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DC/DC Converter — Dynamic System

* How will the system react to: -
. Lo cl R
— Sudden line-voltage change? Vm(t)\ Cg’m\ Lj \th(t)
— Achange in the reference voltage : T

-noint?
or set-point~ ool

° How to optimize a compensator 8(t) |_Circuit
(place the poles and zeros)?

* How to verify control loop stability?

— Analytical analysis (challenging)
—> Simulation (time domain and frequency domain)
— Time domain experiments (oscilloscope)

— Frequency domain experiments (VNA / FRA)
4%
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Closed-Loop System (Only Voltage Loop)

Feedback

LT -
Vm(t)\ O % g mR\vm(@

| Switching Converter |
I
.

sty LPWM e _@P? A

l Compensator
\__ Vief
N

Controller F l
1
1

Dout(8) = (Prer(s) = Pour(s)) - Ge(S)* Gown(s): Gra(s) .

Loop Gain T(s)
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Closed Loop Reference to Output

G (s) = 1/7\ref(5) _ G.(S)Gpyp(s)Gyg(s)
ref—out,CL\S) = 9out(s) B 1+Gc(S)GpWM(S)Gvd(S) X

T(S) Loop Gain
Gref—out,CL(S) = 1+7(s) T(s) = G.(s)Gpwm () Gpa(s)
S (the product of all gains

around the loop)

If T(s) > 1, then Grer_ourcr(s) = 1.
This means that the output will follow the reference voltage
Independent of the gains in-between. This effect of the negative
feedback is exactly what we want.
%%
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Closed Loop Line to Output

Open loop line to output transfer function (power stage)

Gin—out (S)
Negative feedback leads to —+— . l o
A~ ~ ~ L R
Vout = Vin * Gin-out () — Voue - T(S) Vin(t)\ é') % CT m \Vout(t)
therefore Swit-ching Converter i

Gin—out(s) -
Gin—out,CL(S) - 1+ T(S) 55 PWM v (t G.(5) 4(?9

Compensator v

T(S) = Iarge 9 Gin—out,CL(S) = Sma” Controller

- Good line ripple rejection up to loop bandwidth
- High PSRR respectively audio susceptibility up to loop bandwidth
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Loop Gain T(s) - Open Loop

* For good output regulation we need high loop gain
* For T(s) < 1 the feedback loses its effect
* High loop gain for all frequencies is not possible and not desired

Low frequency Gain should be relatively
high to achieve good regulation. There
is always some gain limitation

Loop Gain should cross 0dB with
/ slope of -1 (20dB/decade) — unity gain
fc

frequency or crossover frequency

T

0dB .
f
\/ High frequency Gain should be low to

damp high frequency noise and
increase robustness of system
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Stabllity of the Closed Loop System

Transfer functions of the closed loop:

T(s) Gin—out(S)
Gref—out,CL(S) = : Gin—out,cL (s) = -
1+T(s) 1+T(s)

What happens if T(s) = —17?

—> Closed Loop Transfer function will tend to get “infinite”
—> Behavior of the loop is no longer defined (unstable)
— Negative feedback will change to positive feedback

By checking the loop gain T'(s) we can check if the closed loop system
will be stable or not.

Test: How much distance does T (s) have towards -1 %%
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The Phase Margin Test

(A special case of the general Nyquist stability criterion)
If phase margin > 0° - the closed loop system is “stable”
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How much Phase Margin Is desired?

Step Response T —

ros // \\ / feross Simulation of synchronous Buck

Converter (CCM, small signal)

15V to 1V step down
HASS

1.02

300 kHz switching frequency
=40 kHz crossover frequency

\
L Om = 7.4° > High overshoot

Amplitude
ﬁ@

o + ringing
. // \ / g, = 23°
// Om = 31°
P = 45°
@, = 78° — Highly damped

ot g =87
- Phase Margin is a measure of closed-loop system damping at its natural %%
frequency and a measure of robustness. OMICRON
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Gain Margin

Gain Margin is the amount of gain necessary to make the loop hit the
instability point. - measure of robustness.

Second order system - no Gain Margin (phase never reaches -180°).
Parasitics the systems = > second order. 2 Gain Margin

L T

Bode Diagram
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Vector Stability Margin

* Gain Margin and Phase Margin are
evaluated separately at

How copilot imagines an icon for

tWO d iﬁe re nt fre q u e n Ci eS . vector stability margin

* Simultaneous change of Gain and Phase could also
cause instability.

