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SIC AND GAN POWER
CONVERTER ANALYSIS KIT

1. 5 Series MSO: (1 GHz) Oscilloscope
2. 5-PWR Software: Power analysis software

3. TIVHO08: (2.5 kV, 800 MHz) High voltage isolated
differential probes

4. TIVHOS (Optional): (2.5 kV, 500 MHz) High voltage
isolated differential probes

5. TIVM1 (Optional): (50 V, 1 GHz) High BW Isolated
differential probes

6. TPP1000 (Free): (1 GHz) High BW passive probe.
Comes standard with scope. One per channel.

7. MMCX Tip for TPP1000 (Optional): Passive probe
MMCX Tip for high BW performance.

8. GaN Half-bridge Demo Board Guide: Instruction
Guide for getting started.

* All products come standard with their own
accessories.
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.
Introduction

The SiC and GaN Switching Power Converter Analysis Kit
is the ONLY solution in the market that can accurately
characterize most of the critical parameters for optimizing

Power Electronics topologies that use ultra-fast, power

semiconductor switching technology such as SiC, GaN

and even some silicon-based MOSFET and IGBTSs.

Characterize:

* Vgs: Vps and Iy measurements on high-side and low-

side switches.

« Dead time optimization, including accurate turn-on,

turn-off and gate-drive timing analysis.

« Switching and conduction loss measurements.

Detailed switching performance characterization including high-side Vgs, Vds & Id.

* Magnetic performance, losses and system efficiency.
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GaN Half-bridge Evaluation Board Connections

ox N4

Two independent GaN-based half-bridge
circuits.

Choose between MMCX connectors (top
half) or the Square pin connectors (bottom
half) for your evaluation.

DC Bus Voltage 50 V; Gate Voltage 5V
USB Powered *

USB Power

Main Power
Switch (S3)

MMCX Board
Power Switch (S1)

Square Pin Board
Power Switch (S2)
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VGS_High Side (MMCX)
B vDs_High Side (MMCX)
VGS_Low Side (MMCX)
VDS_Low Side (MMCX)

. Shunt Current (MMCX)

VGS_High Side (Square Pin)
. VDS_High Side (Square Pin)
VGS_Low Side (Square Pin)
VDS _Low Side (Square Pin)

. Shunt Current (Square Pin)

*Use both ports of the provided dual-input USB cable. Using any other cable can cause serious damage to the oscilloscope’s USB port.



Selecting the Right Sensor Tip for TIVM

For this Demo, TIVM1 probe system is used to measure floating, high dv/dt Gate-Source (Vgg) signal:
* Maximum dv/dt: 5 V/1 nS =5 V/ns

« Maximum differential voltage at the test points: 7 V,

« Minimum differential loading (input impedance) that the circuit can tolerate : 1 KQ

* Required measurement sensitivity (V/div) <50 mV/div

« Sensor tip selected: IVTIP25X: £25 V; 1.25 kQ // <1 pF; 25 mV/div

ISOVU TIVH SERIES

CO””SSE:P” to Differeggﬁlg\éoltage Offset Range Input Impedance L Sgg;:g\ée Ul Attenuation
MMCX 1V t2V 50 Q // <1 pF 1 mV/div 1X
_ MMCX 5V +10V 250 Q /I <1 pF 5 mV/div 5X

IVTIP10X MMCX +10V +20V 500 Q // <1 pF 10 mV/div 10X
MMCX +25V +50V 1.25kQ /[ <1 pF 25 mV/div 25X
IVTIP50X (Standard) MMCX +50V +100 V 25kQ /<1 pF 50 mV/div 50X

Note: Specifications are dependent on the probe tip cable.




