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FEATURES

APPLICATIONS

4 Dual 11 GHz DC coupled inputs

¢ 50Q inputs

4 Optically isolated full speed USB interface
4 Intuitive graphical PC software interface

¢ Low cost

4 High-Speed Sampling
Oscilloscope for periodic signals

BLOCK DIAGRAM

SAMPLER 1

@‘Hﬂus iIC227 - DUAL CHANNEL 11 GHz SEQ. SAMPLING OSCILLOSCOPE

N

1A'
T 1%:1\/

SAMPLER 2

Copyright © 2012 iC-Haus

http://www.ichaus.com


http://www.ichaus.com

1C227

preliminary @
DUAL 11 GHz SAMPLING OSCILLOSCOPE Haus

Rev B1, Page 2/22

DESCRIPTION

The iC227 is an 11 GHz bandwidth Sequential Sam-
pling Oscilloscope.

The 4 SMA inputs and 2 SMA outputs all have 50 Q
impedance and are DC coupled.

The small, portable hardware package connects to a
PC via an optically isolated full speed USB interface
for PC protection and eliminates effects of noise from
the USB bus and PC ground.

All device control and monitoring is managed via an
intuitive graphical PC software interface. The use of
small package high speed ECL components allows
extremely wide bandwidth and highly accurate self
calibrated time base with 1 ps resolution.

This low cost, easy to use device is a perfect solu-
tion for engineers and technicians alike who need to

measure amplitude, rise time, fall time, propagation
delay and much more in high speed analog and digi-
tal circuit.

iC227 will work with repetitive signals only, since
it requires multiple signal repetitions to complete
the conversion.

When 2 channels are used, there must be some
fixed timing correlation between these channels
in order for sampling to be an accurate represen-
tation of the real event.

If the frequency on 2 channels is different but
there is a clear timing correlation or synchroniza-
tion, then the channel with the lower frequency
should be used as trigger source.

ELECTRICAL CHARACTERISTICS

After calibration. Designed and tested for laboratory environment with temperature 20 to 25 °C. Aluminum enclosure is used as heat sink

and will warm to about 10 °C above ambient temperature.

ltem |Symbol Parameter Conditions Unit
No. Min. | Typ. | Max.
General
101 |BW(IN) Bandwidth at CH1 and CH2 SMA 502 18 GHz, DC coupled 11 GHz
102 [BW(SPL) [Bandwidth when internal power [SMA 50 18 GHz, DC coupled 4 GHz
splitter is used
103 |BW(TR) Trigger input bandwidth SMA 50 18 GHz, DC coupled 2 GHz
104 |f(TR)min  [Min. trigger frequency 10 kHz
105 |TB Time base range in 1-2-5 sequence 25p ‘ 100 s
106 |TBacc Time base accuracy 0.5%FS +/-10ps
107 |ResV Vertical resolution 12 Bit
108 |AccV Vertical accuracy with direct 3 %FS
CH1/CH2 Inp
109 |DivV Vertical divisions in 1-2-5 sequence 10 1000 mV
110 |Vinmax Maximum input voltage Sampler 2 Vpp
Trigger 4 Vpp
Case
201 |Dim Enclosure size 102 x 56 x 123 mm
202 |F Weight 0.31 kg
203 |P Power consumption 9...16 VDC, regulated adapter 100-240 VAC 5W +/-10%
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BLOCK DIAGRAM AND THEORY OF OPERATION

iC227 is a simple yet very fast and accurate oscillo-
scope, consisting of a micro-controller and high speed
ECL differential circuitry.

The micro-controller receives commands and re-
sponds via an isolated USB interface running in full
speed mode at 12 Mbit/s.

The sequential scope works by inserting incremental
delays between trigger and sample circuit.

ADC conversion can not start without a trigger event.

Once the trigger has been fired, a high-speed flip flop
is set and the programmable delay lines starts count-
ing time in 10 ps increments.

A fine tuning voltage adjusts final time delay with
one picoseconds resolution using DAC calibration data
from micro-controller flash memory.

A Sample is taken on both channels simultaneously
after delay line counting is completed.

It is important to note, that each ADC conversion re-
quires multiple trigger events, limiting the scope usage
to repetitive signals only.

Achieving highly accurate and repeatable time base is
done using proprietary self calibration and fine tuning
techniques.

