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For switchmode PSU characterization over production parameter
spread, stability analysis is essential.

For small signal stability analysis the Bode measurement of loop gain
and phase gives answers.

For large signal analysis the step load analysis gives answers.
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Can the results of Bode and step load be different?

For an ideal LTI (Linear Time Invariant) system large signal and small signal response
behaves the same and you can calculate the expected results from Bode to step load and vice
versa.

In the real world gain and slew rate of PSU stages are amplitude dependent so they are often
non linear over large amplitudes/excitations. Beside slew rate limitations the gain will be device
operation point dependent.

In reality you can see large signal step load responses suggesting high stability margins i.e.
asymptotic step loads without any ringing, but at the same time Bode small signal analysis
show low phase margins.

Often the regulation loop shows less gain at a step load situation because the devices operate
in a different operating point compared to a small signal excitation within their linear range
measured by a Bode plot.

So you should examine both: Bode and step load




How a Bode measurement is made?

You could measure the loop anywhere along this red path

Current mode switcher 100
Y

o

L1

You inject a small signal anywhere
into the regulation loop. Then you
measure the vector quotient of
V(X)/V(y).

OUT/IN

=

i use an injection transformer to get a
c1 floating AC source and you have 3
wires attached to the DUT board.

Emm R4 For the AC excitation source you can

e Those 3 wires can’t usually be long,
since they are attached to the
= == feedback loop
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A Bode measurement on a final production board is as much a
mechanical probing problem as it is an electrical one.

Two scope probes and a banana cable or yellow wire hooked up with
transformer are not a mechanical stable system to use in a climate
chamber etc.
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How a Bode measurement is made?
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Conventional Bode measurement

L1

OUT/IN

T
E
i
s
N
IN [\]out ||

E1 D 38K

1l
‘ L C1
mm 500U

On an auxiliary board with the injection transformer and hooks for the
probes you have 3 wires attached to the DUT board.

Those 3 wires can'’t usually be long, since they are attached to the
feedback loop

For the AC

Jource you need an

injection transformer to get a floating

AC source
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Where to hook for Bode

10u X

il ] 4= |ow impedance hooks. Vout and
s ™ GND found at the output capacitors.
< 41 |8 Z That are easy to probe low
=
o /@\ @ = impedance points which are
et = mechanical robust.
Y
— Y-node is higher impedance. Typical
i DggK you use a 50 or 100 Ohm resistor
| here on the board between x and y
|‘I node to keep impedance low.
-+
1000 G2 R2
___:MQ 1 f D12K
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Idea: Hook on the output capacitor and leave the AC source

iIsolation at the analyzer

10u

This will need 3 cable pairs with
similar and defined RF characteristic.

E1

L1

+ AG1

V(x) measurement

100 Ohm AC injection signal

IN [~ \]ouT
OUT/IN

R1

R2

— 1 D12K

V(y) measurement

Wy Terminating the AC injection
B signal with 100 Ohm at the
DUT which terminates to some

z degree the V(y) Signal. The
V(x) signal is low impedance

not terminated at the DUT.
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If you search for a single cable which does the job, LAN/Ethernet

patch cables are about the ideal solution.

They combine:
» 4 pairs for 4 channels available. We need minimum 3.
They come with specified impedance 100 Ohm +/-10%
Good RF isolation of one pair against the other.
Inexpensive
Available in all length and colors with a standard RJ45 connector

RJ45 connector inexpensive and available in surface mount Pair 2 is on pin 3 and 6
packaging

Attention:

, o Through hole RJ45 connectors
High reliability gold contacts often have non standard non

Rated for 60V and small signal use (about 1A but beware of sequencing pin out. Keep to SMT
resistance). RJ45 connectors if you can.

Paar 3 Paar 1 Paar 4 Why do | know....
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Bode Connector schematic
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Bode Setup

y Eigentum Christian Kuck

YOO
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2

Onboard temp measurement

Bode Setup in Thermal Chamber

1 LAN Patch cable makes the complete connection to the Bode 100

Power and DC Load connections
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Run the Omicron Bode 100 in high impedance mode. Otherwise its max. CH1 / CH2 BNC voltage
is limited to 7V due to 50 Ohm termination thermal limitation. R2 and R3 will double that to 14V

but the 0402 resistors will burn easily.

