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Differential and 1/Q Mixer Application

The “Swiss-Army Knife” of applications

Set any source to:

— Any frequency
— Any power
— Any phase

Then measure

— Any receiver
— At any of a number of frequencies

With match corrected power measurements

Agilent Technologies



Consider the fundamentals of differential devices




Differential S-parameters can be derived for this
configuration, for each mode

VF A VA

a'd = : bd — : —
\/ Zd \/ Zd \/
|:bd1:| _ |:de11 de12:|. ccll cc12:| |: cl:|
bd2 de 21 de 22 chl 0022 c2
dc11 d012:| |:ac1:|
chl dc22 acz

}
e s

Agilent Technologies



This can be configured into a single matrix

bd1 dell de12 Sdcll Sdclz adl
bd2 de21 de22 SdC21 Sd022 ) aCZ
bcl Scd11 Scd12 Sccll Scclz a‘cl
_bcz _Scd21 Scd422 Schl Scc22_ ac2

Thus, 16 differential S-parameters are needed
to fully describe a 2-port differential device
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The differential parameters can be defined in terms
of single-ended measurements from first principals

(a1_a3) (a1+as) b _(bl_b3) b (b1+b3)

a,, = a, = b, = b, =
dl \/E cl \/5 dl \/z cl \/z
b
S, . —_u
dd11 a,, o

recognizing that a, =0 which implies that a, =—a, sothat a4, = 23,

{5
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From this beginning, differential S-parameters can
be computed from Single-Ended S-parameters

S _ b1 — b3 _ [Sllai + Sl3a3] — [S3la1 + Sssas] _ [81131 — S136‘1] B [831&1 — 83331]
dd11 2a, 2a, 2a,

1
dell — E (811 - S13 - S31 + S33)

And similarly for transmission:
deZl:[bz_b4]:[ bz_b4 j:(bz_mj
a-a,) \a-(-a) 2a,

S _ (bz _b4J_ ([82131 + stas]_[s41a1 + S4sa3]j . ([8218‘1 _SZSal]_[S41a1 T S43a1]j
dd21 — - 281 — 2a1

1
de21 — 5(821 - S23 - S41 + S43)
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We can use these definitions to define Harmonic Power,
Mixer Conversion, Image Rejection, LO isolation

Diff. Input Power, Diff. Output Power, Diff. Harmonic Power

(8, —2) b :(bl_bs) b :(bZ,Z_b4,2 )

\/E ] d2 \/E ! d2,2 \/E
Differential Harmonics (in dBc) are defined as:

H 2 :(bz,z_b4,2 ) H3 :(bz,s_b4,3 ) Hn. = (bz,n_b4,n )
d (al_as) : (al_as) : (al_as)

Ay =

Differential Mixers have similarly defined signals

_ (bZ,(LO+RF) — b4,(LO+RF) ) _ (b2,(LO—RF) o b4,(LO—RF) )

bd(RF) = bd(LO+IF) = , bd(lmage) = bd(LO+IF) =
J2 J2
b ~b _ (b2,(LO) o b4,(|_0) ) b _b _ (b2,(RF) o b4,(LO—RF) )
d(LO _lIsol) — Md(LO) — 1 d(RF _1sol) — Md(LO+IF) —
J2 J2
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Use Case 1 : Measuring Harmonics of Balanced Amplifiers

—~
O
P
—0

Test Requirements:

« Stimulate the input with balanced, differential signal

* Measure the input differential power

* Measure the output differential power

* Measure the output differential power at N harmonics, N a small integer (5)
* Provide corrected measurements of power, provide leveled input power

* Measure with swept frequency, swept power or swept phase input

* Function in pulsed mode

Wants:

* Provide leveled output power
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First: Define the frequency lists for source and
receivers

g4 - REMULE UESKLOp vonnecuon

EaCh frequency dEfined Source Phase Control Converters Setup : Channel 1 |E|
will be measured by alll Measurement Set Up =

the receivers Froquonoy Range
Range Mame Settings
s . - F1 0.0 100000000 GHz - 26.5000000000 GHz
Editing a line brings up J = 5 0100000000 cei 2 consesseeser————> Egit |
1 F3 0,0100000000 GHz - 26, 5000000000 GHz
a dlalog bOX L F4 0,0100000000 GHz - 26 S00N0ONNaN SH
F2 Range Settings
If coupled, some New Frequency
relative offset, and \m\ [Star/Stop - .
T .. s Start: 10.000000 MHz
multiplier/divider can s o o] S 26500000000 GHz [2]
be set. If uncoupled, Port 1 Acﬁve\\l IFBW 100000 kHz  []
. Port 2 Active
the just set start/stop. port T E ﬁ\a\;
Port 1 Src2 Active F1 [/ Couple to IF1 'l
Only linear Offset o %
R Multiplier
frequencies are D : 5
-_Add Source... visor
allowed.

