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CS548 Isolated Channel Oscilloscope System Specification

Summary

The CS548 is an individually isolated channel high CMRR oscilloscope with four channels. We can supply the unit
with fewer channels — from none to three if that is all that is required. It is designed to measure all the signals in
an operating full or three phase power electronic switching bridge on both the low and high sides. Examples
include gate drives to measure voltage and charge, the power switch to measure loss and parasitic stress, the
output to measure power and spectrum for EMC compliance, and the control system for Gain/Phase and
stability. The CS5X8 includes an isolated signal generator for stimulus, and two expansion pod connectors for
isolated input and output functions. FourCS548's can be slaved to make a 16 channel oscilloscope with coherent
sampling. See the selected measurements at the end of the specification section for visual examples of
measurements made. Other system components compliment the CS548 Oscilloscope and are summarized.
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Chan A - Chan D local and remote

inputs:

® 2kVDC, 1kVAC CAT Il, 600VAC CAT IlI
operating isolation voltage to ground
and other channels. (Local)

® 30 kV operating isolation voltage to
ground and other channels, via C51200
Remote Probe.

® 100 dB CMRR at 50 MHz

® 14 bit resolution, 100dB dynamic range
® 200 MHz Analog BW

® 20 pF to chassis

® Two hardware ranges:
+0.8V with 100uV resolution
+8Vwith 1mV resolution

® 300uV rms noise on 0.8V range
® probe isolators for protection.

Pod 1, 2 expansion

® 5 x Bidirectional 400 Mbps LVDS
channels per pod.

® CS1301 Isolated digital input pods
included.

e Optional Pods:
CS1302 Isolated four digital outputs
+ one input.
See also Further Pod development

e Pulse Builder for Pulse Trains,
PWM, and double pulse
generation.
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Pulse generator/Calibration

® Probe Comp output ~ 1ns
rise, fall -time, programmable
5-12V level.

® Programmable Pulse train,
PWM or double pulse.

® Programmable DC Cal output
for complete probe and
channel DC calibration. Ref is
7.5V or 0.6818V + 0.035%, or
short to ground.

CS1200/1/2/3 Remote Digitizers

® Remote fibre connected digitizer
head up to 30m from CS548.

® \/oltage or Current, 2pF free space

Power Button
® Push On- Push Off power
button.

® Rear 2 pin connector for
remote power or power at
start operation.
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Made in New Zealand

Signal Generator:

® |solated 600VDC, 300VAC CAT I
® 0-65 MHz

® 14 pF to chassis

® 100 dB CMRR at 50 MHz

® Sine, square, arbitrary (incl
patterns)* 100uV rms noise

Digital Port:

® 16 bi-directional pins connected
to Silego SLG46826V
analog/digital programmable
device

® Trigger In/Out connection*®

Link Port:

® Links to CS1070 0-50 MHz 1A
power amplifier, CS1133VSat
probe.

® |ncludes Uart, SPI and 12C I/O*
® Trigger and control *

SD Card:

® Store stand-alone captures to
the SD Card *

USB:

® USB 3-C socket

® USB3 @ 130MBps
® USB2 @ 30 MBps

Ethernet: *

® SFP socket based

® Copper 10/100/ 1000 Mbps
® Fibre 1Gbps

Triggering
® Two FPGA mixed signal triggers

independent.

AND'd.

® Triggers interpolate in time for higher trigger accuracy.
® Triggers may be combined using AND/OR/XOR

® Triggers may be sequences Trigger 1 [num occurrences] - time specification
- Trigger 2 [num occurrences] . The time specification is less than a period,
in a period range or more than a period. Triggers may be completely

® The digital portion may be rising or falling digital input, conditional on one
or more other digital inputs being 0, 1 or don't care. Bit's may be OR'd or

® The analog trigger may be conditional on a digital state.

Power In:
® 10- 24V DC, 43W.

® Can be car power supply
connected, withstands crank and
load dump.

Link In/Out:

® Used to daisy chain multiple
units

® Synchronous sample clock
® Trigger and control

CS548 Included Components

The CS548 includes 1 off 1x/10x probe, 100x probe and Common Mode Choke per installed channel, 2 off
CS1301 Input Pods, USB Cable, Power Supply, SMA-BNC adaptor, Ethernet SFP module (copper or fibre).

* Item still to be implemented. See Specification Status section.
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CS548 Channel Isolation

The CS548 digitizers are held in a plastic insulator tray to maximize creepage and clearance. The tray has a
CTI>600, and conforms to Materials Group 1 in the IEC61010-2 standard. We build for use in Pollution Degree 2
environments (only non-conductive pollution occurs except that occasionally a temporary conductivity caused
by condensation is expected). The CS548 is for use with up to 600VAC Category lll circuits (permanently
connected to the mains switchboard via a fuse).

Each shielded channel digitizer is completely separate and attached to the digitizer power board using a spacer
for high CMRR and isolation. The plastic / transformer former (CTI >600) provide a creepage >22mm and
clearance > 18mm. The low capacitance transformers use triple insulated Rubadue wire (T32A01T5XX-1.5). The
Digital Fiber Optical Cable link to the Main board (500mm) has a breakdown voltage >30kV. Each channel is
isolated from the chassis and other channels using high dielectric Formex GK-10 (16kV BV, 600V CTI) plastic
sheets.

Exploded view of CS548
ADC close to channel
input inside shield

—

Isolated
Channel

Insulated Tray Digitizer Digital Fiber Power Isolation Isolated and
including BNC Optical Cables Transformer shielded signal
shrouds mounted in spacer generator

We have built the CS548 with the assumption that the UUT is powered by a line to neutral mains voltage
<600Vac, and includes secondary circuit working voltages of <2240 VDC or ACpk. This is measurement category
lll. These standards apply:

Clearance:

e |EC61010-1 (ed 3.0) Table K.11, Reinforced = 2 x 6.9mm = 13.8mm

e |EC61010-2-030 Ed 1.0 (Test Equipment), Table K.101, a reinforced insulation clearance: 10.5 mm.
We use 18mm.

Creepage:

IEC61010-1 (ed 3.0) Table K.13, 2000Vdc, Reinforced = 2 x 10mm = 20mm.
We use 22mm.
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Warnings

The Isolated Analog Inputs CHAN A..D and SIG GEN outputs may have high
common voltages applied to the coaxial connectors.

Do NOT touch any connectors, probes or Digitizers connected to the
Channels or Sig Gen during high voltage operation. Ensure all connected
voltage sources are turned off before changing any connector. Verify this
using a multimeter.

The CHAN A..D inputs are rated at a maximum of 2kV DC common mode to
real earth, and 1kV signal to BNC common. Do NOT exceed these values.

The SIG GEN output is rated at 300VAC CAT Il or 600VDC between the coaxial connector common and real
earth. Do NOT exceed this value.

Do NOT allow liquids to enter the CS548.
Do NOT block the CS548 ventilation holes, including placing the CS548 upside down.

Do NOT exceed an input supply voltage of 30VDC.Only power by an external limited energy
source (LPS or Class2 power supply), such as the mains power adaptor supplied with the unit.

Do NOT lick.

If the CS548 equipment is used in a manner not specified by Cleverscope, the protection provided by the
equipment may be impaired. For example, safety will be impaired if exposed metal connectors are used.

If cleaning the CS548, use only a damp cloth to wipe down any surfaces. Do NOT use IPA or alcohol based
products.

Certifications

The CS548 has been tested to, and certified toCE and CSA standards:

EMC:

e ENIEC 61326-1: 2021(*): “Electrical equipment for measurement, control and laboratory use -
EMC requirements - Part 1: General requirements”

e EN 55011:2016 + A1:2017 + A11:2020 + A2:2021: "Industrial, scientific and medical equipment.
Radio-frequency disturbance characteristics. Limits and methods of measurement."

e EN 61000-4-2:2009: "Electromagnetic compatibility (EMC) - Part 4-2: Testing and measurement
techniques - Electrostatic discharge immunity test."

e EN IEC 61000-4-3:2020: "Electromagnetic compatibility (EMC)- Part 4-3: Testing and
measurement techniques- Radiated, radio-frequency, electromagnetic field immunity test."

e EN 61000-4-4:2012: "Electromagnetic compatibility (EMC) - Part 4-4: Testing and measurement
techniques - Electrical fast transient/burst immunity test."

e EN 61000-4-5:2014+A1:2017: "Electromagnetic compatibility (EMC) - Part 4-5: Testing and
measurement techniques - Surge immunity test."

e EN 61000-4-6:2014: "Electromagnetic compatibility (EMC) - Part 4-6: Testing and measurement
techniques - Immunity to conducted disturbances, induced by radio-frequency fields."

e EN 61000-4-8:2010: "Electromagnetic compatibility (EMC) - Part 4-8: Testing and measurement
techniques - Power frequency magnetic field immunity test."

e ENIEC 61000-4-11:2020 + AC:2020-06 + AC:2022-10: "Electromagnetic compatibility (EMC) -
Part 4-11: Testing and measurement techniques - Voltage dips, short interruptions and voltage
variations immunity tests."

Safety:

° IEC 61010-1{ed3.0}b Safety Standard 2010-6 + Al:2019 + Ac:2019
. IEC 61010-2-030:2021 +Aii:2021 Particular requirements for T+M equipment
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System Accessory Probes and Digitizers

CS1200 Voltage Digitizer, CS1201 Current Digitizer

The CS1200 remote isolated Voltage Digitizer (VD) and the CS1201 remote isolated Current Digitizer (CD) are
used with the CS548 to make measurements in a safety cage, or further away from the CS548. Each uses a
standard QSFP terminated active optical cable (AOC) to connect the C51200/1201 to the QSFP remote sockets
on the CS548 front Panel. The CS1200 input specification is identical to the CS548 internal channels, while the
CS1201 is designed to use the C51501 1mQ shunt sensor. The CS1200/CS1201 are an optional purchase.

