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Welcome to this presentation which helps to highlight the capability of
Genesys in the design of mixers for LTE applications
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» Whatis a mixer, types of converters, receiver basics, applications,
parameters etc.

Using GENESYS MIXER Synthesis tools

» Single Ended Mixer
+ Gilbert Cell Mixer
» Capturing Mixer Parameters

Using WhatlF To Verify System Level Performance

Agenda -**E =

Introduction

Agilent Technologies

Our agenda today covers aspects of mixer function, parameters and mixer
synthesis with emphasis on performance tradeoffs with different mixer
topologies. We will show how, once a design has been finalized, to use the
mixing parameters in system level tools such as WhatlF and Spectrasys



What Is A Mixer?

Simply, A Device That Produces A Product Of It's Inputs

» Sinusocidal Stimulus Results In Trigonometric Products
+ Digital Stimulus Results In AND-ed Output

## Agilent Technologies

Depending upon the intended function a mixer component can either a
frequency transformer or digital AND device



Direct Conversion

Pros and Cons

+ Simple Design, Fewer Parts, Cost
» Direct Conversion To Base-band Offers Poor Selectivity An Sensitivity

Most Basic Receiver » 1) Selectivity Limited To Tuning Circuit
2) Minimum Sensitivity, Energy At Antenna

Adding Gain

[, m’ 1) Selectivity Limited By Amplifier And Tuning Circuit
2) Improved Sensitivity, Increased Noise

: - Agilent Technologies

Direct conversion extracts information from the carrier by front end detection
techniques. This process has been employed for many years for simple
receiving systems under the nameof “Homodyne” converter where a amplifer
near oscillation mode is used for amplitude detection



Modern Direct Conversion

Only In Recent Years Has Direct Conversion Found Limited
Use

+ Using High Speed ADC and FPGAs
— Limited Frequency, Selectivity, Distortion and Degrading Noise

Lo I

Agilent Technologies

Some modern MMIC devices provide this functionality for limited performance
systems. Higher RF frequencies are limited due to sampling rate of the A/D
conversion processor and limited dynamic range.



Receiver Basics

Modern Conversion Receivers Offer High Selectivity In A
Crowded Frequency Environment

Adding signal gain at IF frequencies is more efficient and cost

i > > > >
i
3
RF Spectrum :
Selectivity and distortion is
a function of IF response
Baseband or information bandwidth Multi-conversion improves
AMP MIXER these parameters
a—Pp—a-e-a»-
Sensitivity and noise floor AMP
is a function front end gain
Narrow band filters at RF g
frequencies are lossy and b veo

difficultto produce

- Agilent Technologies

Most receiver systems, especially in the cellular application use hetrodyne
conversion using one or more mixers and following IFs. This technique
provides the best sensitivity and selectivity performance. Shown above is a
diagram of the progressively narrower bandwidth as a result of mixing and
filtering allowing a receiver to select only a narrow portion of the spectrum to
extract the transmitted modulation.



Mixer Only Applications

At Very High Frequencies Where Little Or No Amplification
Device Is Available

» Radiometry
— Earth Surface Mapping
— Collision Avoidance
— Secure Communications
» THz Detection

— Security Scanning

— Medical Scanning ‘
- ’ ¥ Terahertz Mixer

- Agilent Technologies

At very high frequencies where limited amplification is possible mixers
translated the transmitted information to a lower frequency band which is
easier to amplify.



Important Mixer Parameters

Compression point

Intercept point

Intercept Point —p

Dynam ICra nge Compression Point ,"l_i_,_ !

Isolation I

Dynamic Range

Image rejection

Frequency range
* IF, RF, LO
Noise figure

Noise Floor

Agilent Technologies

Some key mixer parameters are listed here. Compression point limits the
amplitude of the incoming signal. Isolation plays a key role in limiting the
spurious signals in the IF and signals that may be re-radiated through the RF
port or antenna.



Mixer Types

Single ended

« Simplest,

Balanced

* Higher power,

Double balanced

* Higher power, intercept point, hi isolation,
Sub harmonic

* LO is sub-multiple of required LO frequency,
Image Reject

* Improved conversion loss(~4dB), reduced harmonics, image frequencies
rejected,

- Agilent Technologies

Here we highlight the benefits(in blue) and negatives(in orange) of several
mixer types. The most common mixers used are double balanced due to the
higher isolation for RF to LO and IF. Single ended mixers can be useful in
second or third stage convertors.