Selecting the Right Sensor Tip for TIVH

For this Demo, TIVH probe system is used to measure floating, high dv/dt Drain-Source (Vpg) signal:
« Maximum dv/dt: 50 V/5ns = 10 V/Ins

« Maximum differential voltage at the test points: 50 V,

« Minimum differential loading (input impedance) that the circuit can tolerate: 10 kQ

* Required measurement sensitivity (V/div): 10 V/div

» Sensor tip selected: MMCX50X: £50 V; 10 MQ // <3 pF; 50 mV/div

ISOVU TIVH SERIES

Conn[;aﬁgli_on i Diﬁereggﬁlg]\éoltage Offset Range Input Impedance ! Sggts{:tri\ée el Attenuation
MMCX £1V £25V 1MQ // 20 pF

MMCX10X MMCX +10V + 250V 10 MQ // 6 pF 10mV

MMCX +50 V + 250 V 10 MQ // 3 pF 50mV 50X |
MMCX250X MMCX + 250 V + 250 V 10 MQ // 2 pF 250mV 250X

Requires 0.100” Pitch (2.54 mm) Square Pins on the DUT
SQPIN100X Square pin + 100V + 600 V 10 MQ // 3.5 pF 100mV 100X

_ Square pin £500 V +600 V 10 MQ // 3.5 pF 500mV. 500X
Square pin +1000 V +1000 V 40 MQ // 3 pF 1.0V 1000X
Square pin + 2500 V +1000 V 40 MQ // 3 pF 2.5V 2500X

Note: Specifications are dependent on the probe tip cable

7 7




Make Connections — Vs and Vs Measurements

Vgs_hi

Vds_hi

Vds_lo

“AGE 80009 GaN HALF BRIDGE .‘
. e DEMO_BOARD
5R ;_-.14 Ml._,:,__. 'r‘.'__ e
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Low Side Vg - TPP1000 and MMCX adapter tip.
Channel 2: High Side Vg - TIVM1 and MMCX25X sensor tip.
Channel 3: High Side Vg - TIVHO8 and MMCX50X sensor tip.
Channel 4: Low Side Vg - TPP1000 and MMCX adapter tip.

0 *Do not use TPP1000 passive probe for any high-side, floating measurements. This can cause serious damage to the oscilloscope input



Before Making Measurements

1. Once all the connections are made, turn on the
oscilloscope by pushing the power button in the lower
left corner of the front panel.

2. Press ‘Default Setup’ button on the oscilloscope.

3. Turn on Chl, Ch2, Ch3, Ch4 on the oscilloscope by

double-clicking on the respective channels’ badges on
the bottom ribbon.
4. Before turning the GaN evaluation board ON or making

any measurements, run following settings on all active

channels. (Details on the following pages):
« Self Calibration (IsoVu only)
* Auto Zero (IsoVu only)

3495-005
 Deskew

* Probe Compensation (passive probes only)




Self Calibration for IsoVu Probes

The SELF CAL sequence should always be run on an IsoVu probe after it is

first powered on and has warmed up for 20 minutes.

1. Make sure there is no differential signal present at the sensor tip cable.

2. Press the SELF CAL button on the controller to adjust the operating
point of the measurement system.

3. The indicator blinks orange during the self calibration process; it turns
solid green when the operation completes or solid red when the
operation fails.

» Always run Self Calibration in following situations:

 The measurement system is first attached to the oscilloscope.

« Changes are made to the range (1X|2X), internal compensation or
clamp (ON|OFF) setting.

« The temperature in the sensor head changes more than 10°C.

* The sensor tip cable is changed.

Tekfronix

@sTATUS

SELFCAL

@®ON

CLAMPING

TIVM1

An IsoVu™ Product

@ OVERANGE

®1X
o2

RANGE
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Auto Zero for IsoVu Probes

Run Autozero on start or when the displayed waveform is
CHANNEL 3

not centered correctly (for example, due to a small DC

VERTICAL SETTINGS
offset error). T
1. Make sure there is no differential signal present at |
I Serial Number: MIKEO1

Version: 1.2

the sensor tip cable. Attenuation: 100X
Propagation Delay: 68.5 ns
2. Press the MENU button on the IsoVu controller to
view the Probe Setup menu* on the oscilloscope.
3. Press the Autozero button in the Probe Setup menu
of the oscilloscope.

4. Repeat this for all the connected IsoVu probes.

100 mV/div | 20 V/div
o

800 MHz % | 1 GHz

o .



