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Notes:

PMP5052 is same as PMP4804 except for a few changes. See the Test Report for
PMP4804 for thermal pictures and start up waveform. Operation above 20A on load
needs forced air cooling.

Changes:

Stress voltages on the major semiconductors were measured here at full load and
at the application input voltage extremes with a 500MHz bandwidth scope and a 500MHz
bandwidth 10x probe. See pages 2-4 for waveforms. Only voltage of concern was that on
drain of Q9 which exceeded its 25V rating by about 1V at maximum input voltage. The
part has avalanche capability, but goal is to avoid avalanche in any steady state situation.
A snubber was added across the secondary and this voltage reduced to 24V. See page 4
of this report for the “before” and “after” pictures.

The two large 1000uF output caps were removed and replaced with two 470uF
tantalum caps. In the application, the user will have about 500uF minimum cap at the
load, mostly in the form of a tantalum cap. Another 470uF cap low ESR cap is needed to
allow a load step or load dump of 5A to occur without the output going out of the +/-5%
band around 3.3V. Hence, in the actual application one of the 470uF caps will be on the
power conversion module and one at the load. The voltage loop gain was adjusted for a
bandwidth of 10kHz by increasing R16 and R18 by the UCC2897 from 1k to 1.21k.

The resultant load dump response and Bode plots for the two voltage extremes are
shown on pages 7 and 8 of this report. Load dumps are done instead of load steps as they
can be made much more abrupt to get the worst case dynamic deviation.

Measured efficiencies in this report are about 0.7% lower than in PMP4804 Test
Report. This is most likely due to current shunt variations. A 0.7% combined variation
between the shunts and current meters used in the two set ups would explain this
difference.
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Primary side waveforms: Worst case at 72Vin: Vout: 3.293V at 30.0A

Drains of main forward switches Q4 / Q5:
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PMPSOS2 using PRMP4804 rev B, no mods yet:
Full load ouput 2.293% 5t 20.04 Yin = 72

maimumi ] ) 106 .2 % Drain of main primary side FETs 04,/05 SiF7380P
Freg(ll nn 261.721 kHz channel 1 brown: 04/05 drains vs. primary ground
pkpk T2 112 .5 % S00MHz scope, 9.5pF probe x10 S00MMHz weith
ma<imumi4 ] 34 1y minimal loop
1 ps mean (42 31 .15my channel 4 blue: load current at 108,/ div
1z v ocx pesk Yds 1064 rating for Si7738 rating 1504
2 .2 v DC
3 58 mV DC I oc 28.8 W
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Reverse clamp FET Q3: Same conditions:
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PMPSOSZ using PRMP4804 rev B, no mods yet:
Full load outout 3.293% at 30.04 Yin = 72
maximumi] 1 5.6 W Drain of clamp primary side FETs 03 IRFG216:
Freq(ll nn 261.813 kHz channel 1 brown: Q3 drain »vs, Q3 source at pri
plkpk (73 188.1 W gnd:
maz<imumid 1 A .9mV S00MHz scope, 2.5pF probe x10 S00MHz with
2 ps mean (4) -0 38mY minimal loop
“ > v OO0 & g-:i:lne' 4 blue: off, but 20.04 off load on shunt
% ES mx BE _ oc 29 5 v peak Yds -103% rating for IRFE216 -150%
4 18 m\  EOD T S 1UPHEU
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Secondary side: Q1 / Q2 for the forward path:

Drain voltage of Q1: worst case when Vin = 40V; also full load
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PRPS052 using PMP42804 rev B, rl‘||:| mods yet:
Full load output 3,.293% at 30,04 Vin = 40
Drain of secondary side FET Q1 CSD16401054

mss<imum] 14.69 M For Q1 & Q2 drains lowest Win is worst case whers
Fregi]l nn 17.6364 MHZ highest "reset valtags" of the forward occurs
pkpk C13 1B.41 M thanmel 1 brown: Q1 drain s, source
ma< i mum(4 ) 32.8m\ 500MHz scope, 9.5pF probe x10 S00MMHz with
1 ps mean (4] 31080V minimal loop