CS1201 Current Digitizer

CS1501 Current Sensor

QSFP Socket

CS1200 Voltage Digitizer (VD)

® 30kV isolation provided >150mm spacing between
Digitizer and other structures.

® Pod enclosure isolation to BNC > 1kV

® 2 pF free space capacitance >50 mm above reference
plane

® 100 dB CMRR at 50 MHz
® 14 bit resolution, 100dB dynamic range
® 200 MHz Analog BW

® Two hardware ranges:
+0.8V with 100uV resolution
+8Vwith 1mV resolution

® 1 M Ohm // 21 pF input impedance

CS1201 Current Digitizer (CD)

® 30kV isolation provided >150mm spacing between
Digitizer and other structures.

® Pod enclosure isolation to BNC > 1kV

® 2 pF free space capacitance >50 mm above reference
plane

® 140 dB CMRR at 50 MHz
® 14 bit resolution, 100dB dynamic range
® 200 MHz Analog BW

® Two hardware ranges:
+63A with 63mA resolution continuous square wave
+630A with 630mA resolution DPT only

® 2 Ohm compensated input impedance

The C51200/CS1201 allow time aligned measurements to be made between locations up to 60m apart (using
30m cables), and measurements in hazardous, high voltage situations. The VD and CD batteries are standard
21700 5AHTr cells, and offer more than 6 hours operation before recharge. One set of cells can be recharged
while the other set is being used. Cleverscope supplies two sets of batteries, and a charger.

It is assumed that the CS1200 will be used with the standard oscilloscope probes supplied with the CS548.
However, short attenuating probe tips are available. These allow operation in high common mode slew
applications with a minimum of common mode artifacts. The CS1201 is supplied with a 200mm probe cable and

CS1501 1mQ shunt sensor.

The standard Active Optical Cable length is 3m. Lengths of 5, 10, 20 and 30m are available on request.
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CS1203 10kV Digitizer

The CS1203 10kV digitizer is used to measure Vps with an amplitude range of 0-10kV. As it is fiber isolated, the
common mode voltage is determined by the creepage and clearance of the support. The supplied supports have
a CTI>600, a creepage of 80mm when placed as shown below, and are rated for 20kV DC (Pollution Degree 2).

CS1203 10kV Digitizer

SST measurement system

Versalink
gate drive
using

, CS1309
¥

Vps: Vs psu: Ves: Is:
CS1203  (CS1200 (CS1200 (Cs1201

10kV Voltage Voltage Current
Digitizer  Digitizer Digitizer Digitizer
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CS1203 10kV Digitizer (10kVD)
The CS51203 10kV Digitizer can measure 10kV voltage swings. The
CS1203 specs:

® 200 MHz Bandwidth

® +1kV, +10kV ranges

® 125mV, 1.25V resolution

® 375mV, 3.75 rms noise

® >100 dB CMRR @ 50 MHz

® 200 MHz BW

® High voltage silicone insulated wire connection

Solid State Transformer (SST) Measurement.

The CS1203 is the basis of the Cleverscope SST measurement
system. The CS1204 VON Digitizer is in development, and will
measure the transistor Von voltage, while it swings up to 10kV.
Both digitizers are fiber isolated and can be used on the high side.
The existing CS1200 Voltage Digitizer, and C51201 Current Digitizer
complete the SST Portfolio - Switch and Conduction loss, RDSON,
Bus Inductance, and device parameters can all be measured.

CS1309 Fiber Digital 10 Pod
The CS1309 4 Out, 1 In
Versatile Link (VL) Fiber driver
uses industry standard 1mm
plastic fiber to drive Gate or
Input VL sockets. The Input
may be used for signalling and
status. Use Pulse Builder to
generate the gate signals.

recope

CS1309 Fiber Digital 10 Pod
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CS1133 VsarProbe

The CS1133 VSAT probe is used to measure the saturation voltage of a switching transistor. It uses a 30mA high
compliance current source to measure the transistor forward voltage while the voltage across the device is less
than the clip level. The clip level can be set to 3 ranges; approximately 15V, 1.5V and 150mV. Above the clip
level the VSAT probe is disconnected from the Unit Under Test (UUT). It is expected that the UUT will have a
good deal more than 30mA flowing through it so this small additional current will not significantly change the
saturation voltage. The CS1133 is designed to work into a 50 ohm load. The CS1133 is rated for operation over
the input voltage range of OV to +3.3kV. It can also withstand negative overshoot on the UUT down to -100V for
short term transients.

The CS1133 is powered by +5V sourced by the CS548 LINK PORT (pin 1) and OV (pin 2) via an 8 pin Mini Din
Connector. It also includes two controls to select clip level; IN1 (pin 8) & IN2 (pin 5). The power and control
signals are isolated via a low capacitance isolated power supply and optical isolators housed in a separate unit.
The maximum working isolation voltage is 1kVAC CAT Ill or 2kVDC. In addition, the active portion of the C51133
is shielded to ensure it can be used to measure the high side transistor while it is switching.

The CS1133 is an optional purchase.
System Isolation

When used with the input channel isolation of the CS548 the CS1133 can be used to measure Vsar of a high side
or floating transistor. This diagram shows where the isolation occurs

Link Port
Mini-DIN
cable

All items within the isolation line (Channel A, Probe Head, Coax cable and output of Isolator) have a common
reference connection which will be connected to the UUT Source (or Emitter). If the Source is a high side
transistor in a half bridge this whole isolation island will move with the switching edges of the half bridge. A
common mode choke (as supplied with the CS548) may be required on the coax cable to suppress common
mode induced LC ringing between the coax outer inductance and the measurement point capacitance.

CS1133 Vsar Probe

® +3.3kV maximum VDS

® 50 ns recovery time (1kV falling edge)

® 2kV DC working isolation voltage (1kV AC CAT IIl)
® Clip Levels: 15V, 1.5V and 150mV

® Gain Accuracy <+ 1%

® Use application to calibrate
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CS1300 Series Pods

The CS1300 Pods are used to extend the capability of the CS548 oscilloscope. Two Pod connectors are provided
on the CS548. Pods use LVDS communications capable of 400 Mbps for good noise immunity, low EMI, and
reliability. These pods are available now:

1. (CS1301 Isolated digital inputs.
Two CS1301 pods are included with the CS548.
The pod supports 4 isolated digital inputs with one common, and fixed
voltage threshold of Vhi>2.3V, with +18, -15V overload protection.

Isolation is 600V RMS Cat Il (UL), or 800 DC (VDE), based on an
ISOW7844FDWE, and PCB creepage. Common mode rejection is 100V/ns. : S5 0 ago ne as o
i :Iso Dig In Pod

00

2. (CS1302 or CS1312 Isolated digital outputs. Wl G5s Ui FoTemeThoe
The C51302/12 is an optional purchase. . o2
The pod has 1 input, and 4 outputs, one of which may be assigned as a
high speed clock. The pod allows high speed generation of arbitrary
signals, optionally synched to the clock, with simultaneously recording of
the input signal. It may also be used as a fast isolated SPI or UART port.
The application supports arbitrary pulse generation, PWM, and double ;
pulse testing using the CS1302. The CS1312 is a low jitter version of the 5\\/’&5!\73‘”
CS1302. The output level is 5V (VseL open), or 3V3 (VseL pulled low).

:
3

Isolation is 600V RMS Cat Ill (UL), or 800 DC (VDE), based on an
ISO7840DW and ISOW7744DFMR, and PCB creepage. Common mode
rejection is 100V/ns.

Pulse Builder

The CS1302 is supported by Pulse Builder in the Cleverscope4 application. Pulse Builder can be used to draw
pulse trains, Double Pulse Test pulses, and PWM output with arbitrary durations between each edge:

ﬂElﬂ r:;.—a_L'." Tracer:Chan B| M1:Chan A | M2:Chan A Freq: 33.67 MHz| Graph dT
€51302 Output Pod Interface 0 0 Amplituds| 2.432V 2458V 198V dv: D481V 50ps
Deseription [FLz2 1122 | Save Waveform | Losd Waveforn | Cleverscope Urit: Time Tmans D8Zns TEEans it 2370 0=
Pulse Control Frame: 2 Trigger time: 07 Feb 23 10:08:09.671795487
Start Method[Manual st PoD Inputfin 1 Base dock requency [233.3333700z |
StartDelay[Ds | StopDelay[s | lteratonsyft I Contiuous Minimum Period [17.14ns |4 clock cycles)
™ Round values to base dos
al Tm:k Pdu\sel Bu\\:: andze:;\e Puise when running? Start | Puses active ] Ing _$
Pulse Builder (~) mg
Manual In5
] Enab‘eﬂm 3ns  60ns  SOns  120ms  1SOns  2d0ns na
@ pc[Frabe cono] ! In3
@[ osle o] n2
@[ os7le ] Out1(v) Out2(V) | [Out3(V) Out4(y)
@ 5[ oscl@ s}
@ 5[ ous|@ 8] Label Off Label Off Label Off Label Off
4 ¥ ACELED SONEED| | COMEER DO IGES
@ outd] & | 6 P 2.5V 2.5¢ 2
@[ owslo | I 8] + =6 B r~
@2 out 2| | &l J e T J
oo 1 8 ¥ w0 s ¥
Period: [ 30ns_|[ 30ns [ 30ns |[ 30ns |[ 30ms | &ons || II Il Ir I Ir | & % 18.0 15.0 @
« ] e ]
Clear All f§ :it 16.0 125 :il
Double Pulse (] 14.0 10.0 i
PWM (] M i
- _ 120 75 ]
= 00 50 3
= =
. . O 8.0 25
Here 4 pulses have been defined, and output via a . oo 4
CS1302. Outputs 1-3 are mirrored as Inputs 1-3. Input 4, A 10 25 g
which is a CS1302 input, is physically measuring Output 20 50 ]
Fit.
4. Pulses as short as 13.3ns can be generated using the oo 7 o
. H 2.0, 1 1 | 1 1 1 1 1 1 j-10.0
CS1302, with a resolution of 3.32ns. These pulses are 0.0 200 0.0 20 400 0.0 800 1000 1200 1#0.0 1:60.0 ~
Time 7} 20ns
30, 60, 90 and 120ns long. =
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Multi Unit Capture

Up to 4 units may be connected using the Link cables from a unit Link Out port to the next unit Link In port.
Clock, trigger and control are shared via the link cables. Time alignment and amplitude matching are good. All 4
units perform as one 16 channel oscilloscope using the Cleverscope PC application.

