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Specification

The CS448 is andividuallyisolatedchannelhigh CMRR oscilloscopéth four channelslt is designedo
measureall the signalsn an operating full or three phase power electronic switching brieigemples include
gate drives to measure voltage and charge, the power switch to measure loss and parasitic stress, the output t
measure power and spectrum for EMC compliance, and the control system for Gain/Phase and stability. The
CS448 includes an isoldtsignal generator for stimulus, and eight digital inputs to measure control signals. Two
CS448's can be slaved to make an 8 channel oscilloscope with coherent saGesitige selected
measurements at the end of the specification section for visual elesrgd measurements made.

Calibration

9l Probe Comp output ~ 1ns
rise-time, programmable 8
12V level.

il Programmable Cal Ref for
complete probe and channel
DC calibration. Ref is 7.5V or
0.6818\* 0.03%, or short to
ground.

Chan A- Chan D inputs:

9 2kV operating isolation voltage
ground ard other channels (Cat II).

11 kv Cat Il rating.

9100 dB CMRR at 50 MHz

9 14 bit resolution, 100dB dynamic rang
91200 MHz BW

9 14 pF to chassis

1 100uV resolution on 0.8v range

91 200uV rms noise on 0.8V range

I probe isolators for protection.

IN 1-8 Digital inputs:
9l Isolated 1kV working (2

separate pods of 4hannels
with a commor)

1 400/500 Mbps

91 5 pF to chassis

1 100 kV/us transient immunity
91 Logic level threshold voltage.
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Signal Generator:

1l Isolated 600V working

9 0-65 MHz

9 14 pF to chassis

9 100 dB CMRR at 50 MHZ

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

Digital Port:

91 16 bidirectional pins connected
to Silego SLG46533V
analog/digital programmable
device

9l Trigger In/Out connection

Link Port:

il Links to CS1076%0 MHz 1A
power amplifier, CS1110 VCE S
probe.

9 Includes Uart, SPI and 12C#4/O

9l Trigger and controt

SD Card:

9] Store stanealone captures to
the SDCard*

USB:

9§ USB C socket
ffUSB3 @30MBps
ffusB2 @ 30 MBps

Ethernet:*

9l SFP socket based

9l Copper 10/100/ 1000 Mbps
9] Fibre 1Gbps

Link In/Out:

9 Used to daisy chain multiple
units

I Synchronous sample clock
91 Trigger and control

Power In:
9 10- 24V DC, 36W.

1 Can be car power supply
connected, withstands crank an
load dump.

Triggering

9 Two FPGA mixed signal triggers
91 Triggers interpolate in time for higher trigger accuracy.
il Triggers may be combined using AND/OR/XOR

9l Triggers may be sequences Trigger 1 [num occurrendask specification Trigger 2 [num occurrences] . The time
specification is less than a period, in a period range or more than a period. Triggers maypietelgrmdependent.

9 The digital portion may be rising or falling digital input, conditional on one or more other digital inputs being 0, 1to
care. Bit's may be OR'd or AND'd.

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

* [tem still to be implemented. See Specification Status section.

www.cleverscope.com ©Cleverscope 2017 All rights reserved



Analog Inputs
* [tem still to be implemented.

See Specification Status section.

Parameter

Specification

Notes

Number of channels

4

Fibre optidsolated from each other

Isolation Voltage

1kV workingCat 111 2kV Cat I,
when connected to mains
systems of less than 300V
line-neutral

Supported byfEG6101061 Ed 3.0 and IEC 6102630 (Test
Equipment) 20mmcreepage and.6 mmclearance reinforced,
Category Il

Plan to certify

CMRR

>120dB at1 MHz
>115dB at 10 MHz
> 100 dB at 50 MHz

20dBYV signal applied to coax commamd earth reference
4mm socket.

ADC resolution

14 bits

Input Ranges

°0.8V and’ 8V

Use probes to extend the range, 890V with 100x probe. The
application automatically scales all values to compensate for
probe attenuation.

Sample Rate

500 MSPS& 400 MSPS now

All Analog and Digital channels simultaneously.

Sample Memory

500M Sampleg (installed)

Currently 4 x simtdineous channels with 10M 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 a10.7 and 30 MHz < -115dB Using 16V pp into the channel
RMS Channel Noise 1 M samples | ~ 200 uV rms°® 0.8V range Inputs open
~ 2mv rms ° 8V range
PkPk Channel noise 1 M samples | 1.8mVpp for °0.8V range Inputs open
15mVpp for ° 8V range
Sample clok jitter 300 fs rms
Sample clockreq tolerance max® 2ppm At 25deg C
Sample clock temp stability max®0.5ppm Over-40 to +85 deg C
Enob (rms) 11.6 bits, or 1 partin 3,300 | Inputs open
Noise free bits 10.3 bits, or 1 partin 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 dBc at 1 MHz
>63 dBc at 10 MHz
>55 dBc at 30 MHz

1 Vpp into 50 ohms signal

HD2+3

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

1 Vpp into 50 ohms signal

THD

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

1 Vpp into 50 ohms signal

Pulse Flatness < 700uVv 0.5V pulse, 500us duratioh0.8V range
<2mVv 0.5V pulse, 500 us duratioh8V range
<200mV 500V pulse, 500us duratiohpOx probe

Overload recovery 4ans Recovery fromiOxoverload

Maximum Differential Input Voltage

°1 kV, derated above 1 MHz

Derated at 20dB/decade

Maximum Common Mode Input
Voltage

°2kV, derated above 10
MHz.