Set at no termination to my knowledge the Bode 100 CH1/CH2 voltage limit is about 35V DC.

Do not exceed that.

Hardware Setup

500 500
ALGn G2
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The FB loop is with the PSU board only closed over a small yellow wire.
If that connection breaks on buck regulators typical a VIN=Vout situation occurs. A boost will

destroy itself immediate with producing over voltage.

Best would be if the 100 Ohm R7 is optional placed on the final PCB right away.
Check if that is feasible.

B D VOUT+.

R7

T 100

R6
] ==t
o R - - S
..AUJQD_ s ow om % ow ow % - DVDUT..
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If the PCB size allows you can place a shorted 0402 placeholder for R7 on the PCB. For Bode

test you dremel the short open and place a 100 Ohm termination resistor. A test point at this
location will come in handy. This way you prevent the Fb loop from opening up when you play
around with heat guns, mechanical loads etc.

That is the biggest danger when using yellow wire only closing the FB loop.

1
olll—— - ¢ = °
3 »

1R 5o om e
5
6 I
7
sHll—

= |VOUT+.
R
100

R6
L =
B S W - TP
o s one n n e o2 ofl 28 one s oa
-Auﬂmi B moE & & B oo » DVOUT—-

18 meS




Bode 100 Setup

Vv Gain / Phase

Measure Gain/Phase (transfer function H(f)) using the

external reference.

Start measurement

OUTPUT

(¢)

CH1 CH 2
*" Bode 100 o o

Transfer

function

buT

ect patch cable into ca

e o f
dB dB

Full-Range User-Re

Gain calibration

19

Full Range Calibration X

Gain calibration:

perform the Thru calibration.

Thru Start

Connect both CH1 and CH2 input connections directly to the Bode 100
output such that they pick up the same signal. Then press Start to

Close

Optimize for best S/N 0dB or 10dB might work too

Hardware Setup

Bode 100
Source mode . Receiver bandwidth .
Receiver 1 30 Hz Receiver 2
Source level Attenuator DUT settling time Attenuator 2
4dBm 2 208 ~| Oms
| Sweep time: 73.25 s |
C\ External X
o Reference )
|
s} | AC l AC
] T coupling coupling
e H
. outpuT S J.cH2
[ 1
Probe 1 Probe 2
1:1 b4 1:1 R
DUT
H(f
~HO_,
Close
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Bode 100 Setup for easy interpretation for PSU

Frequency sweep IEH Fixed i | Frequeney Trace 1 Trace 2 Bl :: 9 Trace 1 oy v
: :: ™ Cursor 1 100.9 kHz -1.562 mdB -5.909 m® | i1 ]
Start frequency : ‘ 21.544 kHz 483.16 udB 2176 m° | @ Measurement Gain .
St treqisncy : Delta C2-C1 79.36kHz|  2045mdB| 8085 m°|® Display | I|ke to
Center 6 ;; im0 | Format have
| @ |v. | =wae: gain blue
50 L
Sweep Linear | [ Logarithmic ;; i and
Number of points | 801 v b ‘ | Measurement: Gain
_ » ‘Cal curve with 2m Cat6 | = | osew phase
Level Constant A Variable " ‘: UTP t h bl Farnat Phase () - d
Reference level ‘ pa C Ca e -100 [] Unwrap phase re
Shape level... & 30~ ;: Ymax 180 ° :
£ | | el
Attenuator  Receiver 1 Receiver 2 -§ ‘ | 5 m
&
© | =
Receiver bandwidth 30Hz %: 1 ‘ ‘ 40 8
g i 1; ,-3
= :: 20 E
2 b ‘ ' oy
o .
S PR — - | oy Make sure Gain and
|
N | 3 B \ Phase graphs a“gn
104 | O O
| . on the 0 dB O degree
-15 : f . t t t-
‘ 1 or easy Interpretation
i
20 ! 60
I
|
’ i o o - ‘ 1 80
— -30 - L
I v-} 1k 10k 100k ™
Gain / Phase Frequensy () Measurement = new memory