Here an unterminated 50ns pulse is displayed on all 16 channels using a 16 way time aligned signal splitter
sourced from one unit’s signal generator. The time axis is 5ns/div. Dispersion of about 700 ps is displayed
between the two maker lines.
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CS1097GaN Half Bridge Double Pulse Test Board

Cleverscope has developed this board for demonstrating typical measurements on Power Transistors in a Half
Bridge configuration. A Double Pulse Tests (DPT) can be performed using the C$1302 Isolated Digital 10 Pod to
drive gate signals and control power enables. Measurements of the DPT can be made with the CS548, CS1133
and €S1200/CS1201 to determine Switching and Conduction losses and other switching parameters.A load
inductor can be referred to either the top or bottom transistor.

The CS1302 I/0 Pod and 19VDC plug into left. There is a 19V-40V booster to power the half bridge. GaNFets
pulse rated at 100V 408A are used. Here are the connections for a typical test setup; a €513024 Out/1 In Pod
driving gate signals, a x10 Probe (green) connected to MMCX connector on the top transistor Vgs, a
CS1201Current Digitizer connected to €C51501 1mOhm shunt on the top transistor Source measuring ls, a
Vpsx100 Probe (red) and CS1133 Vsat Probe on top transistor Vds. Load inductor on right is 470nH.

CS1201 Current
Digitizer

Vps probe
Is probe gl Vsat probe

Vs probe

3 HIGH VOLTAGH |
clever TP

CS1097 GaN DPT

Cleverscope © 2024
2024-08-04  Revl.0 PGND

HIGH VOLTAGE ya “’

The ‘Pulse Builder’ interface is used to set up gate timing and control the enable signals. OUT1 = Low Side Gate,
OUT2 = High Side Gate, OUT3 = Gate Driver Enable, OUT4 = 70V Enable. DPT is performed on top transistor so
OUT2 timings are 100ms OFF (DPT repetition at 10Hz), 2us ON (current ramp), 500ns OFF, 500ns ON.

With 2us ramp time current should be | = V.dt/L = 40V*2us/470nH = 180A.

15\/ TBVUN
ucjzzav Of-‘f = e

Double Pulse
Pulze 1 Pulze 2
On Penod On Period
Output Initial Pulze SDDns End
Enable Off Period DF’FPerlod Off Period

100ms EDDns EDDns
| [sooes | |

10 cleverscope.com  ©OCleverscope 2024+ All rights reserved



Here the ‘Maths Display’ is showing 4 measured waveforms; Vgs, Is, Vds and Vsat. All are on the High Side FET.
After the 2us ramp time the current has reached 180A and saturation voltage is 849mV.

Maths Calculations:

e Pcond =Is*Vsat and reaches 256W.

e Econd= [Pcond reaches 39.2ul.

e Rds-on = Vsat/Is= 2.7mOhms (see Tracer).

e Psw = Vds*Is has turn ON peak of 5.09kW.

e Esw= [Psw integrated and is 55.35ul (delta Marker 1-2).
e Ipeak =153A

"cimar== | Tracer:Chan E| M1:Chan | M2:Chan | Freq: 13.10 MHz| Graph dT
Amplitude| 2.780 mOhm 86,50 141.8 ul dv: 5635 ul 200ps.
Time 2537 ns -14.57 ns B1.78 ns dt: T8.32 ns
Frame: 0 Trigger time: 07 May 25 19:19:26.40368 1750 Source  Scope
ISH(A) VDSH (V) (WSATH (V) (vGSH (V) |Rds-OM Pcond (W) |Econd (1) |Psw (W) Esw (J) P3phase
{Ohm) {w)
Label track | Label track | Label track | Label track | Label track | Label track | Label track | Label track | Label track | Label track
L Hid= GRS Hid= [[ef8 Show [l S Hide (ISR Hide |[efi Hid= [IJEW] Hid= [BEW| Hid= Wil | Hide |
1004 25V 250my 5V imOhm 50w 25u] 2. 5kWwW 50ul 100w
1375 00 55.0k 15.0m
ol
1.50 00 52.5k 14.0m
125 Fi] 50.0k 13.0m
1.00 &00 - 47.5k 12.0m
VDSH o
0.75 500 0 45,0k 11.0m
0.50 400 WSATH 42,5k 10.0m
0.25 300 40.0k S.0m
0.00 200 5 37.5k 8.0m
-0.25 100 35.0k 7.0m
-0.50 o] 32.5k 5.0m
VG5H
0.75 -100 =] 30,0k 5.0m
-1.00 =200 27.5k 4.0m
Rds-Cn
-1.25 =300 25.0k 3.0m
—-L50 -400 22,5k 20m &
= = o i
& g o]
F-175 -500 1200k 5 10m =
E T =
& 9 - g
= -2.00 -600 17.5k 0.0 E]
Peond -
2.25 700 ——//_e.// 15.0k 1.0m
-2.50 -800 12.5k -2.0m
-2.75 -900 10.0k -3.0m
Econd
-3.00 -1000 // 7.5 -4.0m
-3.25 -1100 5.0k -5.0m
-3.50 -1200 2.5k -6.0m
Psw
-3.75 -1300 . 0.0 -7.0m
-4.00 -1400 -8.0m
-4.25 -1500 -3.0m
-4.50 -1600 -10.0m
-4.75 -1700 -11.0m
-5.00 -1800 -12.0m
-5.25 -1900 | ! ' ' , ! , ' , , , 1 ~15.0k -13.0m
-2204.4-2000.0 -1750.0 -1500.0 -1250.0 -1000.0 -750.0 -500.0 -250.0 0.0 250.0 596.0
Time 200ns

Note the oscillations on Vds and Is — these are caused by the GaN Fet output capacitance (about 950pF)
resonating with the loop power loop inductance (about 0.9 nH).
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Further Pod Development

Cleverscope plans three new measurement pods with 1700V DC working isolation voltage, 90V/ns common
mode voltage slew rate, 80 ksps capture rate, 16 bit resolution and 14 bit ENOB:

CS1304
CcS1303 Voltage Pod
cS548 Measurement Hub R ~
Oscilloscope i Chan 1 ! C(S:|1‘223
Pod 2 . Shield
: Chan 2
Pod 1 :] “pod’ - Cs1305
= Chan 3
L Current Pod
Chan 4 M) cs1303
N L1 Chan - IN
Shield
CS1306
C () useccabie C ?Tp'i‘ir.?:r‘.‘nl‘iip.e
B Push Button Wire Connector  cs1303
I Chan
|I| K Type mini socket Shield
1. CS1303 Measurement Hub
This pod allows connection and identification of up to four C51304-CS1306 measurement pods to a single
CS548 Pod connector.
a. CS1304isolated Current Measurement
This pod usesa TI AMC3306MO05 with £50mV input range, to provide an isolated channel for current
sense such as 50mV Murata 3020 DMS or Riedon RSA shunts.
b. CS1305 Isolated Voltage Measurement
This pod uses a TI AMC3336 with +1V input range to provide an individually isolated channel, for
voltage sense. The CS1305 comes in 5 variants, with input ranges of +1, 10, 100, 1000 and 2000V.
c. CS1306 Isolated Temperature Measurement
This pod uses an AD8495 K type thermocouple amplifier driving a TI AMC3336 with 1V input range to
provide an individually isolated channel to measure up to 4002C.
2. (CS1310 CAN controller
The CAN controller will use an SPI CAN controller (such as Microchip MCP2515 or TI TCAN4550) to monitor
or stimulate CAN messages in an automotive CAN network.
3. (CS548 Windows application upgrades
A new logging display will allow logging of up to 16 channels (from two connected CS548's) of Voltage,
Current or Temperature using the measurement pods. Signals can be continuously streamed and saved to
disk, or use triggered capture to display a time window, just as the Scope display works. The same zoom and
pan controls will apply. A new signal information display will analyse measurement pod signals.
In addition we plan a power analysis function to measure three phase power, harmonic structure, power
factor, and efficiency using either high speed channels or the measurement pod channels. A three phase
system would require 3 phase current pods, 3 phase voltage pods, and DC Bus voltage and current pods.
This can be supported using both CS548 pods.
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Analog Inputs

* Item still to be implemented. See Specification Status section.

Parameter

Specification

Notes

Number of channels

0-4

Fibre optic isolated from each other, local or remote
digitizer.

