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2. Introduction

NoiseTech Microwave Itd. (NoiseTech) has developed
cryogenic impedance generators (C-IGs) for “cold” noise-
parameter measurements.

Together with a proprietary impedance generation and a
data processing algorithm [1], these compact impedance
generators allow for fast and accurate measurement of
noise parameters [1] for a large number of frequencies.

The small size and fully electronic design permit noise-
parameter measurements of packaged and on-wafer
devices extending to low frequencies. On-board memory
stores calibration data. A bias-T provides means for biasing
devices under test.

The C-IG consists of two parts: a room-temperature Fig.1: Photograph of a C-IG0160CT
controller and a cryogenic temperature RF part. The two Impedance Generator.

parts are connected with three low-frequency control lines.

Additional options include a temperature sensor and a cold

attenutor or a cold termination option.

This document describes the procedure for using impedance generators developed for the “cold
noise parameter extraction method.

3. Dos and Don’ts

3.1 Use of adapters

When measuring S-parameters, calibration and measurement planes of the vector network
analyzer (VNA) should be the same, i.e. if you need to use an adapter then for accurate
measurements the network analyzer should be recalibrated to the adapter output plane.
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VNA calibration  1G0160C measurement VNA calibration  [G0160C measurement
Adapter {daptes vd
VNA VNA d VNA VNA
l l \ | \ )
Mdlt: Male x Male Male
fiGo16och
Fgmalc Male Female Male

3.2 Gain saturation

Avoid saturating the DUT during its S-parameter measurements as that will result in
measurement errors. At least 20dB back-off is recommended.

DUT measurement DUT measurement
VNA VNA
\ Pout>IP1dB-20dB j \ Pout< IPIdB 20dB j

) A4 s

3.3 Receiver saturation and automatic attenuator control

Similar to the DUT measurements, avoid saturating receiver during calibration and the DUT
measurements. Some receivers have automatic attenuation control. Care must be taken to have
the same attenuator setting during the receiver calibration and the DUT measurement.

Receiver calibariton

- Noise Power Meter
. Noise H i A
Receiver measurement Source [FIS0160C h‘ Attenuator: Y dB
' IP1dB !
VN A Receiver
\ Pout>IP1dB-20dB
DUT measurement

Noise Power Meter

|E Attenuator: X dB - Noise Power Meter
Noise

'P1dB | =1G0160C 1 @' w\

x S L ____1 Source - / Attenuator: Z dB

Receiver calibariton

- Noise Power Meter
N Noise [ 1 A
RCCG]VGI' measurement Source 1G0160¢ b‘ Attenuator: X dB

R |
VNA V Receiver
\ Pout<IP1dB-20dB

DUT measurement

Noise Power Meter

Attenuator: X dB Noi Noise Power Meter
"IP1dB ' olse 1G0160C [—pu LN
V L ______1 [Source | Attenuator: X dB

Receiver / ! [P1dB !
V Pout<IP1dB-20dB ~ Receiver
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4. Impedance generator installation, functionality, and control

4.1 Installation

When first connected to a host computer via a USB 2.0, C-IG0160C is a composite device and
appears as a mass storage device and as a COM device. For the COM device to work properly,
appropriate drivers must be installed. Windows 10 is capable of installing these drivers
automatically. For Windows 8 and Windows 7 computers, driver installation is performed with the
following steps:

- Navigate to: Control Panel -> Device Manager

- Locate “NoiseTech Microwaves Ltd” device under “Other devices” and right click on it to
select “Update Driver Software”

- Select “Browse my computer for driver software”

- Browse to as USB device labelled “IG0160C” and select an appropriate subdirector in
directory “COM Drivers” and click “Next”

- A*Windows Security” window might pop-up, click on “Install this driver software anyway”

- The following window should inform of successful driver installation. Close this window.

- NoiseTech Microwave's C-IG0160C should now appear as one of COM devices under
“Ports (COM & LPT)” in the “Device Manager”. Record the COM port number for future
use.

- Close “Device Manager” and “Control Panel”.

- Installation is complete.

