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Amplifiers homebrewing — WHY ?

» Legal output power for shortwave radios at Germany is 750W,
legal limit for the United States is 1500W — the market for high power amplifiers
IS low and in some cases electricalrobustness of solid state amplifiers is poor
= sensitive commercial amplifiers, protections lacking or even missing

« The quality of commercial amplifiers could be fairly bad - spurious emissions,
mechanically sloppy, noisy fans
= poor quality by low costdesign

« Most commercial amplifiers are designed for smallest size, so the thermal
interface is not able to cover long term high power transmission, not suited for
“contest” use (QRO PA 18.2kg, width 40.5cm/ height 20.5cm/ length 34.5¢cm)
= low endurance at full power and 50% RX / 50% TX
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Amplifier homebrewing - WHY ?

TEXAS INSTRUMENTS stands for quality, performance and power;
club radio station DLOTIwill do so as well:

“""‘1"

-

ting now

DLOTI on air until March — by tube April 2021 - 2x LDMOS ac
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Short Introduction to RF Amplifiers
* |In the past — and still common in RF: TUBE AMPLIFIERS

PRO'’s - a tube, especially a metal ceramic tetrode is electrically robust,
l.e. Svetlana GU-74D, suited for 1kW output power, accepts
up to 240W reflected power short term and 120W long term
- single variable Pl filter transfers power to antenna, better 50dBc

CON’s - mechanically sensitive on shock and vibration
- aging, tube loses vacuum over the years, needs replacement
- typically needs preheating 90secsto 180sec
- high plate voltage, grid voltage, heater voltage = sophisticated supply,
iIn most cases less efficient linear power supplies
- typically limited gain, +10dB..+20dB, but depending on topology
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Short Introduction to RF Amplifiers
* In this day and age: SOLID STATE AMPLIFIERS (here LDMOS based)

PRO'’s - almost no aging of bipolar or LDMOS devices
- mechanically robust regarding shock and vibration
- no preheating needed, just go ON AIR as you want
- simple reuse of 48V telecom rectifier to supply 50V devices,
so low EMI, having PFC (no reactive power) and PSU efficiency 96%
- better RF efficiency, especially by enabling digital predistortion
- high gain, up to 30dB - and still linear operation

CON’s - LDMOS are extremely sensitive on overdrive (gate voltage)
and reflected power (drain voltage), needs to be less than 50W (!)
- needs a low pass filter per band to attenuate spurious emissions
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Short Introduction to RF Amplifiers
* Very first CONCLUSION to design a LDMOS RF amplifier:

- the sensitive LDMOS device has to be protected by several fastacting
circuitries around (hw based to reactin ms, NO uProc control !)

- at RF efficiency approx. 60% a reasonable thermal interface is mandatory
- filter design to achieve attenuation of spurious (< -43dBc up to 10 x f1)

- a cost effective telecom rectifier is needed
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LDMOS RF Amplifier Design: Specifications

* In general — high power amplifier for amateur radio services on shortwave

« Must have:
- covers all shortwave amateur bands 160mto 10m (1.8MHz to 30MH2z)
- linear amplifier to support single side band operation SSB
- achieves 1.5kW output power without compression (legal limit US)
- meets FCC 47 CFR 97.317 d, spurious < -43dBc  (legal limit US)

* Niceto have:
- two exciter inputs to support
a) SDR, low power output, typically 5W to 10W
b) standard transceivers, power output 100W to 200W
- 12V / 4A bias output to supply SDR directly out of PA
- CAT interface, frequency data out of TRX selects band filter at PA
- smart fan control to support “silent mode” at output power <1kW
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LDMOS RF Amplifier Design: Block Diagram

frequency & RX/TX

Auxiliary PSU
TRACO, 12V/5.4A
TPP65-112

12Vext / <4A, auxiliary output to supply TRX

12v /<1,

A 4

5A

CAT data & PTT

HI/LO select

A 4

A 4

5W LO input —»