Isolation Voltage - Local

2kVdc, 600VAC CAT lil, 1kVAC
CAT I

Supported by IEC 61010-1 Ed 3.0 and IEC 61010-2-30
(Test Equipment) 22mm creepage and 18 mm clearance,
reinforced.

Isolation Voltage —Remote Digitizer

+30kVdc

When mounted >150mm from reference plane or other
structures not at the common mode voltage.

If measured signal frequency is >1 MHz, then must be
mounted >1m from any other conductive structure not
at the common mode voltage.

CMRR

>120dB at 1 MHz
>115dB at 10 MHz
> 100 dB at 50 MHz

20dBV signal applied to coax common and earth
reference 4mm socket.

ADC resolution

14 bits

Input Ranges

+0.8V with 100uV resolution
+8Vwith 1mV resolution

Use probes to extend the range, eg 800V with 100x
probe. The application automatically scales all values to
compensate for probe attenuation.

DC voltage measurement accuracy

<+0.15% of range maximum.

After self calibration or calibration.

Sample Rate

500 MSPS

All Analog and Digital channels simultaneously. Currently
4 x simultaneous channels with 16 MSamples per
channel, with 2 frames = 16M x 4 x 2 = 128 Msamples

Sample Memory

500 M Samples * (installed)

Currently 4 x simultaneous channels with 16M per
channel.

CM leakage to other channels <-125dBc 20 dBV signal to CM channel, measured on other
channels whole bandwidth, +0.8V range
Channel to Channel Skew <+144ps Done using a 1 MHz coherent sine wave
Cross talk at 10.7 and 30 MHz <-115 dBc Using 1.6V p-p into the channel
RMS Channel Noise 1 M samples ~300 uV rms, £0.8V range Inputs open
~ 3mv rms, 8V range
Pk-Pk Channel noise 1 M samples 1.8mVp-p for £0.8V range Inputs open
15mVp-p for £8V range
Sample clock jitter 300 fs rms
Sample clock Freq tolerance max £2ppm At 25 deg C
Sample clock temp stability max 0.5 ppm Over -40 to +85 deg C
Enob (rms) 11.6 bits, or 1 part in 3,300 Inputs open
Noise free bits 10.3 bits, or 1 part in 1300 Inputs open

Spectral Noise floor,
no protrusions

-100 dBV
-115dBV

<2MHz, 200 MHz BW, 1kHz resolution
>2MHz, 200 MHz BW, 1kHz resolution

Sinad

> 64 dBcat 1 MHz
>63 dBc at 10 MHz
>55 dBc at 30 MHz

1 Vp-p into 50 ohms signal

HD2+3

< -80dB at 1IMHz
<-76 dB at 10 MHz
<-71 dB at 30 MHz

1 Vp-p into 50 ohms signal

THD

<-76 dB at 1 MHz
<-74 dB at 10 MHz
<-67 dB at 30 MHz

1 Vp-p into 50 ohms signal

Pulse Flatness <700uV 0.5V pulse, 500us duration, £0.8V range
<2mV 0.5V pulse, 500 us duration, £8V range
<200mV 500V pulse, 500us duration, 100x probe

Overload recovery 4ns Recovery from 10x overload

Maximum Differential Input Voltage

+1 kV, derated above 1 MHz.

Derated at 20dB/decade

Maximum Common Mode Input
Voltage

+2 kV, derated above 10 MHz.

Derated at 20dB/decade

Spectral Flatness

+0.5dB from 0 - 160 MHz
-3 dB at 200 MHz

Supports 200 MHz Bandwidth

Input Resistance 1M Ohm DC resistance
Input Capacitance 22.0 pF Signal Input to Signal Common
Isolation Capacitance 20pF Channel ground to chassis
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Digital Inputs

Parameter Specification Notes
Number of inputs 8
Common mode transient immunity 100V/ns

Input threshold max

2.3V rising 0.9V falling

Using CS1301 isolated probes (ISOW7844).
Using CS1300 threshold programmable 0-8V.

Isolation capacitance <5pF To chassis ground, at 1 MHz
Isolation operating voltage 880V DC (600 VAC rms) Re-inforced insulation, EN61010-1
1130V DC Re-inforced insulation, CSA and IEC 60950-1
Maximum Data rate 125 Mbps Sampled at 500 MSPS
Propagation delay 13ns typ Compensated for within CS548

Connectors

POD1 (1..4) & POD2 (5..8)

Located on front panel, USB-type C physical connector

POD connector total output power

5V1.5A

Current limit is total for both connectors, short circuit
proof.

Signal Generator

Parameter Specification Notes

Output Frequency Range DC - 65 MHz -3dB at 65MHz on un filtered output

Outputs Unfiltered, filtered Unfiltered is used high slew rate signals (AWB or square
wave). Filtered includes a reconstruction filter for
minimum sample clock injection into the signal.

CMRR >100dB at1 MHz Limited by analog channels used for test.

>95 dB at 10 MHz
>90 dB at 50 MHz

The Sig Gen connection reduces CMRR by about 20 dB, if
direct connected to a Channel.

Common mode transient immunity

100 kV/us

For control of the output DAC

Isolation Voltage

600 VDC, 300VAC CAT Il

Supported by IEC 61010-1 creepage and clearance,
reinforced

Unfiltered rise/fall time 3.2ns Full scale swing

Sine Wave Flatness +0.2 dB 0 - 20 MHz filtered + unfiltered, 50 Ohm terminated
+0.2 -3 dB 20 - 65 MHz unfiltered

DAC resolution 12 bits

NCO Resolution 24 bits 10.7 Hz resolution at 180 MSPS

Output amplitude

+1mV to £3.5V p-p

Programmable 1mV resolution, constrained to total range
+3.5V including offset

Output offset Oto £3.5V p-p Programmable, 1 mV resolution, constrained to total range
+3.5 Vincluding offset

Output Noise <100uV rms

SFDR >84 dBc At 10 MHz

IMD >88 dBc At 10 MHz

HD2+3 <-77dBc At 10 MHz

Arb Waveform Memory 4 k Samples * Using AD9102 - Ul to be implemented still

Sample Rate 180 Msps Programmable Sample rate 1sps - 180 Msps

Frequency list values 2k * Frequency list output in response to trigger

Envelope can be amplitude Yes *

modulated

Pattern Generator Yes * Start period, output period, stop period, pattern repeat

count.

Trigger

Input from FPGA *

FPGA may trigger a pattern based on Channel Trigger or
other event.

USB

Parameter Specification Notes
Supported Modes USB 2.0 and USB 3.0 USB 2.0 @480 Mbit/sec and USB 3.0 at 5 Gbps
Throughput 30 MBps and 130 MBps
Connector USB-C Plug is reversible. No output power.
Protection Common mode choke + ESD Using ECMF04-4HSWM10
diodes
Indicators USB on and correctly connected Power of signal is indicated by LED off.
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Ethernet *

Parameter

Specification

Notes

Connection method

Small Form factor Pluggable
module (SFP)

An SFP socket is provided for use with an SFP module.

Either an optical or a copper connected SFP module will be

supplied based on the order.
SFP socket supplies 3.3V 150mA for module.
No PoE available.

Wired Supported Modes

Ethernet 10/100/1000 *

Using an RJ45 Ethernet socket connected copper SFP
module. Transformer based isolation.

Software being implemented

Optical supported mode

Ethernet 1000BASE-LX *

Gigabit (1G) Ethernet using an LC fibre cable connected
optical module. Full optical isolation.

-

i,
= (49 n -..“_{j.“
by )
= 2

Software being implemented

connected

Throughput 12 MBps and 120 MBps
Connector SFP Socket Small Form Factor Pluggable socket
Indicators Ethernet on and correctly

Power of signal is indicated by LED off.

Power Supply

Parameter

Specification

Notes

Input Voltage Range 10-24 DC Over voltage protected
Power consumption 43W
Connector Barrel Socket, 2.5mm I.D. x Connection is reverse polarity protected.
5.5mm O0.D
Protection Clamped to +68V I1SO16750 pulse A (79 ohm 0.5 ohm)
Clamped to -32V ISO7637 Pulse 1 (-600V, 50 ohm)
Operates with 35V
Survives with 5V FPGA operation at 5V, ADC operational at 7V.
Indicators Power On, Channel Status Software controlled.

Power Adaptor

VEC65US19

100-240VAC input, 19VDC 65W output.

15

cIeverscope.com

©Cleverscope 2024+ All rights reserved




Digital Port *

The Digital Port is based on a programmable logic IC, and can be used for generating complex state based
sequences or reacting to a complex set of inputs. The port includes triggering capability. The Ul has not been

completed.
Parameter Specification Notes
Input/Outputs 16 Programmable as In or Out
Logic Level Programmable 1.8 - 5V All 1I/0O operate at the same logic level
Control IC SilegoSLG46826V User configurable programmable logic with analog
functions
Resources 19Multi-function Macrocells 2-4 bit for complex logic

Prog Oscillator, 25MHz, 2MHz,
and 2 kHz.

256x8 EEPROM

4 Analog Comparators

2 x Deglitch filters

Two voltage references

12C port

All resources can be arbitrarily connected as required.

Programming

Silego GP Designer

Visual schematic designer of circuit functions downloaded
into CS548

Trigger In/Out

Bidirectional Trigger

For interaction with measurement system.

Protection

Over voltage protection to +12V and -6V

Connector

WE 61202021721

20 pin 0.1” double row

Output power

Variable 2.5-5.0V, 1A

Short circuit proof.