4.2 Functionality

The impedance generator is powered and controlled via a USB connection to a host computer.
When connected to the computer and the drivers are installed, C-IG0160C appears as a COM
port in the windows Device Manager. SCPI commands can be sent to control and configure the
device. The following is a list of commands, which control the device:

setStateA: sets the C-IG into the thru state “A”

setStateB: set C-IG to impedance state “B”.

setStateC: set C-IG to impedance state “C".

setStateD: set C-IG to impedance state “D”.

getlGtemperature: read C-IG temperature and output result in degrees Kelvin and a
hexadecimal ADC code for troubleshooting.

getNStemperature: read noise source temperature and output result in degrees Centigrade
and a hexadecimal ADC code for troubleshooting. If a noise source is not connected, the
resultant temperature will be a large negative value, typically -61.45°C.

setAttenuatorOn: turn on the cold attenuator (or cold termination).

setAttenuatorOFF: turn off the cold attenuator (or cold termination).

noiseSourceOn: Enables USB noise source (NoiseTech Microwave Devices only)

noiseSourceOff: Disabled USB noise source (NoiseTech Microwave Devices only)

setUpdateMode: Sets device in update mode. Requires hard reset by power cycling unit.

4.3 Control
This section shows examples of using C-IG0160C(T) device.

4.3.1 Putty

The quickest way to communicate with the device is by using Putty, which can be downloaded
from http://www.chiark.greenend.org.uk/~sgtatham/putty/latest.html.
After Putty is downloaded and installed, it should be configured as follows:

- Click on “Serial” for Connection type

- Set “Serial line” to the COM port number (e.g., COM16) associated with C-1IG0160C in

“Device Manager”
- Baud rate: 115200
- An example of the Putty configuration is shown in Fig. 2.
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2 PuTTY Configuration 2l x|

Category:

[ Session | Basic options for your PuTTY session |
. " Logging
= Teminal

r~ Specify the destination you want to connect to

- Keyboard Serial line Speed

- Bel jcomis {115200

- Features Connection type:
= Window " Raw ( Telnet © Rlogin  S§5H @ Seral

- Appearance B )

. Behaviour Load, save or delete a stored session

- Translation Saved Sessions

- Selection IG

 Colours Default Settings
[=- Connection =

- Data Save

o _se |

... Telnet Delete |

- Rlogin

- S5H

+ Serial Close window on ext:

© Mways  Never % Only on clean et
Mot | Hep | Open | Cancel |

Fig. 2. Putty serial connection configuration.

- Navigate to “Terminal” category.
- Select: “auto wrap mode initially on”, “implicit CR in every LF”, “implicit LF in every CR”,
and “Local echo: Force On”. See Fig. 3 for example._

22 PuTTY Configuration 2=l
Category:
=3 Session | Options controlling the teminal emulation |
: |ng r~Set various terminal options
__ oard ¥ Auto wrap mode initialy on
- Bell [~ DEC Origin Mode initially on
: Features ¥ Implict CR in every LF
- Window ¥ Implicit LF in every CR
i i Appearance ¥ Use background colour to erase screen
-- Behaviour ™ Enable blinking text
- Transiation Answerback to “E:
- Selection IPu'I'I'Y
i - Colours
- Connection rLine discipline options
Eaia Local echo:
T":l"“"  Auto & Force on " Force off
R]e nt.at Local line editing:
~ hiogin &+ Auto " Force on " Force off
- S5H
- Serial ~ Remote-controlled printing
Printer to send ANS| printer output ta-
About | Help | Open Cancel |

Fig. 3. Putty "Terminal" category configuration.

- Click “Open” to open the C-IG0160C port in Putty.
- This opens a terminal window.
- Typing C-1IG0160C commands in the terminal window controls the device.

4.3.2 Matlab

Matlab can be used for communicating with C-IG0160C. Since other instruments can be also
controlled through Matlab, an automated measurement system can be developed to perform
noise parameter measurements. Contact NoiseTech Microwave for advice and assistance with
developing such a system.

The following shows an example code for controlling C-IG0160C.