Deratedat 20dB/decade

Spectral Flatness

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

Supports 200 MHz Bandwidth

Input Resistance 1M Ohm DC resistance
Input Capacitance 20 pF Signal Input to Signal Common
IsolationCapacitance < 14pf Channelground to chassis
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Channel to Channel Isolation

The CS448 digitizer is held iplastic insulatotray to maximize creepage and clearance. The tray has a
CTI>600.

Each ChanndPCB is completely separate and attached to the digitizer board using a spaesplastic spacers
and transformer formergCTIl >600) provide a creepage and clearance > 20mm. The transformers use triple
insulated wire Rubadue wire (T32A01TBX%). The Fibre Optic link has a breakdown voltage >30kV.

Plastic
Insulator

F.O. Link

Power
transformer

In this view (using a gyeplastic insulating tray) we have omitted a transformer to show the separation.

Parameter Specification Notes

T rEE g Minimum IEC61012-030 Ed 1.0
creepage = 2éhm | (Test Equipment),
Table K.13. 1000VAC,
requires>10mm for
reinforced, Materials
Minimum group 1, Il, 1, pollution
Clearance #6mm | degree 2
(from shield to
upper enclosure IEC61012-030 Ed 1.0
surface) (Test Equipment),
Table K.101. 1000V,
MeasurementCatgory
I1l, mains circuits up to
300V lineto neutral
requires >5.9 mm
reinforced.
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Digital Inputs

Parameter

Specification

Notes

Number of inputs

8

Common mode transient immunity

100 kV/us

Input thresholdmax

2.3Vrising 0.9V falling

Using CS1006/7 isolated probes (ISOW7844).
Using CS1004/5 probes, threshold programmab8/0

Isolationcapacitance <5pF To chassis ground, at 1 MHz
Isolation operating voltage 880V DC Reinforced insulation EN61016L

1130V DC Reinforced insulation, CSAd IEG509501
MaximumDatarate 100 Mbps Sampled at 500 MSPS* (400 MSPS now).
Propagation delay 13ns typ Compensated for within CS448

Signal Generator

Parameter Specification Notes

Output Frequency Range DC- 65 MHz -3dB at 65MHz onnfiltered output

Outputs Unfiltered, filtered Unfiltered is usedigh slew rate signals (AWB or square
wave). Filteredncludesa reconstruction filter forminimum
sample clock injection into the signal.

CMRR >100dB at1l MHz Limited by analog channels usfat test.

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

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

Common mode transient immunity | 100 kV/us For control of the output DAC
Isolation Voltage 800VRMS working Supported by IEC 61040creepage and clearance,
reinforced, Category Il
Plan to certify
Unfiltered rise/fall time 3.2ns Full scaleswing
Sine Wave Flatness °0.2dB 0- 30 MHZzfiltered + unfilered
+0.2-3dB 30- 65 MHzunfiltered
DAC resolution 12 bits
NCO Resolution 24 bits 10.7 Hz resolution at 180 MSPS

Output amplitude

°1mV to° 3.5V pp

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

Output offset Oto °3.5V pp Programmable, 1mV resolution

Output Noise <100uV rms

SFDR >84 dBc At 10 MHz

IMD >88 dBc At 10 MHz

HD2+3 <-77dBc At 10 MHz

ArbWaveform Memory 4 k Samples Using AD9102UlI to be implemented still
Sample Rate 180 Msps Programmable Sample rate 1sps80 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 30 MBps
Connector USBC Plug is reversible
Protection Common mode choke + ESD Using ECMFB4HSWM10
diodes
Indicators USB on and correctly connected Loss of signal is indicated byl &ff.
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Ethernet *

Parameter

Specification

Notes

Connection method

Small Form factorPluggable
module(SFP)

An SFP socket is provided for use with an SFP module. H
an optical or a copper connected SFP module will be
supplied based on the order.

Wired Supported Modes

Ethernet 10/100/100¢

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

Software being implemented

Optical supported mode

Ethernet 1000BASEX*

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

Software being implemented

Throughput 12 MBps and 120 MBps

Connector SFP Socket Small FornFactor Pluggable socket

Indicators Ethernet on and correctly Loss of signal is indicated by LED off.
connected

Power Supply

Parameter Specification Notes

Input Voltage Range 10-24 DC

Power consumption 36W

Connector Barrel Socket, 2.5mm I.D. x Connection is reverse polarity protected.
5.5mm O.D
Protection Clamped to +68V 1ISO16750 pulse A (79 ohm 0.5 ohm)
Clamped to32V ISO7637 Pulse 1600V, 50 ohm)
Operates with 35V
Survives with 5V FPGA operation at 5V, ADC operational at 7V.
Indicators Power On Software controlled.
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 cap@béityl has not been

completed.

Parameter Specification Notes

Input/Outputs 16 Programmable as In or Out

Logic Level Programmable 1.85V All I/O operate at the same logic level

Control IC Silego SLG46533V User configurable programmable logic with analog functig
Resources 24 Look Up Tables (LUTSs) 2-4 bit for complex logic

ProgOscillator 25MHz, 2MHz,
and 25 kHz.

Prog Delay, 3 Output

16x8 RAM and OTP

4 AnalogComparators

2 x Deglitch filters

All resources can be arbitrarily connected as required.

Programming

Silego GP Designer

Visual schematic desigr of circuit functions downloaded
into CS448

Trigger In/Out

Bidirectional Trigger

The trigger may be programmed to initiate a Digital Port
sequence, or the Digital Port can trigger an analog
acquisition.

Protection

Over voltage protection to +12ahd-6V
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