Link Port *

The Link Port is used for controlling Cleverscope accessory devices such as the C51070 1A 50 MHz power
amplifier, and the C51110 V¢ Sat Probe. It also includes RS232, SPI and I2C ports for controlling user equipment.

Parameter Specification Notes

Digital Port Use 2 Digital In, 4 Digital Out Used for accessory control

12C Port 400 pbps port For control of user devices

SPI Port 1 MHz SPI Port For control of user device, mutually exclusive with RS232

Port

RS232/RS422 Port

3V level RS232 port, or
differential RS422 port,
programmable baud rate

For control of user device, mutually exclusive with SPI Port

Trigger Port

Trigger In/Out and control

Protection

Over voltage and reverse voltage protection using ESD
devices

Connector

Mini Din 8

Output Power

5V 1.5A (current limited)

Pin 1 =5V, Pin 2 = GND.

Link In/Out Port

The Link In/Out Port is used daisy chaining 2,3 or 4 x CS548 Cleverscopes together.

Parameter

Specification

Notes

Clock ports

Reference clock, 500 kHz

The first CS548 in the chain provides the 500 kHz reference
clock that is used for simultaneous sampling by all units.

Trigger Ports

Trigger transfer

The Trigger Ports transfer the trigger to other units.

Control Ports

Control signals

The control signals are used to signal readiness to trigger,
and sampling state.

Connectors

HDMI

Use with 500mm linking cable supplied by Cleverscope.
Not for use with longer cables.

Output Power

5V 1.5A (current limited)

Only available on LINK OUT.

See the selected measurements section for an example 8 channel display.

Probe Compensator Output

The probe Compensator output is used to compensate the probe response for time domain flatness.

Parameter Specification Notes
Signal 1 kHz Square Wave Variable 50mHz to 58.3 Mhz
Duty Cycle 50% Variable with 3.32ns resolution to 10s high.
Amplitude Programmable 5-12V 150mA current limit
Rise/ Fall Time ~1ns
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| Connection BNC, 50 Ohm source Designed for 10x probe. 10mV dip with 50 Ohm load.

Environmental
Parameter Specification Notes
Temperature 0°C to +40°C Operating
-20°C to +60°C Storage
Cooling Method Fan Assisted
Humidity 0°C to +40°C <90% relative humidity
>40°C <60% relative humidity
Altitude <3,000m Operating
15,000m Non-operating
Mechanical
Parameter Specification Notes
Size Height 69 mm Including feet
Width 187 mm
Length 300 mm Including connectors
Weight (approx) 2.6 kg Acquisition Unit only
4.1kg Complete in display box
Material Anodized Aluminium
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Specification Status

The CS548 is FPGA based, and upgradeable in the field. The customer can use Cleverscope Rom Loader to
download new firmware and logicware to improve or add functions to the unit. The hardware system for the
CS548 has been thoroughly tested to meet the specifications above, and includes all the resources needed to
meet the full specification. However, some software functions are still to be added. As these are added,
updates are placed on our website for download at no cost. Cleverscope has used this method for years to add
features such as FRA, streaming, complex maths etc. Should the current specification set meet your needs, you
are able to use the CS548 now, and upgrade, at no cost, as further functionality becomes available.

Implemented in newer versions:

Feature

Specification

Note

Sampling Rate

500 MSPS

Implemented for units using an AD960 ADC (Serial numbers
IW10210 and later). Not for CS448.

Sample Memory

128M Samples.

Organized as two 16M frames per channel for 4 concurrent
channels (2 x 16M x 4 samples = 128M).

Multi unit Linking

Up to four units can be
linked via Link In and Link
Out Ports

See page 8 Multi Unit Linking. Currently only CS548.

Key features that still have to be implemented are:

Feature

Specification

Note

1/0 Interfaces

Ethernet is supported*

Ethernet is currently not supported. We have implemented a
hardware based IP stack, which is functional. Integration is
proceeding with the CS548 firmware.

Signal Generator Waveforms

The signal generator will
support AWB

The isolated Signal Generator currently only supports Sine and
variable duty cycle Square wave generation and sweeping. The
hardware (based on the AD9102) can generate 4K Arbitrary
Waveforms, and patterns. The sig gen design includes a swept
clock source to allow sweeping arbitrary waveforms (including
square and triangle waves). The user interface for this is not
yet done.

Link Port

The Link includes SPI, UART
and 12C generation

The Link Port includes the facilities to generate 12C, Uart and
SPI messages, as well as digital outputs. This capability is
already supported by the firmware and DLL driver. However a
Ul has not been implemented in the application. This will be
done as time permits. The Link Port is used with 12C for
CS1124 and CS1133 expansion.

Faster Peak Capture

Replay Peak Capture to run
at close to real time

The current system has real time peak capture where the
decimator outputs samples at below the maximum sample
rate (eg Streaming). However, the replay peak capture system,
while working, is not optimized and relatively slow. A
DMA/Hardware based system will be used for peak capture
replay.

Digital Port

Full use of SilegoSLG46826V

Hardware has been tested. The Silego programmer can be
used. The CS548 will provide Silego design download at some
point.

Where a feature has not been implemented yet, it includes an asterisk in the table above.
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Selected Measurements

In this section we show some of the measurements that define the unique aspects of the CS548.

Below are comparison measurements between a Cleverscope CS548 and a commercially available Optical Isolation probe.
These double pulse measurements were taken by a third party Oscilloscope manufacturer.

High Side Measurements of a Gate Drive

20 —— Cleverscope CS548
Commercially available Optical Isolation probe
T i
/
15[
g 100
5
>
Q
=
=
=
T 5t
0 \
.‘V-l“ %’MMW«WM“‘I Il":w»‘hwmu,.,\m\mw.ﬂ |
-1lus Ous 1lus 2us 3us 4us 5us
5L
Time (s)

These graphs are showing the superior
noise performance of the CS548 when
compared with a commercially available
optical isolation probe. The CS548 is
using an 80V range to measure the 17V
gate drive. The commercially available
probe is using the most optimum
voltage range and tip.

Note the increased noise of the commercially available Optical Isolation probe, expanded first pulse:

19

cIeverscope.com

©Cleverscope 2024+ All rights reserved



17.7 -

17.6. |

175

17.4 |-

17.3

High-sideVgs(V)

17.2

17.0

169 |

16.8 |

16.7

0.8u

—— Cleverscope CS548
— Commercially available Optical Isolation probe

1u

bt
\ ’ Il

M

w | 'lH l\‘
| w

1.2u 1.4u 1.6u

il |‘
? \
|

1.8u

20

Time (s)

cIeverscope.com

©OCleverscope 2024+ All rights reserved



Common Mode Rejection
Typical channel CMRR is shown below:.

i cimear ™ | Tracer:Chan A| M1:Chan A | M2:Chan A | 3G Amp: 14.0 Digital Mask
Amplitude:| -105.2 43 Q1214 dB8 | -108.1 dB | delta:13.33 dB 511,4 ooDEoooE
Freq: 80.10 MHz 1003 MHz | 50.03 MHz | defta: 40.00 MHz DCEB A
Frequency Span [ 100MHz | Frequency Res |1.00kHz ™ | Source | Scope
CMRR. { dB) Phase (%) c D (V)
Label Off Label Off Label Off Label Off
AT &=|tn | EOEEER 4c]ln] |COBEES4c|ln|D A =]Lin
10 dB 500° 100V 100V
70 T 4500
-80 4000
aom 3500
T 100 | 3000
% 110 2500 §
i 1 f
-120 2000 73
-130 1500
-140 1000
- 15|:| 1 1 1 1 1 1 1 1 1 1 1 1 1 .I SDD
0.1 50 10.0 150 20.0 250 30.0 350 40.0 450 50.0 550 60.0 650
o BMHz
Application in switching Power Bridge
Using this full bridge setup, which swings 500V in 8ns:
VBUS+ VBUS+
Switch 1 Switch 2
Ry Riu
Green
D \ey)
. G .
High H Rg Red Blue Re [ High
Vi Vi S
Gate OouT1 ouT2 Gate
Drive ZL.0AD Drive
IRS2453 - ’\ IRS2453
e
Low |1 Rg | Re 1 Low

RiL

VBUS- VBUS-
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We measure these results:

"ctever 22T | Trager:Chan D [M4:Chan C  [M2:ChanD  |Freq: 716.8 kHz |Graph dT
Amplitude [ 14.27 V 1454V 1425V dav: 0.288 vV 2.5ns
Time 4375 us 120 us 0.125 us dt: 1.395 us

Frame: 2 Trigger time: 30 Jun 17 14:59:03.853966176

ACHIER 6 OMIEE COMIEED
ooV S00y v v
5000 ——
3 e
5500 > .
High Side Vg1
5000 D‘ead_> e
e Time
4000
g 3500 !
£ 3000
;% 2500 T 4
oole | High Side Vg2
1500
1000 Vout 2 (500V) .
500
DI 1 1 I-VC)LIAI.t 1 I(SOOIV) 1 1
-7.5 -5.0 -2.5 0.0 2.5 5.0 7.5 10.0 12.5

Time ]  2.5us

zoom

Fcl-v-rm Tracer:=Chan D |M1:Chan D M2:Chan D Freq: 100.0 MHz | Graph dT
Amplitude | 12.59 v 108y TGV dav: -3.683 vV 2.5ns
Time 4750 ns -10.000 ns 0,000 s dt; 10.00ns

Frame: 2 Trigger time: 30 Jun 17 14:59:03.853966175

A

500V full bridge, 8ns tr and tf, probe high side gates.
ADEEED 5 OMIER COMIER D

250V 250V v v
14.0 —m———
12.0 |
10.0 ad High side gate 1,
8.0 4 with Mliller|step
= 60 1 and Cgs/Cgd droop
g 40
8 20 High side gate 2, with
0.0 Cgs/Ced pulse :
-2.0
P Vout 1, 500V 8ns tr
ook +  Vout 2, 500V 8hs tf
0.0 200 100 0.0 100 200 30.0 400 50.0
Time 1}  10ns

A

The high CMRR, and the isolation allow the high side gate drives to be measured without large common mode
artifacts. We can observe dead time, pulse timing, the gate charge characteristic, and parasitics such as the

Cgs/Cgd

droop and pulse effects.