Mixer applications

Frequency translation 1

W1l i

fo Information frequency is shifted
up or down in frequency

Lb -4

Phase detection

Same Frequency Filtered DG Output
Vaiue is a function
of phase difference
Phase shifter/ offset

Phase is preserved through Mixer

WWU\J > Signal with equal phase

- Agilent Technologies

A few applications for mixers besides frequency translation or down
conversion is in phase detection and providing phase offsets. Phase detection
is often used in phase lock loops.
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Mixer Applications

' TVNAANAR
RF switch ‘ T

Pulse width modulation

Digital Modulation Il
N (PRI

Radiometry

Dickie Switch

T —

35-200 GHz ‘; . N - ?
; W

Agilent Technologies

Additional applications include using a mixer used to switch a signal on and
off. Often used in digital modulation for QPSK and QAM. At higher frequencies
where amplification is more difficult and expensive they form the front end of
the receiver such as in a radiometer. The ferrite switch constantly swtiches to a
known reference to calibrate the receiver for the incoming millimeter wave
signal

11



Using GENESYS Synthesis

Having Established The Application We Are Faced With
Choosing The Best Design

We Would Like To Be Able To Review And Compare Mixer Types: MIXER
We Need A Tool To Help Us Define The Critical Mixer Parameters: WHATIF

Finally We Want To Test Our Final Selection: SPECTRASYS

Agilent Technologies

For synthesis and mixer performance comparisons we use the Genesys Mixer
synthesis tool which as we will learn can help us to decide the best
configuration to use for our particular application. Once we have chosen the
mixer configuration and determined it's properties we will use WhatlF to view
the useable IF spectrums based upon the mixer’s performance.

Finally, having a system analysis tool like Spectrasys enables us to view the
effect of our mixer on a receiver or transmitter chain.

12



[E8Add Table...

We may launch any of the synthesis tools from the drop down workspace

vy v o>

GENESYS MIXER

4 & Add WhatIF Frequency Planner...

~« Add Active Filter...

= Add Equalization...

2 Add Impedance Match...
~ Add Microwave Filter. ..

aaAdd Oscillator...

~* Add Passive Fitter ..

£2 Add Signal Control...

4 Add WhatIF Frequency Planner...
wRunPLL...

Ks/Run SfFiker...

S Run TLine...

Mixer Synthesis Can Be Launched From The Menu Tree Or
New Workspace

Two Patch Pattern Actual

Select
‘Cick OK to contirue. Anterna Patch efficency
Sgle Patch
| | Single Patch revl
Anterna patch 2
Create a new workspace from a template g:“q‘, ®
Select & tenglatefromthe ks cn the rght o
Chck OK to contirwe. ek
Osalator Template v
Syatheatze & hew design Actve Fiter Passive Fier
d gedance Match Signal
Select a design to syrithestze from the Ist Mcrowave Fter WhatiF Frequency Planner
the rih. Clk OK to contiwe. et
Oscllator
Tutorials & Examples
Cick on the Tutorial Videos Button to view some shart tutorials:
ad o
(Usethe
command Startup tab to re-enable this dog.) Lok ] [ concel

menu or from the start up screen shown.
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GENESYS MIXER

Mixer Type Selection Dialog

» Pre Package Topologies To Aide Rapid Design
» Simple Single Ended To Gilbert Double Balanced Designs

Mixer Type
Diode Single Ended Basic ]

wded Basic
Bipolar Differential
JFET Transformer Single Balanced
Diode Branch Line Single Balanced
Diode Transformer Single Balanced
JFET Single Ended
Diode Transformer Double Balanced
Bipolar Single Ended
Bipolar Transformer Single Balanced
Bipolar Double Balanced Gilbert
Diode Rat Race Single Balanced

Do b sy e
Reposition Windows Run Sweeps I Apply l

[—

- Agilent Technologies

The Mixer dialog allows us to choose from a group of speicalized mixer types.
Note the numerous types that are available. We will start with a simple single
ended mixer.



Initial Design

So That Comparisons Can Be Made...

+ We start with the simplest single ended mixer

Mixer Type

Diode Single Ended Basic V]

Bipolar Differential
JFET Transformer Single Balanced
Diode Branch Line Single Balanced
Diode Transformer Single Balanced

Bipolar Transformer Single Balanced
Bipolar Double Balanced Gilbert
Diode Rat Race Si Balanced

TP —

The selection of the single ended mixer results in an automatic schematic and
simulation generation. Frequency dependent components were generated
automatically based upon our parameter inputs.
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Mixer Parameters

Having Selected A Mixer Type

+ Set Mixer Parameters i.e.
— RF, LO, and IF Frequencies and Power Levels

42¢ Mixer Definition
f

Mixer Type
Diode Single Ended Basic
Variable Value |
Wﬂmﬁg— Lo Power Levels Are Static Values Which
requency - B
F = e 200 Will Be Swept Over User Defined Limits
RF Input Power (dBm) 20
LO Input Power (dBim) 13
Reference Impedance 50

o Aot sy s

- Agilent Technologies

Set mixer parameters for a receiver band center frequency of 1960 MHz (LTE-
1930-1990 MHz). We will use an IF center frequency of 200 MHz. The RF and
LO power levels are somewhat arbitrary, however will we see later that this
type of mixer requires higher LO drive levels.
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Schematic Generation

Applying The Initial Settings, GENESYS..