% Replace this COM port number in windows "Device Manager"
COM_port ='COM16";
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% Set Impedance Generator to State A (THRU)

s1 = serial(COM_port,'BaudRate',115200);

fopenésl);

fprintf(s1,'setStateA’);

fgets(s1) % Optional command to check on C-IGO160C status.
fclose(s1);

% Set Impedance Generator to State B (THRU)

s1 = serial(COM_port,'BaudRate',115200);

fopenésl);

fprintf(s1,'setStateB');

fgets(s1) % Optional command to check on C-IGO160C status.
fclose(s1);

% Set Impedance Generator to State C (THRU)

s1 = serial(COM_port,'BaudRate',115200);

fop.enésl);

fprintf(s1,'setStateC');

fgets(sll % Optional command to check on C-IGO160C status.
fclose(s1);

% Set Impedance Generator to State D (THRU)
s1 = serial(COM_port,'BaudRate',115200);
fopenf(sl);
fprintf(s1,'setStateD');

fgets(sl} % Optional command to check on C-IGO160C status.
fclose(s1);

% Set cold attenuator (or cold termination) ON
s1 = serial(COM_port,'BaudRate',115200);
fopenésl);
fprintf(s1,'setAttenuatorON');

fgets(sl{ % Optional command to check on C-IG0160C status.
fclose(s1);

% Set cold attenuator (or cold termination) OFF

s1 = serial(COM_port,'BaudRate',115200);

fopen(sl);

fprintf(s1,'setAttenuatorOFF');

]fglets(%l ) % Optional command to check on C-IGO160C status.
close(s1);

% Get Impedance generator Temperature (Kelvin)

s1 = serial(COM_port,'BaudRate',115200);

fopenésl);

fgrint (s1,'getIGtemperature');

IGtemperatureString = fgets(s1); _
IGtemperatureString_value = strsplit(IGtemperatureString,'');
IGtemperature = strZnum(IGtemperatureString_value{3});
fclose(s1);

disp(['1GO160C temperature is: ',num2str(IGtemperature),'K'])

% Get Noise Source generator Temperature (Celsius)(if attached)
s1 = serial(COM_port,'BaudRate',115200);

fop.enésl);

fprintf(s1,'getNStemperature’);

NStemperatureString = fgets(s1);

NStemperatureStringZ_va ue = strsplit(NStemperatureString,',');
TCl\l|Stenr2p1e)rature =str num(NStemperatureStrmg_vaIue{Z}E
close(s1);

disp(['Noise source temperature is: ',num2str(NStemperature),'C'])

4.4 Firmware Update

PONPE

Connect to receiver through Putty (4.3.1).

Issue command “setUpdateMode”.

Power cycle the unit (disconnect power and reconnect)

Windows should recognize the USB device as an STM device in bootloader mode

S J5TM Device in DFU Mode
5. Use the STM DfuSeDemo Utility to upload the desired firmware (only .dfu files
supported):

NoiseTech Microwaves Ltd. (www.NoiseTechMicrowaves.com)
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+# DfuSe Demo (v3.0.5)

=101

Awvailable DFU Devices
| STM Device in DFU Mode =l
Supparts Upload

Supparts Download
Can Detach

Enier DFL mod/HID detach |

Application tMode: DFU Mode: ——
Wendar |D: Wendor [D: |D483
O Manifestation tolerant

O 2ccelerated Upload (ST] | Procuct 1D: I Procuct 1D: IDFH
Wersion: I Wergion: |22DD

Leave DFU mode |

~ Actions

Select Target(s):

Target Id | Hame | Available Sectors [Double Click far mare] |

uli] Internal Flash 128 sectorz...
o Option Bytes 1 sectors...
02 OTP Memary 1 sectors...
03 Device Feature 1 sectors...

~Upload Action————— [ Uparade or Yerify Action
File: File: 1G-Ff 43 0.dfu
Yendor ID- |0453 Targets i file:
Choose. .. U pload |

oo ST...
Procuct 1D: IDDDD
ersion: IUDDD

[ Werify after download
" Optimize Upgrade duration [Remove some FFs]

r Transfenred data size

0 KB[D Bytes] of 0 KBID Bytes)

— Operation duration
00:00:00

Upgrade | Yerify |

File correctly loaded. |

Abort |

Cuit |

6. Use the STM DfuSeDemo Utility to upgrade the device:

=10] |

Awailable DFU Devices

Application Mode:
Wendor 1D:

| 5TM Device in DFU Made I

Supports Upload
Supports Download
Can Detach

Erter DFL made/HID detach |

O tanifestation tolerant

Wersion: I—

Leave DFU mode |

O Accelerated Upload [ST] | Procuct ID: I Procuct |D: [DF1T

DFU Mode: ——

Wendor |D: |D483
Yersioh: |22DD

~ &ctions

Select Target(sl | Targetld | Mame

| Available Sectors [Double Click for mare] |

uli] Intertal Flazh 128 sectors...
o Option Bytes 1 sectors...
0z OTF Memony 1 zectors...
03 Device Feature 1 sectors...