25W HI input—|

Input Attenuator
LOW -7dB

h 4

Odrv

HIGH -14dB

Overdrive
Protection

A 4

Monitoring
(Arduino)
& Control
(HW based)

F ¥

poor SWR

band select

F
12V bias

Y

OT & OC

A 4

RF PA Module

2x BLF189
(+30dB, Push Pull)
1Win to 1kWout

Lo0or SWR

Y

h 4

F

Telecom Rectifier
HuaWei, 50V/60A
R4850G2 (70USS)

Directional
Coupler 1

53.5v / 55Amax.

Harmonic Filter,

.| CAUER topology,
| (covers six bands)

Antenna

Directional

Coupler 2
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LDMOS RF Amplifier Design: RF Power Stage
AMPLEON BLF189XRB:

A 1900 W extremely rugged LDMOS power transistor for industrial pulsed applications in

the HF to 150 MHz band.

Table 1.  Application information

Test signal f

Vbs PL Gp no

(MHz) (V) w) (dB) (%)
pulsed RF 108 50 1900 26 725
Table 4. Limiting values
In accordance with the Ahsolute Maximum Rating System (IEC 60134)
Symbol Parameter Conditions Min Max Unit
Vs drain-source voltage 135 v
Ves gate-source voltage -6 +11 v
Tstg storage temperature —65 +150 |°C
Tj junction temperature [ |- 225 °C

( [

250 US$ each

:) L=41mm, 1.6 inches

C

[

RF Power Block 2kW+:

o
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LDMOS RF Amplifier Design: 50V / 3kW Supply

Hua Wei R4850G2: Rectifier 53.5V/ 55A+ [ 3kW:
- Power Factor >99% (>50% load)

- THD <5% (>50% load)

- Effcy >95% (30% to 100% load)

- Ripple & Noise <200mVpp @ bw 20MHz
- RX/TX dynamics +/-0.5% (90% transient)

Main topic — shielded & low noise for RF circuitry:
complies to all relevant standards regarding EMC |
in wireless systems, i.e. FCC, ETSI, EN, ITU...

Just replaced noisy fan, red funnel is a 3D print

Another topic: low costfor 3kW, 70$ at “Ali” (1)
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LDMOS RF Amplifier Design: 50V / 3kW Supply

Further huge benefit of SMPS - A Rectifier Module
UNIVERSAL INPUT RANGE 1009 o e e
At “Field Days” HAM radio stations are
powered by generators; their output is
not that well regulated as the usual grid.

45%F - e e
40%f == ===

Output power / %

Input voltage might drop as low as
176Vac for full RF output power 1.5kW+

US grid 115Vac still allows 800W+ RF i
output power 85V 90V 176V

Effective value of input voltage / V

>
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LDMOS RF Amplifier Design: 50V / 3kW Supply

Here linear power supplies of common tube amplifiers are lacking (!),
those supplies are not able to withstand a large input voltage variation:

V1
> :TQ
-}
(g 13.2v
as
10v
A1l >~ 0= K1 72 i T10
S . T~.230,240V RTE44012 r3 10V T11
120,240V _ . 120v ~S 92v
2 s MAMB// 6 e s ' AN T12
2% 110,220,230V _11ov___ 'y __=210 ,zzgng 100,110,120V %5 R1 F1 100v 13
. N A4 22/7W 0.8ASB T4
-7 S - oM\ _o— 270V
100,200,210V, N .7 ri4
-7 tLloov -
TS
-7 ~ P o (To HV PCB)
a3 _-~ \\\ A7 ’,’200\1
o - N re 10V
T7 10v§
e oT15
K1B 100 830v
RTE44012 v
Mains Input T8 (T16,T17)
I — o Y Ve M2 O : 24,821 : 830v
M Voltage 18
R2 F2
22/7W 0.BASB (To HV PCB)

