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1.0 Specification
PARAMETER VALUE Unit
Min. Typ. Max.

VIN, input voltage range 7.5 10 14 V

VOUT, output voltage 1.44 1.5 1.56 V

lout, output current range 0 20 A

Fsw, switching frequency 400 KHz

2.0 Test Setup

Power
Supply

Figure 1 Test Setup of the TPS53355, PMP10449 REV. A.

3.0 Test Results

3.1 Start-up and Shut-down Behavior

3.1.1 Turn-on and Turn-off from VIN
Scope waveform will show:
e Input voltage, 10V/DIV

e Phase Node, 10V/DIV
e Time Scale, 5msec/DIV
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Table 1 Start-up and Shutdown Waveforms

) A = A = 5 i =[O 1) R = Y A = o) e =2 Ok
[ il - pil
- - Bx
EDTERN T - Dl ] DR | [[cfeleds# B Jimowws [p] O 5"
Figure 2 Start Up, No Load Figure 3 Shutdown, 25% Load
+
Comments:

e Measured soft-start ramp time is 2.4msec.
e Converter operates in Discontinuous Current Mode during start up to prevent any reverse current.

3.1.2 Turn-on and Turn-off in presence of pre-bias on output

e Supply is turned on and off via. enable control
e Scope waveform will show:

e Phase node voltage, 10V/DIV
Prebiased output at >1.2V.

Table 2 Prebiased Start-Up Waveforms.

Acquisition is stopped. Acquisition is stopped.
250 Msa/s 500 kpts | N | 250 Msa/s 500 kpts | s |
Cn Cn . Cn w On @ on @ On l{ O On l{ O On
0° @F[> 0% 2ok ° S 08 Bl
(A (A
B B
&) A

P
T IR . | ‘
T TR TR N W " OV U TNV O T "
S 111111111 (3 8 4 @ T TP Tyt " i
Bx Bx
Tﬁ..@ﬂ 200u5/ |m‘m‘!32633800000m5 4‘0‘»‘ 170v %{W Tﬁ..@ﬂ Ll-llzoous/ MMP 6 uuuuums‘4‘o‘>‘ m170\/ l%{ﬁ
VeeasLrernents | Markers | Scales Meastrements [Markers|]| Scales |
X 5 X ¥ 2
A—(7) = 908.3789 us 1.255 v i A—(3) = 908.3789 us 1.255 vV T
B---(3) = 4.2644931 ms 1.513 v B---(3) = 4.2644931 ms 1.513 v
A = 3.3561142 ms 258 mv A = 3.3561142 ms 258 mv
1/AX = 297 .963637 Hz 1/AX = 297.963637 Hz
Figure 4 Prebias Turn-on, 7.5Vin, 1.5Vout Figure 5 Prebias Turn-on, 12Vin, 1.5Vout

3.2Voltage ripple and switch-node waveforms

3.2.1 Output Ripple Voltage

Page 5 of 11



June 5, 2015, M. Xie i
PMP10449 REV. A If\l‘_:fl:ll;%(ﬁgNTs

e 20MHz bandwidth mode on scope for Vout measurement
e Switch-node measurement was made directly across low-side FET
¢ Full bandwidth mode on scope for phase node.
e Trigger off of first switch-node and use infinite persistence of scope to show duty-cycle “jitter”
e Scope waveform will show:

o Output voltage, 10mV/DIV

o Phase node voltage, 5V/DIV

o Time scale, lusec/DIV

Table 3 Voltage Ripple and Switch-node waveforms

File C(;r:;r:)llsnsleut:pls !\S/Ite;s:: Analyze Utilities Help 4 Jun 2015 4:23 PM File C(;r:;r:)llsnsleut:pls !\S/Ite;s:: Analyze Utilities Help 4 Jun 2015 4:24 PM
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(V:I::;) Wﬁ‘!ﬁgﬂ _|:|J1oous/ |m]r\,]|18459200u5 M“M ﬂszsov ‘_ﬂﬁ

