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User manual for TDA38820 evaluation board

20 A single-phase buck regulator with 1.0 V output

About this document

Scope and purpose

The TDA38820 is a synchronous buck converter, providing a compact, high-performance and flexible solution in
asmall4 mm x5 mm power QFN package.

Key features offered by the TDA38820 include internal digital soft-start, precision 0.6 V reference voltage, power
good, thermal protection, programmable switching frequency, enable input, input undervoltage lockout for
proper start-up, latched off or unlatched overvoltage protection, and pre-bias start-up.

The output overcurrent protection (OCP) function is implemented by sensing the voltage developed across the
on-resistance of the synchronous MOSFET for optimum cost and performance, and the current limit is
thermally compensated.

This user manual contains the schematic and bill of materials (BOM) for the EV119-001 engineering evaluation
board. The manual describes operation and use of the evaluation board itself. Detailed application information
for TDA38820 is available in the TDA38820 datasheet.

Intended audience

This document is intended as a guide for design engineers who are evaluating TDA38820 performance with the
engineering of EV119-001 demo board.
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1.1

Board information

Board features

Vin=+12V,Voir=+1Vat0to 20 A

Fs=600 kHz/800 kHz/1000 kHz

L=215nH (10.4 mm x 8.0 mm x 7.5 mm, DCR = 0.29 mQ)

Cin=10x22 uF (25V, ceramic 0805) + 1 x 330 uF (25 V, electrolytic, optional)

Cout =9 x 47 WF (6.3 V, ceramic 0805) + 1 x 470 uF (2V, 6 mQ, SP-cap)

1.2

Connections and operating instructions

The TDA38820 demo board requires a single +12 V for the input power and can deliver up to 20 A load current.
The operation modes and OCP limits can be selected through jumpers.

Table 1 Connections
Label Descriptions
PVin Connect input power (+12 V) to this pin
Input GND Return of input power
PV,,, GND Sense pins for the input voltage
Vout Vout (+1V), connect a load (20 A max.) to this pin
Output GND Return of V,,
Vout, GND Sense pins for the output voltage
Connect a scope probe to this pin to monitor enable signal
Enable Enable, GND Or, an external enable signal can be applied to this pin to over-drive the on-
board enable signal
Bode A B For bode plot measurement
OVP latch Use a jJumper to select one of four soft-start time selections (1 ms, 2 ms, 4
SS/Latch OVP no latch ms and 8 ms), and latched OVP or unlatched OVP
Internal PV Vo VCC To use the internal LDO, connect PVi, and Vi, with a jumper. To use an
LDO or wom external VCC voltage, connect Vi, and VCC with a jumper.
External When using the internal LDO, connect a scope probe to this pin to monitor
vcce VCC, GND the output of the internal LDO. When using using an external VCC voltage,
apply +5V between VCC and GND.
Ton/Mode FCCM Use a jumper to select FCCM or DEM, and switching frequency. The available
DEM switching frequencies are: 600 kHz, 800 kHz, 1000 kHz and 1200 kHz
ILIM Use a jumper to select one of four OCP limits. OCP 1 is the lowest OCP limit
and OCP4 is the highest OCP limit.
Pood, GND Connect a scope probe to this pin to monitor power good signal
p External Pgy.q pull-up bias pin. Pg.oq pinis pulled up to Vcc through R4 on the
ood
¢ EPGb standard demo board. By removing R4 and populating R42 with 49.9 kQ, an
external P44 pull-up bias can be applied to the EPGb pin.
User Manual 2 0f22
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1.3 Layout

The PCB is a six-layer board (3.0 in. x 3.75 in.) using FR4 material. Top and bottom layers use 1.5 oz. copper and
inner layers use 2 oz. copper. The PCB thickness is 0.062 in. The TDA38820 and other major power components

are mounted on the top side of the board.
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EVAL TDA38820 BUCK