Autooff | | Receiver 1 ] Receiver 2 | B 2020-05-22 | NC829D v [
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Measuring a Buck MPQ4430 with too high Source Level

Frequency Trace 1 Trace 2 H

:: ¥ Cursor 1 10.144 kHz -5.577 mdB 77463 ° |lii

D)

Frequency Sweep IEMl Fixed

Start frequency iy Cursor2 4103kHz|  -29.43dB —693.062m“§ With overdriven
it Delta C2-C1 400.156 kHz -29.424 dB -78.156 °
| DUT
ou create
|
- sl !; | bogus bode plots
I ‘ - 160
50 - l
Sweep Linear A Logarithmic :: i
45- !
Number of points | 801 v I
40- i
Level Constant nﬁ Variable |
35 !
Source level |
—~ 30- b
2] 1
Attenuator  Rgfeiver 1 Rgfeiver 2 2, i o
@ 25- [ =
deB v lfodg v || 3 | g
» 20 I [+
C 1 £
o Q-
Receiver bAwidth A 30Hz © | c
S 15 | s
£ ' )
T | _' ~J
o 10 : E
= | 9
g > | =
o |
= 0 ot -
/ |
[
-5 {
] ‘ - -20
10 I:
II
II
-15- I
)
-20 - El
OUTPUT —"CH 1 cH2 |
4 y O 25 | |
. ) | :
e 1k 10k 100k
Frequency (Hz)
21 Gain / Phase




Adjust source level until plots are invariant of reduced level

FEINNE Shaped level
File Home Measurement View Shaped level curve Shaped level points
[ New [ Save » > i
Open B Saveas 7 " u"“ To adjust the output level over frequency, double click the shaped level diagram to add Frequency Delta Output level o You Ca n ru n th e l I Ieasu rel I Ie nt
Continuous Single S a point and move the diagram by clicking and dragging. » 10 kHz 0dB 0dBm | @

E Export @ Report . . 1 d
vessemantonge | rollegeny ge = OG0 wam 8| | continuous with 1kHz RBW an

Frequency Sweep Il Fixed [+

1| I | | | ’ ’ I adjust the shaped level curve until

il g — 5 . artefacts due to DUT overdrive
e || £ f disappear. Test at least -3dB to your
g™ f final setting that the plot shape stays

Sweep Linear Logarithmic

Number of points | 801 M 1k 10k 100k ™M the Same

Frequency (Hz)

Vel
S

Level Constant I Variable

Reference level Wm:
Then you can reduce the RBW to 100

@ 25 = e ) .
BSTRTRRH | 5, f -~~~ >~ o T N b o} or 30Hz to shoot the nicer plot for the
10d8 v || 20d8 ~ g . \ ,// \ % management
Receiver bandwidth [30Hz +] ‘% \/\/ N / 40 O
2" Z@AN ol o
@ L b =
§ ’ e > \\ \\ ‘|
S0 7 T 0
S
i e 'ﬂ\\ -20
& \\ -40
=
= \‘\\ 4 60
‘ (1) (1) ‘ 25 \\ ‘ r"/ -

. @ ‘
l*’ -30 L
| | 1k 10k 100k ™

Frequency (Hz)
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Adjust source level until plots are invariant of reduced level