By jumpers the range needs to be setto “low line” 100V, 110V or 120V
or to “high line” 200V, 210V, 220V, 230V or 240V

Wi3 TEXAS INSTRUMENTS

12



LDMOS RF Amplifier Design: Auxiliary PSU 12V

TRACO TPP-65112 65W PSU, 12V @ 5.42A:
- Efficiency 93%

- Ripple & Noise <75mVpp @ bw 20MHz
- Dynamics 3% (50% to 75% transient)
- universal input 85Vac to 264Vac

N o

S A
VIR w

T

Main topic — semi shielded and low noise:
medical PSU complies to all standards
regarding EMC, i.e. IEC, EN, ES

EN-61000-4-3, withstands RF field 20V/m
(noise immunity important inside RF amplifier)

Cost: 59% (Mouser) 13
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Deep Dive RF, Schematics Input Circuitry

bypass / receive

R Auzsgang (high poser)

25'W > 1000 W *T1 W mms [ 100 V poak @ 100 W Richikoppler (Antanine) K2
1 * 150 V ponk @ SWR 1:3 £ % u G2R2
HIGH = ANT +izv @ L
BNC f TG 100 uH c1a - cin
GNO K1 K2 GND ZTD’] Swmuerung Sende-Emplang Relals
GND W eS8 10 nE Low: Soncen
o C High: Emptangen (PA Bypass)
o flow . GND GND
Ausgang (low pawee]
sW > 1000 W Ausgang Oberwelarite: - ae
x2 £ ox4
LOW OWF
EMA TR GND
GND GND
PTT=RX/TX
K3
G2R2
. - - C18
BNG Buchse: Amphanol 112404 T LED1 0 —Ds HIGH.LOW Schafter (Schilalar)
* TNG Buchaer: Amphanol 122840 s ¥ o e Taw o 25w oftan
- 5l nol 122134 "6 - N £ W: goschloasen
* Wicarstande: TE Cnnnﬂnmlg X25 Sere, 2 W, Metalloid
* Kondansatoren: WiMA 7.5 RM, 630V DC
* Rolaia, 1x UM: Findar 40.31 810420000, 10 A, 12V L ]
* Ralais, x UM: Findar 20 62 9,012,000, 10A, 12V h : - fer.
igh power att.
Ersina Dampfungsgled, ca. 4.7 &8 Zweites Dimpfurgaghed, co. 2.4 . 0.7 68
Ca. -12.0 .. -11.0 dB Damgpfung gesamt
GRD
tof Karn: Amicon, BN-43.202
glelale uum.rmm Matarial 43
1:2 Wincungen )ﬂl’:lﬂmnh.ng
BraTs
Richappler Einga
W rﬁ' Itmlﬂlnchi 1000 W)
(=]
- TEW@25W/EWiIn RK1 — 2\! o
-] — @ —< &
| C16 a2 SMA
RKZ GND
b, b,
£ T I
Ve b @ s»s CO PA
11w £ W primi | | RKS
Strom @ S0W In !ﬂ\rnn'JIIJA! Vnﬂnk
*Ca/C10: 033 AR 30 MHz!
*C12:0.22A8 30 MHz o2
12 st
Refltierte Leistung
c14 R3E Rar c1r R Rag c2
GHD 100 100 100 100
Ca. 5.0 18 68 Dampfung In nF Inn I—m
GND
GND GND  GND  GND GND  GND  GND
overdrive

L L
Im:. Im

GND  GND

R26
180

GND

R
150

Boiast
“RIL .
* P26 R2E: 33 W
R3O0 RIT-10 W

low power att.

Dampfungsglied @ 10W in
TR e
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Deep Dive RF, Schematics Coupler #1.