+ Automatically generates a schematic and spectral responses

Limited To Single IF Frequency!

: E}
- o we . TunedOutput AtIF
/v el B
Ji

Agilent Technologies

The input filter or trap and output resonator are set to the selected IF
frequency. Note that there is little to no isolation from LO to RF making this
mixer a poor choice for a front end mixer. Out simply design is limited to a
single IF frequency due to the filters used.
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Spectral Components

GENESYS Automatically Generates Port Spectral Data

Note LO Feed-through at RF port Note RF & LO Feed Through Levels
RF Spectrum IF Spectrum
20 2160 MHz, 11.22 dBm 5dB E’Or Versiqn Los
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—— RF Spectum — IF Spectum

Agilent Technologies

At the input port we notice that a large component of the LO energy that may
effect reverse radiation or remix with the input stage. Note that there is a 3dB
drop in the RF energy at the RF port, why is this? (hint: what other ports are
connected to the RF port?) At the IF port we note an 8dB conversion loss.
What is the isolation between the LO and IF port as well as the isolation
between the RF and IF port? Remember that the LO power is 13dBm and that
the RF power is -20dBm. Would this topology be suitable for a front end mixer
with an antenna attached?
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Swept Port Power

MIXER Automatically Sweeps And Plots LO and RF Power
(User Selectable)

RF Compression Point ~ +7.5 dBm

LO Sweep RF Sweep
0 5 4
5 J
25 T.120Bm,-4.972 A5

A0 LO S, d-Below 9d8m-LOQ Power 251108 T . o

15 // o5 7.5d8m, -5.869 .
=20 = 5 64
[ RF Hower [Set Td -20d8m |/ &
=~ -
5 -25 75 7 Q
H z /] 3
£-30 dBrm, -32.047 dBm g o 78
w L~ « V

35 / 125 7 \ 82

40 / 15 A 88

45 175 94

50 20 L b Polvor Slot To «134Bm 10

-2 103215 2 4 ] 8 10 12 14 16 18 12 9 £ -3 0 3 ] a 12 15 18
Power (dBm) Power (dBm)
— IF Pawer = IF Power =—— Gain

For the LO sweep the RF power is held constant at -20dBm. Note that a
minimum LO power of approximately +10dBm is required to keep the mixer
from starving. Keeping the LO power at 13dBm and sweeping the RF power
we see a decline in conversion efficiency at +7.5dBm.



Substituting Commercial Part

Substitute Default Diode With Vendor Model From M_k
Selector ,

Check-Mark Graphs For Comparison

Rerun Simulations "
H—N—Q-

03 (BATIS0TAL_INF @infinaon_Dioda)

EATI-T0W (LGP BAT 40 T
Téesn oo

- Agilent Technologies

While an default diode helps us start our design, ultimately a known measured
diode is required to predict performance accurately. GENESYS offers
numerous non-linear models in SPICE and VerilogA format. We have selected
an Infineon schottky for this example.



Comparing Model Differences

Note Changes In Loss, Compression And Harmonics, etc.

RF Sweep LO Sweep
5 - 4 0
1/‘
25 1= = -48 -5
T v
2571e6 - W . 56 A0
£ A4 £
8 25 $120Bm,-6.706 AT 64 g5
P = 4// . o o
£ -5 72 8 £.20
2 P 7.5dBm,-7.758 5 &
& 75 L2 18 2 .25
5 o Moas B B 80Bm,-30.758 ¢Bm
5 a NPy g S = |
£ oa2s 4 ET 535 e
H & Vo
w -15 7 - -104 & .40 4
p N 7
A75 17 12 -45
20 A/ 12 .50 /
42 8 -6 -3 1] 3 6 a 12 15 18 -2 1032e15 2 4 6 8 10 12 14 16 18
Power (dBm) Power (dBm)
= IF Power — Gain ===+ OriginalIF Power ==== Original — |F Power ==== OriginalIF Power

Note the changes in loss due to parasitics and parameters of our diode. With
this diode selection the range of LO power over which our mixer will operate
successfully is extended.
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Spectrum Changes