Deskew All Probe Channels

Running Deskew is very important to get accurate delays
between the signals. Double-tap the Chl badge and go to
‘Other’ Menu.

1. Setthe Ch1 Deskew to 0 by pressing ‘Set to 0’ soft
button.

2. To set other channels’ Deskew, press the ‘Multi Channel
soft button. This will open an Deskew setting popup.

3. Select ‘From Source’ as Ch1, “To Source’ as Ch2, and
press the ‘OK, Deskew’ button.

4. This will deskew the second channel using the default
propagation delay for each probe.

5. Repeat this step for all channels and deskew them with
respect to Chl.

50Q DS |50Q DS |
800 MHz ™ § 1 GHz




Probe Compensation for Passive Probes

Probe compensation optimizes probes to a CHANNEL 1 (?  PROBE COMPENSATION

specific channel and stores the results to the ottt 3 @

PROBE SETUP

oscilloscope.
Probe Type: TPP1000
st;iiglr:l:r{\ber: €031459
Attenuation:
IsoVu probes are compensated at the factory Propagation Deley: 53 s
- . Compensate
and do not need any additional compensation. Probe

For all other passive probes, run the probe
compensation under the Probe Setup menu by

double-tapping the respective channel badges.

Follow the instructions under the ‘Probe

Compensation’ popup.

Ch1 ch 4
1 Vidiv 10 V/div 10 V/div
L5 500 DS f50Q DS |©

1 GHz 800 MHz % | 1 GHz
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Powering on the GaN Half-bridge Evaluation Board

1. Once all the pre-r(_equisite s_,ettings are applied, . R B Gl BALE BRIDGE .
connect the supplied dual-input USB cable to two of e -
the oscilloscope USB ports before connecting the
cable to the USB Power input on the demo board. VS Power
; ; Main Power
Using any other ca’ble can cause serious d_amage Switch (S3) (O}
to the oscilloscope’s USB port due to high inrush J.ép " ! C‘*@
current on the board. e, s{de el High Side
. MMCX Board @;I%s o .@VGS e
2. Now, connect the GaN Half-bridge board power Power Switch (S1) [ vos TEST
(USB power) to the USB cable. ON: Vos SMTCEH oo
3. The green LED labeled ‘USB PWR’ on the board e
will turn on and remain steady when the USB cable Square Pin Board : ‘well
is connected. Power Switch (S2) o - - g@j;éﬁ
. _ 1‘“; E’
4. Turn Switch S3, next to the USB input, to the ON j%
position to turn on the main board power. | . Cur gl e “*uémvm
5. Next, turn ON Switch S1 to power the upper half of ey 'D"FH\w.fcfsh SOPIN
the board with MMCX test points. . os(BiTme ) W bR T s
6. Now, you are ready to make the measurements. - onrenvooe . (@)

GaN Half-bridge Evaluation Board

0 *Use both ports of the provided dual-input USB cable. Using any other cable can cause serious damage to the oscilloscope’s USB port.
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Test 1:

Gate-charge Characterization and Effectiy

* Measuring high-side Vg and low-side Vgg Simu

» Measuring high-side V5 and low-side Vg S



.
Gate-charge Characterization and Effective Dead Time Analysis

Getting the best performance out of a SiC- or GaN- Floating Measurements — Very Difficult

based power converter topology requires optimizing o )
dead time and gate charge characteristics. This { \ R o ey
requires accurate measurement of all high-side and _ |
low-side gate-source (Vgg) and drain-source (Vpg) Vds_hi ==
voltages.

Measuring the signals on the low-side, ground
referenced switch is possible with a passive probe
setup, but ground return currents and the ground lead \Vgs hi

inductance of a traditional passive probe can degrade
the measurement. The high-side, high frequency, Vds lo

floating measurements are almost impossible to
measure using traditional differential measurement \ )

Dead
Time

|

systems due to the presence of high common-mode
voltage.

-— s e e e e e gl -

The following section will demonstrate how to make all
gate-source (Vgs) and (Vpg) measurements accurately.




