Where the
Competitive
Receilver Starts

-The First Mixer

Bob DePierre
August, 2009
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Out-of-Passband Signals Cause
In-Passband Interference

-Once 1t gets through the mixer, no filter can get rid of it.
-Third-order distortion usually dominates.

-Some mixers handle overload better than others.
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Mixer = Distortion Device

v

1960’s breakthrough was v
the balanced mixer. e ! (e TR 1)
SBM => RF balanced out.

DBM => L.O also balanced

e h s
out.

Exponential behavior
really bad for giant signals. |
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Why the FET Mixer?

Diode Ring DBM - Exponential

@ mag(fft(temp))
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Orion 4 JFET DBM - Square Law
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Receiver Architectures

e Superheterodyne

First arro
Bandpass
L FiIter Mixer Filters

e Direct Conversion

Bandpass
Filters
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Mixer Test Procedures

e Input Signals =-25dBm, Spacing 20 kHz, 2 kHz
e “Invasive” Measurement at Output Port of First Mixer

Receiver
Marconi Under
2018A Test

Hybrid

SignalGenerator Combiner

Hi-Z

HP FETProbe

8657A

Agilent
8595E
SpectrumAnalyzer

GPIBto PC /
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Intercept Graph

Used to Calculate the IP

PowerOut(dBm)

() E)
Powerin(dBm) / - N/
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Mixer Structures

e BJT Gilbert Cell
* Diode DBM
e 2 JFET SBM
4 JFET DBM
e Fast Switching Multiplexer
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BJT Gilbert Cell

+] w3
SE612 Double-balanced 1599 1590 — &
Mixer PSPICE ‘l

Simulation
Ry 3 06 Rg
E3
D

vz -l R4

15DG 1500

SA612 chip in wide use
Double Balanced, but with no transformers
Elecraft KX-1

Q-Track receivers
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BJT Gilbert Cell in KX-1
Wide Spacing

° G 8.iIl= + 1 8 .7 dB r(ﬁg/a:ars:am AUG @1, 2889 e n o345 s

- ®e« Distortion= 46.1dB i —T
down o

®. [P=-1.9dBm

0o

MARKER
4.9345 MH=z
—33.89 dBnr

l |
il |

Harker Trace Tupe Freq /" Tine Armplitude

1 CAY Freq 4.8748 HHz —532.39 dBn

2. A Freaq 4.8942 MHz —6.28 dBr
= SR ] Freq 4.9143 MHz —9.31 dBr
4. <A Freq 4.9345 MHz -53.89 dBn

CENTER 4.9158 HMH=z S5PAM 188.8 kHz
RES BEH 1.8 kH=z VEBH 1 kH=z SHP 3@ risec
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Diode DBM Mixer

e MiniCircuits TUF-1 in
Elecraft K2

hr
Workhorse high F; |
S

B

performance mixerof "1 1 |
the 80°s—90’s | Ausenaaior

Transformers balance
the RF and LO signals |

R
out of the IF port :} | i::
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Diode DBM Mixer in K2
ATTN oft; 3 kHz Spacing

14dB Preamp On 72
Gain=+11.2dB '

Distortion 46dB
down

[P= +4.85dBm

Phase noise very
close in only
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2 JFET SBM 1n Pegasus

e Balanced only at
RF port

o Standard J310
FETs
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2 JFET SBM 1n Pegasus
ATTN oft, 20 kHz Spacing

Gain=-9.5dB i

Distortion 56.2dB
down

[P=+3.3dBm

Noise at graph edge
—100dBm
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2 JFET SBM 1n Pegasus
ATTN on, 20 kHz Spacing

Gain=-17.6dB J—
DlstortIOn 62 dB down REF -308.8 dBr
[P= +6dBm

Noise at graph edge
-95dBm




2 JFET SBM 1n Pegasus
ATTN oft, 2 kHz Spacmg

Gain=-11.7dB s o
Distortion 47dB
down

[P=-1.5dBm
Noise at graph edge
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2 JFET SBM 1n Pegasus
'ATTN Switched, 2 kHz Spacing