Actual Spectral Components Remain Mostly Unchanged

RF Spectrum IF Spectrum
0 2160 MHz, 11.209 dBm » | l 1 l
0 i 1818
1 || T 2160 MHz.-12.419 dBm
2 2% /1960 MHz,-22.783 dBm |} 2 18384 100 MHz,-29.473 dBm I
[] T § -29.473 dBm_
S i £ 34505 Hf——1960 MHz,-41.128 dBm
§ -40 § . 8 A
] ! § 52727 -
& r s R
& 0 ] \. g ] ] |
g B IR 2 8909 } 4 {
& ] J] 1 J i F |
& -100 g 1 ! 1 1
S ] \ >107.273 - -4
3 [ \ g 1 [ \ 1
g1 1 5125455 \!
Em Vi g ) ,T 1
& 200 Mz (343 0By Pt o 1] (W
-160 161818 f :
I il |
180 5 480
0 1100 2200 3300 4400 5500 6600 7700 8800 9900 11000 0 1100 2200 3300 4400 5500 6600 7700 300 9900 11000
Frequency (MHz) Frequency (MHz)
—— RF Spectum === Original RF Spectum — IF Spectum === OriginalF Spectum

%% Agilent Technologies

Spectral components remain relatively unchanged other than an increase in
conversion loss.



The Effect Of Q

We Modify The Ideal Resonators With Realistic Q, Estimated Or
Measured

General | Parameters | Senulation | Parameter Statistics | Custom | Schematic Element | Netlist

Hame

]
[Coisplay parameters in alphabetical of | L o=
o

(E | (Hnsea] (€ omeun ]

Agilent Technologies

We can enter estimated values for element Qs for our resonators or use
measured S-parameter data from the resonator manufacturer or individual
values if discrete components are used.
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Changes In Conversion

Small Increases In Conversion Loss Due To Changes In
Resonator Q

RF Sweep LO Sweep
5 = 0
25 s = < 49 5
" A
257166 =S v 58 40
~ vl =
& 12dBm,-6.779 i R &
8 254 — — = RS
5 AL - o s
|3 5 D54 75d8m,-7.839 | 75 & 259
2 AT A s 8
w P 4 Q w
b 75 - 85 = .25
: A7 P
g w0 - 94 & P 8dBm,-30.862 dBm
= P '
T 25 103" B 3
: 7 \ £ 7T 7
2 g 4
™ AS 7 M2 w40 4
o i
15 / A2 s / H
A £ ;
-20 - 13 50
A2 8 -6 -3 o 3 B 9 12 15 18 -2 1032815 2 4 [ 8 10 12 14 16 18
Power (dBm) Powver (dBim)
— IF Power — Gain ===+ Original|F Power ==== Origina —— FF Power === Oniginal IF Fower

## Agilent Technologies

Low resonator Qs have a small effect on the conversion loss. This allows us to
be less selective in the resonator elements that we employ.
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Changes In Spectrum

Little To No Changes Due To Changes In Resonator Q

RF Spectrum o IF Spectrum
20 2160 MHz, 11.198 dBm
0 i e QIBDLH j:uslua |
LT L 2.- m
f _ 1L g o
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g [ i € aasas i 1960 MHz,-41.138 dBm
€ 40 - g Y\ M
5 I 1 ! g s2727
g 60 . &
" 200 MHz,-76.208 dBIY @ 70909
i w
3 = | 2 -so09t -
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= RF Spectum ===: Original RF Spedrum

## Agilent Technologies

The changes in component Q’s have little to no effect on the relationship of the
harmonics and spurious spectral content.



Frequency Response

How Well Does This Mixer Operate Over The LTE Receiving
Band?

RF Sweep
5

61

62

63

64

65

66

-6.7 11930 ,-6.736 1960 ,-6.74 ——1990,-6.745

68

69

-7
1930 1936 1942 1948 1954 1960 1966 1972 1978 1934 1990

— Gain

- Agilent Technologies

The only frequency selective elements, beside the diode parasitics, are the IF
resonators. Since our IF is fixed there is little to no effect verses frequency.
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Implementation

Adding IF Filtering

Use GENESYS PASSIVE FILTER For Rapid Design And

“4From Library...
Analyses 3
Designs 13
Evaluations 3
Graphs 3
ld ~ Add Passive Filter...
£.2Add Equation... = Add Active Filter...
;/Add Folder... = Add Equalization...
=1 Add Note... 27 Add Impedance Match...
EW LiveReport % Add Microwave Filter ...
saddsaigt,, | @ hddMeer.
= dd Substrate... ~afdd Oscillator...
EAdd Table... £ Add Signal Control...
@ Add WhatIF Frequency Planner...
“=RunPLL...
¥is| Run S{Filter...
S Run TLine...