Output = Frequency*Multiplier/Divisor + Offset

Lo

T TFWTT T TN OK Canrel il
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Next Define Source behavior

Source Phase Control Converters Setup : Channel 1

Measurement Set Up

] X

Frequency Range

Range Name |Settings

F1 0.0100000000 GHz - 26, 5000000000 GHz
F2 0,0100000000 GHz - 26, 5000000000 5Hz
F3 0,0100000000 GHz - 26, 5000000000 GHz

Set which sources are
going to be used

during the
measurement \Q\

WEN State Frequency Power Phase
Port\ Active F1 5 -5.00dBm 000  Edit |
Port2  N], of _—FT -5.00dBm N/

Port 3 F1 M 180.00°

Port aff 1 -5.00dBm A

Set the Power and // Por Off F1 -5.00dBm N/
Phase

Add Source... | Save... ‘ ‘ Load... |
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Finally, Define the Parameters to Measure based
on receivers

r 1 Niff Pwr Ouit |l nafd 10 NDDAR S 0 O0AR
New Trace

| Diff Pwr_In = (al_Fl-a3_F1){(1*1)
] Diff_Pwr_Out = (b1_F1-b3 F1)/(1*1)
] Diff_2nd = (bl_F2-b3_F2)/(1*1)

Use
“Edit Parameters’
To create new

measurements \
2 [ | Create in New Windﬂw\

‘ OK ‘ ‘ Cancel ‘ | Help

‘ Edit Parameters...
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Create New Parameters based on measurements of
ANY receiver at ANY frequency

#  Edit Parameters @

Farameters Froperties
Diff_Pwr_In
Diff_Puwer _Cut
Diff_2nd Parameter Name  Diff_3rd_dec = (bl F3-b3 Fa)/(al_F1-a3 F1)

Feceiver Frequency Feceiver Frequency

[ b1 vlFz2 - vl w1

[ |at v|Ft " v[F1  ~|]

(o] [reneren) (osemm (et

ok || cancel || el
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Making True-mode (true differential) measuerments

VNA
Source 1

RO

Phase
Control

s
Covo

VNA
Source 2

4-Port
Dual-Source VNA
g

(.

Two sources are controlled to set the differential input, and then the receivers
are retuned to measure any other signal, such as output power or harmonics.
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Differential signals must be actively adjusted for each new
DUT S11 due to mismatch effects and requires special
correction

a (alM ERF, +b,,ESF, —a,,, ESF, - EDFl) ETF;,

a, (a,,ERF,+h,,ESF,-a,,ESF,-EDF,) ERF,

20
| | | |

15 - Phase after mismatch calibration

-=- Phase without mismatch correction

-
o

(6}
|

=)

-
o

| Phase Error (Deg)

—
6]

N
s}
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To test differential harmonic measurements,
measure a single-ended amp then add a balun and
test again.

f‘C [
o )
180 Hybrid

Test2: Measure Harmonics using
Differential Receivers

Testl: Harmonics of an SE amp

Agilent Technologies



Example Measurement: Differential Output and
Harmonics

Ch1: DIQF1 Start 3.60000 GHz

Upper Compares 2" Harmonic Result; Lower Compares 3@ Harmonic Result.
Difference maybe due to hybrid effects (different loss at fundamental and harmonic
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Calibration for Differential Output Power:

« Calibration for mismatch and response must use stimulus
source for characterizing error terms

* During the measurement, output power mismatch terms
(S22) need to be characterized with the input source off

« Match correction can be independently selected for any
source, using any receivers, and any frequency range

— User defined receivers allows match correction on a variety of
complex situations such as sources passed through high-power
amplifiers and using external couplers; and external sources applied
through the test set.
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Source definition page includes match correction
C h O I C eS Source Configuration:Port 1 @

Source State lAc:tive v]
Frequency Range F T
Power
| Sweep Power Source Attenuator 0 dB |§|
Start Power -0 dBm EI [¥| Auto range source attenuator
Stop Power -5 dBm EI Power and
Leveling Mode llnternal v] Attenuators... ‘
Phase
Phase State lOff '] Refer To
[ |Sweep Phase Control Receiver |al v
Start Phase 0.000 ° EI
Phase Control
Stop Phase 0.000 ® EI Setup...

atch Correction
I | Matech Correction On

Test Receiver

Reference Receiver |al 7 \ Select Freq. ‘
Match Frequency Range: F1 Range...
l OK I ‘ Cancel ‘ ‘ Help

— -
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Planned: Use Case 2 . Measuring Harmonics of SE- Balanced Amplifiers

[ N

P o a g

Test Requirements:

« Stimulate the input with leveled input signal

* Measure the input power

« Measure the output differential power

* Measure the output differential power at N harmonics, N a small integer (5)
* Provide corrected measurements of power, provide leveled input power

« Measure with swept frequency, swept power or swept phase input

* Function in pulsed mode

Wants:

* Provide leveled output power

Notes: In this case there is NO phase controlled source, just offset harmonics and balanced power
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Example Measurement: Single-ended and
Differential Mixer, with Harmonics

Stop 1.50000 GHz

Harmonics are in dBc Values
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Use Case: Dual Mixer:

Key measurement
difficulty is relative
phase response

between the two paths
of the mixer. ~ (P @ D @}
Drive both mixers with Dual Mixer

identical signals,
measure the relative
output (magnitude and

phase) LO
PSG@ /

9
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Dual Mixer: Creating the Frequency Plan - start

Differential I/Q Setup : Channel 1 E
Measurement Set Up @
Frequency Range
Range Name |Settings
F1 0, 5000000000 GHz - 3.0000000000 GHz
MNew l l Remove
Sources
Source Name State Frequency Power Phase
Port 1 Actve F1 -5.00dBm AR
Port 2 Off F1 -5.00dBm M/A
Port 3 Off F1 -5.00dBm M/A
Port 4 Off F1 -5.00dBm M/A
Port 1 Src2 Off F1 -5.00dBm N/A
Add Source...

I OK ] l Cancel Apply

- Agilent Technologies




Dual Mixer: Creating the Frequency Plan — set the
Input frequencies

Cont.

Chi

Differential IfQ Setup : Channel 1

Measurement Set Up

Frequency Range

Range Mame |Settings
F1 (1,5000000000 GHz - 3.0000000000 GHz [ Edit_|
F2 Range Settings @ o]
Frequency
lStarthtup Vl
New l l Remove l Start; 500.000000 MHz E
Stop: 1.000000000 GHz E
Sources IFBW 1.000 kHz |§|
Source Name State Frequenc )
Port 1 Active F1 Crawpllig
Port 2 off F1 Couple to F v
Port 3 Off F1 Offset No Offset - Up S
Port 4 off F1 Multiplier 1 D
Port 1 Src2 off F1
Divisor 1 D
Output = Frequency*Multiplier/Divisor + Offset tial I
Add Source... aca
OK RS T — l — T
T TERITTT T T h13-11-0?151

- Agilent Technologies




Dual Mixer: Creating the Frequency Plan — add the
LO, fixed 10 GHz

b a-n5242a-10094 - Remote Desktop Connection =X
Differential I1/Q Setup : Channel 1 | 23 | Feq
Measurement Set Up @ Differential IQ
Frequency Range
Range Name Settings
F1 0, 5000000000 GHz - 1.0000000000 GHz
F2 ©,5000000000 GHz - 10000000000 GHz [ Edit |
F2 Range Settings @
Frequency
New Remove lStarb‘Stup s
Start: 10.000000000 GHz E
Sources Stop: [10.000000000 GHz |%]
Source Name State Frequs IFBW 1.000 kHz E
Port 1 Active F1
Port 2 Off F1  Coupling
Port 3 off Fl FCoupleto  |F1 — l m—
Port 4 Off F1 Off
Port 1 Src2 off Fi set GDRCIEEE - U
Multiplier 1 B
Divisor 1 B ential 1Q
. iy tup...
Add Source... Output = Frequency*Multiplier/Divisor + Offset
Cont, Chil T TPV I TN T 07 15:59
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¥, a-ndZ4Za-10094 - Remote Desktop Connection

Dual Mixer: Creating the Frequency Plan — Add the
output receiver frequencies

[ et

Differential IfQ Setup : Channel 1

Measurement Set Up

=
=2

| Freq
Differential IQ

Frequency Range

Range Name Settings F2 Range Settings @ r—
F1 0.5000000000 J
Frequency

F2 CW Freq 10,0001
F3 05000000000 4 |Start/Stop M

Start: 500000000 MHz  [%]

Stop: 1.000000000 GHz D

New Remove IFBW 1.000 kHz E
Sources Goupling

v F1 -
Source Name State Freq Coupleto | ]
Port 1 Active Offset F2 ~| ®lup
Port 2 off Multiplier 1 B
Port 3 off Divisor 1 E
Port 4 Off
[Pt 1L e off Output = Frequency"Multiplier/Divisor + Offset

erential IQ
o
Add Source... _ etup...
OK ] l Cancel l l Apply l l Help l
Contl iChede) S TPWIT L TSI R IRl
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Dual Mixer: Creating the Frequency Plan — Final

frequency Plan

f; a-n5242a-10094 - Remote Desktop Connection

Differential IfQ Setup : Channel 1

) Freq
Measurement Set Up @ Different
Frequency Range
Range Name Settings
F1 0,5000000000 SHz - 1,0000000000 GHz
F2 CW Freg 10,0000000000 GHz
F3 10.5000000000 GHz - 110000000000 GHz [ Edit |
New l [ Remove
Sources
Source Name State Frequency Power Phase
Port 1 Active F1 -5.00dBm /A
Port 2 off F1 -5.00dBm T8,
Port 3 off F1 -5.00dBm T8,
Port 4 off F1 -5.00dBm T8,
Port 1 Src2 off F1 -5.00dBm T8,
Differenti
Add Source... Setup
OK l [ Cancel l l Apply l l Help
Eoomiel sl ) s TE7TT I T T - =

