SSPA Construction Techniques

e 6M, 2m, 222MHz, 70cm
« 23cm and above
e 1.8 —-54MHz

digressed a bit at mentioning 1.8-54, didn’t 1?
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But Walt...

e Let’'s examine how to build that SSPA

* And operate our radio and SSPA in a
manner that complements our esteemed
position in the food chain

* And then maybe we should look at modern
SDR radios/amplifiers/accessories that will
expand our enjoyment of the hobby

September 2016 Austin BBQ, 2016 2



WWW.W6PQL.COM

* Retired from HP/Agilent mid-2006

« Web site started as a technical sharing site
* Most projects initially were for my own use
* Snowball effect to were it is now

* Primary target audience is DIY amateur
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Some Examples of Color
Schemes and Options

2 METER KILOWATT LINEAR AMPLIFIER

" High Temp

" Losd Fal

Tramemil
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Rack Mount Option
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Desktop Amp for 1296

' 7A Voltage

@
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=
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Reflected Forward
Power Power |
2A Current

Amplify

23CM2W500

Bypass Kiltzing Electronics
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150w version for 1296

with internal power supply

23 CM LINEAR AMPLIFIER

Amplify

On
! ! PA Current
AC

Bypass

23CM10W150
Klitzing Electronics

September 2016 Austin BBQ, 2016



BIG LDMOS devices are available

At “reasonable” cost

—  Freescale and NXP (Phillips)

« MRFEG6VP1K25H - 1.25kw (Freescale) HF to
~300MHz

« MRFEG6VP5600H — 600w (Freescale) HF to
450 MHz

* MRF1K50 - 1.5KW
 BLF188XR -1.4KW (NXP) HF to ~300MHz
- BLF184XR - 600w (NXP) HF to 450MHz
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VHF RF Decks

Amrplitier
W § ! 3 4

=

Austin BBQ, 2016
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We must kill all of that
extra low frequency
gain. This design
used for 2m and 222
has an ally in that
battle, the input
transformer. It's
nature at lower
frequencies is to short
the gates together

September 2016 Austin BBQ, 2016 10



70 CM is a different animal

70cm

« 1.25kw part
produces ~350w
with low
efficiency

— 600w part
produces 500w

at P1db with
93% efficiency

— Two of the 600w
parts produce
1kw at P1db
with 53%
efficiency

September 2016 Austin BBQ, 2016 11



Design Cautions

1.  All bands B i
. Use good quality PC board
substrate VRFEGVPG 1KZ5H
. Matching components L | oreirreexe
(capacitors) 0t
. Best capacitor for matching |
is coaxial
«  Instability due to low .
frequency gain ‘
. Gate components S dramotor
. Degenertative feedback % '
(res/cap in series drain to
gate) —
}7
2.  Bias stability (thermal drift) B -
. LDMOS IDQ thermal drift oazuf | w
«  Use of thermistors for >0
stabilization 440

3w metal film

September 2016 Austin BBQ, 2016
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Mounting of Degenerative Feedback Components
on 70cm KW board

September 2016 Austin BBQ, 2016 13
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Thermistor Location
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A Legal-Limit 6 Meter SSPA

o v
- ¥ r..-"'\-*\__ i

e |

ol ~ SR —

g
S\
5 ql_.-.:,_'.- ~

September 2016 Austin BBQ, 2016

15



September 2016

And on the inside...
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Bills of Materials

http://www.w6pal.com/1 kw sspa for 1 8-54 mhz.htm
http://www.w6pal.com/1 kw 2m Idmos amplifier.htm

description p/n quantity supplier
#10 THHN stranded wire, black 15ft Ace hardware
#10 THHN stranded wire, red 15ft Ace hardware
#14 THHN stranded wire, blue 5ft Ace hardware
#14 THHN stranded wire, red 5ft Ace hardware
#18 THHN stranded wire, red 5ft Ace hardware
White rubber feet, 4 per pack 1 pack Ace hardware
multi-conductor hook-up wire, 10ft 10cs22 10ft Allelectronics
meter, panel, 100V DC PMD-100V 1 Allelectronics
meter, panel, 50A DC PMD-50A 1 Allelectronics
meter shunt, 50A snt-50 1 Allelectronics
5mm led, red LED-1 2 Allelectronics
5mm led, yellow LED-3 1 Allelectronics
5mm led, green LED-3 1 Allelectronics
60mm fan, 17cfm, 12v CF-583 5 Allelectronics
sma jack for rg174/rg316 Ebay 4 Ebay