On-Screen Setup — All Measurements

1. Start by pressing the ‘Autoset’ button on
the front panel. This will adjust the
screen to show all the waveforms oo i
simultaneously.

2. Press trigger badge and set the trigger
on Ch2 (Vgs_High Side) rising edge and
set trigger to 50%.

3. For the most accurate measurements,
the probe’s offset function should be
used to center the signals on the display;
for instance, the 0-50 V V¢ signals
should be offset 25 V).

4. Enable cursors to analyze dead time and
switch characteristics.

20 ns/div 200 ns 3
SR:6.25 GS/s 160 psipt ample: 8 bits 01 Oct 2018
RL: 1.25 kpts ¥ 50% s 3:20:36 PM

Q .



High-Side and Low-Side Vs Measurements

1. Turn off Ch3 and Ch4 by double-tapping the respective
channel badges and tapping the display button to OFF.
This will give a clear view of gate-source (Vss) signals on
the low side and high side.

2. Settrigger on Ch2 and adjust the horizontal scale to
10 nS/div to fill the screen with the turn-on (rise)
sequence on Ch2 (Vgs_hi).

3. Adjust the vertical scale on Ch2 and Ch1 to 1 V/div.
Alternatively, use pinch and zoom to view the gate-charge
response on the gate signals.

4. Miller plateau and dead time should be clearly visible for
analysis. Use cursors for further evaluation.

%
o s i

e I il

2(lafs|s|7]s ‘Al:: New

Bus

L J JL L L J L L J

5. Use the Measure button on the right soft panel to enable
Rise Time, Fall Time, Slew rates and other critical
measurements for each channel. Note that the rise time
measurement might include the time to charge the Miller
capacitance, depending on where the reference level is
set.

o .




.
High-Side and Low-Side V. Measurements

1. Turn on Ch3 (Vds_hi) and Ch4 (Vds_lo) and turn off
Chl1(Vgs_lo) and Ch2(Vgs_hi) to get a clear view of
drain-source (Vg) signals on the high side and low side.

2. Set the trigger on Ch3 (Vds_hi) falling edge.

3. Adjust the horizontal scale to 200 ns/div to view the
dead time between the (Ch3) Vds_hi falling edge and
Ch4 (Vds_lo) rising edge.

4. Adjust the vertical scale on Ch3 and Ch4 to 10 V/div.
Alternatively, use pinch and zoom to view the drain-
source response on the full screen.

5. Dead time should be clearly visible. Use cursors to
evaluate dead time and rise-fall time characteristics.

6. Usethe Meas_ure bUtton_On the right soft panel to Note: Turn on Ch2 (Vgs_hi) and Ch3 (Vds_hi) to view Vg, Miller
enable Rise Time, Fall Time, Slew rates and other charge time and Vg turn-on correlation (not demonstrated).

critical measurements for each channel.

19



Test 2:

Fast-Switching Load Current or Drain Cu

« Measuring high di/dt switch



Fast-Switching Load Current or Drain Current Analysis

Testing high di/dt load and drain current is critical for optimizing power
converter performance. The most common methods of measuring these
currents involves inserting either a wire loop for a current probe or a

resistive current shunt at the test point.

The added inductance of a wire loop for a current probe can have a
negative impact on the performance of the circuit. Using a low-inductance

resistive current shunt can be a better choice in many applications.

The following section will demonstrate how to make fast-switching load

current measurements on a floating shunt using the IsoVu probe.

NOTE: The GaN Evaluation board is not designed to carry any significant

current, so use the following steps as representative test only.




Make Connections — Current Measurements Shunt vs. Loop

B\
I “';“ / B
Load s R Pl I [
e (Shunt) e I e ot .
: Side ufan ngh Side
VGS {
) " \ s E"‘%“@ L T
i X “-E vos TEBT i 8
.@ POI NTS ‘
VDS SWITGH NODE
ILoad
(loop) A
C t — I ?l\k}*n
® @ Ol e, o vout 4
d’ ﬁulgh Siae
Channel 3: Load current (1) using a shunt — TIVM1 and MMCX25X sensor tip.
S Channel 4: Load current (1) using a loop — TCP0O300A current probe.