- Agilent Technologies



Dual Mixer: Setup the sources, start with port 1

lifferential 1/Q Setup : Channel 1 Source Configuration:Port 1
Measurement Set Up Source State lActive Vl
Frequency Range F1 v
Frequency Range Power
e e Settings [l Sweep Power Source Attenuator 0 dB E
F1 0.5000000000 S P -20 dBm E Auto range source attenuator
F2 CW Freq 10.00 Stop Power -20 dBm D Power and
F3 10.500000000 Leveling Mode Attenuators... e
Phase Internal
Internal - R1
Phase State Off Refer To
New l l Remove Start Phase Open Loop - |
0.000 ©
Sl [Piae E Phase Control
Sources Control Receiver Setup... [
Source Name State Fre Match Correction
Port 1 Active ["]Match Correction On —_
PEGE2 off Test Receiver
Port 3 Off .
Port 4 off Reference Receiver Select Freq.
Port 1 Src? off Match Frequency Range: F1 Range...
[ OK ] l Cancel l l Help l —_—
I

omrereroal IQ
l OK l l Cancel l l Apply ] l Help l

:

- Agilent Technologies




Dual Mixer: Setup the sources, add port 3, and
make it match P1 phase.

differential IfQ Setup : Channel 1 @
Measurement Set Up ‘ {} EI
Source Configuration:Port 3 @
Frequency 01234 dB

Range Source State lActive vl

F1 Frequency Range F1 v

F2 Power

s [T Sweep Power Source Attenuator 0 dB E
S PO 5 dBm E [¥] Auto range source attenuator

Stop Power -5 dBm D Power and

Phase
Phase State lOf‘f vl Refer Ta
Sources
Start Phase 0.000° [%|
Source 0.000 °
Port 1 Stop Phase r—E1 Phase Control
Phase Control Setup: Channel 1 IE\
Select a port to set its phase control configuration
Referenced to Control Parameter laS 'l ! la1 Vl
Port 2
ﬁug?‘ Background Sweep Properties
0
Port 1 Src2 ] Apply Settings to All Parts Tolerance 1.000 ° EI
Use Leveling IFBW 1000 kHz [:]  Maxlterations 5 B
[ OK J l Cancel l l Help l
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Dual Mixer: Setup the sources, add the PSG

MM TIeE reu w1

BRI L L I e AL T

Scale Per Division 2.000 dB

(el

E Freq
4 Differential IQ

N External Device Configuration: psg

8.0(

6.0(

4.0

2.01

0.0(

-2.0(

-4.01

External Devices

psg |
New Remove

Properties
Name:

Device Type:

Driver:

[¥] Active - Show in Ul

10 Configuration

psg

ExS

lSuurce

)

\AGPSG

7]

l Device

Properties... l

Interface: IGPIB

'l Refresh

Available: IGPIBO::18::INSTR

)

Selected:  GPIB0::18:INSTR

Enable 10

ok ]|

Cancel | |

Help

- Agilent Technologies
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Dual Mixer: Setup the sources, add the PSG

& 3-n52422-10094

- Remote Desktop Connection

E=SECE X ]

Differential I/Q Setup : Channel 1

Freq

Measurement Set Up WS
F R : .
requensy Source Configuration: psg
Range Na
F1 Source State lAIways On v]
F2 Frequency Range F2 v —
F3 Power
[[1 Sweep Power Source Attenuator 0dB E
Start Power -5 dBm E [] Auto range source attenuator f—
New Stop Power -5 dBm D Enwedand
Leveling Mode Attenuators...
Sources Flizse
Phase State lOf‘f 'l Refer To
Source N Start Phase 0.000 * E
Port 1
0.000 ©
Port 2 S Foese E Phase Control
Port 3 Control Receiver Setup...
port 4 Match Correction
Port 1 Srq [ Match Correction On
psg )
Test Receiver
rential IQ
Reference Receiver |&1 v Select Freq. Stup
R Match Frequency Range: F1 REIE
[ OK ] l Cancel l l Help l

T T

: Agilent Technologies



Let’s try to understand Source State: It’s flexible
but maybe a little confusing

Source State  |AwaysOn ¥/ Always On: Always On
Frequency Range ﬁlt;t:;:s On ] .
Power off Active: turn on during measurement

[ | Sweep Power Uncontrolled
P PR o S Fal T o = Sweep

Uncontrolled: don’t write to the source
at all.