“5 Filter Properties

Topology | Settings | Defaults | G Values | Summary

[] shape|Butterworth

Subtype
(® Minimum Capacitor
O Minimum Inductor

[CJoifferential (Balanced) Circuit
User File
Issues

Output Resistance = 50,000000
3dB Frequency is 500.395902MHz

We will now add an IF filter to our mixer to reduce harmonics and unwanted

mixing products from our signal. Using the Passive Filter tool makes this

addition effortless.
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Selecting Filter Type And Shape

Select From Numerous Topologies

7% Filter Properties

Topology | Settings | Defaults | G Values | Summary

Type |Lowpass '\"] Shape Butterworth
4 e Type Highpass v [v
Subtype

® Minimum Capacitor

© Minimum Inductor
Note|Differential Implementation with Check box

Bandstop
Chebyshev, .“ erminatec
tial (Balanced) Circuit Singly Equalized
ek [Joiferential (Balonce{User Fle Eliptic) |

Issues User File
Output Resistance = 50.000000 Issues
3dB Frequency is 500.395902MHz
Output Resistance = 50.000000

3dB Frequency is 499.604411MHz

%% Agilent Technologies

The filter function is defined by the Type and Shape selection. This determines
the roll-off and in band response. Note, with the addition of singly terminated
shapes, diplexer filter design is possible also known as constant return loss

filters.
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Selection Of Parameters

Next

* Number Of Sections Or Order
« Cutoff Frequency .

“5 Filter Properties

Topology | Settings | Defaults | G Values | Summary.

Input Resistance | 50

Cutoff Fre MHz) | S00
Order |5
Aftenuation at Cutoff (dB)|3

[Flauko Adjust Frequency Range

Issues

Variable range is 1 to 21.
Output Resistance = 50.000000
3dB Frequency is 500.237504MHz

- Agilent Technologies

Under the Settings tab we specify the filter’'s impedance as well as the number
of filter sections, cutoff frequency and attenuation at cutoff for non-Butterworth
filters. We select 500 MHz as our cutoff frequency to attenuate unwanted
harmonics and spurious while minimizing the in band loss at 200 MHz.
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Automatic Generation

Schematic And Response Graph

Third Order Butterworth Lowpass [Butterworth], Order 5

10 o
/
s a7
[E] 2 L3 o = -34
Pot1  98320H 31.8160H 2.8320H . ”
g T 5
Port_2 . 10 28
-
215 -85

3
S
(gp)sso wingay

@

=]
8

c1 c2 =
10.296¢F 10.296pF .20 f
I ];

=30 j

— — 35 d

>
@

=1
=)

1¢8 100 200 300 <400 500 600 700 800 900 1000
Frequency (MHZ)
= Gain = Retum Loas

## Agilent Technologies

Passive Filter automatically generates a schematic and response curve.
Changes made in the definition dialog are instantly updated in these graphs
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Reuse Of Subnet

Hierarchical Design Using Filter Subnet

« Incorporate Filter In Original Schematic
* Rerun Simulation To Compare IF Signal Levels

Agilent Technologies

Instead of copying the filter directly into our mixer schematic we use the filter
sub-net as packaged component shown to the right of our mixer.
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IF Output Comparison

Note Reduction In RF, LO And Harmonics

RF Port Power =~-23dBm

IF Spectrum IF Spectrum
20 20
8.001 Q091
1818 1818
- 2160 MHZ‘-12‘448 dBm -
2363 1700 MHz,-20.561 dBm §'23°3° 1200 MHz,-29.417 dBm
2 | 2454
Fe® 1 960 MHz,-41.138 dBm [
2459 | T-a5.45
J't & 2160 MHz,-55.797 dBm
56,364 w56 364 l
67 273 67273
78182 78182 960 MHz,-81.637 dBm
9,091 89,001
-100 I I L -100
0 1100 2200 3300 4400 5500 6600 7700 8300 9900 11000 0 1100 2200 3300 4400 5500 6800 7700 8800 9300 11000
Frequency (MHz) Frequency (MHz)
— IF Spectum —— IF Spectum

Note the reduction in spurious IF output. Conversion loss remains constant. To
Improve the LO suppression, a higher filter order may be implemented.
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frequencies are close

Single Ended Mixer Performance
Let's Review The Performance Of Our First Design
* Improvement in LO-RF isolation is difficult (filtering) since the LO and RF

« Limited to fixed IF frequency with limited dynamic range
» Moderately high LO power is required

RF-LO Isolation

Poor

3dB

Conversion Loss

Moderate

-7 dB

Compression Point

Moderate

+7.5 dBm

LO Drive

High

+13 dBm

LO to RF port leakage limits the applications of this mixer. If we spread the
separation with the LO frequency so that an appropriate RF filter can dissipate
the LO signal, the resulting image frequency appearing at the IF output is more
difficult to filter out. This type of mixer is more suitable for second or third mixer
in a chain. The higher power required increases the opportunity for

