PMP-6000 UCD9224 & CSD96370Q5M off 12Vin Test Report
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Input, output data and efficiency: (room ambient temperature and ~100LFM air)
Channel lonly: 500kHz operation
Power drawn by UCD9224 and Test interface (30mA off 12Vin) not included

Vin Volts Iin A Vout Iout % Effi Losses in W
Volts A ciency
12.04 4.862 0.995 50.08 85.1 8.709
12.045 4.320 0.995 45.07 86.2 7.190
12.02 3.805 0.995 40.07 87.2 5.866
12.02 3.296 0.996 35.08 88.2 4.678
12.02 2.8035 0.996 30.075 88.9 3.743
12.01 2.324 0.996 25.07 89.5 2.942
12.05 1.848 0.996 20.07 89.8 2.279
12.02 1.3955 0.996 15.07 89.5 1.764
12.06 0.943 0.996 10.07 88.2 1.343
12.00 0.502 0.995 5.07 83.7 0.979
12.02 0.2775 0.995 2.57 76.7 0.778
12.03 0.164 0.995 1.27 64.0 0.709
12.04 0.056 0.995 0 0.0 0.674
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Lesson learned: Again, best efficiency is always at about ' full load. To get best efficiency at SOA will need to design a 100A power train. In the past one customer pushed a 10A
design with 90% efficiency. Then later in the project he discovered he actually needed 20A in all. No problem, the power train was already rated for 20A!!!

See separate Thermal Report: Very little difference was seen with 500kHz operation vs. 375kHz operation thermally. Since 500kHz operation allows output ripple spec (<20mV p-
p) to be met with less output ceramic capacitance; S00kHz was chosen.
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Major waveforms after snubbers moved close in to main switches.

Lesson learned: Place FET and input cap and snubbers first; only afterwards worry about inductor!!!
16-Feb-11

15:42:15
1 LeCroy I
5E ns xI
5.0 W T
|:]
| I | A
e + 'Hmi' ™
T PMPE0O00: Channel one 1.0% at 504 off 12.04in
Major WS waveform with close in S00MHz probe
maximumi] ] 20 F3 Y 2.2nF + 0.68 ohm snubber moved close to WSW pins
Freg(]) ___ C5D95370 WSW peak rating 25W per Jeff Sherman
H i bher in close helped by about 44
Fall(]) 2.2 NS fomgoes U .
) . Measured peak 20.6% here on U101 YSW pins
riseil’ 1.8 NS channel 1 phase 18
5E ns pkpk (1) 29 .38 W
.z v OC§
2 .5 M O DOC 3
2 60 mv OC I 10C 1.2 ¥
4 10 mY 60O [ S IURFEL
And the other phase:
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15-Feh-11
15:41:30
1 LeCroy T
5@ ns I
5.8 VY I
::::::::::::ll..:::::::"::::::‘l:::::::::::::
. ) ! | 1
+ W"P" T
FrAPGo00; Channel one 1.0% ot S04 off 12.0%in
T hannel i
Major %S wavefor m with close in S00MHz
masimumi] 2 28.31 W probe
Freqg (12 - — — 2.2nF + 0.62 ohm snubber moved close to WS
Fallcl) 1.8 ns pins
riset]l 2.2 ns CSD96370 YSW peak rating 254 per Jleff
EO ns pkpk (12 24 .38 W Sherman
d.5 v oci moving shubber in close helped by about 4
2 ) 5 v OoC u Measured peak 20.3% here on U103 WSW pins
3 EE My 0D 1 o 10C 1.2 v channel 1 phase 1B
4 1@ my  OR | STOPPED
Qq
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Turn on:

Lesson learned: If not used, the 3™ pole / zero pair needs to be disabled by checking box in the GUL.
15-Feb-11