Off: Sometimes OFF unless the
source Is needed for match correction
on that port.
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We need match correction for the RF output of the

dual mixer

B T Lo

Ll | — ||

Differential IfQ Setup : Channel 1

D¢

|l.l LQ'.-.i-ll.—.|

4.0

Cont. Chi

Source Configuration:Port 2

Source State lOf‘f Vl
Frequency Range F1 T
Power

[ Sweep Power

Start Power -5 dBm E

Stop Power -5 dBm D

Leveling Mode

Internal v

Phase
Phase State

Start Phase
Stop Phase

Match Correction
Match Correction On

0dB [Z]

[¥] Auto range source attenuator

Power and

Source Attenuator

5]
2]

Dialog

A
[F2

|

Freq
Differential IQ

Test Receiver b2 -
Reference Receiver [ OK J l Gancel l |euisessasiastiaiiininl
Match Frequency Range: F1 Differential IQ
Setup...
OK ] l Cancel l l Help
OK ] l Cancel l l Apply l l Help
T TPWIT L TSI B TRl 2
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Dual Mixer: setup the mixer Parameters (relative
phase input and output, overall relative phase)

& 5-n52422-10094 - Remote Desktop Connection E@
b Scale Per Division 2.000 dB Freq
jJ E Differential IQ
Ti ;
Edit Parameters
10.00 .5.1297 dB
Parameters Properties
IPwrFL
OPwrF1
GainF1 Parameter Name ~ Paraml Sei Al ‘
Deltalnput
DeltaCut ———
&3]
Receiver  Frequency Receiver  Frequency e
re. v o] o] [2 e =)o
[ =fs v [r.=] [ vJr =)
[ e H Remaove H Save... H Load... ]
l Ok ]I Cancel ]I Help ] F—
[] Create in New Window l Edit Parameters... l
rential IQ
ok | | cCancel | | Help | ptup.
: DIQXF1 Start 500.000 MHz —




Dual Mixer: Parameter List uses equation editor, so
you can ‘hack’ the xml file to create any parameter

¥, a-n5247a-10094 - Remote Desktop Connection

[ I
- 3
_|dualMixer - Notepad ==l ug\
|| » Libraries » Documents § i i ol
@O | File Edit Format View Help
Organize ~ @ Open ~ Share with <30uUrce_Phase_Controls -~
<FarameterList> —
' ) <Paraml IPwrFl="al_F1"/>
© Favorites Documen <Param? OPwrFl="bZ_F1"/>
B Desktop Network Analy] <Param3 GainFl="bZ2_Fl/al_F1"/>
<Param4 DeltaInput="(al_F1*1)/Ca3_F1*1)"/>
I3 Downloads Name Deltagut="(b2_F3¥1)/(bd_F3¥13"/> -
%5 Recent Places N cCal User t/0eltalnput /=
. <FreguencyRanges:» LI
— A PNACalKit <Rangel Start="500000000.000000"
o=l LIDTENES | Service Stop="1000000000, 000000" /=
1 Documents 00 <Range? Start="10000000000. 000000"
58 Stop="10000000000. 000000" />
I My Documents at00Lcsa <Range3 Start="10500000000. 000000"
; Stop="11000000000. 000000" /=
| Public Documents At007 csa </FrequencyRangas >
. Music at003.csa | </ 50urce_Phase _Control>
=L Pictures 1 benchmark |
8 videos DifQLcsd [
dualmixer.
& Computer £ dualMixer
[ SystemDirive (C) dualMixer
< DataStore D) | Favorites
mixer2.csa
@ Network £ ratiomixer b |
S800 1.csa -
dualMixe
XML Docume|

- Agilent Technologies
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Dual Mixer: Now the new parameter shows up.

¥ a-ns242a-1u0UY4 - Kemote Deskiop Lonnection =R [T A |

5 Scale Per Division 2.000 dB Freq
J J E Differential IQ
Parameters Properties

Edit Parameters :
5.1286 dB
IPwrF1 —
OPwirF1

GainFL Parameter Mame  DeltaMier = Deltaout/Deltalnput
Deltalnput

DeltaCut —_—

Receiver  Frequency Receiver Frequency —

b S I Je )

b RS I Je )y

Differential IQ
Setup...

Ch1: DIQXF1 Start 500.000 MHz — Stop 1.00000 GHz

RS oA e Thw A TR e L i B S T




Dual Mixer: Let’s also add gain P2 and gain Port 4,
and while were at it, LO leakage to each port.

&  3-n5242a-10094 - Remote Desktop Connection =0 e X
5 Port 1 Power Level -5.00 dBm Power
J J E Differential IQ

LI New Trace OdBI 0.00dB
N0dB/ 0.00dB Power Level

LRl 5.0747 dB

d
b2 F1
b

[] IPwrF1
[C] OPwrF1

[ GainF1 2 Fifal Fi 0.0005dB Rl

[] DeltaInput = (al_Fi*1)/(a3_F1*1) ON | off

[ DeltaQut = (b2_F3*1)/(b4_F3*1) e ——
[] DeltaMixer = DeltaOut/DeltaInput Po

[l GainP2 = (b2_F3*1)f(al_F1*1) 7.0331.dB el
] GainP4 (b4_F3*1)f(al_F1*1)
] LO_P2 (b2_F2*1)/(1*1) Power and

[/ Lo_P4 (b4_F2*1)/(1*1) Attenuators...