sma plug for rg174/rg316 Ebay 4 Ebay
rgl42 coax, 5ft Ebay 1 Ebay
rg316 coax, 6ft Ebay 1 Ebay

flat washer, #4 90126a505 box of 100 McMaster-Carr
flat washer, #6 90126a509 box of 100 McMaster-Carr
flat washer, #8 90126a512 box of 100 McMaster-Carr

September 2016

Austin BBQ, 2016



Driver

Input

High-power

9 relay Output relay Antenna
f {
atten in Switch —
S|
\ < L 1
< < atten out Ampin
LDMOS
KW Amplifier Pallet
< — — Low Pass Filter
< - - And dual directional detector assembly
To 50v
forward fl ——— On
A pwr conn
250 ohms
25w MP251
Block diagram - tpojarty
protection) 24v
For a complete I
Desktop amplifier L !
1 12 fwd LED bar —12vi rev LED bar - 1uh 15A
Graph meter Graph meter
560
5w
77 Rear Fans 15
A (4 x 14cfm) 50w
ALC 0 to 50a 1uh 15A
—— Detector meter
ALC FET
out i -t
. VDD [ | SWITCH
1Na14 25 ohms <
o M 4 25w
1 milliohm 0to 100v
1 Meter shunt Sk meter
PTT thermistor N
in
1uh '  J
1uh
ul m ALC blosk Event 2 Bias e SWRin Fan return 1uh
» PTT 50v in
Bypass 1uh Control
b« mb Ampibypass Board Event 1
1uh
Amplify - (rev 6)
ﬁ -t 12v out
12v to LNA FET \J \
SWITCH Power supply AC line
LNA disable line Top f
L—T #2 1un op fan 1un o | (remote AC switch)

September 2016
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Flange-Mount Attenuators

* Available in 3,6,10,20
and 30 db packages
(availability varies)

*Made by ATC and
Johanson

* 100 watt package

* Requires transistion
boards

September 2016 Austin BBQ, 2016
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A more flexible option

WEPQl

10711

Austin BBQ, 2016

R1

R2

R3

EC
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Low Pass Filter

L4 LS L6

Y T A TY Y & 1 2 1 2
low pass filter
oL i il
|
/77
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Filter Passband

2m setup
REF 0.0 dBc RBW 50 KHz VBW -—
a 10 dB/div ATTEN 10 dB INT REF

UaPTG \

-40

Amplitude (dBc)

60 | \\w’rmm%wm S

-0
-100 ! ! |
START 50.00000 MHz CENTER 300.000 MHz STOP 550.00000 MHz
SPAN 500.000 MHz SWP 889.0 msec
Marker 1: 144.0000 MHz, -0.0 dBm Marker 2: 288.0000 MHz, -69.1 dBm Marker 3: 375.0000 MHz, -58.4 dBm
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Low Pass Filter

with dual directional detector

N

"l =

= WA "!h.‘,rf-u..:_.. A
.. W ?'\. J..l'fi-_'- ,t A N e
e ' '

' ’J. 5

b § e S Wl
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Low Pass Filter

with dual directional detector

September 2016

Austin BBQ, 2016

1.

Coupler will sample both
forward and reflected
power levels

Each band can be
configured for correct
signal levels

 On-board attenuators
set the correct signal
levels for the detector
diodes

24



Antenna Relays (output)

"« Transfer switch
| Dow Key model 412

September 2016 Austin BBQ, 2016 25



Antenna Relays (output)

SPDT — Tohtsu model CX600NL

September 2016 Austin BBQ, 2016
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Relay Measurements (CX600NL)

insertion loss

REF 0.0 dBc RBW 50 KHz VBW ---
0 10 dBfiv ATTENA10 dB INT REF
TG
-20
8 -40
Z
[
=]
=
=
E -60
<<
-80
-100
START 50.00000 MHz CENTER 900.000 MHz STOP 1.750000 GHz
SPAN 1.700 GHz SWP 780.0 msec
Marker 1: 145.0000 MHz, 0.0 dBm Marker 2: 220.0000 MHz, 0.0 dBm Marker 3: 435.0000 MHz, -0.0 dBm
Marker 4: 900.0000 MHz, 0.0 dBm Marker 5: 1295.0000 MHz, -0.1 dBm