The device time base is calibrated after assembly and
users have the option to run auto time base calibration.
Time base calibration takes long time, since time base
is scanned with 1 ps intervals and multiple cycles are
repeated, compared to time generated by the crystal
and stored in a flash calibration look up table.

There is no need for frequent time base calibration
since the ECL logic is stable over temperature.
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Figure 1: Block Diagram
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CONNECTION BLOCK DIAGRAM 11 GHz

If full bandwidth is required, the input signal must be  directly to the trigger input. The power splitter output
connected directly to CH1 and/or CH2. In this case  must always be terminated with 50 Ohm.
the trigger needs to be supplied via a separate cable

1C227 Oscilloscope
)4_ Power
Splitter CpPU ISOLATED USB
» Y »
/ ,
Programmable delay line
(O—» Power
1 ps resolution
Splitter
Oe—— Self calibration

8§ GHz
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. | 2 CH Sampler
ampler <

Figure 2: Full Bandwidth Setup



1C227 preliminary @
Haus

DUAL 11 GHz SAMPLING OSCILLOSCOPE

Rev B1, Page 5/22

CONNECTION BLOCK DIAGRAM 4 GHz

If the required bandwidth is not exceeding 4 GHz, the 150 cm or longer external coax cable is used as delay
input connection can be simplified by using the trigger line between the trigger power splitter output and the

input power splitter. In this case the input signal is di- sampler input.
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Figure 3: 4 GHz Setup
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SOFTWARE
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Figure 4: Settings

Time position

Time position
Cursor 2

Cursor 1

Annotation rise time

Trigger position

Measurement display Additional delay

CH1and CH2

Yert. resolution
CH1 and CH2

Delay: 1002ps
Delay: 630ps

Adjust 7~ Cursor- — Measurement —
Kl | 5 e T Y
CH1 Position CH2 Position Trig. Postion_| oo V' 2 |[VamgPP =
Hor. Posttion Cursor 1 Cursor 2 4|UFF 3 [Puss =

Time difference

Hor. resolution

2ns/div

Annotation
v

-
r

—~Display

=01 x|
~ TRIGGER
Source [TR1G2 -
Edge [pogiive o

Hysteresis

Trigger Pos (m¥)

'——_ zetto
188mV 2810

VERTICAL
g
I Input Via Trigger

Postion -3.12mV
v

™ Input Via Trigger
Position -1.50¥

HORIZONTAL -

2ns/div
Additional Delay  Slider
CH1 1002ps [

CH2 630ps ¥

RUN IsToP

Status

Running

™ Draw Dot Snapshot
¥ Grid On

I™ Persistence

™ FilterAvg

Figure 5: Readings



iC227 p{r@nﬁmimgw @
DUAL 11 GHz SAMPLING OSCILLOSCOPE Haus

Rev B1, Page 7/22
~ TRIGGER

Source ITHIGE vI Source: TRIG1, TRIG2
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Trigger Pog. [mi]
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(Input Via Trigger unchecked)

Figure 6: Trigger
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Poszition | -3.12m¥
o 0.5V H Display Trace: checked, unchecked

] e i Vertical Resolution: 1V, 0.5V, 0.2V, 100mV, 50mV, 20mV, 10mV
Input Via Trigger: checked, unchecked
Pazition | -1.500 Position: full vertical screen

Figure 7: Vertical
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Figure 9: Status
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[ Filter Avq

Figure 10: Display
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— Measurement :
Annotation

Display 1 [Risz  v] v Display Measurement
v 2 IVAmpIPP vI r Annotation
3 ItPuIs+ vl r

Figure 11: Measurement
3 types of measurement at a time, 15 different types of measurement in total

Vmax : max. spike value

Vmin : min. spike value

Vpp : peak to peak amplitude value
Vampl+ : max. amplitude ignoring spikes
Vampl- : min. amplitude ignoring spikes
VRMS : root mean square value
VMEAN : mean value

tRise : rise time

tFall : fall time

tPuls+ : positive pulse width
tPuls- : negative pulse width

b el 3 types of measurement for CH1 and CH2
Ampl I =alll --- : no measurement possible
* : annotation button checked for this measurement

tp+

Figure 12: Display mea-
surement

Cursor

m ertical | Cursor: CH1, CH2
Huarizontal | Cursor button: Vertical, Horizontal

OFF Cursor: ON, OFF

Figure 13: Cursor off

Adjuzt
j J j Slider for adjustment purpose
CH1 Position | CH2 Position Trig. Position |  CH1/CH2 Position button, Trig. Position button (vertical)
[ Her. Posttion Hor. Position button, slider box must be checked