PVIN PCBA EV119-001 REV -
ENABLE s/N I
GND K
P4
= (M| oND PVINM @|GND 39 .5x22. 1MM
< (I Wci6
© [ mm[cis
I =z
@ Eig LTI

1 PT 19

N
_4

ovp
VOUuT

OVP
rNO LATCHT _LATCH—™

w
[
~
~
>
3
[a]
e

bl Z o, g W o}
>=EQ0 9z =5 a
a>> >0 78 [
melz=
P33 P1 = P32
B
®
om L
e °
czo0
€45 (44 (43
i
™ 5 & HE! = ok
+.++.++.+ = m ot
e ot
H ok
1 BN | e
€48 C4T  C46 ™ .%
H o
IIII B B4 B B B B4 B B B B
m oem oo 0000000000 oH ool
£ E“Eluﬂuﬁl“ ZEREREREREE A ERESES
Figure 1 Top and bottom view of TDA38820 evaluation board
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1.4 PCB layout

v I
~ PVIN GND
ENABLE .

Figure 2 Top layer
Figure 3 Bottom layer
Figure 4 Mid layer 1
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Figure 5 Mid layer 2

Figure 6 Mid layer 3

Figure7 Mid layer 4
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1.5 Schematic
HDR 1:;@»1; §
Jp— A ssiLaten)—224 ssjLatcn . | K ] -
HOR 1x2 28 502 VYV NP Z: s TDA38820 z:vvi [
= TonMode3>—=§ Ton/Mode 10,
@: M2 1L P
. _Vlgc EW%&D PAD
g v
Ton/Mode
,: HDR 1x2
SS/Latch)
P27
HDR 1x2 i HDR 1x2 § i HDR 1x2
Figure 8 Schematic of the TDA38820 evaluation board Vi, =12 V, Vot =1V, loutma. = 20 A, fsw = 600
kHz/800 kHz/1000 kHz. See Note 1
Note 1: The inductor selection here does not consider overcurrent protection (OCP) limit requirement.
Please refer to the sections 9.8 and 10.4 in the TDA38820 datasheet for the guideline of inductor
selection for a desired OCP limit.
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1.6 Bill of Materials (BOM)
Table 2 Bill of materialss
Item | Qty. Reference Value Manufacturer | Manufacturer Description
part no.
1 PR C10,C50 1000 pF Kemet C0402C102K3RAC [Ceramic capacitor 1000
TU pF 25V 10% X7R 0402
2 |10 C12,C13,C14,C15 P2 uF Murata GRM21BR61E226 [Ceramic capacitor 22 puF
C16,C17,C18,C19 ME44L 25V 20% X5R 0805
C20,C22
3 R C2,C31 0.1 uF Taiyo Yuden TMK105BJ104KV-F [Ceramic capacitor 0.1 uF
25V 10% X5R 0402
4 11 C21 330 uF Panasonic EEE-FK1E331P CAP ALUM 330 uF 20%
25V SMD
5 9 C25,C26,C27,C28 AT uF Murata GRM21BR60J476M (Ceramic capacitor 47 puF
C29,C33,C34,C35 E1l 6.3V 20% X5R 0805
C36
6 3 C4,C11,C51 4.7 uF Murata GRM188R61E475K [Ceramic capacitor 4.7 uF
E15D 25V 10% X5R 0603
7T 1 C5 10 puF Murata GRM188R61A106K [Ceramic capacitor 10 puF
E69D 10V 10% X5R 0603
8 1 C45 470 UF Panasonic EEF-SX0D471XE CAP ALUM POLY 470 uF
20% 2V SM
9 1 C6 680 pF Yageo CCO402KRXTR9BB |Ceramic capacitor 680 pF
681 50V 10% X7R 0402
10 1 L1 215nH Delta HCB1075N-211 Inductor 215 nH, 48 A,
0.29 MmO 10.4x8.0x7.5
mm, SMD
11 P R1,R4 49.9 k Panasonic ERJ-2RKF4992X Resistor 49.9 kQ 1/10W
1% 0402 SMD
12 1 R11 20 Vishay Dale CRCWO040220R0FK |Resistor 20.0 Q 1/16W 1%
ED 0402 SMD
13 P2 R2,R10 7.5k Panasonic ERJ-2RKF7501X Resistor 7.50 kQ 1/10W
1% 0402 SMD
14 PR R21,R29 1.5 k Rohm MCRO1MZPF1501 |Resistor 1.50 kQ 1/16W
1% 0402 SMD
15 PR R22,R30 2.49 k Vishay Dale CRCWO04022K49FK |Resistor 2.49 kQ 1/16W
ED 1% 0402 SMD
16 P2 R23,R31 3.48 k Vishay Dale CRCWO04023K48FK [Resistor 3.48 kQ 1/16W
ED 1% 0402 SMD
17 P R24,R32 10.5 k Panasonic ERJ-2RKF1052X Resistor 10.5 kQ 1/10W
1% 0402 SMD
18 B R25,R33,R36 12.1k Panasonic ERJ-2RKF1212X Resistor 12.1 kQ 1/10W
1% 0402 SMD
19 2 R26,R34 14 k Panasonic ERJ-2RKF1402X Resistor 14.0 kQ 1/10W
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1% 0402 SMD