Measurements of a double pulse high side transistor with 8 channels

Two units can be connected together using the Link Out port connected to the Link In port with the CS1021
500mm link cable. Here are two gates, two gate drives, and two Switch nodes on the full bridge:

F:w_‘.".; Tracer:Chan E| M1:Chan E M2:Chan E Freq: 531.2 kHz | Graph dT
Amplitude 4303V D211V D100V dav: 0111V T.Ens
Time 1326 us ST7Z3us -TE4D us dt 1.883us
Frame: 2 Trigger time: 13 May 22 00:58:46.085098919
VoHi (V) VdrvHi (V)] |Isdo (A)  Is-Hi(A) VdsdLo (V) VdsHi (V) Vsatlo  Vsat-Hi (V) Zoom in .On the PDF to éxamine
v the detail.
Label On | Label On Label On | Label On Label On | Label On Label On | Label On
fX81 " Nonel:Tal ~ None| l (&3] ~ or=ls EOMID FOMED| [comEn HomEn
v 1oy S5A SA 200V 200V 20V v . L. .
2000 e 1400 The current is rising in the load
1800 s 1200 inductor during Pulse 1, we can
e 58es =t § examine the top transistor turn
0 IIEERsEEREL '— =0 off and then turn on, and the rise
1200 600 .. .
. oo in inductor current during Pulse
0 o 00 2. We can measure the
. ESSEEpNsEEs| "0 conduction Power during the two
a00 200 pulses, and switching Power
- |SESEEsSSSSSsSE —]_ 400 during turn off ad turn on.
:-_: EII—.—.—Q— _600 -
i - . Channels are:
2 SO - -1000 = .
500 o o0 e Vsat Hi
800 _1400 e V/sat Lo
-1000 -1600 L] VdS Hl
1200 p——— -1800 e Vds Lo
-1400 Velry-Hi - .
1400 i -2000 ° IS hl
-1600 -2200 |
-1800 Ya-Hi 1-2400 ® IS o
-2000 2600 e Vdrv Hi
-2200p -l= -2800 L] Vg hi
-2400 1 | 1 1 1 1 1 1 1 1 1 1 1 ,-3000
-15.1 -10.0 50 0.0 5.0 10.0 150 20,0 250 30.0 350 40.0 450 50.0 G549
Time ]  5us
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Measuring Gate Charge in a SEW Movitrac Variable Speed Drive (VSD)

Measuring Gate Drive System

Example: SEW Movitrac

High
Gate
Drive

(IR2112)

Low

Proper

Units >

VBUS-

f«-«:; Tracer:Chan E [M1:ChanC  |M2:Chan A |Freq: 8.333 MHz |Graph dT
Amplitude | 21.98 nC 1474V A5V av: 8583V 250
Time |1330.0ns -2.500 ns |117.5ns dt: 1200ns

200V

Frame: 1 Trigger time: 15 Mar 17 14:59:
L DR
250mA v 5V 5nC i

30.0n
25.0nt
20.0nt
15.0nt
10.0n

5.0nt

0.0—

Charge C

-5.0nt
-10.0nt
-15.0n

-20.0nt

-30.0n 0

-200.0 0.0

=
L

v T—

f_,f—k

«—Gate Current

20— LTurn On delay Vours (325V)

1 1 1 1 1
500.0 750.0 1000.0 1400.0
Time ) 200ns

[
250.0

4

Calculate Charge

Qg=jlgdt

Total Gate Charge
Qg=22nC

Calculate Current
Ve — Vbrv

l9=—%¢

Plateau gate current

lg=400mA

The high CMRR, and isolation allow making differential measurements across the gate drive resistor, even
though it is swinging 325V in 37ns. Maths is used to calculate the gate current which is then integrated to

calculate charge.

Measuring Conduction Power in a SEW Movitrac VSD
We use a Cleverscope Ve Satprobe to accurately measure small voltages while exposed to large (<1000V)

voltage swings.

Switch 1

High

Gate
Drive
(IR2112)

CS1110
VcE Sat Probe

Low

Green (
\

Esw = J Psw dt

Use a C51110 VcE SAT probe to
measure conduction peak,

and averaged power loss.
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VouT1

{ewwer 2z |TracerChan A [M1:Chan B |M2:Chan B

Freq: 10.15 KHz | Graph dT

Amplitude 1452 W
|19375us

41341 w)

Time |19255us

azE 8wl
|20240us

Amplitude | 1.735 W
328 ms

0.000 mJ

av: 141.7 uJ 20ns !
T 5537 ms

ot %851 us Time

Frame: 0 Trigger time: 21 Mar 17 11:18:

g— TracerChan A M1:Chan B M2:Chan B Freq: 55.62 Hz | Graph dT
| |8505mJ | I
|0z ms

805 m
| Tsems

$55as

w 100u) S00mV  100nV  100nV w 2m)
1701 e e P 1
16.01 ~5.30m 1
[ Vce sat
15.01 1 3V ~5.20m

o
St

1800.0

cIeverscope.com

Pswitch = VL.IL= 1.4W

12,07
11.07
10.0

9.01

8.01

Vds Power W

7.0 mmm—m-
6.01 E=z =24,
T
14.0 7 =20.0m
13.07 ~18.0m

Esw = 8.9mJ/cycle

Imax = 1.6A

-16.0m

-10.0m

Pmax=1.7W 00

Esw/sec =55 (Hz) x 8.9 = 494 ml/s.

Average power = 494mW
We use Maths to calculate the conduction current (green), the Ve Satprobe to measure the switch saturation

voltage (Yellow), the instantaneous power (red) and the energy per cycle (blue) to calculate the average
conduction Powerpower (494 mW).
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Measuring required shielding performance and EMC filtering effectiveness
We us 100x probes to measure the Switch voltage, and the input mains voltage safely.

'n--z Tracer:=Chan C |M1:Chan D |M2:Chan C |Time 0.000s Source: " weerz2= [ Tracer:Chan B [M1:Chan B |M2:Chan C |Time 0.000s Source:
Amplitude: [0.000 a8 0.000 48 0.000¢B delta:0.000 4B Scope Amplitude: |0.914 mV 7.013 mV 0.000 V delta:-0.007 V Scope
Freq: 50000.0 Hz 500000 Hz  |1778000.0 Hz |deita: 1728000.0 Hz Digital Mask Freq: 77675000 Hz  |6048500.0 Hz |1778000.0 Hz | delta: -8288500.0 H . Digital Mask
Fic #00000008 FRc 500000000
Frequency Span [200MHz | Frequency Res [LOOkHz  © DCEBA Frequency Span |200MHz | Frequency Res [100kHz T DCEBA
1 | [ [ [
10dBV 50d8 20d8 20d8 il 1mV 20V 20V
50 p— 16.0 e 120m
20 14.0- -11.0m
= -20dB/dec o Voltage at Mains o
- = / . input to drive .
ol == -40dB/dec 3! |
01 6.0 ~7.0m
>
8 0 8 MHz % 40 -6.0m §
3 3 X
S g = 2.0 -s.om %
= 0.0- = 4.0m
40+ H 2,01 imit
7  The spectrum amplitude Fec EMC Limit
-50 . | 4.0
*1 determines the motor cable
-60 . . . -6.0
shielding effectiveness. s
.70— 1 .0~
50.0k 100.0k 1.0M ¥ 50.0M 50.0k 100.0k

0 10Hz

The mains input is not sufficiently filtered, and the
drive does not meet the FCC standard. A slower
rise time would help, and improved filtering.

The 20/40 dB/dec corner frequency is set by the
rise time (F = 1/ 37ns). A slower rise time
reduces how good the shield needs to be.

This test uses the Spectrum Analyser.

Spectral Noise Floor
This is the full bandwidth noise with all four channels being captured with open inputs, 1kHz resolution, in dBV:

" chver 22T |Tracer:Chan B [M4:Chan A |M2:Chan A [Time Infs Digital Mask
Amplitude: |-112.2 48 73.50 43 T3.50d8  |deita:0.000 4B 3=[oooononD
Freq: 185.2 MHz 0.000 MHz  |D.000MHz |delta; 0.000 MHz DCEA

Frequency Span | 200MHz | Frequency Res |1.00kHz 7 | Source | Scope

A (dB) B (dE) C (dE) D (dB)
Label Off Label Off Label Off Label Off
ACEIEDd=]in |5 OMEEDA={in] |COMTEE&s]tn| 0O MIEEA=]
10dE 10dB 10dB 10dB
70 ="
a0 80
a0 20
-100 -100
-110 -110
g -120 -120 2
b
< 130 -130
-140 -140
-150 -150
-160 -160
-170!= ! = -170

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
40.0 50.0 60.0 70.0 80.0 90.0  100.0 110.0 120.0 130.0 140.0 150.0 160.0 170.0 180.0 150.0 200.0

4 10MHz y
The noise floor is uniform, and below about -115 dBV per bin.