0 * The GaN Evaluation board is not designed to carry any significant current, so use the following steps as representative tests only. 22



Fast-Switching Load Current or Drain Current Analysis

» Make sure the Ch3 and Ch4 are deskewed using the steps noted in the Deskew Fle EditUilly Help

section.

* Because Ch3 -TIVM1 (IsoVu) probe is testing current through a floating shunt,

change the measurement unit to current: ‘A’

CHANNEL 3

* Double-tap the Ch3 badge and under ‘OTHER,’ toggle the ‘Alternate Units’
switch On and set the Ratio to 1 A/V. (Current shunt value on the board is 1 Q).

« To compare the traditional loop-based measurement with the shunt-based
measurement, add current loop using a standard square pin lead on the

‘Current probe’ test-point of the lower GaN Half-bridge circuit.

* Use a high BW current probe (TCP0030A) to measure load current through the

loop. Degauss the probe before making the measurement.

3.08 V/div || 26.4 vidiv | 500 mA/div | 1 A/div
© L 50Q DS |1mQ DS

1GHz 1GHz

23



Measuring Fast-Switching Load Current

» Average current through the shunt in

: Tekfronix
on-state is quite low (=50 mA). The s [ N N | |E== =
parasitic elements on output circuit
causes ringing as high as 4 A, .,

which makes it difficult to measure the

a: 46.448 mA

on-state current. R

B

ACQUISITION

Ta:-1.420 mA

« To see the on-state current, switch to
averaging mode by tapping the
Acquisition badge and selecting

Average from Acquisition mode.

oriZ:
Add | |Add | Add 200 21

i s
50Q DS el LSRRI <-: 6.5 Gs/s 160 ps/pt

« The vertical scale might have to be "

extended beyond the clipping range to

view the average current.

Q ’




Current Measurement — Shunt vs. Loop

|t can be clearly seen from the
waveform that adding a loop adds
quite a lot of ringing and settling time
(~275 ns) vs. (~50 ns) on the shunt-

- — — fFEaon. — — — — — -

1/At: 3.56 MHz

based measurement.

» The effects of lower bandwidth on Hall
effect-based current probe are also
visible on the low frequency ringing on

the loop-based (Ch4) waveform.

« Adding a loop can also affect the
performance of gate drive, along with

0s 40 ns 80 ns p8o ns
‘ch3 jcha — i (—
other timing characteristics and can be : et [T [ o
1z Iz

RL: 2.5 kpts ¥ 13% qs 3:49:16 PM

seen in Vgg and Vg measurements.

o .




Test 3:

Testing Switching/Conduction Losses

(This test does not use the GaN Evaluation Board)



Switching/Conduction Loss and Magnetic Measurements

I I, (I_drain)

Getting the best efficiency and power density out of any power
converter requires accurate measurements of switching, conduction

and magnetic losses.

To measure switching and conduction losses, measure the drain-
source voltage (Vps) and drain current (I5) across the power switch
using appropriate probes, as shown in the connection diagram on
the next page. For magnetic properties, measure voltage (V,)

across the coil and current (1) through the coil.

The following section uses the built-in demo to demonstrate the
capabilities of the 5 PWR software for switching and conduction

losses.

Use your own DUT to test any of the demonstrated parameters.

Vds_hi

|, (I_Coil)

\ =

V, (V_Coil)

Power 1 1 /3|
Switching Loss'
I 1 1.93 mW

IR 25 58 mwW
Cond: 116.1 yW

ICIEIN40.62 mW
Power 2

RDS(on)"
m: 203.7 mOh

Power 3
Line Ripple'

RMS: 16.72V
Pk-Pk: 35.96 V

+ Power 4
Inductance’
531.8 mH
Power 5 mww&n
Magnetic Loss'