September 2016 Austin BBQ, 2016 27



Amplitude (dBc)

September 2016

Relay Measurements (CX600NL

return loss
REF 0.0 dBc RBW 50 KHz VBW ---
0 10 dB/div ATTEN 10 dB INT REF
UaPTG
L~ -
20 i o
Y 4 N e Y
-40
-60
-80
-100

START 50.00000 MHz

Marker 1: 145.0000 MHz, -32.0 dBm
Marker 4: 900.0000 MHz, -27.5 dBm

CENTER 900.000 MHz
SPAN 1.700 GHz
Marker 2: 220.0000 MHz, -29.6 dBm
Marker 5: 1295.0000 MHz, -25.4 dBm

Austin BBQ, 2016

STOP 1.750000 GHz
SWP 811.0 msec

Marker 3: 435.0000 MHz, -23.8 dBm




Relay Measurements (CX600NL)

isolation
REF 0.0 dBc RBW 50 KHz VBW ---
0 10 dB/div ATTEN 10 dB INT REF
TG
-20
,_-l-'-_'_"—"'_'_-_ B, ——
B /
o 40
- N/
)
=]
2 W
=
g -60
<
-80
-100
START 50.00000 MHz CENTER 900.000 MHz STOP 1.750000 GHz
SPAN 1.700 GHz SWP 795.0 msec
Marker 1: 145.0000 MHz, -35.1 dBm Marker 2: 220.0000 MHz, -32.4 dBm Marker 3: 435.0000 MHz, -26.3 dBm
Marker 4: 900.0000 MHz, -23.1 dBm Marker 5: 1295.0000 MHz, -25.9 dBm
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Antenna Relays (input)

September 2016 Austin BBQ, 2016
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Relay Specs (CX120A

insertion loss

REF 0.0 dBc RBW 50 KHz VBW ---
1.@HB/di ATTEN,10 dB INT REF
0.0 ;LE r!]
TG -——
-2.0
g 40
B,
Q
o
2
=
£ -6.0
<
-8.0
-10.0
START 100.00000 MHz CENTER 900.000 MHz STOP 1.700000 GHz
SPAN 1.600 GHz SWP 748.0 msec
Marker 1: 145.0000 MHz, -0.1 dBm Marker 2: 225.0000 MHz, -0.1 dBm Marker 3: 435.0000 MHz, -0.2 dBm
Marker 4: 900.0000 MHz, -0.3 dBm Marker 5: 1295.0000 MHz, -0.3 dBm
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Relay Specs (CX120A

return loss
REF 0.0 dBc RBW 50 KHz VBW -
5 10 dB/div ATTEN 10 dB INT REF
TG
—"""—-’_’h 'r—.\\ﬁa
F '\
8 -40
=
D
o
=
2
g -60
<L
-80
-100

START 100.00000 MHz

Marker 1: 145.0000 MHz, -24.4 dBm
Marker 4: 900.0000 MHz, -15.7 dBm

September 2016

CENTER 900.000 MHz
SPAN 1.600 GHz

Austin BBQ, 2016

Marker 2: 225.0000 MHz, -22.7 dBm
Marker 5: 1295.0000 MHz, -14.0 dBm

STOP 1.700000 GHz
SWP 656.0 msec

Marker 3: 435.0000 MHz, -19.7 dBm

32



Relay Specs (CX120A

isolation
REF 0.0 dB¢ RBW 50 KHz VBW ---
§ 10 dB/div ATTEN 10 dB INT REF
TG
-20 e
-_____,_'d-—--—"'——\— /

Amplitude (dBc)
®»
o
_=ES
"-!-\

-80
-100
START 100.00000 MHz CENTER 900.000 MHz STOP 1.700000 GHz
SPAN 1.600 GHz SWP 733.0 msec
Marker 1: 145.0000 MHz, -41.5 dBm Marker 2: 225.0000 MHz, -37.3 dBm Marker 3: 435.0000 MHz, -33.0 dBm
Marker 4: 900.0000 MHz, -56.4 dBm Marker 5: 1295.0000 MHz, -26.9 dBm
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Relay Specs

isolation (G2RL series)

