04/19/2001 — Matthias Ulmann i
PMP5672 Rev. B — test report ;‘;TEG‘QENTS

1 Sartup

The startup waveform is shown in Figure 1. The inmltage is set at 12.0V, with no load on
the 1.2V output.
Channel C1: input voltage

2V/div, 2ms/div

Channel C2: output voltage
500mV/div, 2ms/div
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2 Shutdown

The shutdown waveform is shown in Figure 2. Thaiinpltage is set at 12.0V with a 20.0A
load on the 1.2V output.

Channel C1: input voltage
2V/div, 500us/div
Channel C2: output voltage
500mV/div, 500us/div
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Figure2
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3 Efficiency

The efficiency is shown in Figure 3.

The measurements were done with two different itaisc
« SER2009-601M L 0.740mOhm max. 41A rms 49A sat
¢ SER1408-501ME 0.55mOhm max. 38A rms 30A sat
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Figure3
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4 Load regulation

The load regulation of the 1.2V output is showirigure 4.

PMP5672 Rev. B
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5 Output ripple voltage

The output ripple voltage at 20.0A load and 12.0ptit voltage is shown in Figure 5.

Channel C1: switching node
10V/div, 1lus/div

Channel C2: output voltage
20mV/div, 1lus/div, AC coupled
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Figure5

Due to high noise from the switching node and thve ESR of the output capacitors it is very
difficult to measure the exact output ripple.
The output ripple is approximately 5mV peak-peak.
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6 Loadtransients

The response to a load step and a load dump apahvoltage of 12.0V is shown in Figure 6
and Figure 7.

Channel C2: output voltage, -15mV undershoot
20mV/div, 50us/div, AC coupled

Channel C1: load current, load step 10.0A to 20.0A
10A/div, 50us/div
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Figure6
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Channel C2: output voltage, 10mV overshoot
20mV/div, 50us/div, AC coupled

Channel C1: load current, load dump 20.0A to 10.0A
10A/div, 50us/div
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Figure?7
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7 Frequency response

Figure 8 shows the loop response of the 1.2V owtfitht 12.0V input and a 20.0A load.
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8 Miscellaneous waveforms
The drain-source voltage on the switching nodédswe in Figure 9. The image was captured
with a 12.0V input and a 25.0A load.

Channel C2: drain-source voltage, -1.2V minimum voltage, 26.5V maximum voltage
5V/div, 50ns/div
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Figure9
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9 Thermal measurement

Figure 10 shows the circuit at an ambient tempegatti21 °C with an input voltage of 12.0V
and a load of 20.0A.

The measurement was done with two different indscto
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SER2009-601M
L abel Temperature Emissivity  Background

L1 54.1°C 0.95 21.0°C
R5 66.1 °C 0.95 21.0°C
Q2 63.1°C 0.95 21.0°C
Q6 61.7 °C 0.95 21.0°C
Q5 60.9 °C 0.95 21.0°C

SER1408-501IM E

L abel Temperature  Emissivity  Background
L1 59.1 °C 0.95 21.0°C
R5 66.8 °C 0.95 21.0°C
Q6 61.9 °C 0.95 21.0°C
Q5 60.9 °C 0.95 21.0°C
Q2 63.3 °C 0.95 21.0°C

Figure 10
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10 Additional measurements & analysis

10.1 Low side schottky diode

Often an additional schottky diode is placed iraflat to the low side MOSFET to reduce the
overshoot (diode is conducting when high side FE&E switched off and the low side FET is
not yet conducting).

Figure 11shows clearly that an additional diode has naerite. The drain-source voltage of
the low side FET is exactly the same.

Due to adaptive gate drive the dead-time is alreqodiynized by the controller.

Ccz Schottky diode MBRS340A placed
M2:  no diode placed
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r
Measure P1:min{c2) P2:man{C2) P3freg(C2) P4:--- P&:- - - PB:---
value -18V 268V
status s W
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Figure1l
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10.2 Voltage on switching node and on pin SW

The maximum voltage on pin SW is 27V. To reducs tlultage either a resistor can be
placed between pin SW and the switching node oowieeshoot on the switching node has to
be reduced (snubber, gate resistors e.g.).

Already the inductance of the trace between théchinig node and pin SW reduces the
voltage on pin SW of the controller as Figure 1@veh

The voltage can be reduced either by placing atardbetween pin SW and the switching
node. In this configuration no resistor is necessar

Peak voltage on switching node: 26.5V
Peak voltage on pin SW: 24.4V (no resistor betwsagitching node and pin SW)

File Wertical Timebase Trigger Display Cursors Measure Math Analysis  Ulilities Help

siwitching node
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2
Measure P1:min{C2) F2max{C2) PafreqiC2y P4--- Pas--- Ph=---
walue -12v 285y
status L4 L4

imebase -100ns

Measure P1:min{C2) P2:max(C2) F3freq(C2 P4--- P&--- Ph=---
walue -20v 24.4Y
status v v iy

imebagse -100ns

Figure12
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The pictures below show the influence of a resisaiween the switching node and pin SW
on the maximum voltage.

No resistor placed: 24.4V peak
3.3R placed: 22.5V peak

Carehasto betaken if thisresistor isplaced inside or outside the bootstrap circuit of the
high sde FET! If it islocated inside the bootstrap circuit it has also an influence on the
switching behavior of the high side FET.

