pin to GND.

CNRSS % 0-8>
tss(s) = |———— 7
() = (“MpsS X )
(INRsS X tss)
CNrss(F) = 08 (8)
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8.2.3 Application Curves

ViN=12 V, Vout=1.2 V, Tp=25°C, BOM = 3 8-1, (unless otherwise noted)

100 100
95 95
90 90 p =
~
8 —— s =~
< 80 / —~ S 80 i A P = \\:\\
g 75 - ~ & LHAY =S
g II / ~ g ’l I/ /
L2 — 2
g [T = g 7 H
65 / 65 /
60 60 I17 — 5Vin
55 — 5Vin 55 {H — 12Vin
| — 12Vin | — 17 Vin
50 LLL 5o L1
0 03 06 09 12 15 1.8 21 24 27 3 0 03 06 09 12 15 18 21 24 27 3
Output Current (A) Output Current (A)
0.8 Vout 2.2 yH, 1 MHz 1st L-C Only 1.2 Vout 2.2 yH, 1 MHz 1st L-C Only
8-2. Efficiency vs Load Current Ed 8-3. Efficiency vs Load Current
100 100
95 95 =
/1 T—
) T T
07 ~ [ 90 / // —
Pl T
8 I i ———— 8 ’, //
g S
< 80 ’, ; < 80 / VA
Q
E 75 II .g 75 /
Q2 QO
E 70 i E 70 1
o5 [HY o5 [H]
| | ,
60 ,l’ — 5Vin 60 I — 5Vin
— 12Vin 55 — 12Vin
o — 17 Vin | — 17 Vin
50 ILLL 50
0 03 06 09 12 15 1.8 21 24 27 3 0 03 06 09 12 15 18 21 24 27 3
Output Current (A) Output Current (A)
1.8 Vout 2.2 uH, 1 MHz 1st L-C Only 3.3Vout 2.2 uH, 2.2 MHz 1st L-C Only
8-4. Efficiency vs Load Current B 8-5. Efficiency vs Load Current
100 100
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90 = = = 90
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Output Current (A) Output Current (A)
5Vout 2.2 pH, 2.2 MHz 1st L-C Only 1.2Vout 2.2 uH, 2.2 MHz 1st L-C Only
8-6. Efficiency vs Load Current 8-7. Efficiency vs Load Current
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8.3 Power Supply Recommendations

The power supply to the TPSM8291x must have a current rating according to the supply voltage, output voltage,
and output current of the TPSM8291x.

8.4 Layout
8.4.1 Layout Guidelines

A proper layout is critical for the operation of any switched mode power supply, especially at high switching
frequencies. Therefore, the PCB layout of the TPSM8291x demands careful attention to ensure best
performance. A poor layout can lead to issues like bad line and load regulation, instability, increased EMI
radiation, and noise sensitivity. Refer to the Five Steps to a Great PCB Layout for a Step-Down Converter
technical brief for a detailed discussion of general best practices. Specific recommendations for the device are
listed below.

The TPSM8291x has an integrated input capacitor. However, placement of the input capacitors must be
placed as close as possible to the VIN and PGND pins of the device. Route the input capacitors directly to
the VIN and PGND pins avoiding vias.

Place the output capacitor ground close to the PGND pin and route it directly avoiding vias.

Sensitive traces, such as the connections to the NR/SS and FB pins must be connected with short traces and
be routed away from any noise source.

Connect the PSNS pin directly to the system GND plane with a via.

The SW pin must not be connected and must be left floating. If the pin is soldered to PCB copper, the pour
needs to be as small as possible with no inner layer connections. The pin is provided for probing the internal
SW only, and not to be connected to any external component, as shown on the EVM.

Place the second L-C filter, L; and Cy, near the load to reduce any radiated coupling around the second L-C
filter

Place the FB resistors, R1 and R2, close to the FB pin and route the VOUT connection from R1 to the load as
a remote sense trace. If a second L-C filter is used, this connection must be made after L.