[I I =T T N | charnel 4 blue: load current at 104/div

2 .2 v DC peak Wds 154 rating for CSD15401 254

2 50 mv OC — oc 7.4 W

4 IB mu SBQ T PR ) g il N}

Gate voltage of same FET, but at 72Vin where gate voltage is highest: also full load:
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FRPS0S2 using PrP4804 rev B, no mods yvet:
Full load outout 3.293% &t 20.04 Yin = 724
masimumi] 1 1234 W Gate of secondary side FET Q1 CSD16401054A
Freglll I 251.794 k Hz For Q1 & Q2 gates highest Yin is worst case
pkpk ]2 14.38 W channel 1 brown: Q1 gate vs. source
ma=imumi4 ) 33.8mY S00MHz scope, 9.5pF probe x10 S00MHz with
1 ps meani4d) 31.BEmyY minimal loop
ﬂ E v oo = channel 4 blue: load current at 104dw
] S v oo i peak Ygs 12 rating for CSD16401 164
3 58 mV DOC — Oc 7.4 W
4 10 m\v HOQ - Jlurrcy
Qq
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Now for the clamp Q8 and Q9: Q9 had over 1V higher drain peak than Q8 and is shown
here: Worst case is 72Vin: Full load on output:
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PMPSOSZ using PMP4804 rev B, no mods yet:
Full load ouiput 2.293% at 30,04 Yin = 72%
masimum(] ) 26.09 W Drain of secondary side FET 09 CSD16401054
Fregl(]l nn 16_39134 MHz channel 1 brown: Q2 drain vs, source
pkpk 12 27.81 W 500MHz scope, 9.5pF probe %10 SO0MHz with
mas<imum 4] 23 1wV minimal loop
1 ps mean (4] 31.24mY channel 4 blue: load current at 104 /div
1.5 v oCg peak Yds 26% rating for CSD16401 254
9 S v oo 1 snubber will be needed
3 EB OO — oo 7.4 v (09 warse than Q8, 72%in warst case for this stress)
4 10 mW  5E0 _ ’ aJ1UFFCU

Vds too high: Need to add snubber across secondary of main transformer: 1ohm +
2200pF: Here is same Vds after snubber added:
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PFRPS0SZ using PRMP4804 rev B snubber added
Full load output 3.293% at 30.04 Yin = 724
maximum(] ] 24 _22 \ Drain of secondary side FET Q9 CSD16401054
Fregt]l - — — Snubber added across xformer secondary
pkpk ] 2578 W 1lohm + 2200pF
mazimum(4 ) 33 4my channel 1 brown: Q9 drain vs, source
B ps mean (4] 31 _B8mY S00MHz scope, 9.5pF probe x10 SO00MHz with
minimal loop
[2| g l:‘j gg it channel 4 blue: load current at 104 /div
3 éB YR _ peak Yds 24.2% rating for CSD16401 254 plus
m — oo 12.5 W avalanche .
4 10 my 500 S IUFFEU
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Texas Instruments

Regulation, losses and efficiency: 40Vin, 48Vin and 72Vin with external airflow:

Vin Volts lin A Voutl loutl A | Lossesin W | Efficiency
Volts %
72.0 1.4795 3.291 30.0 7.794 92.7
72.0 1.233 3.294 25.0 6.426 92.8
72.0 0.9895 3.296 20.0 5.324 92.5
72.0 0.7495 3.299 15.0 4.479 91.7
72.1 0.515 3.301 10.0 4.121 88.9
72.0 0.283 3.303 5.0 3.861 81.1
72.0 0.168 3.305 2.5 3.834 68.3
72.0 0.058 3.306 0 4.176
48.05 2.205 3.291 30.0 7.220 93.2
48.01 1.835 3.2935 25.0 5.761 93.5
48.01 1.4705 3.296 20.0 4.679 93.4
48.00 1.1105 3.298 15.0 3.834 92.8
48.02 0.757 3.301 10.0 3.341 90.8
48.03 0.4085 3.303 5.0 3.105 84.2
48.00 0.237 3.304 2.5 3.116 72.6
48.01 0.0675 3.305 0 3.241
39.98 2.649 3.291 30.0 7.177 93.2
40.03 2.200 3.293 25.0 5.741 93.5
39.98 1.764 3.296 20.0 4.605 93.5
40.03 1.329 3.298 15.0 3.730 93.0
40.00 0.906 3.300 10.0 3.240 91.1
40.04 0.487 3.303 5.0 2.984 84.7
39.94 0.282 3.304 2.5 3.003 73.3
39.97 0.0775 3.305 0 3.098
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Input ripple:
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PrPS052 using PRP4804 rev B
Full load oufput 2.293% at 20.04 Yin = 724
maximumi] ) 1281 VW Inputvoltage across C1 (one of four 2.2uF 100%
Fregt]l nn 251.747 kHz ceramic caps)
pkpk ]2 2281 V channel 1 brown: AC valtage on C1
maximumi4 ) 33.8mY 500MHz scope, 9.5pF probe x10 S00MHz with
2 ps mean (4 31.82mY minimal loop
" channel 4 blue: load current at 104 /div
[EI 52 mE Eg 1 peak o peak ahout 2,3V
3 58 mV DC I oc a.74 W
4 10 m\ GEQ
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Output ripple:
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) PMRPS052 using PRMP4304 reyv B
Full load output 3.293% at 30.04 Yin = 724
maximumi] ) 24 _Tmd  Output voltage across last ceramic output cap
Freg(ll nn 251.648 kHz channel 1 brown: AC voltage on C10
pkpk ]2 TE.2md  20MHz Bandwidth. 1x ripple probe used
rmazimum 4 ) 31.4mY  channel 4 blue: load current at 104/div
5 ps Bl meantd ] 30.75ml peak to peak Fomy,
[I g mt A should be lower at load ceramic bypass
2 .2 W DC
3 50 my DC 1 4 0OC 18.2m\Y
4 18 m\  EEQ STOFFED
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Texas Instruments

Load dump response: 72Vin Going from 5A to zero A:

29-Jul-E9
14:31:68
+ i
i T |
T |
+ |
20 ps I iy '
10 @ my T+ i I b B e
! T 1
T !
> + '«
T |
' + 1
W = - 4
T PMPS052 Lsing PMP4804 rev B: Win = 72V
COutput caps C6=C7 = 470uF tantalum 20mOhm ea.
masimumt] 147 3my R16=R18=121k for 10kHz loop bandwidth
Fregi]) nn 161 _O5E | Hz 3.3V at 3.0A durnped to zero load
k E( ] ) 214 1my Load Durnp Response
prpE - channel 1 brown: Output woltage measured across last
mix imum (4] 29.6mV coramic output cap C10
20 ps ElWL meantd) |} T.57mV channel 4 blue: load current at 2adiv
58 v AC Maxirmum positive deviation of Yout 147ty
iél - mu ac ys, 165mY for 5%
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Same, but for 40Vin:
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) PRIPS0S2 using PRMP4204 rey B Win = 40
Output caps CE=C7 = 470uF tantalum 30mohm ea.
maximumi] ) 145 8md R16=R18=1.21k for 10kHz loop bandwidth
Fregtll F 11,1538 kHz 3.3% at 5.04 dumped to zero load
pkpk (12 223 . 4mi Load Dump Response
mazximum (4]l 29 . 3mV channel 1 brown: Output voltage measured across
20 ps BlL mean(4) 1 T_46my last ceramic output cap C10
channzl 4 blue: load current at 28 /div
|'2| 52 mg Eg Mraximum positive deviation of %out 146ms
3 50 mv OC —_ 4 0C 18.2m0 vg, 165mb for 5%
4 180 my 5A0 MUHFIHL
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Bode Plots: First at 72Vin
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Then at 40Vin:
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in TI data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by TI as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:
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Amplifiers amplifier.ti.com Audio www.ti.com/audio

Data Converters dataconverter.ti.com Automotive www.ti.com/automotive
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