Frequency Sweep nﬁ Ened : Frequency Trace 1 Trace 2 H
2 :: M Cursor 1 16.374kHz | -12.814 mdB 65.788 ° | il
Start frequency v Cursor ; 277771kHz|  -28.081dB| 118.074m° il
Stop frequency | i1 Delta C2-C1 261.397 kHz -28.069 dB -65.67 ° | Tl
Center 1.0005 MHz 60 w 180
Span 1.999 MHz 55 . |
| : 160
50 - i i
Sweep Linear | [l Logarithmic I 140
45- | ]
Number of points ‘ |
40- | 120
Level Constant [l Variable :
- - A5 T
Reference level | i 100
hape level g ¥ ' ‘
S| I
ape level 5 ‘ o
o 25 | >
; : ; = | ; @
Attenuator  Receiver 1 Receiver 2 2 ittt M it 0 = o i st | B 5o o g g | i | g ol o e | »
£ 0 | ; 60 2
10dB 20ds ¥ || @ ' | =
= 15 . } =
| 40
Receiver bandwidth 30Hz w = | i KD
S 10- | ‘ &
| [}
& | 20 3
g > | =
g | ‘
B g - 0
-54 { |
| ! 20
-10 { :
: -40
=15 - ‘ i
-20 1 ; -60
-25- '
‘ ! -80
-30 L
1k 10k 100k ™
L — | Frequency (Hz)
Gain / Phase
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For test of sanity always reduce the excitation amplitude at least 3 dB or more from your final
setting to see if you Bode plot stays the same.

It will become more noisy but should not change in shape or remove/add steps. If you see

changes it is a sign of overloading your loop linearity. You need then to adjust your shaped level

to stay in the linear loop behavior.
This can be done with a 1kHz RBW setting and you get a quick live optimization.

There is in most cases no need for very low start frequencies. They do not add any useful
information and slow down the measurement.
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Final measurement with lower RBW

Frequency Sweep n ' Fixed
Start frequency

Stop frequency 2 MHz
Center 1.0005 MHz
Span 1.999 MHz

Sweep Linear

Number of points | 801

Level Constant

|I )
| o
b

5 2 -
o =

o foo o >

o |4 3 &

™ n el

Reference level 13 dBm 5

Shape level...

Attenuator  Receiver 1  Receiver 2

10dB ~ 20dB ¥
]
Receiver bandwidth 100Hz «

(

Trace 1: Gain Magnit

'Q' A @‘

[
| === ]
Gain / Phase

25

-20

254

-30

1k 10k 100k ™
Frequency (Hz)

o Frequency Trace 1 Trace 2
:: ¥ Cursor 1 100.9 kHz -10.19 dB 22.086 ° |@
ursor 2 21.544 kHz 5.551 dB 75.078 ° | &

‘EE Delta C2-C1 -79.36 kHz 15.741 dB 52992 ° W
60 T - 180
= You can set it to 100Hz or 30Hz which yields a smoother 160
50 | . i . .
- graph once the variable shape level setting gives stable 140
© results for different reference levels o
354 | - 100

- -20

L 40

- -60

- -80

Trace 2: Gain Phase (°)
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What to look for: Phase Margin

: Frequency Trace 1 Trace 2
:: ¥ Cursor 1 40.207 kHz § -13.524 mdB 60.743 ° ¢
¥ Cursol | 159.547 kHz \ -16.462 dB 20243 m° §
‘ i Delta C2-C1 119.34 kHz \16.449 dB -60.722 °

i | Phase mérgin should be sufficieht
- and not fall off a cliff around the

40-

35-

30-

25

i s S

15

10 -

Trace 1: Gain Magnitude (dB)

QdB gain point. Best is, if phase is
relative flat around this point

g

- 40

- 20

-10 -

-20 -

=25

-30 -
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10k

100k ™
Frequency (Hz)

180

- 160

- 140

-120

- 100

)

Trace 2: Gain Phase

--20

--40

--60

-80

Gain curve will change a bit
up and down over
temperature and production
variations. That will move the
0 dB point a bit with
frequency. You want to have
reserves for this.
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What to look for: Gain Margin

: Frequency Trace 1 Trace 2
:: ¥ Cursor 1 | 40.207 kHz -13.524 mdB 60.743 ° | =
SO 159.547 kHz -16.462 dB 20243 m® |
‘E': Delta C2-C1 119.34 kHz \716.449 dB \—60.722° 2] At the O degrees phase
60 ‘ w | reserve point there should be
55 | | ., | enough attenuation (<-10dB)
50 | | that the loop can not oscillate.
a5 | | There are lots of mechanisms
w0 3 120 | like load resonances and
35 | . | currentloop gain, which can
- 3 | | j | easy give some additional
s > | ‘ £ gain at those frequencies
£ 2 ‘ f « £ | yielding in oscillation.
S 15 =
£ 40 9
S ¥
2 20
|‘_3 0
--20
- 40
3 - -60
- -80
27 Frequency (Hz) ml 5