19:687:35
LeCroy T
1 ms T
200 i T
F 'F-. hEE A ED ‘..._m
:!f,..r"
A E
. rﬂ"ﬂ s -
J : i
1 PMPSE000: Channel one 1.0% at na load off 12.0%in
_ S00kHz per phase setting with 4x47UF ceramic
mazximum(] ) 1844 V' output caps in one place
Fregil) - - - Turnonrige time set to Smeec
Fall(]) - - - Yout during enable from GUI
rise(l]) 3.14081 ms maore output ripple seen here as valtage probe with
1 ms BlWL pkpk(1) 1 838 ¥ pigtail used
.2 v oc rapid step to almost 300mY, then monotonic rise o
9 5 Y OC & 1.0%out
3 58 mv OC | 1 0OC @280 W
4 160 m\v  EOQ [ HURIIHL

And with load:
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15-Feh-11
19:E9:45
1l———— |leCroy
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1 ms
18 Gmh 1 1 —+
FL ] T
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T —PMPE000: Chamnel one 1.0 at load off 12,04
S00kHz per phase setting with 4x47uF ceramic
. output caps in one place
ESXIT;‘TH ) L0504 Turn on rise time set to Smsec
F;?Cll 1) T 7 7 Wout during enable from GUI
X —_ 7 7 more output ripple seen here as voltage probe with
ST P i
1 ms BlL PP - rapid step 1o almost 200mY, then manotonic rise to
1 .2 v Oc 1.0%out
2 .5 % DOC g Channel 4 is load current at 10A/div rising from zero
3 80 mv OC — 1 OC @.262 & 0 S0A during Yout ramp up
N 1e mv 500 L SIUMFEU

Load Step response:
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l6-Fehb-11 Reading Floppy DOisk Oriwve
15:32:24
LeCroy T
20 ps I
20wy /p-"' T
— /| i
,_4 *I‘ i ] 1 |
s N i .
18 Gmy L — P—— 5””'”” |]I1|||-- Rl
| I+
i[“ | I 4
" I
UL
T PMPE000: Channel one 1.0% at 108 off 12.0%in
being stepped to 504 load at 14/usec
maximum(] 18 _4my trace without ripple is output current at 104, div
Freq (13 27 BSES k Hz tzrglfnimitvh ripple is Wout during this load excursion at
FE.' 1 10.826 ps Max undershoot 65-70rm
rise(]l 27182 US 51 jnop Bandwidth at about 19kHz
20 ps BlL pkpk(l) 163 Fml
d 29 mvy AC
2 .6 W OC i
250 my OC I 4 0OC 24 _4m\
4 1680 my EEQ [ S IUFFED
Qq

Load Dump response:
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16-Feb-11
15:34:54
LeCroy I
20 ps +
ZE . Omy Y T
I T
4 1
20 ps - EE -
18 . @my T
| ! T
[ i
:E‘ ---1I||||||||I|I|I||||| =
T T
T PRMPE000: Channel one 1.0% at S04 off 12.0vin
being "dumped" to 104 load at -14usec
maximum(] 2 T1_5mY frace without ripple is output current st 104 /div
Fregtl) TuL 337.136 kHz ftrace with ripple is “out during this load excursion
Fallill 41._029 ps at20my div
riseild 5_036 ps Max overshoot 65mY
20 ps BlLL pkpk 12 99 4ml GUI loop Bandwidth at about 19kHz
dza m AC
2 .5 W DC i
3 50 my DOC . 4 0OC 24 _4my
4 18 my  EAQ O STOFPPED
Qq
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Turn off:
15-Feb-11
19:06:51
LeCroy T
1 ms T
200 mY I
FETN AN F
- l“\‘ T [
::::::::::::Kz‘:“:‘.\:":}:‘;‘?;::::::::::::::::::::
s
EIEL*"ML
T 1
T PrRMPEO00: Channel one 1.0% at no load off 12.0%in
) S500kHz per phase setting with 4x47uF ceramic
mazimum(] ) 1844 V' gutput caps in one place
Freg(l) — ~ = Turn off fall time set to Smsec
Fall (17 2.92154 mS waut during "soft off fram GUI
rise(]l — ~ ~ more output ripple seen here as voltage probe with
1 ms Bl pkpk(1) S19mY igtail used
[I 2 WO Linear fall to 250mY output, then both FETs off
2 .5 M DC
3 sg mv DC 1 1 DC B.864 W
4 168 my  RO0 [ MUHI'IHL