° ATTN On/off {%4:55:13 AUG &1, 2989 R 55.85543 Hit

REF -68.8 dBn —69.32 dBr

SMPL
LOG:
18
dB/#

MARKER
59.85943 MH=z
—69.32 dBr

Harker Trace Tupe Freq  Tirne Arplitude

CA> Freq 39.85733 MH=z —81.78 dBn .
(B> Freq 539.85733 MH= =72.47 dBn
A Freq 39.85942 MH= =78.31 dBn
(B> Freq 59.85942 MH= -69.32 dBn

CENTER 59.85858 HMH=z SPAN 18.88 kHz
RES BH 188 H= VEH 188 H=z SHFP 3.88 Sec
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4 JFET DBM in TS850

& )
= elrl

e Discrete components

e All 3 ports have 5k \_ﬂ%
balancing
transformers
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4JFET DBM in TS850
Preamp On, 20 kHz Spacing

Gain= +1.4dB

Distortion 47dB
down

IP=-1.5dBm

Noise at graph edge
—110dBm
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4 JFET DBM in TS850
Preamp Oft, 20 kHz Spacing

Gain= -6.6dB

Distortion >71.8dB
down

[P=+13.55dBm

Noise at graph edge
—105dBm

7o
REF —23.8 B




4 JFET DBM in TS850
Preamp On, 2 kHz Spacing

13:46:55 AUG A1, 2883

{?7 MKR 73.86117 MH=
REF —8.8 dBn AT 18 dB —959.16 dBr

Gain=+4.7dB

LOG

Distortion 34dB e
down

L\ O 1 LT LI LA

MARKER

IP=-8.0dBm 535553[#:"2

%

|

|

\]
Noise at graph edge * i U
_85dBm o " i\

Marker Trace Tupe Freq /" Tinme Arplitude

1 A2 req 73.853492 MH=z —94.27 dBr
2 A req 73.85782 MH=z —28.31 dBn
3 A req 73.A5987 MH= —26.33 dBn
4 <A req 73.86117 MHz —93.16 dBr

VR T\ LA LI B\ A

CENTER 73.85868 HMH=z 5PAN 18.88 kHz
#RES BH 3@ Hz UBH 38 Hz SHP 33.3
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4 JFET DBM in TS850
Preamp Off, 2 kHz Spacing

Gain= 1 10. 5 dB {?173:54:23 AUC B1, 2889 R
DIS tor tlon 6 1 : 4 dB REF -19.8 dBr AT 18 dB -91.57 dBr1

SMPL

down ;

18

IP=+5.7dBm

Noise at graph edge
_95dBm —91.57 dBn

L\ O 1 LT LI LA

st

HMarker Trace Tupe Freq " Tine Arplitude

1: L)) Freq 7383432 MH=z —96.81 dBnr
20 A Freq 73.83697 MH= =33.45 dBn
3 A Freq 73.8A5987 MH= —4@8.538 dBnr
4 (A Freq 72.86184 MH= —91.57 dBnr
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CENTER 73.85868@ HMH=z SPAN 18.88 kHz
HEES BH 38 H=z UEH 38 Hz SHF 33.3
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4 JFET DBM 1n TS&850
Preamp Off 2 kHz Spacmg

Gain= -7.9dB

Distortion 60.3dB
down

[P=+5.1dBm

Noise at graph edge
—100dBm




4 JFET DBM in FT950

e JFETSs and

transformers in
modules

All 3 ports have
balancing
transformers

A1372
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4 JFET DBM 1n FT950
Preamps Off, 20 kHz Spacing

Gain=-3.3dB

Distortion >80dB
down

[P>+14.8dBm

Noise at graph edge
—110dBm




4 JFET DBM 1n FT950
Preamps On, 20 kHz Spacing

e Gain=+16.3dB ras1s w2

e Distortion 46.7dB
down

e [P=-1.7dBm
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4 JFET DBM in FT950

Preamp

Gain= +8.1dB
Distortion 64.9dB

IP=+7.4dBm

Noise at graph edge
—100dBm




4 JFET DBM 1n FT950
Preamps Off, 2 kHz Spacing

. 1S4:21 AUG B1, 2AP9
Galn— _2 dB ’fﬁ? MKR 69.45178 MHz

REF —-15.8 dBr AT 18 dB —88.88 dBn

Distortion >60.8dB

LOG

down 18

dB~

Noise at graph edge |

69.45178 MH=z /

~92dBm ~86.88 dBm /

LNV m./
e A PP

Harker Trace Tupe Freq /" Tine Armplitude

1: <A) Freq 69.44588 HMHz —-87.76 dBn
2 Freaq 69.44788 HMHz —26.94 dBn
3 A Freaq 63.44987 MHz —28.99 dBn
4. (Al Freq 69.45177 MHz —-88.98 dBn