[[] Create in New Window l Edit Parameters...
Help Start Power
Stop Power
More | 4
Ch1: DIQXF1 Start 500.000 MHz — — Stop 1.00000 GHz
Cont. Chi [l  DeltaOut MNo Cor ool il
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Use Case 4 — Balanced Mixer

Test Requirements:
« Stimulate the input with balanced signal [ )
* Measure the input differential power
* Measure the output differential power
* Measure output at both LO+Input (main signal)
and LO-Input (Image signal)
» As of function of frequency

* As a function of input phase (P @ @ @

 LO may be embedded.

* Provide match corrected measurements of
power, provide leveled input power.
Wants '
* Measure higher order products of m*LO+-n*Input I RF )




IQ Mixers and Modulators and Down Converters

I c@
Input
Drive

90 deg
Hybrid
or sum —— RF

Qutput

m?ut%%k } 0 (

I
@ Output
90 deg
Hybrid Ib
or

RF

90 deg 90 deg Ouput
': [ :’ 3dB LO 3dB i

Hybrid Hybrid

RF g ] }

Drive

I+jQ
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IQ Mixers and Modulators and Down Converters

Dual
Source
VNA

A o o 9

Tp) Sum RF

Output
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Making IQ Mixer Measurements

« Special Characteristics of IQ mixer and modulators

— Image Signal is suppressed

— Output signal can be on either side of the LO, depending upon the
phase of the Q single

— Provides direct modulation without the need for image filters
— Key performance criteria:

* LO Suppression
* Image Suppression

— Often requires determining LO, | and Q offsets for optimum
performance

« Very slow and difficult to determine over a wide frequency range.

‘7%~ Agilent Technologies



IQ Mixer Mixer: Setup the sources, make the phase
90 degrees

& 3-n5242a-10094 - Remote Desktop Connection

Differential I/Q Setup : Channel 1

Measurement Set Up
Frequency R - .

: Y Source Configuration:psg

Range Na

F1 Source State lAIways On vl

F2 Frequency Range F2 v

F3 Power
[ Sweep Power Source Attenuator 0 dB E
Start Power -5 dBm E ] Auto range source attenuator

New Stop Power -5 dBm D Power and
Leveling Mode Attenuators...
Sources li==E

Phase State lOff Vl Refer To

Source Ng Start Phase 0.000 ° E

Port1 —

0.000 °

Port 2 S Flese E Phase Control

Port 3 Control Receiver Setup...

port 4 Match Correction

Port 1 Srq ["|Match Correction On

psg .
Test Receiver |

rential IQ

Reference Receiver |al 2 Select Freq. i

Add Sou . Range... e
Match Frequency Range: F1 g

[ OK ] l Cancel l l Help l

: Agilent Technologies




IQ mixer theory

a—V'F a—VQF IQ power=a, +j-a
Nz Y Nz T -

User defined parameters can make use of the equation editor to determine
the overall input power

Agilent Technologies



Lets look at a 90 degree Hybrid

P e @ ©
90 Hybrid

-
N
\ :'.- 900

V

‘7%~ Agilent Technologies



Lets look at a 90 degree Hybrid

File  Trace/Chan Response Marker/Analysis Stimulus Utility Help

= Marker 3 |6.0000000000 GHz || [N

400 171 S21LogM 2.000dB/ 0.00d8B Tr 2 S41LogM 2.000dB/ 0.00dB
1: 4.000GHz | -3.79dB Marker 1

200 -~ 8000GHz | -3880B 400000 GHa

0.00 : 6.000GHz | -3.33.dB

: 279dB .
-2.00 . _ 3.02dB Marker 2

-4.00 6000 CHz
6.00
8.00

110,00

12.00

-14.00
-16.00

Ch1: Start 10.0000 MHz —— Stop 18.0000 GHz

225 00 Tr 3 EQ=S21/541 Phase 45.00° 0.00° Tr 4 Eq=S23/ 543 Phase 45.00° 0.00°
- ’ : 4.000 GHz 00.09°

18000 - 8.000 GHz 91.23°

135.00 : 6.000 GHz
90 00 - 00 GHz 90.17° Markers
- [ 8.000 GHz

45.00 6,000 GHz

0.00 w
4500

-90.00 ¢
-135.00

-180.00
-225.00

Marker ->
Functions

Ch1: Start 10.0000 MHz — —

Cont. Chi - 3 CA 4-Port ExtRef | SrcPwrCal*
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Now Measure it with 0 and 90 degree true-mode
drive on the input ports, and sweep frequency

® L

/CQO Hybrid

- ,j—i
\

NP
\ ®{ el

[]
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IQ Measurements: Output of Hybrid, across
frequency. Phase of IQ setto + or — 90 deg.