IN

Eingang
X1 K1-1

N
me“3 PAOUL

GND

IN

N
N

to Filter

— ouT
77 Vs
] |

_[—X GND

/]

FWD
GND ‘ — ‘ 2
? R1-1 jﬂ_m-z
Richtkoppler nach DK4S5X GND
- Amidon FT 82-43, 20 mm
- 30 Windungen CulL 0.5mm, GND
ca. 70 cm, gleichmassig
verteilt
-Ca. 7Tcm RG142 R2-1 R2-2
- Heisskleberstange zur
Befestigung T
- 29.6 dB Koppeldampfung —
WA
REV / \\ FWD
i ;
K2-1 || || K2-2
) RN /] -
F GND _
GND

Forward Power

D1 Vorwérts
INST 11
V-WVOR
C1
GND
Iﬂm nF 8
GND GND GND GND
REV
2] D2 Riickwarts
AN5711 .
w ') V-RUCK

I=
GND
I‘IGO nF

GND GND

[==] (=]
&’ée ezée
GND GND

Reflected Power
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Deep Dive RF, Output Filter Design:

limited board space for SIX filters
maximum attenuation 2f1 needed
= CAUER filter (elliptic filter)

pro:
fastest transition passband to
stopband

con:
equiripple behavior at passband
and stopband

G Butterworth G

Chebyshev type 1
1.0 ! { g

0.8 0.8t .
0.6 0.6 oot .
0.4 3 .
0.2 02b N .
O'%.o 05 10 __15 20 O'%.o 05 10 __15 20
flf, fIf,
Frequency response curves for 5" order
G Chebyshgv typtl-:‘ 2 G | EIIiPtic
1.0 : : ; 1.0 ; : ]
0.8 0.8 ; : .
0.6 06- ................... ......... i
0.4 04b S 1
0.2 02 rrrrrrrrrr | [N rrrrrrrrr .
O'%.o 0'%.0 05 10 . 15 20
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Deep Dive RF, Schematics Filter Bank:

160m Amidon T130-2 rot GND  GND Amidon T130-2 rot GHD  GHD Amidon T130-2 rot
Amp out 13 Windungen. 55 cm 18 Windungen, 75 cm 13 Windungen. S5 cm
30uH ca fes 4320H cs |ce 30uH 2
Ausgang TOR1 TOR3 ™
ANT =2
NG J_c? J_ca 48204 J_ce J_cm 2
GND u
0 coupler T Towr o] Tiow Toawr -
GND  END C12 120 oF GND  GND b
GND
Amidon T130-2 rot GND  GND Amidon T130-2r00  GND  GND Amidon T130-2 rot
10 Windungen, 44 cm Im Icu 13 Windungen, 58 cm IC‘B Icm 10 Windungen, 44 cm 4
255 uH 158 uH 2
- - TOR4 TORS
158 Tob T\h ToRS Tnn Tnn 1568 U R
Spurious suppression — " — o 1
Tor Low | o Tow Lon
n
a70pF] 470pF | S Hﬁmpr 470 pF | 470 pF
Z
ower stage -20dB v e ] s
GND
Amidon T130-2 rot GND  GND AmidonT1302rot  GND  GND AmidonT1302 10t |
8 Windungen, 36 cm 9 Windungen. 36 cm 8 Windungen. 36 cm |
078 uH cas |co 122 c25 | co .78 uH 21
TOR? ToRs
078 uH nb. | nb TORE T" b. 'rn b, 078uH ERY
eay pa1 o4 1
. c27 J_cee 1.220H J_cza J_can 3
n
so filter needs -25dB at 2f1 I o By :
GND  GND s arer o &N =
f GHD
Amidon T130-6gels  GND  GND Amidon T130.6 gels  GND  GND Amidon T130.6 gelb

CAUER Filter 6™ order,
(= elliptic filter)

and:
six individual banks needed

7 Windungen, 31 cm
075uH
TOR10
0.75 uH

Tos Jow
s

i Sy

8 Windungen, 33 am

ICZ!& ICEE

b T..n
- —s

1]