° Vector Margin is a measure of robustness showing how
close the loop gain approaches the critical point.

— Vector margin > 0.5 represents roughly 30° Phase Margin and
6 dB Gain Margin robustness measure
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Nyquist Chart Display

Trace 1: Gain

Note that the instability point in
measured loop gain is at +1 and
not at -1

Pm = 32°
G,, = 41 dB
Vector stability margin = 0.537

Imaginary
(=
o

]

¥

Frequency Trace 1: Real Trace 1: Imagi..
-1.2 551.925 Hz 841331 m 542934 m

118534 kHz 8226m -381.203n
-14 630957 Hz 666,893 m 4 m

18 16 14 12 10 08 06 04 02 00 02 04 06 08 10 12 14 16 18
« Real »

HE
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Why Measuring Stability?

* Low phase margin can add significant ringing and
degrade system performance

* Especially linear regulators should have enough phase
margin when powering clocks, opamps or ADCs

* Verify system design & simulation to ensure stable
operation at all operating points and different
environmental conditions
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Another great impression
from copilot

Limits of Loop Gain Measurements @

° Not applicable to highly non-linear control like hysteretic
control and variations thereof (no compensator) or low-load
modes like burst or pulse-skipping.

* Small-signal analysis
(does not replace large signal transient response).

* Not possible on highly integrated modules (internal feedback).
* Limited significance in primary-side regulation

—> Think about an output impedance measurement!
— Check out: www.picotest.com/measurements/NISM.html
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http://www.picotest.com/measurements/NISM.html

Measuring Transfer Functions (Gain/Phase)

Bode measures the transfer function H,(f) from CH1 to CH2
1 MQ 1 MQ

_ Veuz(f)
= Ve ()

— \ 1 & (0 00—

add AC signal CH1 probes CH2 probes
input output

* The signal path between Output to H, is not part of the measurement result!

* Atransfer function can only be measured / defined for an LTI system or a
linearized situation.
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Bode Analyzer Suite

QUTPUT " CH1

(1] .-“'d " Bode 100 €

OUTPUT CH1

0o =2\'""o o0

* Use Gain/Phase mode to use Bode as FRA

Smart Measurement Solutions

Bode 500
Source mode Receiver bandwidth
Sweep time: 11.75 s
Source level na \ External ‘\
0 dBm b= o Reference ;
|
D
uy
Attenuator 1 Attenuator 2
1MO 1MQ
500 500 @
OQUTPUT CH 1 CH2
1 < 3.3 Vms T 1, = 50 Vdc 1 = 50 Vdc T
Probe 1 Probe 2
out

Hif) —I
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Measuring Loop Gain (Voltage Injection [2])

Loop gain is measured by “breaking” the loop at the injection point and

inserting a “small” injection resistor (e.g. 10 Q).
vy (s)

The voltage loop gain is measured by T,(s) =

Vy(S)

OUTPUT _ INPUT

Vref(s) Ve(s) V(S)
»  G(s) »
A A O

T = |

B [«0

B-WIT 100

H(s)
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The Injection Point (Voltage Injection [1])

Block 1 . ..., ~ Voltage Injection B!Q_C.K_.Z_ .....
. . . (s) | i(8) 1(s
Information flow is not only in Y o
form of voltages. At every V_()’SEQ’ eove b O :Z(S) BRGNS
point there are ; | : ;
voltage and current. S
T(s)
H(s) =
Bode 100 measures voltage gain T,(s)
Vy(s) Zout(s) Zout(s)
T,(s) =22 =T (1+O“ )+—
( ) Vx(S) ( ) Zln( ) Zin(s)
N ——
15t term 2nd term \
Zout(s)
=1 for | Zin ()| » |Zoue (5)] Enareifonli B(E) 28 7 %%
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Selecting the Voltage Injection Point

Vref(s) Ve(s) V(S)

To keep the measurement error o >
small, we need to find a suitable i ZM(S)Q AL CH2
injection point fulfilling the condition: L '

Zin(s)

|Zin| >> |Zout| A E;|

Well suited points:
* Output of a voltage source (top of feedback divider)
° |nput of an operational amplifier (Z>>)

* Output of an operational amplifier (Z<<)

* Best between two operational amplifiers

No parallel signal path bypassing the injection resistor! %%
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Nyquist Sampling Theorem

In a typical PWM controlled converter, only once per switching cycle a
new duty cycle value is created. - Sampled system.