Always use a resistive load for Bode measurements
H Frequency Trace 1 Trace 2 :

:: 4 Cursor 1 40.207 kHz | -487.187 mdB 61.485° | @

) 159.547 kHz -16.334 dB 1208° =
.55 Delta C2-C1 | 11934 kHz| -15847dB| -60276° |@ Do not include the frequency
” 5 " response of an active
= | | 1w  electronic load in a Bode
50 - !
. . I | measurement.
s Orginal curve with resistive load | ”"
40 | - 120

=1 Curve with aétive electronic load

30

Trace 1: Gain Magnitude (dB)
Trace 2: Gain Phase (°)

7 1_k 10k 100k ™
28 Frequency (Hz)



Typical PSU loop gain effect of temperature

10

0

L
u}s e !
20 W A
|l

H Frequency Trace 1 Trace 2
:: ¥ Cursor 1 | 45.951 kHz -26.6 mdB 97413 ° | &
v Cursor2 570.041 kHz -25.023dB| 157.737 m°|=
i Delta C2-C1 524.09 kHz -24.997 dB -97.255° |m
60 - - 180
A | | - 160
50 +100°C of same PSU same conditions | ”
40| -20°C measurement of a MPQ4430 PS4 120
30 !\ﬁ\z i

g SRR NN R (O A OV, (0 ™™ <o~ L1 I 1 S S O I o __ 100

Trace 1: Gain Magnitude (dB)

-10 -

=20 -

-30 -

Tk

10k 100k
Frequency (Hz)

(°)

Trace 2: Gain Phase

29

Cold is typical the most
severe loop condition for
MLCC Cout regulators with
MOSFET error amps.

Cout of MLCC goes down
resulting in a higher 0dB
crossover frequency. See
page 6. At the same time the
error amp gain stage has
higher gain. MOSFET amp.
structures typ. decrease gain
with rising temperatures.
Bipolar amps increase with
temperature.

So best practice is to keep
good phase margin for the
increase of crossover during
low temps.

mes



Omicron Bode 100 RBW 30Hz 801 points

: Frequency Trace 1 Trace 2

:: M Cursor 1 56.649 kHz|  -8.547 mdB 48.481°
i v Cursor 2 156566 kHz | -13.296dB| -95.904 m°
i Delta C2-C1 99.917kHz|  -13287dB|  -48577°

=

=

=

60 T - 180

MPQ4430 12V to 5V 1.2A

55
- 160

50 -
- 140
45-
40 ; -120
35
30
25 -
20 -

154

10

Trace 1: Gain Magnitude (dB)
Trace 2: Gain Phase (°)

- 20
,‘]0_

- 40
,15,
=R : - 60

o) : /
: - -80
,30 4 1
1k 10k 100k ™
Frequency (HZ) m P5




Step Load

The AC (stepped) load of the step load should be done with closest lowest impedance connection
to the DUT cout. So typical a step load dissipating MOSFET with a current sense resistor is
placed on or near the DUT output capacitors. With the Bode hookup we have already that
connection to the Cout capacitors so enhancing it to do step load too is an easy task.
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Step Load