File Wertical Timebase Trigger Display Cursors Measure Math Analysis  Ulilities Help

swilching node

Measure P1:min{C2) F2max{C2) PafreqiC2y P4--- Pas--- Ph=---
walue -3TY 24.4Y
status v v iy
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. 1
LeCroy

Pin SW connected to switching node via 3.3R
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10.3 Gateresistors

To reduce the overshoot on the switching nodetaesisan be placed in the gate lines. This
reduces the switching frequency and thus the owetsh

The measurements show that too high gate resistigo problems. If they are too high, the
adaptive gate drive doesn’t work properly whichdeto cross conduction.

8.0V input voltage, 1.2V @ 10.0A load

R1- high side R8 - low side Vpeak - sw. node Input current
0.0R 0.0R 17.2v 1.648A
1.0R 1.0R 15.5V 1.643A
2.2R 2.2R 15.2v 1.655A
3.3R 3.3R 15.3v 1.736A

A 1.0R resistor shows the best balance betweenymdtage and input current.
If the resistors are too high, the input currenh&easing (cross conduction) and the
converter doesn’t start up sometimes due to ovezotr
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10.4 Snubber circuit

A snubber placed in parallel to the low side FEJuees the overshoot. The influence is
depending on the resistance and the capacitance.

The measurements were done at 8.0V input voltadel &V output voltage with no load.

R5 - snubber C29 - snubber Vpeak - sw. node Input current
open open 14.5Vv 33mA
2.2R 3.3nF 13.9v 38mA
1.0R 3.3nF 13.6V 37mA
1.0R 10nF 12.4v 52mA
1.0R 4.7nF 13.0V 41mA

The resistor has to be pretty low to achieve aifstgmt influence.
By varying the capacitance the overshoot is redutds to be taken care to burn not too
much energy in the resistor!

10.5 Conclusion

« An additional schottky diode parallel to the lowesiFET has no influence and is thus
unnecessary.

e Aresistor between the switching node and pin Stlices effective the voltage on
pin SW if the switching node voltage is close te thaximum of 27V.

* Gate resistors can be used to reduce the overdbataioo high values lead to cross
conduction. A good value is 1.0R for NexFETs butgpends highly on the gate
charge.

e Also a snubber circuit reduces the overshoot. EBistor has to be pretty low, around
1.0R. The capacitors depends on the overshooO(iE)1
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EVALUATION BOARD/KIT/MODULE (EVM) WARNINGS, RESTRICTIONSAND DISCLAIMER

For Feasibility Evaluation Only, in Laboratory/Development Environments. The EVM is not a
complete product. It is intended solely for use fpoeliminary feasibility evaluation in laboratory /
development environments by technically qualifiddceonics experts who are familiar with the
dangers and application risks associated with lieg@lectrical / mechanical components, systems and
subsystems. It should not be used as all or paxtppbduction unit.

Your _Sole Responsibility and Risk. You acknowledge, represent and agree that:

1. You have unique knowledge concerning Federal, Stated local regulatory
requirements (including but not limited to Fooddabrug Administration regulations, if
applicable) which relate to your products and Wwhielate to your use (and/or that of your
employees, affiliates, contractors or designeegshefEVM for evaluation, testing and other
purposes.

2. You have full and exclusive responsibility to agsuhe safety and compliance of your
products with all such laws and other applicabtpitatory requirements, and also to assure
the safety of any activities to be conducted by yand/or your employees, affiliates,
contractors or designees, using the EVM. Furthey gre responsible to assure that any
interfaces (electronic and/or mechanical) betwéer&VM and any human body are designed
with suitable isolation and means to safely lint@ssible leakage currents to minimize the
risk of electrical shock hazard.

3. Since the EVM is not a completed product, it may meet all applicable regulatory and
safety compliance standards (such as UL, CSA, VOE, RoHS and WEEE) which may
normally be associated with similar items. Youuass full responsibility to determine and/or
assure compliance with any such standards andedelzdrtifications as may be applicable.
You will employ reasonable safeguards to ensureybar use of the EVM will not result in
any property damage, injury or death, even if tMEshould fail to perform as described or
expected.

Certain Instructions. Exceeding the specified EVM ratings (including oot limited to input and
output voltage, current, power, and environmergafes) may cause property damage, personal injury
or death. If there are questions concerning thatsegs please contact a Tl field representativerpd
connecting interface electronics including inputveo and intended loads. Any loads applied outside
of the specified output range may result in unidezh and/or inaccurate operation and/or possible
permanent damage to the EVM and/or interface @pitts. Please consult the EVM User’'s Guide
prior to connecting any load to the EVM outputthEre is uncertainty as to the load specification,
please contact a Tl field representative. Duringwad operation, some circuit components may have
case temperatures greater than 60°C as long aspand output ranges are maintained at nominal
ambient operating temperature. These componantgdie but are not limited to linear regulators,
switching transistors, pass transistors, and cusense resistors which can be indentified usirg th
EVM schematic located in the EVM User's Guide. Whaacing measurement probes near these
devices during normal operation, please be awatellese devices may be very warm to the touch.

Agreement to Defend, Indemnify and Hold Harmless. You agree to defend, indemnify and hold T,
its licensors and their representatives harmles® fand against any and all claims, damages, losses,
expenses, costs and liabilities (collectively, ‘i€l8") arising out of or in connection with any use

the EVM that is not in accordance with the termshig agreement. This obligation shall apply whethe
Claims arise under the law of tort or contract oy ather legal theory, and even if the EVM fails to
perform as described or expected.

Safety-Critical or Life-Critical Applications. If you intend to evaluate Tl components for pblssi
use in safety-critical applications (such as lifgpport) where a failure of the Tl product would
reasonably be expected to cause severe persong} omj death, such as devices which are classified
as FDA Class 1l or similar classification, thenuymust specifically notify Tl of such intent andten
into a separate Assurance and Indemnity Agreement.
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