- Agilent Technologies

interference into other networks in our system.
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Alternative Mixer Design

Returning To Our MIXER Synthesis Tool

% Mixer Definition

Mixer Type

Bipolar Double Balanced Gibert
Diode Single Ended Basic
Bipolar Differential

| JFET Transformer Single Balanced Mixer Type

Diode Branch Line Single Balanced T
Diode Trensformer Single Balanced Bipolar Double Balanced Gibert []

Variable Value |
1960
2160

JFET Single Ended
Diode Transformer Double Balanced |
Bipolar Single Ended

polar Transformer Single Balanced
Bipolar Double Balanced Gibert

200
-51
-7
50

El ®

e ey
|Reposition windows| [ Runsweeps | [__apoly |

[ Auto Adjust Frequency Range Defaull
[Repostion windows|  [_Runsweeps_|

- Agilent Technologies

Let’s try a different mixer. We use the same settings as in the single ended
mixer but with the addition of operating voltage since this is an active mixer.
The additional complexity results in better performance. While other double
balance configurations are simpler the Gilbert allows us to implement a mixer
with high dynamic range, higher power capacity and inherent isolation due to
the balance in LO and RF driven ports
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Schematic Generation

Components Are Selected Base Upon Our Parameter Selection

Note that transformers and their parameters are used for coupling
LO drive requirements are much lower ~-17dBm

Conversion gain instead of loss

Increased Linearity

Improved Noise Figure

Can be implemented in various technologies, e.g. MOSFET etc.

Agilent Technologies

MIXER automatically selects the bias and frequency related components to
ease our implementation. We note that the LO drive requirements are much
lower which allow un-amplified synthesizer output for driving mixer. In addition
we achieve conversion gain as opposed to a loss. Noise figure is generally
improved. The active components may be substituted with alternate
semiconductor technologies
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Spectrum Graphs

GENESYS MIXER Automatically Generates Spectrums At The
RF And LO Ports

Much Improved Isolation RF-LO and LO&RF- IF

. RF Spectrum IF Spectrum
| I I I £ - -
12 1960 MHz,-14.612 dBm Cénvergion Ghin
e 7273 b 4 !
200 WHz,-5.858 dBm
-24 5455
-36 18182 I
_ 2160 MHz,-29.63 dBm
g g e [
s g
€ o 8 3sm 1960 MHz, -47 207 dBn
T 1 | g -56.364 I
& T T g
b 2160 MHz, -83.541 dBn w6909
84 Loy w
I 81818
95 < -81 m
95 11200 MHz,-81 528 dB asas
1
o l 07273
120 120
o 1100 2200 3300 4400 SS00 6600 7700 8800 9900 110C 0 1100 2200 3300 4400 S5S00 6600 7700 8800 9900 11000
Fregquency (MHz) Frequency (MHz)
—— RF Spectum — IF Spectum

Agilent Technologies

The most notable observation of the port spectra is that there is a marked
decrease in unwanted energy at the RF port. This is achieved by the balanced
design. In fact little to no filtering would be required at the RF port. In addition,
note the reduction in RF and LO signal at the IF port. This reduces the amount
of post IF filtering. This design is inherently broadband.



Compression And LO Power

A 10dB Gain With Minimum IF/LO Slope

RF Sweep LO Sweep
§ 10 0
S [ od
25 —t+—t93 -5 23 dBm,-6.636 dBm
Nios ’ | ————
2568 95dBm 8561 . o |
25 78 .45
5("
E S 72 E-20
S s 1 \ 655 26
B e
i it g
T 58 5-30
s e £
125 \ 51 -35
A5 \ 44 .40
75 / 37 45
20 3 -850
42 38 3% 33 30 27 -4 A A8 A5 2 32 30 28 .26 M 22 2200 48 A6 A4 A2
Power (dBm) Power (dBm)
— IF Power — Gain = IF Power

The 1dB compression point occurs at approximately -21dBm input. Note that
the IF output is constant over a wide range of LO drive level, approximately
10dB.