32

A voltage variable pulse is generated I I

O=cilloscope Step Load Adapter

cH B[]
GND
MPZ013 U
1
+TA[ ]
CHA i
Ri cio L 100
18, 22n
co ca GNO[]
47Tu 4.7u
o sense+[]
Seﬂse-D_
R15 10k 10k |
P |”—|: —1 P
R3 R12 :
s Potentiometer 3
U1 5 Rl45
o R %5 E
GND N “"‘T -
i M2 ouTa— — -G
MPBS13 b C4
4 T 680u

e 55
e 1000

R13
10k

MPS Christian Kueck 26. Nov. 2021 Rev 9.0

Current sense switch

1 L [vouTs
Py — 1 senses either R7 Fb or R4 shunt i
3 - G 100
4-—] 1
5 =a)
a-—4 D1 ook BUKDY10f-30 & cz Lot
7 [ o]
EL BaTs4Ps 0 | T e
el
220k [ ]100m
[vouT-
DUT RJ45 adapter DUT
Step Load and Bode



Step Load Setup

PSU adapter board

Dial Load Pulse Amplitude [

Trimmer falling edge slope

Trimmer rii

ng edge slope




Step Load MOSFET selection is not trivial

f=ez] M j?l

J |{4

| iBUK9Y107-80EX

Important is the SOAR (Safe operating area). Load MOSFETs see voltage and current =

power at the same time. Most MOSFETs are not designed for that. Gate threshold VGS has
a strong negative temperature coefficient which makes the MOSFET unstable in a high

o i
-0 .

I selection.

I

10 00328277
ID I I = -

W [ Limit Rgo Vpg/ | — "---_\\"‘-\___\
M~ M~
10 EE\ EE‘ .='==tp =10 us
—_——— =
SN
N~
1 SN
™
SRS (S
\‘Q\ ™ 1ms
\\\ [
107 \‘% 10 ms
100 ms
10?
1 10 10° 10°

Vps (V)

Fig. 4. Safe operating area; continuous and peak drain currents as a function of drain-source voltage

34

T =25°C, Ipyis asingle pulse

N-channel 80 V, 107 mQ logic level MOSFET in LFPAK56 25

3 003a3h025
Vesin)
)
25
~
. ~_ max
2 = ™~
- - i ~d
F ety g
s C~ ™SS
15 ~ Ts
y
<
min B o~
1 ~
\\ T
\ e
05 I~
0
-60 0 60 120 180
T, (°C)

Fig. 9. Gate-source threshold voltage as a function of
junction temperature

In=1mA; Vpy=Vgs

nC

power dissipation area with analog drive. In addition the Qg drive capability is limited over
our 100 Ohm cable system. Beware at higher Vout (>5V) with larger currents and load
on times/duty cycle. Check the SOAR graph carefully before you make a load MOSFET
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Combined Bode and Step Load Adapter with Switch

Bode and Step load adapter are on the same PCB and share the connections GND and Vout
on the DUT output capacitor. The step load switch is direct attached to the PSU Cout so round

trip loop inductance is low. It does not interfere during Bode measurements. Trimmer R9 R10

falling rising edge slope

,mm— Cumentsenseswich . —youre
ommm—— - - - | [1senseseitherR7 FborR4shunt . = = | = . Brc oo |
IS N AT, " 2.2k BUKOY107-80 * [ 'J_Cz'__m' S
7 I » > s E BEHE == e AR
i e — | ETJEh » -
11| BATS4/PS oo e IF -

| 100 220k ' 100m[ o
. . = «—[ JvouT-.
- DUTRJ45adapter ~~ DUT

. SteploadandBode . . . . . . . . . . ..
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Step Load Adapter Details

R9 selects rising edge. You can use a 10k
trimmer for R9 if adjustment is desired.

R10 selects the falling edge. You can use a 220k
trimmer for R10 if adjustment is desired.

D1 D2 is a single SOT23 BAT54S
~ Current sense switch | o | / . DVOU:T{

1 senses either R7 Fb or R ShUnt

Select MOSFET M1 for
SOAR and not to high Qg

/ (here 6.2nC)

- R8 prevents current from
T' | DF5 o creeping up during on time due
~ to D3 leakage.

| o o R4 sets the current
. = |VOUT- measurement sensitivity
| o o here 100mV=1A

- DUT RJ45 adapter o - DUT

o | - Step Load and Bode mps
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1A Load Step measured over 0.5m UTP patch cable

The measurement is noisy and can be perfect filtered with averaging and/or BW reduction (20MHz is plenty)
since the trigger points (CH3) are well defined.