Output ripple with close in 1x probe:
Lesson learned: All output ceramics need to be at one point!!!
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15-Feb-11
17:35:569

1 LeCroy
16 ps
10 Em
.A]M% "
L

=l 0 I I N O T T

1| Ll

1L‘ LU H.%i
FRRRR Rl L U

LE

T PMPE000: Channel one 1.0% at S04 off 12.0%in
_ S00kHz per phase setting with 4x470UF cerarmic
maximumi] ] 18 4mY  auput caps in one place

Fregq(ll  #  B26.795 kHz outputripple at full lnad at 18 p-p vs, 20y
Fall(]l FE 15,7078 Vs gpec
rise(]) F 18. 2064 ps

18 ps BlL pkpk(13 18 1mV

il 18 mv AC

% 5 W DOC & 258 M5/s
50 mv OC I 1 0C 2.8my
4 10 my 500 0  STOPPED

Qq

Channel two from here on:

Input, output data and efficiency: (room ambient temperature and ~100LFM air)

Channel 1only: S500kHz operation

Power drawn by UCD9224 and Test interface (30mA off 12Vin) not included

Note: Detail data taken at 1.2Vout setting, then corrected Vout to 1.25V as desired by application, and several points re-taken

Vin Volts Iin A Vout Iout % Effi Losses in W
Volts A ciency
12.03 2.229 1.195 20.065 89.4 2.837
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12.02 1.998 1.195 18.06 89.9 2434
12.04 1.764 1.195 16.06 90.4 2.047
12.02 1.540 1.195 14.07 90.8 1.697
12.04 1.315 1.195 12.06 91.0 1.421
12.03 1.097 1.195 10.06 91.1 1.175
12.05 0.880 1.195 8.065 90.9 0.966
12.00 0.670 1.195 6.065 90.1 0.792
12.01 0.459 1.195 4.065 88.1 0.655
12.03 0.246 1.195 2.07 83.6 0.486
12.04 0.1405 1.195 1.065 75.2 0.419
12.05 0.031 1.195 0 N/A 0.374
12.06 2313 1.246 20.07 89.6 2.888
12.01 1.839 1.246 16.07 90.7 2.063
12.06 1.3665 1.246 12.07 91.3 1.441
12.02 1.142 1.246 10.07 91.4 1.180
12.04 0.916 1.246 8.07 91.2 0.973
12.03 0.477 1.246 4.07 88.4 0.667
12.07 0.031 1.246 0 N/A 0.374

Here also, 10A per phase is where the CSD96370 is most efficient.

Increasing Vout from 1.2V to 1.25V boosts efficiency by 0.2 to 0.3%.
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Channel two (one phase) main waveform:

15-Feh-11 Readinn Flnoon Misk Nriwe
11:41:15
LeCroy
5B ns
5.0 W

i

5A ns
1B Emby P::::::::::::.........::::::::::.:::::::::::*
LT TN T M Ahqwhuwwnéz T e
] T 1
T 4
[ PMPEO00: Channel two 1.2% at 204 off 12.0%in
] Major WSW waveform with close in S00MHz probe
mazcimumt] ) 28.74 V' 2.2pF + 0.62 ohm shubber moved close to WS
Fregt]d - - — pins
Fall(]) 2.1 ns CSDOsIF0 WSW peak rating 25Y per Jeff Sherman
rise(]l 1.7 ns maving snubber in close helped by about 44
50 ns pkpkt12 24 .UB V Measured peak 20.7% here on U201 WSW pins
.5 v oC3 channel 2 phase 24 (for 204 total phase 2B not
2 5 v OC 3 used)