7 Windungen, 31 cm
Q75 uH 21

Taepr | 2xezpF

Tov Low

J_CM C42

= |un
IEBpF 20625F
g9

cas | cad

GND GND GND  GND cw | 330 GND  GND GND  GND
I
GND
Luftspule, 15 mm innen  GND GND Amidon T130-6 gelp  GND  GND Luftspule, 15 mm innen_ |
5 Windungen 5 Windungen. 24 cm 5 Windungan 3
0.28uH car | cas 0435 cdo | cs0 0.20uH
TOR13 TOR1S
028 o Tnu T""’ ToRM Tub. Tnu. 029 uH
£ p—t2 P P =11 Py
Ton Lom Tons Jom
47 pF | 247 pF AT pF | 2xdTpF -
GND  GND GND  GND z7)
GHD
Luftspule, 15 mm innen GND  GND Amidon T130-6 gelb GO GND Luftspule, 15 mm innen
4 Windungen cr | cos 4 Windungen, 20 cm Ic59 ICE[I 4 Windungen
020uH 0.303uH 020 uH —a
TOR1G ToR18
020w _[nb. [nb TORT nb. b 020uH EE
P P2, P3 _Fil ) . =
CB1 C62 0.303 uH CB3 CB4 !l
1
62 pF | 51pF 6 "77“': 62 pF | 51pF -
GND  GND c66 ".,,, GHD  GND z
GND

160min

80min

40m in

30m/20m in

17m/15m in

12m/10m in
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Deep Dive RF, Filter Adjustment by nanoVNA

\ Huber-Suhner

SMA - Kabel < =
(blau / schwarz)

Messobjekt:
Low Pass Filter

\ fg =110 MHz " _ -\\/

0
00000000000000000000

nanoVNAH4, <100 US$ Adjustment 160m filter (1.8MH2z)

18

Wi3 TEXAS INSTRUMENTS




Deep Dive Peripherals, Schematics PA Interface:

r -
| R13 }
| +12V Eingang e '
i '}\w 1c3 § i
1 NEs213 <

| RS Ri4 Strom +12 V Netzteil = +Hav . I
| FETa . . 5 500 mVI10A b " !
1 pannung +12 V Netziei !
: om Ra, Fakor 11, 120V > 108V 0o s BIS :
! |
| 330 uF ca0 = !
! 100F 22uF 100F 220F 10nF f' v v w12V CS o g Lo g 0 !
' o #¥ ot ot '
: . 100nF '
‘ 12Vbias ‘
! ) GND @D @D GHD GND D !
! 1

J

Anschluss PA Modul out_G +12 V' / 3.5 AAusgang
Abschaltung C fir 6 m
‘apen (muss immer din sein}

U_biss_in (1) - 12V Biss

1c4
12v

NIS5112D2R2G
'y

= 182
U BASAZD s sviz Lo 2 (R
100uH svia sy o vee source
c4 —msvis  svise—4  ooun S
: =7 svis ! s
i 000k =D sviao P - ‘
H
i GhD . 2 ovor M |
1 R twire_TEMP | >
L wirs_ ' Y
: oo 100k R0 Dalersignal DS 188202 c21 ez
47k Temperalursansor

gate bias IWM sl s, 12Vext e-fuse

P OT PA

UB_senss (3) - Spannung Netztail
Fakior 1/11, 535V - 4.86 V.

ic1 1wire_VDD
Nach Spannungsteller: Faktor 13.13  LMVT10 Versorgung DS18820 -
Gesamt: 1134 b GND |3 Temperatursensor J

OT int

+5 V Hilfsversorgung 12V | I

100 uH -5V

' LMVT15: IDHF ! i\
; Pin § und 6 verbinden, ; e P
i da SHUTDOWN nicht GND Extorne Abschatung PA | :
! verwendet wi !
! o & ! Im o Im oF
1 a2y ' GNb  @ND !
U_biss C 5) !
Zisschaltung Versorgungsspannung fur HF FETs L
Nicht varwandet (Spannung gt immer an)
100 v
U_bias_ZD (7) J— i JP“ GND GND GND
gt o wenn Strombagrenzung akiv st .
Nichi verwendst & PA bias off