TekRun' | P Fﬁ P T e——r—— E]' pore— .(.]?t.r.iggt.?rt You see asymptotic behavior as to
; ; - ; ; i - ; ; ; ; expect with 60 degrees phase margin
Bl SUNERE G U ;
....... 1AStep+
et ] CH3 I-load-step 100mOhm shunt 100mV=1A

[®iF 100mV " [H[100us| Al Ch3 S 32.0mV

Ch3| 50.0mV 3 Feb 2021
37 i[10.80 % 11:16:33



Now we reduce Cout to 4

A Frequency Trace 1 Trace 2 H
:: 4 Cursor 1 69.147 kHz |  111.942 mdB 42.768 ° | @

: 160.357 kHz -11.078 dB 2959 m® | &
ii Delta C2-C1 91.21 kHz -11.19dB 42,472 ° |6

-180

60
55-

160
50
140
45-

40 -120

35

30

25

20

15+

Trace 1: Gain Magnitude (dB)
Trace 2: Gain Phase (°)

-10 1

=154

-20-

-25

-30-
1k 10k 100k ™
Frequency (Hz)
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1A Load Step with 2 Cout

TEI_(-RL-"‘-' — e H!' P T T T ET = 5]' —— -q?t-r-iggért First ringing occurs with the 42 degrees
: ; : | ; ﬁ : ﬁ : phase margin
Pf USSR [ p o —
______________ 1AStep+
e e e R — CH3 I-load-step 100mOhm shunt 100mV=1A
Ch3[ 50.0mv | 3 Feb 2021
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Now we reduce Cout to Y4
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1A Load Step with 4 Cout
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1A Load Step with 4 Cout

Ringing frequency matches well with 0dB crossover

Phase margin
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3A Load Step with 72 Cout might look nicely damped having only

11 degrees phase margin
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Conclusion

Ethernet patch cable is well suited as versatile connection for bode and step load measurements

The PSU adapter is small and connects with low parasitic inductance to the DUT Cout

The load MOSFET on the DUT adapter enables low parasitic artefacts for fast step load tests
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Addendum Bode 100 adapter PCB 2Layer 33x220mm




Addendum Bode 100 adapter PCB 2Layer 33x220mm
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Addendum Simple DUT single + dual adapter PCB 2Layer 60x35mm

Top Bode Bottom Step Load

Single adapter

Dual adapter Single adapter Dual adapter
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Addendum DUT single PCB 2Layer 35x27mm
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tep load adapter Scope
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Addendum real multi PCB 100x100mmm
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RTM3000 Series Bode adapter
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13 076 dB | 11l

Trace 1: Gain Magnitude (dB)
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NTE1 Transformer damping with 50 Ohm load

With the used 2x1000hm parallel = 50 Ohm
load the transformer shows flat (-3dB)
response from 10Hz to 24kHz and has
about a 3" order low pass damping down to
1MHz.

This frequency dependent damping comes
in handy and needs in most PSU cases only
minor additional correction with the shape
level feature.

The general frequency and phase response
of the transformer does not affect the
measured phase plot other than with the
frequency dependent amplitude. Its only
purpose is to isolate the generator voltage
from the V(x)=Ch1 and V(y)=Ch2
measurement nodes.
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Some special BOM Articles

ok.

Christians Bode Step Load Adapter

QTY. Ref.
2 NA
2 NA
2 P1,P1
1U
1 BNC Connector
1U
1T
1R
2 R1,R2
1U
1D4
3 D5,06,D7
1 Optional
1R
1 Pot 220 Ohm
1 Transformer
1 Trimmer 10k
2 BNC-BNC
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Description

