vV

Typical MOS Stress in Operating

« Safe Operating Area (SOA) defines the boundary for reliable operation (measured at die)

High side off and

low side on,
monitor high side
LS VDS HS VDS Vds
HS VGS LS VGS

VDS
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Power LDMOS Simulation Bench

« L _EVM s PCB parasitic inductance and L_PKG is package parasitic inductance
» Bench test is always test AF node ring voltage, Simulation can get really CH/HD node ring voltage

L_EVM A LewiB

= Y Y
PVIN I
-
E L_PKG
C l
HSD E
A A 1 sw L_PKG L_EVM 1 VOuT
T T= H ot
‘P
LSD E _ = 3
EL_PKG
PGND

> AAA AAA,

]
Levm Levwml |

2
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Ring Voltage Simulation Result

Ring voltage on High side Vds Ring voltage on High side Vds | Parasitic inductance
(internal IC, VC-H) (External IC, VA-H) (L_EVM1+L_PKG)

20V EVM 25.44V 23.9V 350pH

7 433350644 7us 25,4440469V

M8: 433,3504743us 23.90787749Y

433.325 433335 433,345 433,355 433.365 433.375

time |:'|_|_gl| 0.0 3. 5.2 9.3 12.4 15.5 18.6 21.7 24.8 27.9 31.0
L WOV
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Ring Vo

tage Simulation Result

Ring voltage on High side Vds
(Internal IC, VC-H)

Ring voltage on High side Vds
(External IC, VA-H)

Parasitic inductance
(L_EVM1+L_PKG)

20V EVM

26.17V

24.37V

450pH

M9: 433.447265us 26, 1747201V

MI0: 433.447382us 24, 3695347V

433446 433454

time (us)

433,466
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Layout Recommendation for input caps

The placement and connection of input capacitor is critical. The goal is to reduce parasitic inductance between input capacitor and
Vin pins. Also, the input capacitor ground should be directly connected to power ground through multiple areas to reduce ground
connection inductance. High parasitic inductances increase spike voltage on internal FETs during switching rise and fall time due
to L di/dt rule. Ultimately reducing these parasitic inductances is essential to prevent EOS events. Parasitic inductance can be
reduced by making the path from input capacitor to IC Vin pin as short and wide as possible. 0.1uF cap, which has lower ESL and
used for higher Frequency response, need to be added and placed closest to PVIN pins and PGND pins with short loop, and the
goal is to make the connection around 0.05 inches (1 to 1.5 mm), the closer, the better, like in below picture C5 to Pin2~5.

C5-0.1uF should be closest to Vin
pin2~5, recommend around Tmm.
Place C2/C3/C4, 10uF cap close
to C5.

If pos-caps is used. place them
after Ceramic cap.

00000O0O0CO

Input cap Ground trace should
also be as short as possible to
power ground of the chip,
Also add some yias to connect
to other ground layers.

O00 000 O0O0O0O0O0 9

D00 00000000O00O0
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o
o
(o]

0000DO00D0D0D0D0D00O0O0O00O0
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Dead-time simulation

HS-on to LS-off HS-off to LS-on
Dead time

-

A 444, 7668759 us -349.0723935mV 3
444, 7707208us 531.0006829mV

& ¢ ¥t [ . 3.844908165ns dy:880.1mV 228.8931331MV/s

L I I I I I I O L L L L L I O L I L I I L I I I I I I I I I L I L I L I I I I I I I
444.76 444,765 444,77 444 775 444.78 444,785 444.79 444,795 444.8 444 805

Simulation condition

445,18

% 445.2077999us -355.431586mV

[ dx:6,502320087ns dy42.21mV 56490961 139MV/s

445.185

445.19

445.195

B 445,2143022us -397.637893mV,
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RPPM Result

N S
TPS51396/A >30M < 0.5ppm
TPS51393 >10M <0.5ppm

TPS51396/A and TPS51393 have been shipping in volume production for several years and got minimal return.
The RPPM (returned parts per million) for these devices are quite low over the last several years

There is high voltage applications, up to 19.5V, the RPPM is similar as other applications, no significant difference was observed.

7

Wip TEXAS INSTRUMENTS