TX (8uf RX, Pin 2, 9-polig)
RX (auf TX. Pin 3, S-poig) |
GND (auf GND, Pin 5, 9-palig)|

J-Gontrol (8) - Strom Netztsil 700 nF
Faktor 1/13.000. 25.0 A (50 A gesamt)

Entspricht 3717  an 1933 Ohm
(2700 Ohm | 6800 Ohm)

1859V nach Spannungsteier

T
(@]
@]
e
h=

LMVT15:
Pin 5 und 6 verbindsn,
da SHUTDOWN nicht
verwendat wird
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“ersorpungaspannungs Versiarkenmodul
L1z
v R &1 LED Vorwidorstarcdn
100H c28 P R2E, R28: 1k fr nommale
T Zur Entstiung des Schabars 33 for klara Lu:u Igl\‘n.’l
100 oF Fol 329992 wurde nachiragiich Uber jocen R16, R2P: 2% 0 normak
luneas Echatboniski s 100 F 1 100 353 Yo e L0 ot
END Kandsnsatcr g az Rt . R 10k tr il LED Aden (gt
=l (E10 158 Packesta P
Bardwati fir Coorwelionfitar dor Loierpiatos) 8
o fes g Leos
1B0M L
- oL
R " &
o RS =3
mnmg I T o o,
A1 R2 " R4 A R a4 i
0k 0k 0k 0k 10k 1ok @ 12 V Bias Varsorgung
& 0 2Kz907 i PA-Modul
Z b LEDS ofLEDE o LEDS LEDa LEDZ LED1
E ot t¥eom $Fam  E4 somEE ren i 2iom L
3 BiAS
GHD GND GND =) GHD =) Szsor o wH
L}
LEDs per band iz we DIAS PA
Varsorgungspanaung
2k
L L LD
v @ . ™ g
100 uH J_\JW 100 ub J_U‘ rJ__Icns 3
Imnr IwnF I‘"‘“‘F &
GND GND  GND
PTT-Signal vom TRX
12 PTT RI/TX  es s
R z Sousesgnel R Eoab
PIT & T . — e Po? Eing
100 uH l 4 Tk g
cir L
SERELNS
10nF R R18 100 uH
— ——4
N 3
STANDEY-Schattar 3 LED? cH 10k wk PTT ’ RX /TX
Im hormakaeiriat offon E ¥ sray !H o . = cio
K in
Dt 1Ndtee
&
i - StandBy ot Foae D101 hat keinan Foolgein auf dor Latariatio s ¢ tonk
100 H aTk '] BT +
Bl Aoachalung bl ety o 50 W Ergungalisung - - &b
e soma. e s = = [T cza 1 | DS1E-12V
0 nF 4 g
{Z) Pount: Abschaitung bel falschor Filorssal L
Schnalla Abischaltung, Richthoppler auf W B E
=) &N
z RESET-Taster (Dffre
Boutz:Abschatng be 50 W refakiorer Laisung I Narmabairob guschiossan,
Schnella Atrchaltung, Richtkoppler vor Antere i Reset affnan
o7
a4 [ R £ & ReTi
I e Natas 10K
Ra3 s
RET2
" i W0 u
R23
ar
— Qv Sz cie |
ul jJ w | ow _5] 1 ct 22k L
‘ Wil ?nZ: - Luasa inf | 1aF X
L SISl o Ly — e Reset Failure
ke 1k |1 Rrplaie
GND  GND  GND &N END o =) GhD  ERD =]

