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PMP11438 REVA is a power evaluation module showcasing three different implementations for a 12V
input, 1.2V output power supply at 6-10A. The board contains three non-isolated buck power supplies
controlled by TPS54A20, TPS62184 and TPS53515. Each design is optimized for various parameters
including size, efficiency, and transient response to name a few. The output filters have been designed
to satisfy DC regulation of +-3% and DC+AC regulation of +-5%.
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1 PMP11438 Board Photos

The front and back photos of PMP11438 are shown below. The board measures 3.2” x 1.5” and
each circuit lies upon the same amount of PCB copper.
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2 PMP11438 REVA 1.2V/10A - TPS54A20

2.1 Board Photos
The top and bottom images of PMP11438 TPS54A20 are shown below.
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2.2 Efficiency and Power Loss
The efficiency and power loss of the power supply is shown below at 12Vin with natural convection.
TPS54A20 Efficiency and Power Loss at 12Vin
90 - 4.5
80 - Vil
70 - 3.5
60 - 3
2 =
ESO . 2.5 E
E 40 - 2 8
T &
30 - 1.5
20 - 1
10 - , , , ‘ 0.5
1 | *5 minute soakiat 10A before retrieving data - ‘PLOSS
0 i i i i i i i i i 0
0 1 2 3 4 5 6 7 8 9 10
Load Current, A

2.3

Load Regulation

The load regulation of the power supply is shown below at 12Vin.

1.236

1.234

=
]
w
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1.23

Output Voltage, V

1.228

1.226

TPS54A20 Load Regulation at 12Vin

0 1 2 3 4 5 6 7 8 9
Load Current, A
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2.4 Thermal

The thermal image of the power supply is shown at room temperature with 12Vin, 6Aout, and natural
convection. The power supply soaked for 10min at 6A before the measurement was taken. The IC, which
has integrated MOSFETs, is the hottest component at 59.7°C.

58.8 NO.1

248
Area analysis Value NO.1
JIC Max 39.7°C
IInductors Max 525°C
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2.5 Startup
The power supply startup at OA is shown below. The startup time is 500us.

"\‘ TELEDYNE LECROY

Everywhereyoulook™

K

Timebase 000 msj Trigger DC
500 mVidiv| 500 psfdiv Mormal 495 mV
100kS 20.0 MS/s Edge Positive
X1=-130 psAX= 465 s

X2= 335 ps 1/AX=2.15 kHz

2.6 Shutdown

The shutdown of the power supply with 1.2Q constant-resistance load is shown below.

Everywhereyoulook™

"\‘ TELEDYNE LECROY

i

0 psf Trigger DC
500 mVidiv] 100 psfdiv Mormal 495 my
100kS 100 MS/s Edge Megative
X1=-52 psAX= 103 ps

X2=51 ps 1/AX= 9.71 kHz
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2.7 Output Ripple
The 1.2V output ripple is shown in red below, DC coupled with offset, for 0A, 6A and 10A, respectively

"\‘ TELEDYNE LECROY

Everywhereyoulook™

i
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Timebase 0.00 ys
500 nsfdiv Stop  1.0280V
20.0kS 4.00GS/s Edge MNegative

"\‘ TELEDYNE LECROY
Everywhereyoulook™

i
1

b
b
{

*

i
Timebase 0.00us
500 nsfdiv Stop  1.0280V
200kS 400 GSfs Edge Megative

1960 Y
-74.0 mV|
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"\‘ TELEDYNE LECROY

Everywhereyoulook™

. rx ey Y .Y o
e T B LA™ gl RS gl SUBILCS i VAR gt SEARRS il S S AR

Timebase 0.00 psf Trigger oc
500 nsfdiv Stop  1.0280V
20.0k3 4.00GS/s Edge MNegative

2.8 Transient response
The transient response is shown in the plot below where the red trace is the DC offset output voltage.
The current step is 1A-6A-1A at 5A/us slew rate.

"\‘ TELEDYNE LECROY

Everywhereyoulook™

i I i i

: e

el L 00 by i il il sl
r#mn-m.-wrmmrmhﬁ RISl i s

Eseamny T

base -40.0 ys
20.0 ysidiv Stop 32mv
100 kS 500 MS3/s Edge  Positive
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2.9 Synchronous Rectifier Stress
The voltage stresses on the synchronous MOSFETSs are shown below. The image is taken at 12Vin and 6A
with 200MHz of bandwidth limit.