20 3 R27,R35,R37 16.2 k Panasonic ERJ-2RKF1622X Resistor 16.2 kQ 1/10W
1% 0402 SMD

21 4 R3,R5,R20,R28 0 Panasonic ERJ-2GEOROOX Resistor 0.0 Q 1/10W 0402
SMD

22 1 R38 21.5k Panasonic ERJ-2RKF2152X Resistor 21.5 kQ 1/10W
1% 0402 SMD

23 11 R39 24.9 k Panasonic ERJ-2RKF2492X Resistor 24.9 kQ 1/10W
1% 0402 SMD

24 1 R9 11.3k Panasonic ERJ-2RKF1132X Resistor 11.3 kQ 1/10W
1% 0402 SMD

25 |1 U1 TDA38820 |Infineon TDA38820 20 A Single input voltage,
synchronous buck
regulator
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Typical operating waveforms
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Typical operating waveforms

Vin=12.0V,V, =1V, loui: = 0t0 20 A, room temperature, no airflow.
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Figure 9 Start-up at 20 A load (Chy: PVi,, Cha: Vout, Chst Peood, Cha: Enable)
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Figure 10 Start-up at 20 A load (Chy: PVin, Cha: Vout, Chat Peoody Chat Vo)
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Figure 11

Pre-bias start-up at 0 A load (Ch;: PV;,, Chy: Vout, Chs: Pgood,Cha: Enable)

DU 0 TV N v 0 v 0 I 0 0 0 0 = 0 v 20
(i 10.0mv oftset:1.0v 5:20.0M | i) Max 1.012v A Qi S 101V 2.0usidiv 1.25GSis  B0Dpsipt
@) Min* 1.001v None Auto Stopped
&L Ph-Pk 10.4mV 116 acgs RL:25.0k
Auto  July 01, 2020 12:52:09

Figure 12
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Typical operating waveforms
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Figure 13 V.. ripple at 20 A load, fsw = 800 kHz (Chy: Vou)
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Figure 14 V,. ripple at 20 A load, fsw = 1000 kHz (Ch;: Vou)
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Figure 15 SW node, 20 A load, fsw = 600 kHz
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Figure 16 SW node, 20 A load, fsw = 800 kHz
User Manual 12 of 22 V1.2

2022-04-28



User manual for TDA38820 evaluation board
20 A single-phase buck regulator with 1.0 V output