Alternative To Transformers

Single Ended To Balance Drive Output Offers Broader
Frequency Response Than Transformers

- 2 7
Equal And Opposite Output .., / ) \\ FEEH //
- "W V4 V Tune For Equal Gain And
o ¥ I 180 Degree Phase Difference
% \
\\ / \ // V1] \ - Linear1 $21
. \ &

Agilent Technologies

Single to Balanced conversion is difficult over a broad frequency range. While
transformers work well up to about 1GHz, using them above this frequency
requires tuning of the transformer over a limited band. To overcome this at the
cost of additional circuitry we may implement the balanced drive using the
circuit shown. In a separate workspace we tune and optimize the performance
of the network to meet the performance of a transformer. We tune the circuit
for equal drive levels which are 180 degrees apart. For this simple design we
achieve a few degree shift over the entire LTE band. We additional effort we
can extend the performance to cover multiple octaves up to and including
WiMax.
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Active Transformer

Benefits

* Broadband Response For RF And LO Ports
* Improved Isolation At RF Port
« Lower LO Drive Requirements

High Frequency Broadband Transformers
Are Difficult To Realize

An Optimized Mixer Can Be Used QOver
Multiple Bands, i.e. LTE To WiMax

Note That GENESYS HARBEC Handles Large Number Of Non-Linear Nodes

~%i Agilent Technologies

The resulting schematic after substitution. Note, we could also reduce the
active transformer network into hierarchical representations which helps to
reduce schematic clutter. We retain a transformer output for the 200 MHz IF
for simplicity and broadband performance. Note that GENESYS’ HARBEC
engine is capable of multi-device Harmonic Balance simulations.
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Spectral Comparison

Of Spurious At The RF Port
« What Improved The RF Port Spectrum?

RF Spectrum
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Note the excellent port spectrums. At the RF port all spurious signals below -
120dB have disappeared and the LO appears -66dB below our RF signal. The
inherent reverse isolation of our active transformer has provided the isolation.

In addition the RF and LO feed through has be reduced from -23dB to

approximately -65dB. IF filtering is easier since the largest IF signal next to the
difference frequency is the sum frequency at 4120 MHz. This is an inherently

broadband design that may be used over multiple octaves.
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Compression And LO Drive

IF Power Is Insensitive To LO Power
Compression Point Is Slightly Higher

Optimization Required To Improve Gain
RF Sweep
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While having slightly lower gain, the compression and LO sensitivity plots are
the same. To improve gain performance some optimization between the active
transformer and mixer is desired.
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Capturing Mixer Information

We Can Capture The Significant Parameters Of Our Mixer To
Incorporate Into A Hierarchical Design

» Start By Defining Simulations That Will Generate The Parametric Data

— Mixer Tables
— Compression Data
— Intermod Data
— Conversion Loss
+ We Have Already Generated The Data That |s Of Most Interest

Agilent Technologies

Having a base design, we can capture the data generated by GENESYS
simulations to use in additional simulation and design scenarios.
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Generating A Mixer Table

Difference Frequencies For Mixer IF Table
+ Build Difference Table For Up To N Order

N=5 For Our Example

Lo | zie0 | w320 | eas0 | sex 10800
re | 190 200 2360 4520 6680 8840
3920 1760 400 2560 4720 6880
5880 3720 1560 600 2760 4920
7840 5680 3520 1360 800 2960
9800 7640 5480 3320 1160 1000

Agilent Technologies

This 5" order mixer table will be used for defining a table mixer parameter
entry. The table represents the difference frequencies given the RF and LO
frequencies. The first entry represents the base or harmonic 1 for each.



Extracting Data From Circuit

Copy Data From Graph
* Normalize To 200 MHz IF Frequency

Darkened Data Is Essentially Zero

IF Spectrum LO
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Using the spectrum data from our simulation we enter the values normalized to
the primary difference frequency at 200 MHz, as well as the RF and LO
frequencies and their harmonics.



Creating A Table Mixer

Use GENESYS Mixer Table Model

— Copy Simulated Mixer Par To Table e { ]

| General | Parameters | Sudaton | Parameter Statistics | Custom | Schematic lement

tame Description Vo vaits | Detas .

MixerTbl_1

<;\

| DOODDODODDOoND

3 )
§ﬁ )
—X)
]
82
DIM
ViR &
K B
B
28382
IDEERRRNEEREER

{pnnmnnnnnm

..,,(

i

7m?mgymdﬂiyk¢ é

From the parts selector we choose the Table Mixer model to place on a
schematic. Accessing it’'s properties we manually enter the data taken from our
various simulations. Table data from our spectral data, compression data, LO
power, RF power, impedance etc.
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Save Mixer Table To User Model

Having Copied The Mixer Parameters, Save The Table To A
New Model i.e. “My-Mixer”

Mixer Can Then Be Used On Subsequent System Level
Designs Such As WhatlF And SPECTRASYS

MixerThl_1 Current Library:
5dB My Parts v
-22dBm Category:

<All> v

50Q
9'0 om-Ge
4 54 Filker By:
A Port_2
Port_3 500
500 Hame Description

& My Mixer Table Mixer
=k _Slide S... Thisis anide...