V8 70.79 mW

Power 6 (1 G0
Magnetic Property'
Bpeak: 30.23 mT

Br: -

He:  111.1 mAT/m
Huax: 122.8 mAT/m
|R|ppLE; 129.3 mA
AB: 56.42 mT
AH: 94.66 mAT/m
Perm:294.2 kH/m




y
4
y
y

Make Connections — Switching/Conduction/Magnetic

I, (I_drain) B
| N\
IV
T
vds_hi . — |
i
| ‘. 5
l, (I_Coil) -
< \ g
|
= B
V, (V_Caoil) 7
. .ﬂ, / . Switching/Conduction Losses & Rpgop:
|

Channel 1: Voltage across the switch (Vpg) — TIVHO8 and MMCX50x sensor tip.
Channel 2: Drain current (I5) (Through shunt) — TIVM1 and MMCX25X sensor tip.

Magnetic Measurements:
Channel 1: Coil Voltage (V,) — TIVHO8 and MMCX50x sensor tip.
Channel 2: Coll current (I,) (Through shunt) — TIVM1 and MMCX25X sensor tip.

0 Representative circuit for demonstration purposes only. GaN Evaluation board does not have test points for drain current measurements. o8



Power Measurements Demo

* NO connections are required to enable
the 5-PWR scope demo.

« Tap ‘Utility—Demo’ on the top ribbon.

» Tap ‘Power Measurements’ under the
Demo popup.

* Select between the available choices.

* The following pages show the
screenshots and capabilities of these
functions:

o Switching/Conduction Loss
o Magnetic Measurements

29



Switching/Conduction Losses Demo

File Edit Utility Help
Plot 1 - Trajectory (Ch 1, Ch 2, Power 1
| Frs N e e ESSSUSS S I

Add New...

Cursors Note

oV 5V
Measurement Results Measure | Search
Results

Power 1 SL: Turn ON Energy Switching Loss Ch 1, Ch 2, None 82.558 pJ 81.835 yJ 83.403 yJ 582.25 n) 82.558 yJ 81.835 yJ 83.403 yJ 582.25 n) Table
SL: Turn ON Loss 11.928 mW 11.601 mW 12.154 mW 167.01 pW 11.928 mW 11.601 mW 12.154 mW 167.01 pW
SL: Turn OFF Energy 197.82 yJ 194.19 yJ 201.06 pJ 2.4195 yJ 197.82 yJ 194.19 y) 201.06 yJ 2.4195 yJ Power 1 wwwan
SL: Turn OFF Loss 28579 mW 27.965mW 29.409 mW 470.83 uW 28.579 mW 27.965mW 29.409 mW 470.83 uW Switching Loss'
SL: Conduction Energy 803.63 nJ 785.64 n) 824.8n) 11.878 n) 803.63 n) 785.64 n) 824.8n) 11.878 n) I 11.93 mW
SL: Conduction Loss 116.09 yW  114.19 pW  118.2 pW 1.4459 uWw 116.09 pW  114.19 pW  118.2 pW 1.4459 uWw 28.58 mW
SL: Total Energy 281.18 ) 277.46 1) 285.04 pJ 2.5623 pJ 281.18 1) 277.46 1) 285.04 ) 2.5623 pJ Cond: 116.1 uW
SL: Total Loss 40.623 mW 39.967 mW 41.648 mW 590.7 uW 40.623 mW 39.967 mW 41.648 mW 590.7 uW AT 40.62 MW

Plot

Waveform View L

Cch1 Math 1 — Horizontal Trigger Acquisition
10Vidiv [ 50 mvrdiv | 173.5561... 8 ﬁgjv Q‘:‘;’v AR PNRRY & 3207 ms/div 83.2072ms I (T) ./ 17.2V Manual, Analyze
©y Ch1*Ch2 Math | Ref || Bus SR: 62.5 MS/s 16 ns/pt Noise Reject Sample: 12 bits 19 Nov 2018

50 Q
250 MHz ™ | 250 MHz 8 ]| Power 1 RL: 5.2004 M... ¥ 50% Single: 0 /1 11:06:06 AM




Magnetic Measurements Demo

File  Edit  Utility  Help Tektronix

Measurement Results Add New...