MeasUrements | Scales | MeasUrements
Period(2e) + width(24) vV max(2) vV avg( ) Vv p-p( ) i Period(2e) + width(24) V max(2) vV avg( ) Vop-p( ) 2
2.499426 us 306.834 ns 13.97 v 1.51702 v 8.77 mv T Current 2.467277 us 326.444 ns 19.13 v 1.50727 v 9.24 mv e
2.5111224 ps 307.2399 ns 14.079 v 1.51697 Vv 8.777 mv Mean  2.4730257 ps 326.3931 ns 18.932 v 1.50741 vV 9.215 mv
2.481678 us 306.527 ns 13.88 v 1.51662 V 8.35 mV Min  2.451773 ps 326.165 ns 18.76 V 1.50694 vV 8.91 mv
2.539747 ps 308.066 ns 14.36 V 1.51739 V 9.45 mV. L Max  2.502149 s 326.582 ns 19.23 v 1.50780 V 9.81 mV

Figure 6 12Vin, 1.5Vout, No Load, Phase and Vout Figure 7 12Vin, 1.5Vout, 20A, Phase and Vout

Comments:
o Output peak to peak ripple voltage worst case happens at VIN = 12V and 100% load.
e The maximum ripple voltage measured was 9.81mV, +0.327% of VOUT.
e Measured maximum phase node jittering is 58nsec.

Table 4 Voltage Ripple with Broadband Noise

File Control Setup Measure Analyze Utilities Help 4 Jun 2015 4:27 PM File Control Setup Measure Analyze Utilities Help 4 Jun 2015 4:25 PM
Acquisition is stopped. [Acquisition is stopped
50.0 MSa/s 500 kpts e 10.6 MSa/s 500 kpts BeF————w———————-1 =

e T — 1
Fi oL O ok = O S0% HoT

of» IJOOV :::jﬁ (V:I::;) !Tﬁ .i.g ‘o_l ﬂlsomns/ Ml]m%gzooug «o

L T =] eJe g ¥ Hfrooms— a+[H[o0s «
MeasLrements |Scales |

| Measurements |Scales|

Delete || « Frequency(2+) V avg( ) V max(2) V p-p( ) 7 Delete || Period(2e) + width(24) V max(2) V avg( ) V p-p( ) 2
Al Current ? 66.6019 kHz 1.51615 V 14.31 v 8.94 mv = All Current ? 226.960 us  ? 12.702 ps 19.11 V. 1.50662 V 9.56 mv =
Mean ? 50.81517 kHz  1.51614 V 14.211 v 9.016 mV Mean ? 133.4128 ps  ? 13.6207 ps 19.174 v 1.50676 V 9.590 mV
| Min ? 7.389651 kHz  1.51604 V. 14.15 V 8.91 my b Min ? 24.592 ps ? 10.200 ps 19.09 V 1.50646 V 9.25 my
~| Max ? 199.956 kHz 1.51624 V 14.31 V 9.24 mV -l Max ? 742.301 ps  ? 74.297 ps 19.31 V 1.50702 V 9.97 my

Figure 8 12Vin, 1.5Vout, 0A, Phase and Vout Figure 9 12Vin, 1.5Vout, 20A, Phase and Vout

Comments:
e Output peak to peak ripple voltage worst case happens at VIN = 12V and 100% load.
e The maximum ripple voltage including white noise measured was 9.97mV. White noise contributes to
output ripple by 0.16mV, 1.7% of the switching ripple.
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3.2.2 Maximum Phase Node Voltage Stress

Test Conditions:

e Inductor: XAL1010-681ME 0.68uH
e Fsw =400KHz
e Snubber: 1000pF + 0.6Q
e Bootstrap circuit: Rboot = 3.0Q, Choot = 0.22uF, 0402, X5R
0 0 EEHEN - 0 [
|ﬁV\'
" s R
o | T o0
ot =il L
Figure 10 14Vin, 1.5Vout, 20A, Phase Node
Comments:

e TPS53355 Phase Pin Absolute Maximum Rating 27V , <20nsec
e Measured Maximum Phase Pin Voltage Stress at VIN = 14V is 21V, which is below 21.6V, 80% of the
Absolute Maximum Rating.

3.3 Efficiency

VIN is measured at P16 and VOUT is measured at P1. Power dissipation of PCB traces is not included.