REF 0.0 dBe: FEWY 50 KHr WEW -
10 dBEkR Al 1=l 10 <E IKT REF
TG

] n _:

o
i
i
3
-
2
o
E &0
oL
<0
{00 l l l l l l l
START 000000 MHE CENTER 525 000 WH STOP 1000008 GH:
SPAN 850000 NHe SWP BET 0 meac
Marker 1; 1450000 MHz, -31.1 ¢Bm Marker 2: 2220000 MHz, -3%.5 ddm MarkerZ 4330000 MHz. -21.04Em

Marker 4 225 0000 MHz, -14 7 ¢Exy
September 2016 Austin BBQ, 2016
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Control Board Functions

* Sequencer
— Prevents hot-switching the antenna output relay

« DC power gate
— VDD and bias (event 2)

* Fan control
* Reverse power lockout (high VSWR)
* Over-temp lockout

« Sequenced LNA power feed and drive power
gating if required (event 3)

September 2016 Austin BBQ, 2016 35



HF Amplifiers which include 6M

« W6PQL
— 1kw on 160m thru 6m
— 1.5kw+ version
— 850-1000w/1500w on 6m
— Broadband transformer design
* Other suppliers (many)
« Very complex switching and filtering, as you can imagine

— Harmonic content is as high as -11dbc on some bands

* Thus, a complex output filter is required
— LPF or Combination LPF and diplexer

September 2016 Austin BBQ, 2016 36



1KW 1.8-54 MHz HF Amplifiers

-

18 to 54 Mz KILOWATT LINEAR AMPLIFIER

100w 1000w
© High Tomp

© Load Fall

{ Forward
| Power

. High Temp "
‘ Load Fall LLHILES :1

|
° Transmit

§ s

PA Voltage | Transmit

10w 100W

40-30m 20-15m
B0-78m . 1210

Amplify 40-30m 20-15m

A e 12-10m
B80-75m ' .

' . m
Bypass . PA Current

100m

September 2016 Austin BBQ, 2016 37



September 2016

. R
b aaa
YAV . H Sonern,

Austin BBQ, 2016

38



L,

e o s

1.8 to 54 MHz 1.5 KW LINEAR AMPLIFIER

» °
(LY 8

ooooo

rrrrr

Lii VErsionsjes

1.8 to 54 MHz 1.5 KW LINEAR AMPLIFIER

200w 2000w

0 6
» Lilif @
Q 2 |
N |
Reflected Forward “
Power Power i
GME P8s cuass 25
' > 1
20w EERRSEEE

200w

40-30m 20-15m
go-76m _ ° 7 _ 12-tom

160m . om
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9-2014
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2

Power Supply band select
Interface
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18 to 54 MHz 15 KW LINEAR AMPLIFIER

Remots Contrel Pass!

70 CENTIMETER KILOWATT

200W 2000W

. High Temp - \

E Temp

= Forward . High
‘ Load Fail et ’ Power

j E : @ oo 100w
Transmit )
‘ 20W 200W ‘ Transmit
c Main Power
20-15m 10W

on Amplify 40-30m

80-75m 'e) ° .. 12-10m
14 > da S o 3 /

e

2518
0281 A Current
£ | on Amplify

'
AC Bypass

Reflected
Power

=
=
-
==
—_
==

= |
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Setup  Memory Wave Equalzer AVTRs  CWX

Diversity  Collapse

VEO Sy

1296.100
'—e,— RX2 W/SSE Cal

|

1296.050 1296.060 1296.070

RX2 AF: O

1296.050

7. 220000

1296.080

Tune
Step: - 25Hz

Save | Restore

1296.090

1296.100 1296110

PowerSDR™ OpenHPSDR mRX PS v3.3.9 (6/15/16)
Linearity RA

1296.120

I

1296130

1296140

1296.150

1296 060
AGC Gain: 98

1296 070

Drive: 30

AGC ATT

9/28/72016
UTC 02-28-20 SPLT | A>B
CPU%Z 25

Center

O Beat A<B
IF=V A<B

XIT 0 RT 0

September 2016

1296 080 1296090

129€.100

1296.110

Austin BBQ, 2016

~ INUBENENE

et s

1296.120

1296130

448 9Hz
®

Transmit Profile:

1296140

-118.5dBm
0.5x

1286.150

1296.100 449 MHz

i X

4x




PowerSDR™ OpenHPSDR mRX PS v3.3.9 (6/15/16)
Setup  Memory Wave Equazer XVTRs CWX Diversity Collapse Lineanty RA

VFOSyne

1296.100 Sy - 25

VFO Lock
23 | @ 7.220000 Save Restore |

1296.050 1296.060 1296.070 1296.080 1296.090 1296100 1296.110 1296120 1296.130 1296.140 1296150

Master AF: 51

RX2 AF: 0

® 1296 050 1296 060 1296.070 1296 080 1296090 129¢ 100 1296 110 1296120 1296130 1296 140 1296 150
AGC Gain: 98 £

Drive: 30

AGC ATT

£
£
£
|
i
E
-
s
E
i
4
B
E
¥
&
E

35.4Hz -112.2dBm_ 1296.100 060 MHz

[A] 0.5x 1x 2x Ax
9/28/2016

UTC 02:33:29 Panafall v Transmit Profile:

CPU™ 20 MUE Poak 15dB  mey
34dB

CTUN 22 RXEQ TXEQ

Y TXFL
MuliRX

® Swap
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PowerSDR™ OpenHPSDR mRX PS v3.3.9 (6/15/16)
Setup  Memory Wave Equalizer AVIRs  CWX |versty ollapse Liearity RA

1296.100 -

VFO Lock
| 7.220000 Save = Restore |

1296.050 1296.060 1296.070 1296.080 1296.090 1296.100

1296.110 1296.120 1296.130 1296.140 1296.150

Master AF: 51

- : 7 ; Attt o A g oA
RX2 AF: 0 : ; ;

® 1296.050 1296.060 1296.070 1296.080 1296.090 ; 1296.110 1296.120 1296.130 1296140 1296150
AGC Gain: 98 =

Drive: 30

AGC ATT

531.6Hz -119.6dBm  1296.100 557 MHz
® 0.5x Tx x 4x
SPLT | A>B . T Transmit Profile:
DBeat A<B AVE" Peak
IF=V A<B CTUN

Center

3dB
XT 0 RIT O

b BB E 1

® Swap

MultiRX
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PowerSDR™ OpenHPSDR mRX PS v3.3.9 (6/15/16)
. Setup emory Wave Equalizer XVTRs  CWX ivarsl’ty oﬂapse Liearity RA

RX1 Meter T Meter

3.920
e

Master AF: 51
®
RX1AF: 10
®
RXZAF: O
®
AGC Gain: 90

Drive: 70

ATT

AGC

-30568_1Hz -85 0dBm 3.889 432 MHz

Center ; [ ] 0.5x 1x 2x 4x
9/28/2016

UTC 03:44:16 SPLT | A>B Panafall ¥ IR e Transmit Profile:
CPUZ 24 0Beat A<B ————

3dB
IF>V A<B
RXEQ TXEQ

CTUN
TXFL
o - =

XT 0 RIT O 38
VAC1 VAC2
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PowerSDR™ OpenHPSDR mRX PS v3.3.9 (6/15/16)
Setup  Memory Wave Equalzer CWX |versity oHapse Linearty RA

7.243

™ R

RX2 AF: 0

AGC Gain: 100
®

aim

=]

T
it
'1.1

Drive: 70

dlons Boaem

el il

‘-' i &b : I
-47884.9Hz  -120.9dBm  7.195 115 MHz -9920 1Hz -67.6dBm 7.233 080 MHz
Pan: ® Center

4] 0.5x Tx 2x Ax
9/28/2016

UTC 00:12:06 SPLT A>B

! — Transmit Profile:
PUZ 0Beat A<B

IF-V A<B
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Barefoot Apache 100D
-30 db imd3