Typical operating waveforms

infineon

S e

I T O T A Y N

T T T S I T

10

| L S

T S I T Y Y Y

e

i o

((qaap 3.0viiv By:1.0G 1 et max 14.22v A QL S 294V 500ns/div 1.0GS/s 1.0ns/pt
Q&L Min 3.3V None Auto Stopped
QL) Freq®  1.084MHz 426 582 acqs RL:5.0k
Auto  July 01, 2020 13:08:09
Figure 17 SW node, 20 A load, fsw =1000 kHz
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Figure 18 Short-circuit and UVP (hiccup), (Chz: V,, Chi: Peood)
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Figure 20
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Transient response at 6 A step load current at 30 A/us slew rate: l,u« =0 to 6 A (Chs: Vou, Chy:

lout, 50 mV/A) pk-pk: 46.4 mV, fsw = 600 kHz
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Figure 21 Transient response at 6 A step load current at 30 A/us slew rate: lo,: = 14 t0 20 A (Cha: Vout,
Ch;: low, 50 mV/A), pk-pk: 40 mV, fsw = 600 kHz
2 A ]
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Auto  July 01, 2020 12:18:02
Figure 22 Transient response at 6 A step load current at 30 A/us slew rate: l,,: =0 to 6 A (Chy: Vout, Chy:
lout, 50 mV/A) pk-pk: 45.6 mV, fsw = 800 kHz
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Figure 23 Transient response at 6 A step load current at 30 A/us slew rate: l,ue =14 t0 20 A (Cha: Vo,
Chy: Lo, 50 mV/A), pk-pk: 42.4 mV, fsw = 800 kHz
@ .
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@i 20.0mV Offset:1.0V 500 By:20.0M || (g Min 983.6mV Read Normal Preview Sample
(W] Pk-Pk*  40.8mV 0 acgs RL:100k
Figure 24 Transient response at 6 A step load current at 30 A/us slew rate: l,u« =0 t0 6 A (Chgs: Vou, Chy:
lout, 50 mV/A) pk-pk: 40.8 mV, fsw = 1000 kHz
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Figure 25 Transient response at 6 A step load current at 30 A/us slew rate: l,ue =14 t0 20 A (Cha: Vo,
Chy: Lo, 50 mV/A) pk-pk: 38.4 mV, fsw = 1000 kHz
TDA38820, PVin =Vin=12V, Vout = 1V
L = HCB1075N-211, DCR = 0.29 m(), Natural Convection, Ta = 25°C
92
90 -
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Figure 26 Efficiency with natural convection (12 V,,, 1 Vou, 215 nH, 600 kHz, 800 kHz and 1000 kHz,
T,=25°C)
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TDA38820, PVin = Vin = 12V, Vout = 1V
L =HCB1075N-211, DCR = 0.29 mQ, Natural Convection, Ta = 25°C
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Figure 27 Power loss with natural convection (12 V,,, 1 Vo, 215 nH, 600 kHz, 800 kHz and 1000 kHz,
T,=25°C)

TDA38820, PVin = Vin = 12V, Vout = 1V
L=HCB1075N-211, DCR = 0.29 mQ, Natural Convection, Ta = 25°C
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Figure 28 Power loss with natural convection (12 V;,, 1 Vou, 215 nH, 600 kHz, 800 kHz and 1000 kHz,
T,=25°C)
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Typical operating waveforms

TDA38820, PVin = Vin = 12V, Vout = 1V
Natural Convection, Ta = 25°C
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Figure 29 TDA38820V,,, regulation (12 V,,, 1 Vou, 215 nH, 800 kHz and 1000 kHz, T, = 25°C)

Figure 30 Thermal image at 20 A load TDA38820 =58°C, L =49°C, fsw = 600 kHz, T, = 25°C, natural
convection
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Typical operating waveforms

Figure 31 Thermal image at 20 A load TDA38820 = 63°C, L =52°C, fsw =800 kHz, T, = 25°C, natural
convection

Figure 32 Thermal image at 20 A load TDA38820 =68°C, L =53.3°C, fsw = 1000 kHz, T, = 25°C, natural
convection
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