—> The control loop can only react to frequencies up to fS/z
— Loop Gain needs to be measured only to half the switching frequency

G, = 41dB
Switching Frequency
fs = 315 kHz

Trace 1: Gain Magnitude (dB)
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Reading Phase Margin from Measurement

Phase Margin is read directly from the measurement!
@, as distance to 0° and NOT to -180°

Reason: We measure in the closed loop system - our signal will run
through the inverting error amp and get an additional 180° phase shift.
- The critical point for positive feedback is at +1!

Theoretical open loop gain T, (s) Measured loop gain T (s)

—»  G(s) —> _9—» G(s) [ >

A To(s)=G(s)-H(s) T(s)=—G(s)-H(s)

H(s) H(s) (= gq
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Selecting the Injection point

* Low voltage systems
- Usually between output voltage and feedback divider.

* For high voltage systems

- No signal conditioning — more difficult injection at high voltage
Injected AC signal is small compared to large DC voltage
Probes divide DC and AC lowering signal / noise ratio.

— Higher power - search for injection point in the signal conditioning chain after
output of operational amplifier / buffer amplifier.

* Very low voltage systems - check remote sensing and sense-
ground! Make sure the Bode uses the same GND as the controller.
Differential probes can avoid grounding issues.

* Digital control? Don’t inject directly at ADC pin but in signal
conditioning chain or at least before the last filter.

%%
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Injection Signal Size

Transfer functions (LTI) are used to design the compensator
— Measurement signal should be “small signal” to stay in linear region
—> Measurement result must be independent of injected signal amplitude!

1. Choose an injection signal level and measure
2. Reduce the injection signal by e.g. 10dB
- If the result changes - do further reduce until it stays constant!

N
=3
=3

-

S

gnitude (dB
S 8 8 8
&8 8
Phase (°)
ain Magnitude (dB)
8 &
& 8 8 8
Phase (°)

o
S

IS

S
T

T
I
3

T

3

1: Gain M
& 8 o
; /Z
2
L4 oy ©
3 3
Trace 2: Gain Phase
1: Gain Mag
s o
- v <
g 3
2:G

N
=3
=3
-
R-]
=
N
=3
=3

1 10l
Frequency (Hz) Frequency (Hz)
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Why so much noise at low frequency?

. 11 ” m
° v; Is "constant Out

>
Vre=0)9- Ve
U+ Ve +Vp =0 K%SD 5
L )
O

° atlow f - gain s high
2 Vout = —V;
- Vpp = 0

Loop
f B-WIT 100 Vourpur

Veni

Example: Gain = 60dB = 1000X  compensator
Injection voltage = 30 mV - CH2 needs to measure 30uV
Resolving phase at such high ratio and low signal is tricky.
With 300 mV injection = CH2 gets 3 mV which is easier.
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Shaped Level

* Correctresults and clean 0

B3
curves? - use the “shaped =0
level”! <

e Low level at sensitive 37

frequencies and high level where ~ " o o
you need more disturbance Frequency (H2)
power.

60 200 60 200
) 0 150 ) 0 150
3 100 5 3 100 5
220 3 220 @
= 50 < c 50 <
g e g e
= =
= 0 0 T = 0 0 'z
£ © £ ©
T 50 A&l T B
O 20 g O 20 M
= -100 © = -100 ©
5} = 5} =
@ -40 © -40
2 -150 £ -150
-60 -200 -60 -200
100 1 10 1 100 1 10 100
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Options X
ﬁ(}eﬂeral General
2, _ Default level unit: dém v | @ I
d BI I l Or V 7?7 E’Q clipboard Result display digits: ER=
" " " =2 — Short name lenath: | 12 =| (@)
10V
1000 Q

1V
100 mV
[%2]
£
©
(o))
I
S 10mvVv
>
C
e
O
2
= 1mV +

100 pv _—ttt———t———t———t——t———t——————
-30 -25 -20 -15 -10 -5 0 5 10 15 20 25 gq
Output Level in dBm OMICRON
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Phase-Wrapping

° -180° and +180°
phase shift looks the
same

* If phase is close to
180° a little noise can
cause a large visual
effect

° Unwrapping can
display continuous
phase but...