Figure 14: Adjust cursor off
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Figure 15: Cursor on

Adjuzt
Rl | |
CH1 Posiion | CH2 Posiion | Trig. Position | Gursor 1 button unhidden
Hor. Position | Cwsord  |[ Cursor Cursor 2 button unhidden and active

Figure 16: Adjust cursor on
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SOFTWARE MENU BAR

i IC227 ¥1.3
File  Calibration | Options

Settings

Menu - Options - Settings

Figure 17: Options set-

tings
£
~ Display Display:
Snapshot Path: C:MProgrammehiC22 7 SnapShOt Path
Persistance Time: JI : Persistence Time
C 1...9 overlays
— Colors CO|OI’S .
[] & CHI tace [ & CH1/CH2 (fitting to cable colors)
l:‘ = CH2 trace I:l J IF
. {~ Background
l:‘ = Mormnal Text - .I ID
B ¢ Grid
. = Test Background
D " Annatations
Set all colors to default | [ Autoupdate AUtOUpdate checkbox:

Cancel | Ok I

Figure 18: Options

live change of color settings
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e o Menu - Calibration - Software Calibrate Offset

Software Calibrate Offset
Edit Calibration Diata

Figure 19: Software cali-
brate offset

iC227 Oscar x|

Make sure that trigger signal is present and Sampler inputs are disconnected or OW

After pressing the OK button the offset of CH1 and

Ok, Abbrechen
| | CH2 are set to zero.

Figure 20: Offset calibration

e | Caibtin Optors Menu - Calibration - Edit Calibration Data

Software Calibrate Offset
Edit Calibration Data

Figure 21: Edit calibration

data
| .
: _ Vertical Offset
—Wertical Offset Wertical Gain . .
CH1 CHZ  SCALE CH1 CH2 SCALE Vertical Gain

|2118 2113 @200mv/div | Set for Call| _Cal Offsetl [9554 [3835 @200m/div

9
Set Cal | Set Cal |
2308 (2305 @90miidiv  Setfor Dﬁl Cal. OffzetH | Cal GL1 CalGL2
IS??? IS?DB &0 div

Set Cal Set Cal
Cal Data Range = 1800 - 2400 Cal GH1 CalGH2| Cal DataRange : 9000-11000

r— Horizontal
Scale Setfor CalGL | Bridge offset(@i8ns Set for Linearity Calibration I
[5951 Cal. time baze scale I 100 Cal. Time Base Linearity I Horizontal
Cal Data Range = 9000-11000 Difset =-100ps +Lal Data Linearity Calbration wil take
mmirimurn 30 mirukes!
ADC Delay
Im Error count ID
Cal D ata range 50-200 [nom=70] tax Ermror(ps] IU

P Hardware ID {411 .
o M T | oo e
Stalus Calibration data
Message Window

Status Bar

Fiead complete

Figure 22: Edit calibration
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iC 10227 - DCSS0 ¥1.3
File Calibration Options Menu - File:

Load Setup  Chrl+L
Save Setup  Chrl+5

Load Setup

Exit k4 Exit Program

Figure 23: File menu
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Save Setup to a simple text file e.g. config.txt

CALIBRATION

The scope iC227 does not have a certificate of cali-
bration, but this device has software and hardware de-
signed for auto time base calibration and calibration of
vertical gains and offsets on both channels. There is
also a software feature which allows manual calibra-
tion of the time base in case that the accuracy of the
internal crystal and auto calibration are not sufficient.

If the device is to be used in production where certified
calibration is required, then there must be done peri-
odically calibration against a known calibrated source.

Vertical offset

The "Vertical Offset” calibration process allows writing
4 offset calibration variables to the device flash mem-
ory. This will adjust the channel trace to be at the level
of the channel pointer "CH1>" and "CH2>" seen on
the left side of the screen when the input voltage is
0.00 V. There are 2 calibration registers for each chan-
nel: 500 mV/div and 50 mV/div. The first one is respon-
sible for the vertical resolutions 1V-0.5V-0.2V, while
the second represents 100 mV-50 mV-20 mV-10 mV.