Cursors Note
Power 1 Inductance Inductance Ref 1, Ref2 3.4213 mH 3.4213 mH 3.4213 mH OH 1 3.4213 mH 3.4213 mH 3.4213 mH OH
Power2  Magnetic Loss Magnetic Loss Ref1,Ref2 8.8442 mW 8.8442 mW 8.8442 mW ow 1 8.8442mW  8.8442mW  88442mW  OW SR e
Power 3 MP: Peak Flux Density Magnetic Property Refl, Ref2 238.3 uT 238.24 uT 238.37 uT 90.523nT 2 238.3 uT 238.24 uT 238.37 uT 90.523}] Results |
MP: Retentive Flux Density -61.394 uT -61.394 uT -61.394 uT oT 1 -61.394 uT -61.394 uT -61.394 uT 0T Table T
MP: Coercive Field Strength 7.1328 mAT/m  7.1328 mAT/m  7.1328 mAT/m 0 AT/m 1 7.1328 mAT/m  7.1328 mAT/m  7.1328 mAT/m 0 AT/m
MP: Maximum Field Strength 98.75 mAT/m  98.75 mAT/m  98.75 mAT/m 0 AT/m 1 98.75 mAT/m  98.75 mAT/m  98.75 mAT/m 0 AT/m ISy B =
MP: Ripple Current 196.32 mA 196.27 mA 196.38 mA 82.864 uA 2 196.32 mA 196.27 mA 196.38 mA 82.864 M - nce’
MP: Delta B 465.91 pT 465.91 pT 465.91 pT oT 1 465.91 pT 465.91 uT 465.91 pT 0T
MP: Delta H 194.24 mAT/m  194.24 mAT/m  194.24 mAT/m 0 AT/m 1 194.24 mAT/m  194.24 mAT/m  194.24 mAT/m 0 AT/m 3421 mH
MP: Permeability 2.5268 kH/m  2.5268 kH/m  2.5268 kH/m 0 H/m 1 2.5268 kH/m  2.5268 kH/m  2.5268 kH/m 0 H/m Power2  mwawl
Magnetic Loss'
u 8.844 mW
Power 3 CIWAF

Plot 1 - BH Curve (Ref 1, Ref 2, Power 3) Waveform View - Magnetic Property
e d Breax: 238.3 uT

Br:  -61.39 uT
Hc  7.133 mAT/m
Humax: 98.75 mAT/m
IrippLe: 196.3 mA
AB:  465.9 uT
AH:  194.2 mAT/m
Perm:2.527 kH/m

Ref 1 Ref 2 — Horizontal Trigger Acquisition

: - Add || Add || Add - il
480 mV/div | 22 mA/div 8 New | INew! New! | lovml |AFG 400 ps/div 4ms 1) ~ ov Auto, Analyze
500 kS/s 500 kS/s Math | Ref || Bus SR: 312.5 MS/s 3.2 ns/pt Sample: 12 bits 19 Nov 2018
MagVo MagCurr... RL: 1.25 Mpts ¥ 50% 0 Acgs 11:10:49 AM
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Power Measurements Software Help

For detalled set-
up steps and a full
description of
5-PWR software
features, please
refer to the on-
screen help by
tapping the Help
button.

File Edit Utility Help

File Edit View Go Bookmarks Help

[¢-0-BH| VoA Q8

TEKSCOPE HELP

Q

Contents | Index | Bookmarks | Search |
CDH!?MS

#x| Switching Loss algorithm

Measurement variables
Missing or out-of range samples
Math waveforms
Math waveform elements
Math waveform sources
Guidelines for working with math waveforms
Math waveform editor syntax
Math waveform differentiation
Math waveform offset, position, and scale
Waveform integration
-- FFT process
-- FFT and aliasing
-~ Blackman-Harris FFT window concepts
-- Flattop2 window
-- Gaussian window
Hanning FFT window
Hamming window
Kaiser-Bessel FFT window
Rectangular window
Tek-Exponential window
= Measurement algorithms
= Amplitude measurement algorithms
Timing measurement algorithms
Jitter measurement algorithms
Eye measurement algorithms
Power measurements: Input Analysis algorit
Power measurements: Amplitude Analysis al..
g Aol