Smart Measurement Solutions®

Trace 2: Gain Phase (°)

)

Trace 2: Gain Phase

200

150
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50

-50

-100

-150

-200

200

| jﬁ\'\/—\

10 100 1k 10k
Frequency (Hz)
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Phase Wrapping Continued

* \What if the first value is at -180° and not at +180°?

200
—~ 100

0

-100

ace 2: Gain Phase (°

-200

= 300

-400

ITVT\, i

10 100 1k 10k 100k ™

200

o B8

Trace 2: Gain Phase (°)
s 3

10 100 1k 10k 100k ™
Frequency (Hz)

Smart Measurement Solutions®

Solutions:

* Ignore phase
wrapping

°* Reduce phase noise

* Sweep backwards
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Is Calibration Necessary?

Normally not. Basic accuracy of the setup should be
sufficient if probes are compensated correctly!

Not sure? - Check it out!

« Should result in a flat line
at 0 dB and 0°

¢ Use with and without
B-WIT 100 to check if
probes and B-WIT 100
are functional
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Please consider Vee

»— Input DUT Load
Filter

* The input filter can influence the stability (Middlebrook)
* The load can influence the measurement or plant transfer function
* The operating point can influence the plant transfer function

— Always measure loop gain under all expected load conditions
and with the input filter connected

Note: Electronic loads can cause strange effects if their control loop
Interacts with the system and power supplies can impact the loop if their
stability is low.
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Some Words on Safety

...RTFM (Read The ... Manual!)

..é Death or serve injury can occur if the appropriate safety instructions are not observed.

CAUTION

If Minor or moderate injury may occur if the appropriate safety instructions are not cbserved.

NOTICE
Equipment damage or loss of data possible.
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Some More Words on Safety

Bode 100 and Bode 500 are SELV devices
(Safety Extra Low Voltage).

Death or severe injury can occur if hazardous voltages are connected to the
Bode 100.

{ b Bode 100 is a SELV device (SELV = Safety Extra Low Voltage according to IEC
60950-1), also known as protection class lll or ES1 equipment according to IEC
62368-1).

» Do not apply voltage levels > 50 V DC or > 25 V AC to the inputs of Bode 100.

» When working with external voltage or current sources in the test setup, ensure
that they can not exceed the SELV levels and provide appropriate isolation to other
hazardous circuits, such as the AC line voltage supply.

> Be aware that the Bode 700 has no indicator to show if the output is active. This
could be especially critical if amplifiers are connected to the Bode 100

%%
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If your DUT is above SELV?

1. Identify all safety relevant rules applicable

2. Take appropriate measures such as
— Physical barrier (separate danger zone and safe area)

— Connect ground terminal of Bode to laboratory ground
using a solid connection of 3.6mm?2 no longer than 10m

— Don'’t forget: USB of Bode is connected to the housing / shield

3. Use appropriate isolation between DUT and Bode
-  B-WIT 100 and B-LFT provide safe isolation up to 600 VV CATII
— Active high-voltage differential probes

%%
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An |solated Measurement Setup

System under Test Vector Network Analyzer
Maximum voltage 600 V CAT L Safety Extra Low Voltage (SELV)

Power Stage v Vour < 600V
- Y Y Y\

VIN 1+1 OUTPUT _ INPUT

— o] (=Y i{o])]

% Transformer

— PWM [ Gc ~—+F
+
RFBZ

Controller Vref

-
Q0
=
=
[
m:
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Using Galvanically Isolated Sources

* Laboratory power supplies are typically galvanically
Isolated from mains.

* |solation transformers or variable transformers can also
provide galvanic isolation from mains.

Application examples
Oscilloscope
-

su;ﬂﬁ I\

Figure 4.1: Observing in circuit

Source: www.metrel.si %%
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Smart Measurement Solutions®



Probes...

Don’t use 10:1 scope probes with Bode 100 or Bode 500!
/A\ A standard 10 MQ 10:1 scope-probe will not divide the dc-

signal when used with Bode 100 or Bode 500!