"\‘ TELEDYNE LECROY

Everywhereyoulook”

I II .L..f

Measure P1:freq{C2) P2:freq(C3)
value 1.987386 MHz 1.995825 MHz
status

0nsfTrigger  CEES

fdiv 2.00 Vidiv] 200 nsfdiv Stop 210V
-6.00V offset -6.00V offset N 800kS 4.00GS/s Edge Positive
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2.10 Frequency Characteristics

The switch nodes are shown below in blue and red and measured on the inductor. The first image
illustrates the power supply switching frequency of ~2MHz per phase. The second image shows
frequency jitter of 12ns. Both images are taken with 12Vin and 6Aout.

"\‘ TELEDYNE LECROY

Everywhersyoulook”

] ] ﬁ\

] . L% 4
i v J e T
Measure P1:freq(C2) P2:freq(C3)
value 1.987623 MHz 1.984013 MHz
status
Timebase 0 nsf Trigger ele)

200 nsfdiv Stop 210V
800k3 4.00GS/s Edge Positive

T
*‘ TELEDYNE LECROY

Everywhersyoulook”

Timebase -54 nsf§ Trigger [:[)
100 nsfdiv Stop 210V
400k3 4.00GS/s Edge Megative
X1=386nsAX= 12ns

X2= 398 ns 1/AX= 83 MHz
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2.11 Loop Response
The loop response of the power supply at 12Vin and 6A load current is shown below. The bandwidth is
400kHz with ~45° of phase margin.

2 Side Bar:
TPS54A20 12Vin 6A 2x47uF 220nH 24 9K Rion o
02 Phase (deg)
O = 1.8 Slope 2 o
3 2-Phase o]
\ — g ™
2-Gain | \ ‘
N LI
\
£ 2
©
O T
1O
o [c6]
(o G gt
Y 1
1k Frequency 500 k
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3 PMP11438 REVA 1.2V /6A - TPS62184

3.1 Board Photos
The top and bottom images of PMP11438 TPS62184 are shown below.
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3.2 Efficiency and Power Loss
The efficiency and power loss of the power supply is shown below at 12Vin with natural convection.
TPS62184 Efficiency and Power Loss at 12Vin
90 4.5
80 e ——— | 4
70 35
60 3
2 =
g 50 2.5 E
o 40 -2 @8
30 o 1.5
20 e 1
- —Efficiency
10 == 0.5
- - *5 minute soak at 6A before retrieving data - ‘PLOSS
0o -~ 0
0 1 2 3 4 5 6
Load Current, A

3.3 Load Regulation

The load regulation of the power supply is shown below at 12Vin.

1.2095

1.2075

> 1.2055

1.2035

Output Voltage,

1.2015

1.1995

1.1975

TPS62184 Load Regulation at 12Vin

3 4 5 6
Load Current, A
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The thermal image of the power supply is shown at room temperature with 12Vin, 6Aout, and natural
convection. The power supply soaked for 10min at 6A before the measurement was taken. The IC, which

has integrated MOSFETSs, is one of the hottest components at 66.7°C.

INO.1

Area analysis Value
JIC Max 66.7°C
IInﬂ L3 Max 67.2°C
IIn‘l L4 Max 60.3°C

Page 16 of 31
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3.5 Startup
The power supply startup at OA is shown below. The startup time is 750us.

[ File I Verical + Timebase [ Trigger = Display # Cursors [ Measure @@ Math |- Analysis X Utiliies 4 Support

Timebase 0.00 ms
500 ysidiv Mormal 500 mV

-1 100kS 20.0MS3/s Edge Positive
TELEDYNE LECRDY

4/6/2016 5:43:46 PM

3.6 Shutdown

The shutdown of the power supply with 1.2Q constant-resistance load is shown below.

[ File I Verical + Timebase [ Trigger = Display # Cursors [ Measure @@ Math |- Analysis X Utiliies 4 Support

Timebase 0.00 ms
1.00 ms/div Normal 500 mV
100kS 10.0M3/s Edge Megative

TELEDYNE LECROY W aiting for Trigger  4/6/2016 5:44:00 PM
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The 1.2V output ripple is shown in red below, DC coupled with offset, for 0A, 3A and 6A, respectively.