Having defined the pertinent parameters for our new mixer, save this mixer to
a library. Above we save it to a library call ‘My Parts’. The mixer is now
available for use in other designs.
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Using Our New Mixer

WHATIF Helps Us To Determine The Spurious Free Ranges
For System IF And Subsequent LO

% WhatlF (Frequency Planner) Properties

“4From Lirary... —
Settings | Inputs | Type
= {Inputs | Type |
Designs » Name: | My_Mixer_Plan
Evaluations » Number of Parallel Mixers: |1 _VJ
Graphs » Dataset: | My_Mixer_Data]
[ © Add WhatIF Frequency Planner... Intermediate Frequency at Spurious
ymrs):;m oo A Active Fiter-., O Mixer Input Maximum Order: (10 [v]
1 Add Folder... ;:z f““:"‘m&m ® Mixer Output Ampiude Range: | 100 | dB
mpedance
i m Nabo 2 o~ Add Microwave Fiker... Examine Worst Case Behavior of
D rdompat | g add ... © Al itermedate Frequencies
s ~nAdd Osallator... O Single Intermediate Frequency
aohdd Substrate... o )
A Table... T s wz [v]
bt
s /Run SjFier...
Zrunine..

Agilent Technologies

We select the number of mixers, whether or not this will be used for up-
conversion or down-conversion as well as the spurious mixing order and
dynamic range that we are interested in. We can focus on just one IF
frequency or all IF’s that may be available.
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Setting Up The Frequency Plan

We Select A Difference
Frequency

3¢ WhatlF (Frequency Planner) Properties

Note The Center Frequency And | ses e 1o
. Desired Intermediate Frequency
RF BandWIdth @ (@ Difference: Show Lo Side LO, LO < RF J
Mixer 1 O sum
We Have Selected A 10 MHz IF ‘
. RF Center Frequency: 1960 MHz v
BandWIdth RFB:dvjdth: €0 MHz t\
. IF Bandwidth: | 10 Mz Z\
Input Drive Level Reflects Our ot e Levet [ 35 o ]
Device As Measured And Saved it~ oyl
In Our Model Table |

Agilent Technologies

At the input tab we select the RF operating frequency as well as the expected
bandwidth, which for our example is 60 MHz. The RF and LO drive levels are
consistent with the nominal values as used in Gilbert simulation as well as the
model entries. The IF bandwidth is set to what is required for LTE, e.g. 1, 2, 3
MHz etc.



Using Our Mixer Model

Import My Mixer From Dialog Selection

+ WhatlF Uses Our Model Parameters

(% WhatlF (Frequency Planner) Properties

| Settings | Inputs | Type
Specify Mixer As

@ O Double Balanced

Mixer 1

@ Tntermod Table
Part Name: | My Mixer@My Parts E]

## Agilent Technologies

The type tab allows us to select from a variety of mixer types. There is a built
in double balance model as well as supplier defined models. In our example
we will select our own design via the Mixer-Table model.
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WhatlF Spurious Free Range

The Results...Many IF Frequencies Available

Performance of All IFs at Mixer Output Performance of All IFs at Mixer Output
0
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The results for our mixer are impressive. Since the spurious response of our
mixer is excellent, the range of spurious free bands is almost unlimited. From
the Inputs tab from the dialog box we alternately select between a high side
mix (LO>RF) and low side mix (LO<RF) and review the best IF offerings for
each.



Using Mixer In Spectrasys

Build Up Design Workspace Using The Mixer We Have
Designed And Built

Determine What Parameters Require Improvement At A System
Level And Amend Design

MixerThl_2
5dB
-22dBm

&

X
>
=

BPF_Butter 2 RFAmp_2

>

Amp_1  BPF_Butter_1

PwrOscillator_1

Agilent Technologies

For a system architecture tool, such as SPECTRASYS, we incorporate our
Mixer Table model for design and review. Should it deem necessary to improve
gain, intercept, spurious levels, or VSWR of our mixer these system level
parameters can then be used to improve specific performance at the circuit
level and then re-incorporated into our mixer model.
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Summary

We Have Reviewed The Role Of A Mixer

We Have Synthesize A Basic Single Ended Mixer And Viewed
It's Performance

We Chose An Alternate Gilbert Cell Topology Viewed And
Modified It's Performance

Incorporated A Mixer's Performance Parameters Into A
Hierarchical Model

Used WHATIF To View Mixer Performance

Agilent Technologies
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Thank You

Additional Information-
Just Google search “Agilent Genesys”

1. Register for the 4th
“How-To-Design” seminar on
LTE Power Amplifier design

2. Get a free trial of Genesys

3. Download
the latest
brochure

Agilent
GENESYS

-

Agilent Technologies
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