PML-11101 MQ Bode 100 Input Standard 10 MQ Bode 100 Input
10:1 Probe 10:1 Probe ,
AC coupling AC coupling
! I + «~—] 1] 0 1 | ' +
<50 Vpe ) I 9 MQ <50 Vpe : >
1 MQ [] <50 Voc 1 MQ

500

l <1lW

° PMK PML-1110 10:1 probe up to 400 V DC
°* PMK PHV 1000-O 100:1 probe up to 2000 V DC %%
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Challenging Example: PFC VBUS-Loop

° DUT EVHR1275-Y-00A (Digital controller evaluation

board with universal input and 19.5 V / 9.23 A output)

i S e “il 8 - VBUS s 400 V DC

T i B - VBUS ripple of 100 Hz

* Voltage loop is slow (~15 Hz)
°* Measurement starts at 1 Hz

* No signal conditioning circuit -
Injection point not beneficial

Top View

%%
Bottom View OMICRON
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Search for Injection Point

o RsmnAe
Fol2
e A

’—U—r

m
" e Evvso e frozsaneu
L P s e
1y
vsawnms ; LI
< o8
o b
amun : D‘I 2 u
- -
Lot L " ver ver [
- o o
. N i - > amemn il
o ) KmamnAE X E Pomo voo
Fazrmwoe o
- o n
. i irrzr -
Vexd - e P i vz
- - e < e
o “ - - inveia
=Fameaswon 1 s [
0
- e Fofluenunarea 0
u
. e
. 7 \
W TASELTI G S 0E2 oxcmns e
e
A
2
=
onoe
w L s
womasz g somasia
one
- - [ I
M
( "
WA ] N
™
Sanmcs meran - : u s .
e o ' . en A g
soms = e - AANS 2T
w0
w ) aaos
; A sver
o " e [ L
20 mATOSCD- 123 e e —I
PR : s
—k]—'\/\/\;——\
cu T = o BIIG
asnz0s RS smoATA < 5t
o o ( P 6
g ' [ !
> ™ 5,
iy e S " wor 2
L e a1y }
S o e <
2 =3 i e vee EP LIPS
= = o = - KH-Awn—— s ~
o “
Seopronc L AN - i .
" csn a . =
s e e L anoean
” o <anrin auedy  emes s .
- va 3 i Sreaser
wor " are e ;
@or | ore mummmT wassa P +
s e \ ~
wee | )i
et —mon 8 Taoe ouee
w2 o
" w e
i I aer L1 |
re - nee
aor
uzaumes
e AN -
™ o
o0
as RstusonvEIs

e S s e - ' '

I OMICRON
1 =1 Loz 1. | L A B

Smart Measurement Solutions®




Voltage Injection Continued...

‘V29D-600P/600V/9A/TO252DPAK % ﬂc

| 3 VBUS Vbus '&_L'l_ . - T = .
| 2 < T
p .
| e— ]
L T | J 1
R6 . |
_ § 3.3M/1208 |
"
’ -
!
i .
c16 R60 D F{‘
10nF630Vv/1206 - g 3.3M/1206 ﬂ\bq [}
e prm— pr— + !
c9 c10 c19 I~ T CH"’ l
10nF/630V|1206  10nF/B30V/1206 10nF/63DV/1206 c1 — |
N M20uF /450V/DIP '
. |
R63 D'(P R \
3.3M/1206 1 |
L V]
L § T— cHa \
=r ' '
GNDP . FBP — - - - — .
137AIT0220
R50 R55 c44
33k/0603 820k/06 03— 2.2n/060,
— GNDP OMICRON
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Example Setup

Test Pins

1 kQ Injection Resistor

Smart Measurement Solutions®

Injection

VBUS

negative
NOT GND!

VBUS (400 V)

to CH2
VFB (400 V)
to CH1
%%
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Example Setup

»
B

Isolation transformer
A (adJustabIe AC source)

| Bode 100 (SELV)

DIE ELEKTRISCHE ANLAGE STE|
= UNTER SPANNUNG! "

WARNING!
THE ELECTRICAL SYSTEM IS LIVEL

A Ground Connection
o,

| \e=l Sl Warning Sign

High Voltage
Differential Probes
for CH1 and CH2
@
DUT (PFC+LLC) OMICRON

I LA B
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Bode 100 Configuration

* Use Gain/Phase measurement mode
e Start frequency: 1 Hz

e Stop frequency: 1 kHz or less

* Number of points: 201 or less

° Recelver attenuators: Max. sensitivity at O dB
(active differential probes are set to 100:1)

° Receiver bandwidth: 1 Hz for max. filtering
* Signal level depends on application