r— Transferred data size

O kB[D Eytez] of O KB(O Bytez]

Wersion: IDUUU

[ “erify after download

 Dperation duration———————————
00:00:00

~ Upload Action — Upgrade or Yernfy Action
File: File: 1G-F3.0.dfu
Wendor 1D IW Targets in file:
Choosze... Upload |

oo 5T..
Procuct [D: IDDDD

" Optimize Upgrade duration [Femove some FFs]

At |

File correctly loaded. |

Cluit |
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7. Select Yes in the pop-up window:

x

@™, Your device was plugged in DFU mode.
{ /.-' S0 it is impossible to make sure this file is correct for this device.

Continue however 2

Yes Mo |
8. If successful you should see the follow screen:
+* DfuSe Demo (v3.0.5) - 1ol =l
 Available DFU Devices -
ISTM Dievice in DFL Mode j Application Mode: DFU kode:
o Yendar ID: | Vendor ID: (0483 |
Supports Upload [ #anifestation talerant =
Supports Download O sccelerated Upload [ST] | Procuct 1D: I Procuct 10: [DF11
e D Wersion: I Wersion: |22DD
Enter, DEL mode/HID detach | Leave DFU mode |
~ Actions
Select Targetlzl | Tagetld | Mame | Awailable Sectors (Double Click for more] |
oo Intemal Flash 128 sectors... -
om Option Buytes 1 zectors...
02 OTP Memomn 1 sectors. . |
03 Device Feature 1 zectaors...
~ Upload Action — Uparade or Yerify Action
File: File: 1G-F 3.0,
\ardar ID: |D4g3 Targets in file:
oo 5T..
Chooze. .. |Iplaad | Procuct D- 0000 :'
r Transferred datasize Version: IGDUD L
28 KB[29128 Bytes) of 28 KB[29128 . I
Buytes] ™ Werify after download 0
™ Optimize: Upgrade duration [Femove some FFs) L
r Operation duraton——————————————— L
00:00:02 Choose... | Uparade I Werify |

Target 00: Upgrade successful ! |
&bt | CJuit |

5. Noise parameter measurement procedure

The following procedure talks mostly about a calibration method. It should be understood that a
device-under-test (DUT) measurement follows exactly the same procedure during which the DUT
is placed at the calibration plane and the DUT noise parameters are corrected using the
calibration data.

5.1 Required equipment
Noise parameters fully describe noise performance of a linear two-port device. To conduct noise
parameter measurements the following equipment is required:
e NoiseTech’s C-IG0160C impedance generator (C-IG)
e Vector network analyzer (VNA) with an appropriate calibration kit
¢ Noise power meter (aka “receiver”). This can include a Noise Figure Analyzer (NFA) or a
spectrum analyzer (SA) or a VNA, which is able to measure noise power, such as
Keysight's PNA-X or Rohde and Schwarz ZVA, both with the noise figure measurement

NoiseTech Microwaves Ltd. (www.NoiseTechMicrowaves.com)
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option. Note: ZVA does not need a noise source and therefore the procedure described
below is slightly different. Contact NoiseTech for a ZVA-specific measurement procedure.
e Noise source (NS). An NS is used to measure the gain of the receiver. In case of a ZVA,
NS is not required but an external power meter is used instead to calibrate the ZVA gain.
e Low noise amplifier (LNA) may be used at the input to the receiver to reduce receiver
noise and improve measurement uncertainty.
e Appropriate RF cables
e A computer connected to the C-IG via a USB port and running software that controls the
C-1G.

5.2 Cryogenic Measurement process

Note: Example Matlab code is supplied with the impedance generator

A block diagram of the measurement setup is shown in Fig. 4.