Efficiency vs. Load -- VO = 1.5V
XAL1010-681, 400KHz

94% | { ‘ ‘ ‘ ‘

92%  —
90% / ,/A
88% / /// ‘ _|
IW VIN=75V |

86%
// ——VIN =10V
84% |

Efficiency

e=V/IN =12V
82% - —

=—=VIN = 13.2V
80% ’II
78%

76% ’I

74%

0 2 4 6 8 10 12 14 16 18 20
Load Current (A)

Figure 11 Efficiency vs. Load at different VIN, VO= 1.5V.
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3.4Thermal Stress

Test Conditions:
e VIN =12V, IOUT = 20A
e No forced airflow
e Room temperature

Spot ~ 85. 1 oC

Figure 12 Thermal image of PMP10449

Comments:
e Board size: 1.5” X 1.8”
e Power solution size is 0.59” by 0.82”
¢ No direct contact between solution and top/bottom copper

3.5Loop Gain Measurement

Compensation components Used for 1.2V output:
TMAR11 = 12.4KQ, TMAC10 = 22nF, TMAC9 = 820pF
TMAR1 = 10KQ, TMAR2 = 15KQ and TMAR3 =549 KQ.

3.5.1 Bode plots at VIN = 7.5V and VOUT = 1.5V

50.0 180.0
40.0 150.0
30.0 - 120.0
g 20.0 7{: 90.0
3 &
2 100 T 60.0
E 2
oo ©
(] £
z 00 ' ' 1 & 300 T VIN=7.5V,10=20A
——VIN = 7.5V, 10=20A
——VIN = 7.5V, 10=10A
100 - vIN=7.5V, 10=10A 0.0 7 ' T T
——VIN = 7.5V, 10=2A
200 . —VIN=7.5V,10=2A L 300 L
——VIN = 7.5V, I0=0A
——VIN = 7.5V, 10=0A
-30.0 -60.0
1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06  1.00E+02 1.00E+03 1.00E+04 1.00E+05 1.00E+06
Frequency (KHz) Frequency (KHz)
Figure 13 Bode plots of Voltage Loop at VIN = 7.5V.
Comments:

e Control Bandwidth is from 60 KHz to 70 KHz.
e Phase margin is greater than 75 degree and gain margin is greater than 10dB.
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3.5.2 Bode plots at VIN =12V and VOUT = 1.5V

50.0 180.0
——Vin =12V, 10 = 20A
40.0 1 150.0 +—————HHH
Vin =12V, 10 = 10A

300 =S T Vin=12V,10=2A ° 1200 /1
= 200 || Vin=12V,10=0A & 900 U
3 o
3 f / m
3 100 S 60.0
L] <
S 00 . . ! T 300 F—-

—Vin =12V, 10 = 20A
-10.0 00 T ——Vin=12V,10=10A 7T T
200 L 300 L Vin=12V,10 = 2A
——Vin=12V,10=0A
-30.0 -60.0
1.00E402 1.00E+03 1.00E+04 1.00E+05 1.00E+06 1.00E402 1.00E+03 1.00E+04 1.00E+05 1.00E+06
Frequency (KHz) Frequency (KHz)
Figure 14 Bode plots of Voltage Loop at VIN = 12V.
Comments:

e Control Bandwidth is from 60 KHz to 80 KHz.
o Phase margin is greater than 75 degree and gain margin is greater than 10dB.

3.6Load transient response

e Load step amplitude is 5A with di/dt = 5A/usec
e Scope waveform will show:

e Transient current, 2.5A/DIV, 2.5A/100mV
e Time scale, 20usec/DIV

Table 5 Load Transient Response for 1.5V output with 25% Load Step

L e
7 B= L i = 0} 5 el > OF 2 O 3O
' < eole Gyl ¥ (-] 200 R <o RIGICEEE | Sl '] elemsl ¥ Rl 001 [ 500 = RIEIR o . -
| [Mezsirements| Markers | Scales | | [Meascrements | Markers | Scales |
:| V amptd(4) vV p-pl ) V min( ) V max{ ) V avg( ) ? [~ V amptd(<) Vp-pl) vV omin{ ) V max( ) Vv avgl ) ?
Current 998 mV 40.58 mV -21.72 mV 18.78 mV -727.80 WV e | | | Current 1.087 v 39.63 mv <20.59 mV 19.684 mv -1.84763 mV =
| Mean 1.00381 V 41.6467 mV -20.9597 aV 20.6870 mV -571.288 uv Mean 1.0043 v 39.936 aV -20.886 mV 19.856 mV -1.088525 mV
Min 996 mV 36.73 mV -23.01 av 16.25 mV -919.29 w | Min 996 mV 36.04 my -22.72 mV 15.77 mv +1.36834 mv
\d Max 1.815 V 48.53 aV. -19.50 av 27.11 mv -186.09 wv >| Max  1.015 Vv 46.95 mV -19.72 nV. 25.49 mV. -698.51 WV |
Figure 15 7.5Vin, 1.5Vout, 5A to 10A Load Step Figure 16 7.5Vin, 1.5Vout, 15A to 20A Load Step
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0 8 92 @2 3 9 Gl O] = (01 e