Tr 2 OPwr +901Q LogM 10.00dB/ -20.0dB

K

20.00

10.00

0.00

-10.00

-20.00

-30.00

-40.00

-50.00

-60.00

-70.00

Ch1: DIQF1 Start 10.0000 MHz — Stop 18.0000 GHz
Ch2: DIQF1 Start 10.0000 MHz Stop 18.0000 GHz
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IQ Mixers: Measure just one side (in normal Scalar
Mixer Mode, and in 1Q Mode)

Dual
Source
VNA

A 9 o @

Hybrid
yﬂr Tf‘) Sum RF
Q Drive Qutput
LO
Input %

L
%
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IQ Mixers: Measure just one side (in normal Scalar
Mixer Mode, and in 1Q Mode

File  Trace/Chan Response Marker/Analysis Stimulus Utility Help

5 Number of Points 286

200 Tr 1 SC21 LogM 2.000dB/ 0.00dB
=1 2.000GHz | -1351dB

0.00 w -l
-2.00

00 Single (stand alone) Mixer
6.00 o

-3.00
Bii Normal Mixer Mode
-14.00

-16.00
-18.00 [ ChTAvgr 2
Ch1: SMC Input  Start 1.20000 GHz — Stop 3.05000 GHz

Tr 5 1Qin Phase 45.00° 0.00° Tr & 1Qgain LogM 2.000dB/ 0.00dB

2.00 1- 2 000 GHz 8987°
0.00 » ST 2000GHz _-1355dB
200

400 _ IQ Mixer with /
-6.00 . rigger...
200 Image Signal one side open

1000 (not small ripple)

-12.00

[

-16.00
-18.00
Ch2: DIQF1 Start 1.20000 GHz — — Stop 3.05000 GHz

IEEEE ch2 8 IQgain CA 4-Port ExtRef | SrcPwrCal*
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IQ Mixers: Measure just one side:
Add Match Correction

File  Trace/Chan Response Marker/Analysis Stimulus Utility Help

5 Scale Per Division

_ Tr 1 SC21LogM 5.000dB/ 0.00dB
5.00

0.00
-5.00

-10.00

-15.00

20.00 \

2333 Normal Mixer Mode
.JI in

-35.00

-40.00
4500 [ Ch1Avwg= 2
Ch1: SMC Input Start 1.20000 GHz — Stop 3.05000 GHz

2.000GHz |-13.51dB

Tr 5 1Qin Phase 45.00° 0.00° Tr & 1Qgain LogM 5.000dB/ 0.00dB

5.00 - 2000GHz | -8980°
0.00» : ST 2000GHz |-135TdB"
500 Image Signal

-10.00

-15.00

-20.00 /

2500 1Q Mixer with

-30.00 L

3500 one side open
4500 (ripple is gone)

Ch2: DIQF1  Start 1.20000 GHz — — Stop 3.05000 GHz

Chi Tri 5C21 & Mem C* SMC_2P ExtRef | SrcPwrCal* | Avg
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IQ Mixers: Both sides connected now shows image

rejection!
™ File
il il

Tr 3

00 Tr 8

5.

And increased 10 gain.

Trace/Chan Response Marker/Analysis Stimulus Utility Help
Scale Per Division \5.000 dB

|Qin LogM 5.000dB/ 0.00dB Tr 5 IQin Phase 45.00°/ 0.00°
IQgain LogM 5.000dB/ 0.00dB
1: 2.000 GHz

1: 2.000 GHz

0.00

-5.00

-15.00

-20.00

-25.00

-30.00

\ Mag Balance of 1Q

-1OIOO /\M

1

.

Image Signal 1

-90.00°

-35.00

-40.00

-45.00

Ch 2

Ch2: DIQF1 Start 1.20000 GHz ——

\

\ Phase of IQ | .
1Q Mixer with

one side open
(ripple is gone)

Tr3 IQin CA 4-Port ExtRef | SrcPwrCal*
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Stop 3.05000 GHz

LCL

Scale

Autoscale

Autoscale
All

Scale

Reference
Level

Reference
Position
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Delay
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Offset




IQ Measurements: |Q input power, output power,
Image power, LO power vs frequency

Agilent Technologies



IQ Measurements: Output Gain, Image Gain, vs 1Q
Phase Skew: Fix CW and Sweep Phase

E File Trace/Chan Response Marker/Analysis Stimulus Utility Help = J

~ Marker 1 2.0000000000 GHz E
}

Tr 3 1Qin 5.000dB/ 0.00dB Tr 5 1Qin Phase 45.00°/ 0.00°

5.00 Tr 8 IQgain LogM 5.000dB/ 0.00dB
' 99.400° -2.40dB

: 2.000 GHz -109.91°
0.00» : %ooo GHz -811dB

-5.00
v

-10.00

-15.00

-20.00 More Markers b

-25.00 Turn Off
Markers
-30.00

35.00 Properties »

Marker ->
Functions

-40.00

-45.00

Ch2: DIQF1 Start 2.00000 GHz —— Stop 2.00000 GHz
Ch2: DIQPort3 Start 70.000 ° —— Stop 110.00°