VNA
Port 1 Port 2
) Svoc2
I g/CZ
ik

g < S

S.

1]

§ -

= ! o] Imped I

o pedance !

o L generator :
1 H
' - } ! Noise power | Noise power
! M ~ 1 : DUT —I>_ meter |
| Attenuator . Prec
: : LNA |
1 | © ______________J
I i 5 Receiver
1 a
1 | (-
I 2
i Cryostat !

Fig. 4. Block diagram of the noise-parameter measurement system.

The following is a general procedure for calibrating the receiver by measuring its noise
parameter. All steps are performed over the required frequency range. It is suggested to perform
a large number of measurements for adequate averaging, especially for noise-power
measurements. (If a VNA is used as a receiver, please contact NoiseTech for an updated
procedure.)

NoiseTech’'s C-SW00160 Dual SPDT switch matrix_is shown in Fig. 4 to speed up the
measurement _procedure. For _more information and for a different_measurement procedure
please contact NoiseTech or download C-SW00160 Manual from NoiseTechMicrowaves.com.

“Cold-attenuator” _measurement setup is shown in Fig. 4. Other measurement options are
available. Some measurements can be performed at room temperature. Please contact
NoiseTech for more information.
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5.2.1 Before measurement starts:

e |tis suggested to make the DUT have a Female input port and Male output port by adding an
adapter at the DUT output. It is not necessary to have all DUTs like that, but for
demonstration purposes, this makes steps more straightforward. We can later show what to
do when DUT has other ports.

Setup VNA cables so that Port 1 has a Male port and Port 2 has a Female Port.

Setup Switch 1 to have C1 as Female, V1 as Male, N1 and either Male or Female

Setup Switch 2 to have C2 as Male, N1 as Female, and V1 as Female port

Input Coax transition cable: the room temperature port is Female, the cryogenic port Male
Output Coax transition cable: the room temperature port is Male, the cryogenic port Female
Setup a “Measurements” directory where the measured data is placed. This directory is
expected in the last step of the process. If another directory is used, modify the last script to
grab the data from the correct directory.

5.2.2 Cryogenic noise-parameter measurement

For cryogenic measurements, the switch can be placed either in the cryostat or external to the

cryostat. NoiseTech switches can be used in either location, but it is often preferred to have the
switch placed outside the cryostat as that configuration

- reduces the number of coaxial cables entering the cryostat

- enables easier changes to the setup without the need to warm up

- reduces the thermal load on the cryostat

- reduces the required size of the cryostat.

The measurement system that uses a cold-attenuator measurement method is depicted below

3
VNAPort 1 22 V1 VNAPort 2
S I
—1 —
9 N1

£ N2"S e

9.

@

a : S Impedance !

o i
I generator i
1 .
: ¥3X } : Noise power | Noise power
| + 1 1DUT meter [T p

Atteruatcr . rec

I I ' LNA [
| | | I |
"l __ e oy _ _ 4 ____________.
I l Input network : 5 Receiver
1 1o
1 =
1 i 8
: Cryostat !

The following describes the calibration and measurement steps.
Note that for all steps, the VNA is calibrated once with the calibration plane being at the ends of
the coax cables connected to the VNA.

5.2.2.1 Calibration

Step #1:  Measure S-parameters of “Coax” cables
Step #2:  Measure noise source reflection? coefficient when the noise source is OFF.
Connect the system as shown below.
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Port 1

VNA

Port 2
ya

Noise
source !

Noise source plane
VNA calibration plane

Step #3:  Measure noise source reflection? coefficient when the noise source is ON.

Port 1

VNA

Port 2
ya

Noise
source !

Noise source plane
VNA calibration plane

Step #4:  Measure Switch vicl path. If the switch is not used, this step is skipped. Connect
the system as shown below.

Port 1

VNA

Port 2

VNA calibration plane

\'Al

NoiseTech Microwaves Ltd. (www.NoiseTechMicrowaves.com)
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Step #5:  Measure Receiver reflection coefficient. Connect the system as shown below.

VNA
Port 1 Port 2

|

= Svict VA

i C1 \2
i n Spec. An.
S s—IN1 |>
20! nic!  Pre amp. \
5.3, .
®S 777777777 Receiver
5,8

2
Z'
S

Step #6:  Measure Noise Path of the input Switch in state n2c2. Connect the system as
shown below.