PowerSDR™ OpenHPSDR mRX PS v3.3.9 (6/15/16)
Memory  Wave

Equalizer AVIRs CWX Diversity Collapse Linearity RA

Tune
Step: - |25Hz

wre 14.200

|

Save = Restore

14.200

Master AF: 8

RX2 AF: D
®
AGC Gain: 101

®
Drive: 41

Pan

18862.2Hz -14.9dBm
Center

14.201 882 MHz
L8] 0.5x “x x 4x
SPLT A>B s Transmit Frofile:
CPU% 26 OBeat, A<B o 15 dB
IF-V A<B
XIT 0 RIT 0

o Bl B

VAC1 VAC2
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Barefoot Apache 100d with Puresignal correction

Dipiay | 5P| Trarnt Setup  Memory Wave Equalizer

)R | ADC | Options

AmpView 1.0

XVTRs

CWX Diversity  Collapse

Linearty  RA

14.200

MUTE

Reset Database

5QL: -108

e
Single Calibrate

Correcting

9/29/2016
UTC 17:24:58
ICPU% 32

AmpView

Auto-Attenuate

M Relax Tolerance

Center

SPLT A>B

0Beat A<B

IF>V AcB

XT 0 RIT 0
80

VACT VACZ

TS 9B

September 2016

-63 db imd3

PowerSDR™ OpenHPSDR mRX PS v3.3.9

Tune
Step: | - |25Hz

Save = Restore

14.200

14 201 882 MHz
-l S

1862.2Hz -14.0dBm
& 0.5x

Transmit Profile.
15 dB

3dB

5.0k
33k
2.4k
1.0k

Widih: [ ]

Shift ® Reset

Low| Bl Wi TH

PR ST e A o A R )

Austin BBQ, 2016

10:24 AM
9/29/2016




1KW SSPA
-34 db imd3

PowerSDR™ OpenHPSDR mRX PS v3.3.9 (6/15/16)
Setup

Memory Wave Equalizer XVIRs CWX Diversity Collapse Linearty RA

wre 14.200 Se - 2

Save = Restore

14.200

Master AF: 8

RX2 AF: D
®
AGC Gain: 101

®
Drive: 44

Pan

Center
9/29/2016

A
1882 2Hz -1.2dBm 14 201 882 MHz
L3 05x “Ix" =x 4x
0Boat A<B

Transmit Profile:
15 dB
IF-V A<>B

3dB
XT 0 RIT 0
o Bl B

VAC1 VAC2

September 2016
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1 KW SSPA with Puresignal correction
-61 db imd3

PowerSDR™ OpenHPSDR mRX PS v3.

Dipiay | 5P| Trarnt Setup Memory Wave Equalizer XVIRs CWX Diversty Collapse Lineanty RA

R | ADC | Options — e
MUTE 14200 | O TR Step: | - |25Hz

T [ 7220000 Save  Restore
AmpView 1.0

14.200

Reset Database

Input

Pad2Pad Microsoll g sho W Fhe

PureSignal 1.0

MOX Wiait (sec)

Single Calibrate Calibration Wit (sec)

amplifier Detay (ns) - CHER]
1862.2Hz -1.2dBm 14.201 882 MHz

. Creracing l:‘ Feedback Level : ® 05x ER| 2x | 4x

5.0k
33k

Transmit Profile

Corection Save / Restore 3dB 1.0k

Save e .
Auto-Attenuate
Shift ® Reset

M Relax Tolerance : Luwl:H High !
— e
TS O B og A vwI x3 rd xE O 3 i B - maasdo 0T e o
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1 KW SSPA, Puresignal on, speaking the word “hello”

PowerSDR™ OpenHPSDR mRX PS v3.3.9 (6/15/16)
Setup emory Wave Equalizer XVTRs  CWX |vers|ty ullapse Linearlty RA

VFO Sync Tune
Step: - 25Hz
VFO Lock

7.220000 Save  Restore

14200

Master AF: 8

RX2 AF: D

AGC Gain: 101

Drive: 60

23636.0Hz -84_9dBm
Pan:

(]
9/29/2016
UTC 17:37:59 SPLT | A>B
CPUZ 30

14 223 636 MHz

Center

530.7Hz -10.8dBm 14.200 531 MHz
; ® 05 Ix  2x  4x
i nadzpte:

0Beat A<B

IFsV A<B $

— o an Transmit Profile:
)
comPr @ 3dB
XIT 0 RIT 0 vox &
VAC1  VAC2

DEXP
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