—ertical Offset
CH1 CHZ SCALE

[2142 [22107 @500ri/div  Getfor Call| _Cal Offset |

|2319 a0z @60 div

Setfor CalH|  Cal OffsetH |

Cal Diata Fange = 1800 - 2400

Figure 24: Vertical offset

Vertical offset calibration steps

1. Make sure that scope was powered on for mini-
mum 10 minutes

2. Open Calibration - Edit Calibration Data

3. Press the "Set for Cal L” button and follow the in-
structions

Calibrate Dffset - x|

i Make sure that Trigger is present and sampler inputs are disconnectand or O%!
Then press 'Cal. Offsetl’

oK I Abbrechen |

Figure 25: Vertical calibration

4. Press the "Cal. Offset L” button
5. Press "Write Cal. to iC227 flash memory” button

Read Cal from iC227 Hardware 1D [1 1

flazh memmony

Figure 26: Write calibration data

Firmware D [1005

6. Press the "Set for Cal H” button and follow the
instructions

7. Press the "Cal. Offset H” button
8. Press "Write Cal. to iC227 flash memory” button
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Vertical gain

The "Vertical Gain” calibration process allows writing
4 gain calibration variables to the device flash mem-
ory. The Vpp measurement utility is used to acquire
the correct gain setting.

—ertical Gain

CH1 CH2 SCALE

{3530 [a310 @200m.div
Set Cal Set Cal
Cal GL1 Cal GL2

{3530 [360 @S0 div
Set Cal Set Cal
Cal GH1 CalGH2| Cal Data Bange : 3000-11000

Figure 27: Vertical gain
Vertical gain calibration steps

1. Make sure that scope was powered on for mini-
mum 10 minutes

2. Open Calibration - Edit Calibration Data
3. Press the scale @200 mV/div "Set for Cal” button
and follow the instructions.

Calibrate Low Gal x|

- Connect 1%Ypp, 10 MHz Sine 'Wave to selected krigger input and
\!j) connect sampler input CHI o trigaer aukput!
Then press <Cal GL1=

oK | abbrechen |

Figure 28: Amplitude calibration
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4. Press the "Cal. GL1” button
5. Press "Write Cal. to iC227 flash memory” button

Read Cal from iIC227
flash memary

Figure 29: Write calibration data

Hardware 1D [+ 711
1

Firmware D [1005

6. Press the scale @50 mV/div "Set for Cal” button
and follow the instructions.

Calibrate High Gai x|

& Connect 200mYpp, 10 MHz Sine Wave to selected trigger input and
\!.J) connect sampler input CH1 ko trigger output!
Then press <Cal GH1 =

[a]4 | Abbrechen |

Figure 30: Amplitude calibration

7. Press the "Cal. GH 1” button
8. Press "Write Cal. To iC227 flash memory” button

Horizontal Calibration
The "Horizontal” calibration process allows writing 2
calibration variables to the device flash memory.

— Horizontal
Scale Set for Cal GL I Eridge offzet{@Ens Set for Linearity Calibration |
|'I 000 Cal. time baze zcale I |1 oo Cal. Time Baze Linearity |
Cal Data Fange = 9000-11000 Offset = -100ps +Lal Data Linearity Calibration wil take

rririrnur 30 minutes

ADC Delay
I?D Errar count ||:|
Cal Data range 50-200 [nom=70] bl a4 Errorpz] ||:|

Figure 31: Horizontal calibration
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Time base scale calibration steps

1. Make sure that scope was powered on for mini-
mum 10 minutes

2. Open Calibration - Edit Calibration Data
3. Press the "Set for Cal GL’ button and follow the

instructions
iC227 DCSSO x|
Connect 1¥pp, 10 MHz Sine Wawve to Trigger 1 input, conneck sampler CHL ko krigerl output and Clik OK

oK |

Figure 32: Time base calibration

4. Press the "Cal. Time base scale” button
5. Press "Write Cal. To iC227 flash memory” button

Read Cal from iC227
flazh memony

Figure 33: Write calibration data

Hardware 1D [+ 71
Firrware IDC {4005
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Time base linearity calibration steps

1. Make sure that scope was powered on for mini-
mum 10 minutes

2. Open Calibration - Edit Calibration Data

iC227 DCSSO x|
Connect 1¥pp, 10 MHz Sine Wave ko Trigger 1 input, connect sampler CH1 ko kriger] output and Clik 0K
oK |

Figure 34: Time base calibration
3. Press the "Set for Linearity Calibration” button

and follow the instructions. The status of the cal-
ibration is shown inside the message window.