CENTER 69.44888 HMHz S5PAM 18.88 kHz
RES BEH 188 H=z VEBH 188 H=z SHP 3.P8 sec
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4 JFET DBM 1n IC756Pro

Lo Lal 1
i b

e Components
inside well

shielded
enclosures

RS0

Ca05
20

Measured outside |z, [+
enclosure at Q501 X
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4 JFET DBM 1n IC756Pro
Preamp #2 On, 20 kHz Spacing

e Input=-25dBm 7
Gain= -23.4dB s g
Dist 46.3dB down =

IP=-1.85dBm

Noise at graph edge
—113dBm

\

LI Y LU I A A

V

=
-
—
—
—

proe
-
=
>
>
=
2
-
-
-
e
-
-
-
g
-
-
"‘
E
g
-
-
’,
- =
=
!

\




4 JFET DBM 1n IC756Pro
- Preamp #1 On, 20 kHz Spacing

Input= _20dBm 154:84:52 e, e MKR 64.4795 MHz

REF —48.8 dBn AT 18 dB -187.48 dBr

Gain=-31.3dB

LOG
18

Dist 55.2dB down
IP= +6.3dBm i s N

—-187.48 dBnr

Noise at graph edge

AVG

—115dBm e e e

HMarker Trace Tupe Freq # Time Armplitude

1 <AY req 64.4198 MHz -183.87 dBn

2: (A req 64.4298 MHz -51.32 dBEn
3 (A req 64,4592 MHz —31.81 dBn
4  CAY req 64,4795 MHz —187.48 dBn

CEMTER 64.4588 MH=z SPAN 188.8 kH=x
#RES BH 388 Hz UBH 388 Hz SHP 3.33
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4 JFET DBM 1n IC756Pro
Preamps Off, 20 kHz Spacing

Input=-10dBm
Gain= -42.5dB
Dist 48dB down
IP= +14.0dBm

Noise at graph edge
—115dBm

w

REF

SMPL

LOG
18
dB~”

12

14:14:29 AUG B3, 28989

-48.8 dBn AT 18 dB

MKR 64.4793 MHz
-111.26 dBn

HARKER
64.4795 MHz

—111.36 dBr

P

e oot bl

L L N Y

HMar

ker Trace Tupe
A

A2

1 Freq
2 A Freq
3 Freq
4 (A) Frenq

Freaq / Tine Anplitude
64.4198 HMHz -188.51 dBr
64.4398 HMHz —32.36 dBr
654.4592 HH=z —32.98 dBn
64.4795 MHz -111.36 dBn

CENTER 64.4388 HMHz

#RES BH 388 H=z

SPAM 1808.8 kHz
UVEH 388 Hz SHP 3.23




4 JFET DBM 1n IC756Pro
Preamps Oft, 2 kHz Spacmg

Input= -15dBm B
Gain= -40dB

Phase Noise Covers
the Distortion

IP=+13.7dBm

Noise at graph edge
—115dBm
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4 JFET DBM 1n IC756
Preamp #1 On, 2 kHz Spacing

Input=-15dBm <
Gain=-30dB ]
Dist 42 dB down
IP= +6.0dBm

Noise at graph edge
—108dBm
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4JFET DBM 1n Orion

C94 IMF
k|
f

e Discrete R
Components ES:}I.HF MMBF 1310

e Balancing S
transformers at 2
ports as

MM EF 310
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4 JFET DBM in Orion
Preamp Oft, 20 kHz Spacing

Input=-15dBm A
Gain=+11.2dB T
Dist 55dB down
IP=+12.6dBm

Noise at graph edge
—120dBm
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4 JFET DBM 1n Orion
Preamp On, 20 kHz Spacing

Input= -25dBm o
Gain= +22.7dB T
Dist 47.2dB down
IP=-1.38dBm

Noise at graph edge
—115dBm
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4 JFET DBM in Orion
Preamp Oft, 20 kHz Spacing

ATTN= 6dB 7
Input=-15dBm
Gain= +5.6dB
Dist 67.3dB down
IP= +18.7dBm

Noise at graph edge
—95dBm
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4 JFET DBM 1n Orion
Preamp Off, 2 kHz Spacing

ATTN= 6dB
Input=-10dBm
Gain= +4.8dB

Dist 55dB down
IP=+17.6dBm
Noise at graph edge

{?175.