1 1
0.0 10.0 20.0 30.0
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Time Noise Floor
We capture 1M samples, without averaging, on the £0.8V range:

clover 257 Tracer:Chan A [M1:Chan A |M2:Chan A |Freq: InfkHz  |Graph dT
Amplitude |-0.434 mV 0151 mV 0151 mV d\ 0 m\V 2%ns

Time -289.7 us 10.000 us dt: @

us

Frame: 2 Trigger time: 20 Nov 19 10:39:20.638986764

AW B(V) cW D)
Label Off Label Off Label Off Label Off
ACEEE B OMRER| | CONER OIS
ImV ImV ImV ImV
4.0m
3.0m
2.0m

1.0m

2 0
=T
-1.0m

-2.0m

-3.0m

~hOm; 1 1 1 1 1 1 1 1 1 1 1
-1100.0-1000.0 -800.0 -600.0 -400.0 -200.0 0.0 200.0 400.0 600.0 800.0 1000.0 1100.0
Time ) 100
ime ) us Y

We use the signal information display to calculate the Standard Deviation (a good estimate of RMS, less the DC)
and the peak to peak. We see about 200uVrms noise, and less than 1.8mV p-p noise.

The Spectrum Display shows less than 8uV noise per frequency bin (10 kHz) over 200MHz bandwidth, in uV:
I--=i----1-= Tracer:Chan A |M1:Chan A |M2:Chan A |Time Infs Digital Mask
Amplitude: [410.2 nV/ 5.031 uV
Freq 43.58 MHz 0.000 MHz

ditta:

% =(00000000 |
DCBA

Frequency Span | 200MHz | Frequency Res |10.0kHz 7 | Source Scope

A Q) B (V) c o)
Label Off Label Off Label Off Label Off
ACEIITR A=l EOMEER Aot |COMEERA =]t | DORIEE(A =]l
1ov 100mV 100mV 100mV
i oy ZE
im
0
100u
=
= 10u
2
o :
u
100n
1on, | | { | | | | | | 1 1 | | 1 1 1 1 1 1 1
0.0 10.0 20.0 30.0 40.0 50.0 60.0 70.0 80.0 %0.0 100.0 110.0 120.0 130.0 140.0 150.0 160.0 170.0 180.0 190.0 200.0

o 10MHz A4

Averaging, and the moving average filter can be used to improve the noise floor to around 200uV p-p :

"clver 2 | Tracer:Chan A [M1:Chan A |WM2:Chan A  |Freq: InfkHz  |Graph dT
Amplitude |-1147 uV’ 3048wV 2048wV d
Time 1320 us 0.000 us 0.000 us d

Frame: 2 Trigger time: 20 Nov 19 10:48:05.056985626

uv 220ns

A ) B (V) cw D)
Label Off Label Off Label OFf  Label Off
[lal nonel-fal Mone| (i [efa) Hon=[sEalione]
200wV 1my 1mV amy
800.00u

600,00u
400,00u
200.00u
= 0.00
L T A e I o
-200,00u

-400.00u

(]

-600,00u

-800.00u 1 ! ! i ! ! ! |
-1100.0-1000.0 -800.0 -600.0 -400.0 -200.0 0.0 200.0 400.0 600.0 800.0 1000.0 1100.0
i o 100
ime ) us v
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Response to 500V 10ns transition

We measure the C51090 Switch 1 output (500V, 10ns rise time):

"ctever=2= [Tracer:=Chan A |[M1:Chan A |M2:Chan A |Freq: 4.444 MHz | Graph dT
Amplitude 4554 W 0242V 4591V dy: 458.9V 2.5ns
Time 157.5ns -92.50 ns 132.5ns dt: 225.0 ns

Frame: 2 Trigger time: 04 May 17 20:23

N e EN
10V 500mV  500mV  500mV  50nC 50NV

500
4507
480 7
4707
460 7
4507
240
4307
4207
4107
4007
3907
3807
3707
3607
3507
3407
3307
3207
310
3007
2907
2807

2707

v

2607

2507

Switch 1 -

2407
2307
2207
210
2007
1907
1807
170
1607
150
1407
1307
1207
1107
1007

90

80

704

60

507

404

30

207

107
1

05 | 1 | 1
-200.0 -150.0 -100.0 -50.0 0.0
Time &

| 1 1 1
50.0  100.0 150.0 200.0

50ns

A
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This trace shows the transition measured using a 100x probe.
The display pixel resolution masks the actual channel resolution,

shown here at 1V/div:

"ctrvar 2% | Tracer:Chan A
Amplitude 4887 V

197.6ns

M1:Chan A
-1.084 v
-100.00 ns

M2:Chan A
4529V
1M7.6ns

Freg: 4.598 MHz
dV: 4540V
dt: 217.6ns

Graph dT’
2.6ns

Frame: 2 Trigger time: 04 May 17 20:23
| S M o E
v ') ') N 200nC 200nV

502.0
501.0
500.0
4599.0
498.0

497.0

Switch 1- ¥

496.0

495.0

454.0

491'DI I 1 | 1 1 1 1 i
50.0 750 100.0 1250 150.0 1750 200.0

Time ) 25ns

A

This kind of resolution is not possible with an 8 bit scope.
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Frequency Response Analysis Functions (FRA)

The Frequency Response Analysis (FRA) system uses the isolated signal generator to provide stimulus for
component, system or power supply measurements. The measurements available are shown in the
Displays/FRA section of the data sheet. Here are a collection of measurements made using the FRA system
(zoom on the PDF to see the detail):

Impedance of a ceramic capacitor PSU Gain Phase of switching power supply TPS55340
showing Phase Margin (56.8 deg) and Gain Margin
[ oo [TracerChanA [M1:ChanA_|12:Chan A |56 Amp: €0 cieve-ZE | Tracer:Chan A | M1: Phase 1| M2: Gain 11| SG Amp: 10.0m
Amplitude: 1029 mOhm | 961.4mOhm | 5.791 mOhm | defts:-855.6 mOhm Lo T R s e
Freq: S7000.0 Hz 100000 Hz  [902000.0 Hz |deita: 832000.0 Hz pir B N B pe: 21 M
Freq 24.00 Hz 91172Hz  |266238Hz |delta: 175065 Hz
ksl 4= AEIBE|  Source:[Scope BA
Divisions - |Z]: 1.000 Chm _|Resr|: 1.000 ohm _Freq: 10.00 Hz Trz:’ﬂum Z»gnal Mask reprel AE| BE e e
1 x
Frecuency Span [seke Feqmosia [0 ] N on g on jE| Divisions - Gain: 10.00dBG _Phase: 25,00 ° Freq: 10.00 Hz Trace Num
* —| B orf BN ofr B
7 s 175
60 150
1
! ! 50 125
40 100
_ 30 75
= z
§ 10om 100m 2 0 50
2 = & .
o E} ) =
2 Z 1w 1 S 25 B
£ A
8 o \ 0 =
10m 7 10m -10 -25
-20 -50
-30 -75
m . . \ . \m -0 -100
1.0k 10.0k 100.0k 1.0M 10.0M 65.0M
Frea (H2) 7 50§ 1 I 1 1 1 y 125
1.0 10.0 100.0 1.0k 10.0k 100.0k 300.0k
Freq (Hz)
PSU Shunt Impedance and supply ripple TPS55340: Gain/Phase of a 10.7 MHz filter:
w223 [Tracer:Chan A [M1:Chan A [M2:Chan A [Time 0.000 s " cieverZ |Tracer-Chan B |M4:Chan A |M2:Chan A |SG Amg: 4.0
Amplitude: | 1458 mV 1520wV [3130mV | delts=-12.08 mV FE LC Amplitude: |0.000 Deg DET9d8G | D.8E54BG |deha:0.023 4BG
Freq 11360 Hz 1ZE00Hz  |BT220Hz  |dsits 74%2.0 Hz Freq: 105128000 Hz | S072800.0 Hz | 12234400.0 Hi|defta: 3161600.0 He
regr e Source: [Scope | MM Off B Off S|
repre AE| BE :
L A= 4= A8 BE SO Scope Divisions - Gain: 10.00 dBG  Phase: 200.0 Deg Freq: 10.00 Hz
Divisions - A: 2.000mV _B: 5,000 mV_ Freq: 10.00Hz Trace Num
s Frequency Span | S0MHz hd Frequency Res |100Hz hd
B Off BN Off
. a0 =400
22.0m ol 0.1200 o | ono
20.0 0.1150 i N
" RMS ripple with TP555340 power upply, 1A load, load impedance 3 ohm. 20 W 0
18.0m ; 0.1100 10 = --200
16.0m 0.1050 0] —-400
14.0m 0.1000 10 500
_ 20 -800
12.0m 0.0950 o a8
— 60 mAdoad S 30+ —-1000 &
Z 10.0m 0.0500 = 5 &
p = 8 a0 --1200 &
2.0m 0.0850 04 | ta0
6.0m 0.0800 60| —-1600
2
4.0m 0.0750 70| --1300
2.0m 0.0700 =l a2
0.0 0.0650 =0 22
-100- | ! \--2400
-2.0m | ) L \ \ ,0.0600 100k ™ 10M 65M
20.0 100.0 1.0k 10.0k 200.0k Freq (Hz)
Freq (Hz) 4
VA
TLV70433 PSRR using CS1070 (1A 50 MHz op-amp): Powered LTC3589 Output Impedance using CS1070:
| ctever 3 |TracerChan A |M1: Phase M|12: Gain W |55 Amp: Z84.0m
Ampituds: [$6.9 o | 7783 6ag |15 monm | S 2010
Freq: X E000000Hz [B0.00Hz |defta: 7958400 Kz
L] ) (51 (5] (=) L ) (A=) A (V] 589F Source:[Scope | M Off BA o T
asl asl Sourcs: Seopn | BN o % orr [ Divisions - Z: 20.00mChm _Phase: 20.00 deg _Freq: 10.00 Hz F-348] [FR0de]
Do - Go: 000G Phaces 20000 Freg: 10001 e ——
Fam S SH2 T P it
Sa— 0.260 60
ﬂ 0.240 | -40 ﬂ
0o F \\,«_ 3 0,220 = - L
N = \ 0,200 B
. / N
. TLYTIMNGE PERR, Cout = 10UF, Load = SOmA s LIBC R
z 0.160| -4
: 0,140 -0 o
o T 1
g L 5, 0120 --80 L"‘n‘
7 S 7
74 ™ 0,100 --100 3
2 8
0.0 A 0.060 | —120
A
0.060-] {‘} M
0,040 ~-160
It @ 0.020 - --180 @
it P
ne 0.000 - ~-200
o &l 0,020 . v . v (220 il
. i | | i ] ~ 0 100 b3 10k 100 sk M
100 ik o 10k il 10m | o v [Fi| Freq (H2) *»
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Cleverscope Application Specification