Power measurements: Magnetic Analysis alg
Power measurements: Output Analysis algor..
Power Frequency Resp:

DDR Amplitude Measurement algorithms

=- DDR Time Measurement algorithms

3- References

N EE

Al
Switch-Mode Power Supply (SMPS) design has three types of losses, they are Turn-On (T}, Turn-off
(T,). and Conduction loss (Cond). To achieve the maximum efficiency, losses should be reduced. This
section details about the basics of Switching Loss Analysis. A simplified SMPS schematic is shown

ADD MEASUREMENTS

Standard | Jitter

Power Jolslit

Add New..

Cursors Note

Measure Search

Resuits

Table | | Plot

Power 1
Switching Loss'

Regions of Ty, Tegr, and Conduction loss (Cond) with voltage source (Vds) and current source (Ids)

below:
E
K | Power 2
- v i
. s I oo Inductance'
il
. -
. — o Voltage Source Current Source Power 3
Wil s ) Magnetic Loss'
B b e Y ‘G‘ 4 [ Add | | 070 mw
INPUT ANALYSIS > Power 4
SMPS circuit diagram shows the points where switching loss can be measured. After full wave N ic Property’
rectification, the current signal should pass through the harmonic standard and enters for DC AMPLITUDE ANALYSIS > Breax: 30.23 mT
conversation. MOSFIT plays an important role to meet the design of SMPS. Br: -
TIMING ANALYSIS > Ho 1111 mAT/m

Hueax: 122,8 mAT/m

are shown in Switching Loss T, T, and Conduction loss regions.

SWITCHING ANALYSIS

luppte 129.2 mA
AB:  56.42 mT

=| | All the switching losses are measured on Power signal, based on Vds and Ids transition.

Open Pages

Chi
10 Vidiv
L 500

50 mA/div | 173.5561...
chi*ch2

250 MHz | 250 Mz % | Power 1

& X | T, Loss region: When Vds starts rolling towards zero, the Ids starts to roll upward.
T, Loss region: When Vds starts rolling upwards, the Ids start to roll towards zero.

Conduction Loss region: The region when the Ids is high and Vds is low.

@ Switching Loss |@ dvidt
@ SOA

MAGNETIC ANALYSIS

J

@f RDS(on)

@dildt

AH:  94.66 mAT/m
Perm:294.2 kH/m

OUTPUT ANALYSIS

w
B
v
o0
~
o«

FREQUENCY RESPONSE ANALYSIS

Horizontal

SR: 62.5 MS/s 16 ns/pt
RL: 5.2004 M... ¥ 50%

8.3207 ms/div 83.2072 ms @ s 172V
Noise Reject

Acquisition

Manual,

Sample; 12 bits
Single: 0/1

Preview

21 Nov 2018
11:56:29 AM|

Analyze
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Specifications




IsoVu Technology Specifications

_ ISOVU TIVM SERIES ISOVU TIVH SERIES

Common Mode Rejection Ratio

Input Impedance
Fiber Cable Length

Power Over Fiber

Input Offset
Input Coupling

Note: Specifications are dependent on the probe tip cable.

Upto 1 GHz
Down to 350 ps

5 mV up to £50 V

60 kV

DC — 1 MHz: 160 dB (100 Million to 1)
1 MHz — 100 MHz; 120 dB (1 Million to 1)
1 GHz: 80 dB (10,000 to 1)

Up to 2.5 kQ
<1pF

3 meters or 10 meters

Powered over the fiber connection —
no batteries required

Upto =100V

DC

Up to 800 MHz
Down to 450 ps

5 mV up to £2.5 kV

60 kV

DC — 1 MHz: 160 dB (100 Million to 1)
1 MHz — 100 MHz; 120 dB (1 Million to 1)
800 MHz: 80 dB (10,000 to 1)

Up to 40 MQ
As low as 2 pF

3 meters or 10 meters

Powered over the fiber connection —
no batteries required

Up to + 1000 V

DC or AC
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