[ File I Verical + Timebase [ Trigger (= Display # Cursors

b Measure & Math

=~ Analysis

N Utilties € Support

-1.200V
TELEDYNE LECRDY

200V o

[ File I Verical + Timebase [ Trigger (= Display # Cursors

b Measure & Math

=~ Analysis

Timebase 0 ms
50.0 msi/div Stop 110V
100kS 200kS/s Edge Positive
41612016 5:46:48 PM
N Utilties € Support

e et

o S

I

'”'-v-.lk"'-m

NG S &

o2
+

CROY

TELEDYNE LE
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0.00 s
.00 psidiv Stop 110V
200kS 200GS/s Edge  Positive

4/6/2016 5:48:12 PM
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[1 File I verical +* Timebase [ Trigger [ Display & Cursors [ Measure @& Math  |-» Analysis = X Utiliies 4 Support

ebase 0.00 s
1.00 ysidiv Stop 110V
200kS 200GS/s Edge Positive

TELEDYNE LECRDY 416/2016 5.48:44 PM
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3.8 Transient response
The transient response is shown in the plot below where the red trace is the DC offset output voltage.
The current step is 1A-6A-1A at 5A/us slew rate.

[1 File ¥ Verical + Timebase [ Trigger (= Display # Cursors ! Measure @& Math |~ Analysis =X Utiliies 4 Support

["' 1o b B el e el el T S i L Rk g Dl b A Ll et et e et L R L L 1

&2
+

5 s
100 mvIdiv .0 psidiv Stop 56 mV
-300 mV ofst) 100kS 500MSis Edge  Positive

TELEDYNE LECROY 4162016 6:04:03 PM

3.9 Synchronous Rectifier Stress
The voltage stresses on the synchronous MOSFETs are shown below. The image is taken at 12Vin and 6A
with 200MHz of bandwidth limit.

"\‘ TELEDYNE LECROY
Everywhersyoulook”
|
= \ " . . J
T U s ||| [ifiarey i
F
Measure P1:freq(C2) P2:freq(C3)
value - -

status [y I

Timebase -40 nsl Trigger oC
50.0 nsfdiv Stop 170V
200kS 4.00GS/s Edge Megative
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3.10 Frequency Characteristics

The switch nodes are shown below in blue and red and measured on the inductor. The first image
illustrates the power supply switching frequency of ~850kHz per phase. The second image shows
negligible frequency jitter. Both images are taken with 12Vin and 6Aout.

"\‘ TELEDYNE LECROY

Everywhersyoulook”

- rr—— ] e T = Harrir—— v rh—ti— T -
-
Measure P1:freq(C2) P2:freq(C3)
value 847.256 kHz 847.120 kHz

status

20.0k3 4.00G3/s Edge Megative

Everywhersyoulook”

"“ TELEDYNE LECROY

Timebase 0.00ps
500 nsfdiv Stop 500 mV/
20.0k3 4.00GS/s Edge Megative
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3.11 Loop Response
The loop response of the power supply at 12Vin and 6A load current is shown below. The bandwidth is
17kHz with ~62° of phase margin.

1 Slide Bar.

16.99 k Frequency (Hz)
0 Gain (d8)
6229 Phase (deg)
138 Siope

60
180

1-Gain

Gain
Phase

-60
-180

1k Frequency 500 k
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4  PMP11438 REVA 1.2V/6A - TPS53515

4.1 Board Photos
The top and bottom images of PMP11438 TPS53515 are shown below.

I § ==

PMP11438 RevA

\
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SR
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-
Eo
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™
Q
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4.2 Efficiency and Power Loss
The efficiency and power loss of the power supply is shown below at 12Vin with natural convection.

TPS53515 Efficiency and Power Loss at 12Vin

90 - ;
80 j
70
60 | -3
® 2
G50 | : 2.5%
@ i .
240 | T ) 8
= e
w _ - 2
30 : - 15
20 - -1
10 - - 05
0 . . ; ; ; ; i i i 0

0 1 2 3 4 5 6 7 8 9 10
Load Current, A

4.3 Load Regulation
The load regulation of the power supply is shown below at 12Vin.

TPS53515 Load Regulation at 12Vin

Load Current, A
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4.4 Thermal

The thermal image of the power supply is shown at room temperature with 12Vin, 6Aout, and natural
convection. The power supply soaked for 10min at 6A before the measurement was taken. The IC, which
has integrated MOSFETSs, is one of the hottest components at 48.1°C.