Vertical RJ45
Horizontal RJ45
4mm jacket solder
MP8513GJ-Z

BNC PCB Female
Timer IC 3MHz
N-MOS

0.1 Ohm 1206 shunt
100mOhm Shunt
MPQ2013AGJE
BAT548

1N4148

Con. BNC Long
Trimmer 10k
Potentiometer 220 Ohm
NTE1

10k SMD Trimmer
BNC-BNC Adapter

Package
RJ45
RJ45
THC
SOT-23
BNC
SO-8
LFPAKS58
12086
"1206
SOT-23
SOT-23
SOD123
THC
THC
THC
THC
SMD
BNC

Manufacturer Manuf._PN

Amphenol
TE
Keystone
MPS

TE

Ti
Nexperia
Stackpole
Stackpole
MPS
Nexperia
Diodes
Molex
Bourns
Piher
Neutrix
TT-Electronics
Cal Test

98435-311LF
5406721-1

MP8513GJ-Z

5-1634503-1

LMC555CMX
BUK9Y107-80EX
CSR1206FTR100
CSR1206FTR100
MPQ2013AGJE-AEC1C672
BAT548,235
1N4148W-13-F
731000133
3386P-1-103LF
PC16SH-101P06221A2020MTA
NTE1

35WR10KLFTR

CT2766

Source
Digikey
Digikey
Digikey
Digikey / MPS
Digikey
Digikey
Digikey
Digikey
Digikey
MPS
Digikey
Digikey
Digikey
Digikey
Conrad
Conrad
Digikey
Digikey

Order #
609-6038-1-ND

[a121540cT-ND

36-575-8-ND
1589-1709-1-ND
A97581-ND
LMC555CMX/NOPBCT-ND
1727-1119-1-ND
CSR1206FTR100CT-ND
CSR1206FTR100CT-ND

1727-1868-1-ND
1N4148W-13FDICT-ND
WM5278-ND
3386P-103LF-ND
"2050000749537
2050000159879
987-1694-1-ND
CT2766-ND

Price ea. €

0.99

143

0.682

0.81

1.92

1.04

0.43

0.3

0.103

0.047
0.059
2.83
0.985
1.69
16.99
0.3
231

Price Total. ~ Website
1.98 98435-311LF Amphenol ICC (FCI) | Steckverbinder, Verbindungen | DigiKey
2.26 5406721-1 TE Connectivity AMP Connectors | Steckverbinder, Verbindungen | DigiKey
1.364 https://www.digikey.de/product-detail/de/keystone-electronics/575-8/36-575-8-ND/318495
0.81 MP6513GJ-Z Monolithic Power Systems Inc. | Integrierte Schaltungen (ICs) | DigiKey
1.92 5-1634503-1 TE Connectivity AMP Connectors | Steckverbinder, Verbindungen | DigiKey
1.04 https://www.digikey.de/product-detail/de/texas-instruments/LMC555CMX-NOPB/LMC555CMX-NOPBCT-ND/1010550
0.43 BUK9Y107-80EX Nexperia USA Inc. | Diskrete Halbleiterprodukte | DigiKey
0.3 CSR1206FTR100 Stackpole Electronics Inc | Widerstande | DigiKey
0.206 https://www.digikey.de/product-detail/de/stackpole-electronics-inc/CSR1206FTR100/CSR1206FTR100CT-ND/3477073
0
0.047 https://www.digikey.de/product-detail/de/nexperia-usa-inc/BAT54S-235/1727-1868-1-ND/5015536
0.177 https://www.digikey.de/products/de ?keywords=1N4148W-13FDICT-ND
2.83 https://www.digikey.de/product-detail/de/molex/0731000133/WM5278-ND/2713558
0.985 https://www.digikey.de/product-detail/de/bourns-inc/3386P-1-103LF/3386P-103LF-ND/1088523
1.69 Piher PC16SH-101P06221A2020MTA Dreh-Potentiometer Mono 0.2 W 220 O 1 St. kaufen (conrad.de)
16.99 https://www.conrad.de/de/p/neutrik-nte 1-audio-uebertrager-impedanz-200-primaerspannung-1-2-v-inhalt-1-st-515940. htm
0.3 35WR10KLFTR TT Electronics/Bl | Potentiometer, Variable Widerstande | DigiKey
4.62 CT2766 Cal Test Electronics | Steckverbinder, Verbindungen | DigiKey