SO 10 - B - ROOEEN T B
Nhas_remm(slmﬂas ales
- V anp

[l o0- QIR <> RGO BR

- i

Vp-pl ) V min( )

td(4) V p-p( ) V min( ) V max( ) V avo( ) 7] v V max( v avg( )
—  Current 1.e67 v 38.25 mV -21.40 av 16.85 mV -748.89 v Current 1. v 45.61 av -22.03 aV 23.59 mV -631.03 pv
‘ Mean 1.8847 V 41.498 mV -21.098 mvV 20,400 mV -532.900 Vv ‘ Mean 1.0061 V 40.754 av -21.135 mv 19.619 mv -746.212 v
Min 996 mV 37.55 aV -22.55 aV 16.52 mV -B79.85 uv Min 998 mV 36.89 av -22.85 sV 15.80 mV -1.83992 mv
=3 Max 1.815 v 47.68 mV -19.83 sV 26.15 mV -143.78 wv = =] Max 1.815 v 46.27 mV -19.83 aV 25.76 mV -321.66 pv
Figure 17 12Vin, 1.5Vout, 5A to 10A Load Step Figure 18 12Vin, 1.5Vout, 15A to 20A Load Step
Comments:

e Worst case undershoot is 23mV, 1.5%
e Worst case overshoot is 27.1mV, 1.8%

3.7Load and Line Regulation

TMAR12 and TMAC11 are for remote sensing noise filtering and loop gain measurement.
When remote sensing is in place, it is recommended to set TMAR12 = 200Q and TMAC11 = 0.22uF. Connect

Vsen to remote sensing point through a 20Q resistor.

LOAD, LINE Regulation

1.530
——VIN=7.5V
1.520 ——VIN=10V _|
Leto e — =—VIN = 12V
. ‘~§-\
— \,\\\\\
3 \\\
S 1500 E—
ml
=
=2
o 1.490
>
1.480
1.470

0 2 4 6 8 10 12 14 16 18 20
Load Current (A)

Figure 19 Output Regulation with R5 = 20Q for VOUT = 1.5V
3.8 Short circuit protection and recovery
e Scope waveform will show:

e Output current, 10A/DIV
e Phase node, 10V/DIV
e Time Scale, 20msec/DIV
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Table 6 Short circuit protection entry and recovery, VOUT = 1.5V

Acquisition is stopped.
1.00 MSa/s 200 kpts

-

Sa/s 250 kpts mm————————7-11 j

OF @ O B O

=

o) = Y5 i 25 =

x

[

-

g

Ul

i

|
i
|

5 N "Bx
=T elety % H[200ms/ Mr\,‘lsszsssssoooom Mo‘»

|

=

Measurements |Markers |f Scales

X 2 X ¥ 2
A—() = 39.90682 ms 1.457 v = A—() = 39.90882 ms 1.490 v =
B---(4) = 78.78971 ms 29.77 A B---(4) = 78.78971 ms 29.77 A
A = 38.88889 ms 28.314 u A = 38.88889 ms 28.281 u
1/AX = 25.714286 Hz

" <l[e ey ¥
Measurements |Markers || Scales

[H[100ms/ | o[[H[-57623000000 ms] «[o | =

Figure 20 12Vin, Short circuit applied

Figure 21 12Vin, Short circuit released

Comments:

e Typical overcurrent DC limit is set at 30.3A. Measured OC limit is 29.8A.

e Hiccup interval is 39msec.

e Current stress during hiccup is reduced to 10.6Arms.
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