Area analysis Value
Inductor Max 36.6°C
IC Max 48.1°C
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4.5 Startup
The power supply startup at OA is shown below. The startup time is 750us.

"\‘ TELEDYNE LECROY

Everywhereyoulook™

|

i

|

|

|

| "
| Pl
|

|

|

|

|

i

|

Timebase 000 msj Trigger DC
500 mVidiv| 500 psfdiv Mormal 505 mV
100kS 20.0 MS/s Edge Positive
X1=-315 psAX= 995 s

X2= 680 ps 1/AX=1.005 kHz

4.6 Shutdown

The shutdown of the power supply with 1.2Q constant-resistance load is shown below.

"\‘ TELEDYNE LECROY

Everywhereyoulook™

Timebase 0.00 ms} Trigger oc
500 mVidiv] 500 psfdiv Stop 505 mV
100kS 20.0 MS/s Edge Megative
X1=-180 psAX= 425ps

X2= 245 us 1/AX= 2.35 kHz
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4.7 Output Ripple
The 1.2V output ripple is shown in red below, DC coupled with offset, for 0A, 6A and 10A, respectively.

"\‘ TELEDYNE LECROY

Everywhereyoulook™

o - =
T e, =]
F
Timebase-10.8 msj Trigger oc
20.0 ms/div Stop 210V
100kS 500 kSfs Edge MNegative
A7 TELEDYNE LECROY
Everywhereyoulook™
L L.L Ll Ll L L (Y [ Ll Ll bl
i i I I I T ' m T
o=
+ )

-1.08 ysj Trigger oC,
0 psidiv Stop 210V
800kS 400 GSfs Edge Megative

50.0 mVidiv|
-1.20 1
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"\‘ TELEDYNE LECROY

Everywhereyoulook™

50.0 mV/divy 2.00 psfdiv Stop 210V
3 80.0k3 4.00GS/s Edge MNegative
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4.8 Transientresponse
The transient response is shown in the plot below where the red trace is the DC offset output voltage.
The current step is 1A-6A-1A at 5A/us slew rate.

"\‘ TELEDYNE LECROY

Everywhereyoulook”

g e B g P P g B B
Y Y YN Y

Y

PP HEH b

w \ R RO

I 8 T g e St s

i
J-i.

6 s Trigger DC
200 psfdiv Stop 12525V
100 kS 500 M3/s Edge Positive

4.9 Synchronous Rectifier Stress
The voltage stresses on the synchronous MOSFETs are shown below. The image is taken at 12Vin and 6A
with 200MHz of bandwidth limit.

"“ TELEDYNE LECROY

Everywhersyoulook”

2ns
Onsidiv Stop 385V
800S 400GSis Eqge Positive
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The switch node is shown below in red and measured on the inductor. The first image illustrates the

power supply switching frequency of ~500kHz per phase. The second image shows ~200ns of frequency

jitter. Both images are taken with 12Vin and 6Aout.

"\‘ TELEDYNE LECROY

Everywhersyoulook”

Measure P1:freq(C2)
value 505.5612 kHz
status

1.00 ps/div 385V
400k3 4.00G3/s Edge Positive

"“ TELEDYNE LECROY

Everywhersyoulook”

Page 30 of 31

-500 ns | Trigger DC
00 nsidiv Stop 385V
20,0 k3 4.00 GSfs Edge Positive
¥1=1.855 psAX= 200 ns
X2=2.055 ps 1/AX= 5.0 MHz

Power Management Solutions



4/08/2016

PMP11438 Rev A Test Results

4.11 Loop Response
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The loop response of the power supply at 12Vin and 6A load current is shown below. The bandwidth is
140kHz with ~60° of phase margin.

3 Siide Bar.

140.8k Frequency (Hz)

TPS53515 12Vin 1.2Vaut6A 2236m Gain (dB)
60.29 Phase (deg)
-118  Slope
8 3-Phase ﬂ 8
\ 17
M
\P [0}
£ @
8 R
o
o
o (<o)
(o G gt
T 1
1k Frequency 500 k
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