The recommended layout is implemented on the EVM and shown in the EVM user's guide.
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8.4.2 Layout Example

8-15. Recommended Layout for Single L-C Filter

For a single L-C configuration, the feedback sense is placed near the VOUT capacitors. For a second
L-C filter design, the feedback sense is placed near the load after the VOUT_FILT capacitors.

5

.

1 1
VOUT FILT VOUT FILT

GND GND

8-16. Recommended Layout for Design with Second L-C Filter
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A
The ferrite bead can be placed closer to the device as long as it is placed > 8 mm from the device.
This placement avoids capacitive and electromagnetic coupling to the output of the ferrite bead. If the
ferrite bead is placed < 8 mm, the filtering effect of the ferrite bead is greatly reduced. If the ferrite

bead is routed through a via to the back side of the board, ensure adequate ground plane between the
layers if the ferrite bead is in this area.
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9 Device and Documentation Support

9.1 Device Support
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9.1.2 Development Support

9.1.2.1 Custom Design With WEBENCH® Tools

Click here to create a custom design using the TPSM8291x 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.

3. Open the advanced tab to optimize for output voltage ripple.

4. Once in a TPSM8291x design, you can enable the second stage L-C filter and change other settings from
the drop-down on the left.

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
» 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.

9.2 Documentation Support
9.2.1 Related Documentation

For related documentation see the following:

» Texas Instruments, Design Considerations for a Resistive Feedback Divider in a DC/DC Converter technical
brief

» Texas Instruments, Five Steps to a Great PCB Layout for a Step-Down Converter technical brief

» Texas Instruments, Pros and Cons Using a Feedforward Capacitor with a Low Dropout Regulator application
report
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9.5 Trademarks

TI E2E™ is a trademark of Texas Instruments.

WEBENCH® is a registered trademark of Texas Instruments.
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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 ©)
@ )
TPSM82912RDUR Active Production BOQFN (RDU) | 28 1500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPSM82912
TPSM82912RDUR.A Active Production BOQFN (RDU) | 28 1500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPSM82912
TPSM82913RDUR Active Production BOQFN (RDU) | 28 1500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPSM82913
TPSM82913RDUR-ET Active Production BOQFN (RDU) | 28 1500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -55to 125 82913-ET
TPSM82913RDUR-ET.A Active Production BOQFN (RDU) | 28 1500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -551t0 125 82913-ET
TPSM82913RDUR.A Active Production BOQFN (RDU) | 28 1500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 125 TPSM82913

@ 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 25-Sep-2024
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)
TPSM82912RDUR BOQFN RDU 28 1500 330.0 17.6 4.8 58 [ 2.05 | 8.0 12.0 Q1
TPSM82913RDUR BOQFN RDU 28 1500 330.0 17.6 4.8 58 | 205 | 8.0 12.0 Q1
TPSM82913RDUR-ET | BOQFN RDU 28 1500 330.0 17.6 4.8 58 | 2.05 | 8.0 12.0 Q1

Pack Materials-Page 1



i3 TEXAS PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 25-Sep-2024
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TPSM82912RDUR BOQFN RDU 28 1500 336.0 336.0 48.0
TPSM82913RDUR BOQFN RDU 28 1500 336.0 336.0 48.0
TPSM82913RDUR-ET BOQFN RDU 28 1500 336.0 336.0 48.0
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RDUOO28A

PACKAGE OUTLINE

BOQFN -

1.9 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

PIN 1 INDEX AREA—!