Calibration

Calibration method

Automatic self calibration

Calibration Voltage Source (Internal)

2.5V reference, 40 ppm stability (1000 Hrs) , 30 ppm/deg C

Calibration Voltage Source (external)

7.5V reference, 20 ppm stability, £0.035% accuracy, 7 ppm/deg Cusing
ISL21090-7.5

Displays

Windows

Simultaneous Capture, Tracking, Spectrum, Information, Maths, XY, Control
Panel, Streaming, Frequency Response Analysis (FRA), Pulse Builder and
Protocol setup windows

Scope window functions

Defines capture specification for signal acquisition unit, defining amount of
time before trigger, amount of time after the trigger, lower amplitude limit,
upper amplitude limit.

Defines Tracking graph time position, when tracking graph is linked.
Defines trigger level and direction

Full zoom and Pan in both axis.

Annotations.

Custom units

Custom colours

Tracking window functions

Displays zoomed section of captured signal. Resolution from 1ns to 5s/div.
Full zoom and Pan in both axis.

Annotations.

Custom colours

Spectrum window functions

Display spectrum of signal captured in capture window.
User definable resolution

Full zoom and Pan in both axis.

Annotations.

Custom units

Custom colours

Maths window function

Displays results of Maths equations.

Maths equations are user entered expressions involving any of the inputs
(analog and digital), previous maths equation line results, and an arbitrary
number of function results (+ - * / sqrt, power, log, In, all transcendental
functions, equality functions).

Custom units.

Provide live Matlab link.

XY window function

Displays XY graph from source (Capture, tracking, spectrum, or Maths

Information window functions

Displays automated measurements (see below)

Used to log derived information values to disk, with a period of between 0.05
— 86,400 secs per sample.

Live logging to Excel

DDE live value transfer to Excel.

Control window functions

Provides Trigger settings — analog and digital

Provides Sample control —single, triggered or automatic.
Provides access to tools — Pan, Zoom, Annotate

Controls Frame store

Controls Spectrum resolution, acquisition method and averaging

Frequency Response Analysis (FRA)

FRA control panel is used to setup up oscilloscope/signal generator to make

automated measurements of these values vs frequency:

e  RMS Amplitude

. Power

. Power Density

e  Gain/Phase

. Impedance + Resg or Q/D Factor or Phase

e  Capacitance + Resg or D Factor or Phase

e Inductance + Resg or Q Factor or Phase

e  Shunt Impedance (magnitude without phase for low impedances)

e  PSU Gain/Phase - for finding Gain/Phase of powered up power supplies

e  PSU PSRR - for finding PSRR of powered up power supplies

e  PSU Output Impedance - for finding Output Impedance of powered up
power supplies

e  PSU Input Impedance - for finding Input Impedance of powered up
power supplies
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e  Probe calibration functions for maximum accuracy.

Protocol Setup

Provides protocol setup for 12C, SPI, UART and parallel bus.

Pulse Builder

Allows manual control of isolated digital outputs state, Pulse Builder for
pulse trains, PWM with up to 4 PWM generators, including single output, half
bridge, or full bridge, and double pulse test for high side and low side.

Measurements

Cursors

Voltage Difference between cursors
Time difference between cursors
Reciprocal of AT in Hertz (1/AT).

Automated measurements

Function Function Function Function

DC 0-=1Time ||DC AatF

RMS 1-=0Time ||RMS BatF

Ma V' Fsignal A max

Min V' Vsignal A min

Pk-Fk VW swing F1 B max

Std Dev Owershoot | [W1 B min

Period Slew rate F2 Amax at 0 B

Fundamental |Pulse Led Aminat 0B

Frequency | |Period = Bmax at 0 A

Fundamental) |Pulse V3 Bmin at 0 A

Eelak - E'Tque”q SINAD A -3dBL:H
ulse ulse

Length Length THD B-3dBL: H

Duty Cyde | |Duty Cyde LIS B

Custom units

6 characters

Custom signal names

20 characters

Custom scaling

Scale + offset by defining two (Vin,Vout) points

User definable colours

Signals, Background, Major Grid, Minor Grid

Mathematical Functions

Functions over the signal

Differentiation, Integration, Filtering, Power functions, Matlab interface,
Signal Processing functions

Functions on a data point

Addition, subtraction, multiplication, division, squaring, square root, (inverse)
sine, cosine, tangent, tangent, log, sign etc. Equality operations.

mathematical equations

Maximum number of sequential

10, symbolic with multiple operators and operands.

Spectrum Analysis

FrequencyRange

User definable, Range = 0- 1/Scope Graph AT
Frequency axis — log or linear.

Analysis Output

RMS Amplitude, Power, Power Density, Gain/Phase

Frequency Resolution

In1,2,2.5,5sequence with 1 part in 1M resolution.

Output type

Volts, Power, Gain/Phase in linear , dB, degree or radian values. Impedance,
LCR, Q and DF. Custom units can be applied.

Window types

None, Hanning, Hamming, Blackman-Harris, Flat top, Low Sidelobe

Averaging

Moving average, block average, peak hold.

Averaging method

Vector averaging in time domain if triggered.
RMS averaging in frequency domain if not triggered.

Protocol Decode

Protocols

12C, SPI, UART and parallel bus.

Protocol decode inputs

Digital Inputs 1-8, External trigger, Channels A, B
User defined threshold when using analog inputs

Protocol decode variables

Number of bits, Clock edge rising or falling, Bit invert/non Invert, Select Hi/Lo,
MSB first or not, Number of stop bits.

Output display type

Naming label. Character, Hexadecimal or Decimal Number. Colour.
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Streaming

Sampling Rate

12 SPS — 3 MSPS (Streaming rate will be improved in the future)

Sample preparation

Peak capture or Filter prior to decimation. Using 10MHz filter with 14 bit ADC
we achieve 13 bits ENOB at 3 MSPS (60uV noise floor with +/-0.8V range).

Sample storage

Up to 500 G samples. Samples are stored in multiple smaller files to increase
speed.

Review capabilities

Zoom and pan anywhere in sample space. Samples are displayed peak
captured (ie 1us pulse will still be visible in 1 day long sample record).

Export capabilities

Export tab delimited text, binary, or Cleverscope format file. Output between
markers, or current display. Set output depth.

Data Export

File types output

Cleverscope proprietary, Tab delimited text (Excel compatible), Excel file (for
signal information logging), binary (format given in help).

Live Data output

DDE to Excel, direct placement of data into live Excel sheet
Live data output to and return from Matlab

Windows facilities

Standard Functions

Copy and Paste

Save and Open native format (saves full setup)
Save and Open tab delimited text file

Save and Open binary file (start time, dt, data)
Print with Date/Time, File Name and Description.
Print Setup

Windows

Dynamically resized

Can be placed anywhere on desktop

Can be docked to move with Cleverscope Control Panel
Can be docked to minimize/restore with one click.

User defined units

6 characters

User defined signal names

20 characters

User defined scaling

Scale + offset by defining two (Vin,Vout) points

User definable colours

Signals, Background, Major Grid, Minor Grid
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Document changes:

5 May 2017 v1.1 - Original

12 July 2018 v1.2 - Added Specification Status section.

20 Nov 2019v1.3 - Added 8 channel display

16 May 2022 v1.0 - for CS548 specification.

8 July 2022 v1.2 - Addition of CS1133 and CS1233. Minor changes to CS548 Specification.

10 Feb 2023 v1.3 - CS5X8 Options

22 Feb 2023 v1.4 -Added other system items and new photos

18 Aug 2023 v1.5 - Add ‘Warning’ section.

31 Mar 2024 v1.6 -Change Measurement pod section

19 June 2024 v1.7 - Add Power Ratings on all connectors

25 June 2024 v1.71 - Fix Measurement Category: 1000VAC CAT Il (CHA..D) and 300VAC CAT Il (Sig Gen).
12 Aug 2024 v1.81 - Update Front/Back Images, Add warnings: to be powered by a limited energy source.
31 Aug 2024 v1.9 - Merge v1.62 & v1.81. Remove CS1092. Add CS1201 & CS1097.

5Jan 2025 v1.92 - Add 4 unit explanation. Tidied up the CS1097 section.

5 May 2025 v1.94 - Updated DPT capture picture

16 Dec 2025 v1.95 - Updated some spec value.

30 Mar 2026 v1.96 - Added CS1203 description
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