Status

Calibrating 3220 of 10500 points

Figure 35: Calibration status

EXAMPLES

4 GHz Measuring Example using iC212, iC149 and NZN-Eval-Board

Figure 36: Set-up
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30.0511,13:34
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Kl | | |Jere =] _vetea
CH1 Posion | CH2 Posiion | Trig. Position_| _Horzontal |

Hor. Position OFF
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TRIGGER

Source [TRIG2 -
Edge [Negative -

Hysteresis

Trigger Poz.[mt]

zet to
160mY i

YERTICAL

W Inputia Trigger

Pasition

gl B

Pasition -1.50v

HORIZONTAL

200ns/div |4

Additional Delay  Slider
CH1 Ops v
CH2 Ops v

RUN 'STOP |

Status
Running

200nsf{div |
Snhapshot

Diizplay
[ Draw Dot
W Grid On

[ Persistence
I Filter.fwvg

Measuremnent -
Annatation

Digplay 1 |tPuls+ - v

v 2 |Frequency = r

3 MamplFP o = r

Figure 37: Measurement

The output of the iC212 Photoreceiver is connected
to "TRIGGER IN”. "SPLITTER OU1” is connected to
"SAMPLER IN1”. The trigger-output of the iC149 mod-
ule (5V, Rout = 50Q — 2.5V) is a little bit too high
for feeding it directly to the iC227 Oscilloscope. When
using the 10 dB attenuator, the level is reduced to

10 dB

25V 10728 =25V «0.31 =077V

far below the maximum input of 2 V.

The amplitude measurement setup of the iC227 is
reading a value of 0.714V in good correlation to the
above done estimation. To get the correct amplitude
values the "Input Via Trigger” boxes must be checked.
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First 11 GHz Measuring Example using iC212, iC149 and NZN-Eval-Board

Figure 38: Set-up

File Calbration Options

=10l x|

30.0611,14:26

TRIGGER
Source [TRIGZ -
Edog [hegative -

Hysteresis

l.atf— S ——

D HORIZONTAL

200ns/div [

Addtional Delay  Slider
CH1 Ops 7
CHz2 Ops v

Al 200ns/div lﬁ—
— Linhing
Adjust Cursor Meas | Arnotation
4 o| | [ =] _vetied | | pepiy 1 [Rusr =] @ I Draw Dot Snapshol
[Frequerey =] I¥ Giid On
| CH1 Position CH2 Pasition Trig. Position M‘ I 2 |Frequency v r I Pesistence
Har, Pasitior OFF 3 [vempFF =] I Fiter &g

Figure 39: Measurement

The output of the iC212 Photoreceiver is connected di-
rectly to "'SAMPLER IN1”.The "Input Via Trigger” box

the iC149 trigger-output is the same compared to the
of channel 1 must be unchecked. The connection of

4 GHz setup.
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Second 11 GHz Measuring Example using iC212, iC149 and NZN-Eval-Board

¢ TR
rigger 2 >iC149:4  [Crannel 2> Prei
50 Ot Terminalion

>

Active Probe 10:1, 50 Ohm/

Figure 40: Set-up

File Calibration Options

30.06.11, 1517

200ns/div

=101 ]

TRIGGER

Sowce [TRGZ =]
Edee [Negative =

Husteresis

Trigger Pos.[mv]
setta
80mv, |

I -
Additional Delay  Slider
CH1 Ops v

CH2 Ops ¥

Status
RAunning

Cursar Measurement Annotation Display
ﬂ J j Jonz =] [ veticsl | pipisy 1 [Pi =] ® I~ Draw Dot Snapshot
i IV Grid 0
TH1 Posiion | _CHE Pasition_| _Trig. Pastion Hoizod | | [Freawency =] I~ Persisionce
Her. Posiion I ore 3 [eampPP =] I FiterAvg