/SEE DETAIL A

4X 1.15+0.1

0.65
4XD055

(0.125) TYP ﬂ

5.6
0.01 (0.095) TYP J‘
0.00
DETAIL A
TYPICAL

|
x[08s] |
; il ﬁ 1 +2ik!4* I @ 2X 1.65+0.1
2X (0.975) D) | 3
JiSQEEBT e e S :
2X (0.725) —
2x. E 1 }il 28| 2X 1.15+0.1
—r [ *
S — ‘ = | ...,03
12x[0.5] —h o2
iy O(%dj o |o [010[c[Ale
06 ] ! | T I 0.05 |C
2
20X 0.4 JL SYMM ‘ (RO.125) TYP
(0.15) TYP —= 8x[05

HEI—LaL—sz

[SLJ w S wn T un R ‘R R T - ]

[}

4228418/B 02/2022

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
RDUOO28A BOQFN - 1.9 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

B B Rew ~nB B B
© o_r~bs STh~ o ©
— — A O00 © 000 Hd — —
a ~ —_—— T T T O T T T e — ~ 3
A X XX XXX 9 XXX XX X g
~ N SN NN O S NN NS N ~
NPT L) (RO.L) TYP
R 24 ALL INSIDE CORNERS
(2.6) — o - - 14 19 (R0.05) TYP
1 ALL OUTSIDE CORNERS
2X (2.15) — ——|- w
20X (0.7) ‘ [=— 4X (0.325)
|
2X (1.5) — ‘
I
4X (1.05) ( 1o )
2X (1) — *@25 ® i ® S |
2X (0.725) ! + ‘ + ! 2X (1.15)
2X(05) — —— 41— ol olilo ] o G
| X4 ———— )L J ! PKG
oo — 3 — e
J 4X (0.475 ‘ !
32X (0.25) R0 — {59 0,|O O] [
2X(0.975) —————~_ | 26 ‘ ‘ |
2X (1) — T ‘ 27 2X (1.65)
2X (1.5) — =@ 1 O | o O
4X (1.475 ¢ | )L J |
1 ‘ ‘ i
2X (2.15) —— - | ( ?
4X (0.6)
7 4X (0.925)
(2.6) 1 - - —
@0.2) TYP BE|
VIA ax | X
[=— (1.15) — ‘ — (0.6)
ax
LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 15X
0.05 MIN
0.05 MAX
ALL AROUND r B T ALL AROUND
4 \
METAL EDGE METAL UNDER ! !
SOLDER MASK ! !
T~ ExPOSED
EXPOSED ~~—SOLDER MASK SOLDER MASKJT ‘ METAL
OPENING OPENING i\ !
NON SOLDER MASK
DEFINED SOEDEEWEASSK
(PREFERRED)

SOLDER MASK DETAILS
4228418/B 02/2022

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
RDUOO28A BOQFN - 1.9 mm max height

PLASTIC QUAD FLATPACK - NO LEAD

@ g _ g @
© ~ W o~ (o)
-~ & 888 g €88 o o
90X X xXxx 9 xxx < o
~ N N NN o NN N N =
T T T ] e
ﬂ ALL INSIDE CORNERS
(26) 0 \ L T 19 (R0.05) TYP
4 ALL OUTSIDE CORNERS
2X (2.15) TPt T —F
20X (0.7) ——~ = ! =— 4X (0.325)
2X (1.5) |
2X (1) Cﬁs O i O Zél | ) ?
2X (0.725) 4= L + L 2X (1.08)
| P09 =3 || o 1BE i
1 _ _ (- — SYMM
0000 —— - — - —- Ty —-—¢
‘ ) . . ‘
32X (0.25) 2X (0.5) E} RG] N EO R [I]
2X (0.978) —————=—~_ | 26 | ‘
2X (1) —— Tt Y 27 2X (1.51)
2X (1.5) OO ! OO
|
| 1
2X (2.15 Ep—
219 % ‘ 4X (0.6) ?
(2.6) ! _{ | 4X (0.925)
U I 5T I
4X I 4X
= (1.08) —=| | —{ (0.6)
4x
SEMM —{ (0.925) |=—

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE: 15X

PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE
PADS 25 & 28: 89%
PADS 26 & 27: 86%

4228418/B 02/2022

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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