4 JFET DBM 1n Orion
Preamp On, 2 kHz Spacing

Input=-35dBm o
Gain= +24.1dB '

Phase Noise covers
the Distortion

IP=-1.2dBm

Noise at graph edge
—79dBm
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Input = -25dBm
Gain= 2.2dB

Dist= 66.2dB down
[P=+8.1dBm
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16:38:14 AUG A9, 2883

v

REF -18.8 dBrn AT 18 dB

2 JFET SBM in Orion Sub
20 kHz Spacing

HMER 45.8383 HHz
—-84.12 dBr

SMPL

LOG

1A

dB~

HMARKER
45.83832 MH=z

—84.12 dBnm

L |

\

W |

i

W

q

Marker Trace Tupe Freq / Tine

1: L))

3 (A 45.8182 MHz

Arplitude

Freq 44.9788 HMHz —89.86 dBr
20 (Ad Freq 44.9948 HMH=z —22.78 dBn

Freq

Fre

-19.57 dBr

4 A L | 43.8383 MHz —84.12 dBn

CENTER 45.9888 HH=z
H#EES BH 388 H=z VEBH 388 Hz

SPAN 188.8 kHz
SHFP 3.33
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2 JFET SBM in Orion Sub
2 kHz Spacing

Input= -25 dBm
Gain= +6.4dB

Phase Noise covers
the Distortion

[P=+4.4dBm

Noise at graph edge
—83dBm

16:37:532 AUG A9, 2889

v

REF —12.8 dBn

MKR 44.99693 MH=z
—=77.43 dBnm

SMPL

LOG

18

dB#

MARKER
44.99693 MH=z
—77.45 dBn

i

hhm&w% i

HMarker Trace Tupe
1: A Freq

2 A Freq
3 A Freq

4= (A Freq

Freq # Tine

44.99692 MH=
44.99895 MH=
45.88182 MH=z
43.88235 MHz

Arnplitude

—77.45 dBn
—18.59 dBnr
—18.66 dBnm
-78.08 dBn

CENTER 435.889888 HMH=z
#RES BH 3@ H=z

VBH 38 H=z

SPAN 18.A8 kH=z
SHF 33.3 Sed




Mux Mixers — K3

e Double Balanced With
transformers at 2 ports

e CBT3257 chip, 21¢

Elecraft
KR MIXER
Rev XC
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- Mux Mixers — Softrock & Flex

e Tayloe Mixer

— Sampling Integrator

— Direct Conversion
Receiver Only

+ FST3253 chip, 17¢
* Requires I/Q Inputs e |

PLF 1k
[ nmE k i
Groised Eor receiue
O O
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Wy
”IILE 13B85pF

1
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Mixer vs Rig Rundown

Mixer Type

Rig

IP Range

BJT Gilbert Cell

Elecraft KX-1

<(0dBm

Diode Double Balanced

Elecraft K-2

0 to +5dBm

2 JFET Single Balanced

TenTec Pegasus, Jupiter,
Orion Sub, IC-746

0 to+5dBm

4 JEET Double
Balanced

FT950, TS850, IC756,
Orion Main

+10to +15
dBm

Fast Switching
Multiplexer

K-3, Flex, Softrock




The “Ultra” Rigs

20 kHz Spacing

‘Orion +12.0 dBm (+18.6 dBm with 6dB ATTN)
TS850 +13.55 dBm

IC756 Pro +14.0 dBm

FT950 +14.8 dBm

2 kHz Spacing
IC756 Pro +13.7 dBm
Orion +17.6 dBm (with 6dB ATTN)
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And the Conclusion 1s:

The 4 JFET DBM has become
so good that 1t doesn’t pay to
improve it until we improve

phase noise at its output!
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