[ Hold e PRnT#:] IQgain CA 4-Port ExtRef | SrcPwrCal

~i#7i- Agilent Technologies



IQ Measurements: Output gain, Image Gain vs 1Q
Amplitude Skew

File = Trace/Chan Response Marker/Analysis Stimulus Utility Help

o] ¢ Marker 1 |-15.968 dBm Bl o

Tr 3 1Qin 10.00dB/ -10.0dB Tr 5 1Qin Phase 45.00°/ 0.00° .
B

Marker 1
-15.9680 U

Tr 4 Qpwr 10.00dB/ -10.0dB
40.00 Tr 8 1Qgain LogM 10.00dB/ -10.0dB

1: -15.968 dBm -3.94 dB
i Marker 2
30.00 1: 2.000 GHz -99.39
1: -15.968 dBm -13.54 dB )
20.00 1. 2.000GHz  |-4.02dB
10.00
Reference
-
o.oo%\1
-1OIOO jT—\—\_\—\_\_\_
_\_\_\_‘_‘——\_
—
-20.00
Turn Off
[ 2
-30.00 AN Markers
\
000 Image Signal
Marker -> 2
-60.00 Functions
Ch2: DIQF1 Start 2.00000 GHz — — Stop 2.00000 GHz |

Ch2: DIQPort3 Start -10.000 dBm Stop -18.000 dBm
Ch2: DIQPort1 Start -18.000 dBm — —— Stop -10.000 dBm

1PwrF1 CA 4-Port ExtRef | SrcPwrCal
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Other Measurement Configurations can make use
of External Sources

« Use an arb (currently supported for 81150A and 81160A arbs)
to generate IF signal input up to 500 MHz

« User external PSG or MXG to generate I/Q Balanced signal
or Balanced LO (utilizing an external test set for switching).

« Use external PSGs and MXG an all 8 receivers (no match
correction)

‘7%~ Agilent Technologies



Wideband 1/Q Mxr. using ARB Match RF, LO;
Balanced Everything, with phase controlled LO, I/Q

Test Requirements:

Stimulate the input with balanced, | Signal
Stimulate the input with balanced, Q Signal
Stimulate the LO with a Balanced Signal
Set phase of | vs. Q
Measure the input differential power
Measure the output differential power
Measure output at both LO+Input (main signal) and
LO-Input (Image signal)

» As of function of frequency

« As a function of 1/Q phase
Provide corrected measurements of power, provide
leveled input power

* Open: How to calibrate mag and phase | and

Q outputs from the ARB

Issue: Controlling ARB (generic exe?)
Cover SE cases for RF, LO (subset of balanced)

Wants

Measure higher order products of m*LO+-n*Input

PSG1
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- Wideband 1/Q mixer measurement w/extension testset
Match corrected 1/Q, RF; Balanced Everything, with phase controlled LO

MXG1

MXG2
Test Requirements: @ @
« Stimulate the input with balanced, | Signal ) .

« Stimulate the input with balanced, Q Signal
« Stimulate the LO with a Balanced Signal

+ Setphase of I vs. Q

* Measure the input differential power

* Measure the output differential power
* Measure output at both LO+Input (main signal) and /@ Q @L @ﬁ
LO-Input (Image signal) ///—'r Extension Test Set ] \
» As of function of frequency
« As a function of 1/Q phase
* Provide corrected measurements of power, provide
leveled input power
» Open: How to calibrate mag and phase of
PSG1 and PSG2 paths.
« How to control 6 or 8 port paths (test set control?)

Wants
* Measure higher order products of m*LO+-n*Input




- Wideband 1/Q mixer measurement, No match correction on port 3 or 4 (I-, Q-) or
on C or D receiver (output),

MXG1

Test Requirements: Y

« Stimulate the input with balanced, | Signal

« Stimulate the input with balanced, Q Signal

+ Setphase of I vs. Q

* Measure the input differential power

* Measure the output differential power

* Measure output at both LO+Input (main signal) (’1_) C D
and LO-Input (Image signal) @

» As of function of frequency
« As a function of 1/Q phase
* Provide corrected measurements of power,

provide leveled input power

* Open: How to calibrate C & D receivers. 6

» Support SE case for RF out (subset)
Wants
* Measure higher order products of m*LO+-n*Inpu
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Summary:

* New software control methods allow users to create very
sophisticated stimulus conditions at microwave frequencies.

« Match corrected calibration implies that de-embedding is
possible, meaning on-wafer and in-fixture applications are
now possible

* Flexible receiver control allows a single channel to make
multiple phase-related measurements in a single acquisition.

 Full match correction on all receivers improves accuracy.

« Really hard to do all the control...don’t look under the
covers.©

These capabilities were only dreamed of... Dreams Made Real!
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