%%
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Source Config. i —

10

Input power (d

* Example with | |
B-LFT 100 plus B-AMP 12 Freaueney (59

Figure 5-4: Typical B-LFT 100 no-saturation? power level

Shaped level x

_ Avoid saturation
Shaped level curve Shaped level points
To adjust the output level over frequency, double click the shaped level diagram to add Frequency Delta Output level - b e I OW 3 H Z
a point and move the diagram by clicking and dragging. 1 Hz -5dB sdem | @
Reference level Measurement range Il Full frequency range 3Hz -2d8 8dém | @@
80 Hz -2d8 8dem | @ d d
= " r_,..-—-""_' 100 Hz -2 dB 2 dRm | AVOI Overloa
5

é o ¥ 120 Hz -4dB 6dem | @ at 100 HZ
T s
[
—-10
=
a-15
3
Q-20

-25

1 10 100 1k L\\,
Frequency (Hz)
Close g g
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Measurement Result

200

m 40 150

'9/ —

v 100 =

S 20 Q

2 50 ©

é o

© c

> 0 0 3

- G

'g 50 N

. -20 9

\ -100 ©

S =

()

= -40 -150

-200
1 10 100 1k
Frequency (Hz)
100V 2A — 200V 2A ~ 200V 5A — 200V 9A — 100V 5A gq
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Let's try it in real life!

repe——
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Hands-On (Converter Stability Demoboard)
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Input Filter Section

Reverse polarity protection

Status LED

Self resonant imput filter

i Fbcesoer iOLC:DLuH open: damped PONL .
TP1 ) = E0662100 £1802500 closed: undamped rl?StPUH'It_PFDbE
e TestPoint = 2(_“;_1\3 R, . {(Vin_2]
M R15 ™ e
&7
UsB_c CCH-2x - “ R21 S1 )
VEONNT-BS 100kQ Switch holds back big voltage
R12 E0229000 Q ¢ Q| EL664300 pikes over 6.5V to protect
A7 | the buck input pins
D -2t 2200 \a)L-r M)L-ﬁ
) JP1 E0236400; D2
o AB e Jumper_2_0Open D_TvS
b [, E0004702 R22 £0174200
pridgepl for c7 c10 ci2 2.40
input Impedance b1 — u7uf 2.2uF 2.2uF :
o s measurement LED £0210800 £0618800 E0618800
= = ! £0620600 14
= 2 10kQ N 100uF GND5
el il £0228800 F0643100
] GND1 ﬁlestPoTnLPerE
o gl TestPoint ' {GND]
~
GND
OMICRON
I L AB

Smart Measurement Solutions

e —




Load Section

1ve_2y

1.8V load
i Status LED Step Lead Response
100mA path (20mA) 200mA path (50ma) 1v8i2
TestPoint_Probe
| o~
J R&7 I::|
33Q
?ee £1126000
CEEE
Switch
M
Q2
R27 D4 R35 R41 )BCSi? 4w
100 Y (e 109 |:| 100 ¢ Eooosat
£0021200; ~y E063060/ 0021200l £00212
§ R43
[] 10kQ
H £0228800
: R28 R30 R36 R42
H 10Q 10 10Q 10Q
£0021200; 0021200l £00212 TP11
TestPoint
———O
Rilh
H I:] 10kQ
H £0228800)
p GND7
TestPoint_Probe
GND
~
GND

mart Measurement Solutions®

3v3

3.3V load
Status LED Step Load Response
100mA path (20mA) 200mA path (50mA) 3
TesitPoint_Probe
wl R4E
27Q
H Yf E0023100
i ? 7 s
\u‘ -:lj(l"l HJ(Switch R49
27Q
E0023100
R23 R31 R37
I:I 10Q 10Q I:I 10Q
£0021200 03 0021200 £0021200 Q3
W (e BCBA7—40W
< F063060 E0005800
R24 N R32 R38
|:| 100 [] 100 |:| 109 R4S
£0021200; £0021200LJ £0021200 10kQ
R29 E0228800
[]7
R25 FO9THS00 1 R 33 R39
[]i0s [Jioa [lise i | itz
£0021200 0021200 L £0021200 ) o
R26 R34 R4OD I:l ?SEQ
I:I 3.30 I:l 3.30 I:I 3.30 Fosona0n
£0821300 0821300 L £0821300

GND
i Tes§

GND

GND

6
Point_Probe

%%

OMICRON
I LA B

e —




Dual DC/DC Section
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Thank you for your attention!

If you have questions or proposals to the OMICRON Lab team,
please contact us via info@omicron-lab.com.

My personal e-mail: florian.haemmerle@omicron-lab.com
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