Figure 41: Measurement

The trigger-output of iC149 is connected to "TRIGGER
IN 2” while "SPLITTER OUT 2" is terminated via 50 2.
"SAMPLER IN 1~ is still connected to the iC212 Pho-
toreceiver. "SAMPLER IN 1” can now be used for other

purposes, in this special case an "Active Probe” is at-
tached to measure the CMOS-Trigger signal. The am-
plitude reads 0.469 V (divided by 10), resulting in 4.7 V.
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4 GHz Measuring Example using iC213

iC. =101 ]

TRIGGER

Source [TRIG2 -
Edze [Positive -

Hysteregis

01.0611, 1416

Trigger Poz.[mi]

,—3?5“]". zet to

ZEr

VERTICAL

Miciijos B

[~ Input Yia Trigger

Pasition 7.8 1mY

dcjoz B

¥ Input‘ia Trigger
Pasition 3.12m¥

HORIZONTAL

200ps/div |

Additional Delay  Slider

CH1 Ops [
CH2 Ops [
r RUN |  STORI
br
bnpl Status
A 200psidiv [ Funning
Adjust Curzar Meazurement o Diizplay
j J j CHz2 = Wertical Display 1 |Frequency « r [ Draw Dot Snapshot
. - ¥ Gid0
CH1 Posion | CH2 Posiion || Trig. Postion Hond| | @ offee ] I ™ Pashtence
Hor. Fosition OFF 3 [VamplPP = v [ Filter.Awg

Figure 42: Measurement

In this configuration only CH2 is used. The iC213 de-  ger output you get a signal with nearly 500 mVpp and
vice is set to the highest frequency, 1 GHz. At the trig-  an offset of 200 mV.
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11 GHz Measuring Example using Windfreak Tech RF Signal Generator

The 10MHz reference oscillator is connected to
"TRIGGER IN”. "SPLITTER OUT 1” is then connected

Figure 43: RF generator

via 150cm delay cable to "SAMPLER IN 1” (4 GHz

Rev B1, Page 18/22

bandwidth). The output of the RF generator is directly
connected to "Sampler IN 2” (11 GHz bandwidth).

File Calibration Options

01.06.11, 16:08
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Figure 44: RF generator output frequency 150 MHz
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01.06.11, 16:10
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PACKING LIST

e

Figure 47: Attenuators

AT -

i

Figure 48: Terminator

Figure 49: Cable

Figure 50: Delay lines

2 attenuators 50Q, 10dB, 2W, 11 GHz
1 terminator 50 Q

2 cables Aircel® low loss, 1.0m, 0.22dB/m @1 GHz
(yellow CH1, blue CH2)

2 delay lines Aircel® low loss, 1.5m, 0.22dB/m
@1GHz, AT = 7.5 nsec fixed (yellow CH1, blue CH2,
used as delay lines for pre-trigger samples)

1 USB Cable

1 wall power adaptor

1 aluminium housed oscilloscope

1 transportation case
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Figure 51: Contents

iC-Haus expressly reserves the right to change its products and/or specifications. An info letter gives details as to any amendments and additions made to the
relevant current specifications on our internet website www.ichaus.de/infoletter; this letter is generated automatically and shall be sent to registered users by
email.

Copying — even as an excerpt — is only permitted with iC-Haus’ approval in writing and precise reference to source.

iC-Haus does not warrant the accuracy, completeness or timeliness of the specification and does not assume liability for any errors or omissions in these
materials.

The data specified is intended solely for the purpose of product description. No representations or warranties, either express or implied, of merchantability, fitness
for a particular purpose or of any other nature are made hereunder with respect to information/specification or the products to which information refers and no
guarantee with respect to compliance to the intended use is given. In particular, this also applies to the stated possible applications or areas of applications of
the product.

iC-Haus conveys no patent, copyright, mask work right or other trade mark right to this product. iC-Haus assumes no liability for any patent and/or other trade
mark rights of a third party resulting from processing or handling of the product and/or any other use of the product.
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ORDERING INFORMATION

Type  |Package | Order Designation

iC227 iC227

For technical support, information about prices and terms of delivery please contact:

iC-Haus GmbH Tel.: +49 (61 35) 92 92-0

Am Kuemmerling 18 Fax: +49 (61 35)9292-192
D-55294 Bodenheim Web: http://www.ichaus.com
GERMANY E-Mail: sales@ichaus.com

Appointed local distributors: http://www.ichaus.com/sales_partners
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