VNA
Port 1 Port 2

! !

| |

vz w2

:mt-g/cz!

i |2
G)!st I @©
&'e n2c2 1 Q
B E
s | ©
18 2
=] |
213 S
C o =z
< 2 S
> =2
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Step #7:  Measure VNA Path of the input Switch in state v2c2. Connect the system as
shown below.

VNA
Port 1 Port 2
I I
o S|
KR
———t 2
o ! n2c2 1 Q
s c
& 2 9
O | i ©
g ® 2
- E
< >
=>
Step #8:  Measure the Impedance generator. Connect the system as shown below.
VNA
Port 1 Port 2
_.J...YNA calibration plane VNA calibration plane _ | _ .
S
V2 v2c2 VA1

P v
o Sn2c2
S,
(0]
2 TR o5
3 : 8 Impedance ! | I
® I generator ! ! S |
1 . . |
| | .
I } i i ! Noise power | NOise power
| |
: 3;\6 + | I ! ﬂb- meter | P
Attenuator . o; | rec
' ! c !l . LNA .
! ! & I |
1 o [ —————
I I & o) | Receiver
! o .qZJi 1
! I = I 1
! 2 éi |
1 . .
i Cryostat i i !
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Step #9:  Measure noise power and switch and IG temperatures with the Receiver with the
noise source set to OFF. Connect the system as shown below.

VNA
Port 1 Port 2
S
V2 v2c2 V1
B g/_c:z ci \1
—1 -
N1
z NS o
9.
®
prt e - ——-
2 3 x|
3 S Impedance ! |
)] | | ] !
1 generator i o
1 . b
' _ \ ; ; | Noise power | Noise power
: T i i ! ‘D_ meter [T p
. Attenuator I g i\ : LNA ‘ rec
1 ! gl | |
1 | g Qu_ oy ——— -
| I & 5 | Receiver
! a ,%! |
1
: 2 &
i Cryostat ! ! |

Step #10: Measure noise power with the Receiver with the noise source set to ON. Connect
the system as shown below.

DUT plane
Receiver plane

VNA
Port 1 Port 2
S,
Vol V1
1% ]
— -
2 N1
g NS e
w
®
6 TR ]
3 : S Impedance ! ! !
@ l i !
! generator i i |
1 . |
\ -t i : : Noise power | Noise power
| ! ‘[>_ meter [ B
! Attenuator { ! ! 1 Prec
' ! l i LNA |
! ! I | |
1 i o m o m . __.
1 i i Receiver
1 1 |
1 | |
! i i
1 i ;
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5.2.2.2 DUT Measurement

Step #11: Measure S-parameters of the DUT. Connect the system as shown below.

Port 1

VNA

Port 2
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VNA calibration plane

Impedance
generator

T
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}
!
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Noise power | NOiSe power
meter P
rec

Receiver

Step #12: Measure the physical temperatures and noise power of the DUT with the
Receiver with the noise source set to OFF. Connect the system as shown below.
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Step #13: Measure the noise power of the DUT with the Receiver with the noise source set
to ON. Connect the system as shown below.
VNA
Port 1 Port 2
S
V2 v2c2 V1
- c2 C1
— [ ~L]
g N2 S e '
8
w - =<K " "~~~ "~ "~~~ 7=7°7-7 -="
§ E 8 Impedance ! | :
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! — : | | I: Noise power | Noise power
1 Attenuator * ! DUT ! | meter Prgg
1 ! 24 | LNA |
! ! QH | |
1 1@ Q- ____.
1 5 5 | Receiver
! a2 !
- 5 8
: Cryostat Q o, |
Step #14: Calculate noise parameters of the DUT.
Step #15: Repeat steps 12 to 14 to measure different DUTSs.

1 Because the attenuator is large and the noise source reflection coefficient is typically very
low, the noise source reflection coefficients are expected to be very similar and very small. In
this case Step #2 and Step #3 can be omitted by assigning reflection coefficients of 0.
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7. Revision notes

Nov 24, 2020: Modified measurement steps process by explicitly showing measurement

configuration.

Nov 24, 2020: Added attenuator on and off commands and updated IG temperature

measurement code example.
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