3 50 my OC e 10C 85V
3 10 my 500

Qq

Output ripple:

(] Jlurrcuy
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4

16-Feb-11
18:48-39 .
LeCroy T
18 ps I
1B @mi I
4 ¥
18 s LLL
18 . amy ﬁﬂ" lll'
PrRPE000: Channel two 1,254 at 204 off 12.0%in
S500kHz with 4x47uF ceramic output caps in one
mazximumi] 2 18.FTmi  place
Fregt]) B59.852 kHz  output ripple at full load at 19mY pp vs, 20ms
Fall(1) 4.4364 ps  gpec
risetl) BE.E7T45 Ps  Channel 4 is load current at Saddiv
18 ps BlL pkpk (1) 19.1md
i 1@ my AC

2 .5 % DC &

3 68 mv DC I

4 10 m\  6EQ

Qq
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Channel two: Load Step Response

16-Feh-11
18:43:69
LeCroy T
260 ps +
20 Bmy T | |
Ml S e
@@ <+ | -I
4 L iikk '“\M '-‘M i" ' m“] r
T r |
20 ps "
18 dmb e e e A S N R
g /3 -
T 4
T PMMPEO0D: Channel two 1.25% at SA off 12.04in
_ being stepped to 204 load at 14/ usec
maximum(] ) 24 2ml trace without ripple is output current at Sa/div
Fregtl) S 293552 kHz trace with ripple is Yout during this load excursion
Falli]? Fk 15,682 ps  at20mefdiv
riset]) # 38.29% ps Max undershoot S0me
20 ps BLL pkpk (1) 115 1ml QUI loop Bandwidth at about 23kHz
20 m¢ AC
2 .5 W OC§
3 58 my OC I 4 OC 24 4my
4 10 m\ 500 [ Jidrrcuy
Load dump:
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16-Feh-11
15:42:59
l—— [leCroy T
28 ps I
260 B I
| I
4 1 s
28 ps | | ¥
160 Bmy B \ — 1
NI [TTIITIN h ! C | AT A
UL mm A
[ L | [ 3
\'~‘—-—_
4
T PMPE000: Channel twao 1.25% at 204 off 12.04in
being "durmped" to SA load at -14/usec
masimumi] 2 53 _5mY frace without ripple is oufput current at Sa/div
Freg(l) e 35_T362 kHz trace with ripple is Yout during this load excursion at
Fallc]d +E 39.906 s 20mY/div
risel(l) FE 12. 158 ps Max overshoot 65mb
2B ps BLL pkpk(1) 103 . 1my GUI loop Bandwidih at about 23kHz
1 280 mY AC
2 .5 W DOC
3 58 mv DC T 4 OC 24 4my
E] 18 mh hEG [ JIUFFCU

Channel two: Start up
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16-Feh-11
15:45:40
A———— [leCroy T .L
1 ms I o S mA—
200 my I W
T _,r'
4 in
1 ms I
1B Gy L B B B o e i e B B B B B B B I o
s T
» (,J T td
T 1
T 4
T FMPE000: Channel two 1.25Y at no load off 12.04in
S00kHz per phase setting with 4x47uF ceramic
s imumi] 1,281 V' outout caps inone place
Freg(l? - - - Turnonrise time set to Smsec
Fall(l) - - - ‘outduring enable fram GUI
risel]l 3.53088 ms more outhut ripple seen here as voltage probe with
1 ms BlL pkpk<ld 1.2008 YV pigtail used
j.2 v OoC rapid step to 200+mY, then monotonic rise to
’ w 1.25%out
2 .5 M DC§
358 mv OC [ 1 0C B.348 ¥
4 10 my 5A0 [ 2J1UrrCy
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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 Tl 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 Tl 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 Tl 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 TI for that product or service voids all
express and any implied warranties for the associated Tl 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:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com
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