FAILURE, Far 11 s i LB vennsct warn,
ORi Bal Operaticreverstirkam urd anders Komparaioran
ing gubt buim Arogan cer Varmorgungaspannureg der
gy ez o urd e st Fatiar s
t nicht far dan LM3SD (urapriingllch
TLVST0T qoplon], Sasbels e ob Al ookl
vanwanda werdan

Pos gogen UZS: mobr Loistung
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Deep Dive Peripherals, Schematics Fan Control:

Fan Control Rev?2;

- used 48V fans PWM Liftersteuerung Arduino
- analog control very lossy ! oo
- switched to PWM control Jrore l T
- Arduino measures temp. o8 To Lo ]
- Arduino sets duty cycle Lo [ e T e T Toow L
100 nF | 2 ok 100 nF g |:E FDSS?E
- <40c fan off et T T, T =
-40c 20%duty, +2.35%/C  wow: E & “
- 55¢ 55% duty, +4.70%/ c l
- 65¢ 100% duty
>65¢c ALARM (buzzer)
21
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Deep Dive Peripherals, Fan Characteristics Rev2:

= Fan Speed

Duty Cycle

100
90
80
70
60
50
40
30
20
10

0

64.5¢c = 99.9% duty

to 55¢ = “silent mode”

20 25 30 35 40 45 50 55 60 65 70
Temperature (c)

66Cc = ALERT

“silent mode”

bias current 2x 3A, bias power 300W+ (!)

0 1 2 3 4 5 6 7
time (minutes)

Stress Test: Id setto 20A, Pout 320W, Pdc 1070W, Pv 750W, Effcy = 30% (HF) ,

Wi3 TEXAS INSTRUMENTS



Control

Wi3 TEXAS INSTRUMENTS




LDI\/IOS RF Ampllfler DeS|gn BETA Symbiosis:

[ T e "V

Subassemblies mounted into BOSCH frame Control & Dlsplays
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LDMOS RF Amplifier Design, WK Mechanik:

‘ QRO PA A
Front Plane, CAD Front Plane, HW

i - ]

20 15 10
> e e 9

QRO PA

ALPHA, very firstcheck...

Wi3 TEXAS INSTRUMENTS
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F Amplifier Design, a) TRX TIMING:

RF output

PTT, low active

CW,RXto TX SSB, RXto TX

OHDE & SCHWARZ

CW, TXto RX

SSB, TXto RX

Wi» TEXAS INSTRUMENTS



LDI\/IOS RF Ampllfler De3|gn a) TRX TIMING:

Amp keyed off

Amp keyed on

RF output

icdth Plot showing RF output continuing after amp is ke_:;yed OFF

y m 2 7 s00my

very poor example of TRX timing — IC-7300, here CW, TX to RX:
PTT release kills SPE expert amplifiers...

27
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LDMOS RF Amplifier Design, b) TRX OVERSHOOT:

RTC1002 (HW 0x101b0000; 5w 05.100) 20Z21-04-16 17:50 RTC1002 (HW 0x101h0000; Sw 06.100) 20Z21-01-17 13:14
DE3GF Bernd NDrm—Trig.{CDmpIete®H°HDE&SCHWAHZ DE3GF Bernd Marm-Trig./Run ®H°HDE&SCHWAHZ
TB:10ms T:30ms CHz: 770my *DC 496k3a  Refresh TB:5ms  T:25ms CHZ: 560 mY “.DC 98.04k3a

C
H
1

SaWE/RECALL
SCREENSHOTS

A i i STORAGE

2 Trig?: 1:16min

Front USE E’

FILE NAME

SCROS

FORMAT

BMP

COLOR MODE

Caolar

SAVE

Peak Yalues: (CH1)
Yo+ 25.60 Y Yp- 24 B0 Y Ypp: 50.40Y
[CHL zov e |

Exciter TS-890S, small overshoot Exciter TS-570DG, large overshoot (!)
needs gate protection (clamping)
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LDMOS RF Amplifier Design, ¢) TRX SPURIOUS:

Peak Peak

Next Peak Next Peak

Delta Marker

D .Ita Marker
18.241666 MHz Peak Right ) 36.151666 MHz || Peak Right

-70.11 dB -59.94 dB

Peak Left Peak Left

Min Search Min Search

Peak Peak Peak Peak

1 : |
{ Cont Peak | | ||| ContPeak
) | o |Kfu’Jf-'|f,‘u'.f‘«\"’l"u‘w.“f',’ ‘-‘,’r‘r.'|‘n\“,v‘“\\\)‘b'Iv"I'Iﬂ‘hhnkﬂl"«'y,»"- gl i\'\‘-'ﬁi-"‘l"‘. o

M ! il
Mo oo, M,_,,Jl_.v ,‘p\‘\,‘\l..,..‘wp,“w v A gl A ‘,‘,.4v,‘\ﬁn,'r;.,!\v,.,J,v‘wy,(.J/».,.,q,\-,, nA\1‘\‘;‘p\\,,'.,u,‘(w‘m.ﬂ,\,k.‘,}x\-adl,ﬂ#,,\\.‘.rz'.

’ [}'\Ir‘"ﬁ‘\’r.‘l‘u"'.'l|r,l,2'.ﬁ‘|f.}v,..‘f".. he

‘ UserKey Set: System,Calibrate,Cal Now, Search Para UserKey Set: System,Calibrate,Cal Now, Search Para
-ant { — | _ .
"‘Slarl Freq 1.0000 Stop Freq 200.00 MHz Start Freq 1.01 Stop Freq 200 Hz

RBW 4 SWT 1 RBW 10.000 kHz VBW 10.000 kHz SWT 1.9900s

Exciter TS-890S, 17m band, -70dBc Exciter TS-570DG, 17m band, -60dBc,
3flis strong, plus subharmonic noise
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LDMOS RF Amplifier Design, On The Bench:

Spectrum Analyzer ‘ 9 Exciter Kenwood TS-890S

== EUT QRO PA

Power Analyzer

A L2
\AM o \ .
N O |
| ¢ Lo =
- o R . » |
—1 . " g R
- 3 ( e
\ / ot % \ . -
AA J / /
AL —
N
//
i

{ /// f,‘
Attenuator 2kW / -30dB Al T\ -
Attenuator 10W / -30dB \ S

(1kW to ImW = 0dBm)

4
FCC AppI’OV al Wi» TEXAS INSTRUMENTS
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LDMOS RF Amplifier Design, Example 17m/18MHz:

RIGOL

Status oRef 0.00 dBm
1R

11:00:11 2021-11-04

Att  10dB sMarker1 18.181 MHz -57.56 d

Next Peak
Delta Marker

18.1181834 MHz Peak Right

Peak Left
Min Search

Peak Peak

Cont Peak
| Off |

On

? I J
b ol g

,-\-J,.-\‘»,‘-."H‘.'.,-._ﬁ,<-._I,""‘u‘-fu,u(‘-"‘\uhll“.’l,J;t.‘ ,'.\ea'w‘—\'w-fﬂ‘u"'u\," ,u,\,--.,q‘u~‘|f'u'~‘-u\'.\|,',a',‘kﬁ\m“u,w.,_,'.-.,.f e ey y

UserKey Set: System,Calibrate,Cal Now,

Search Para

100.00 kHz
3.000 kHz

100
Vstart Freq

RBW VBW  3.000 kHz

Measurement up to 10f1 mandatory — see here, 7f1 (!)

FCC Approval 3
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LDMOS RF Amplifier Design, Results:

Summary for #002, Spurious Emissions § 97.307 (d) at Output Power approx. 1kW:

Band Frequency f1 | 2f1 3f1 af1 5f1 to 10f1
MHz dBc dBc dBc dBc

160m (900W) | 1.900 -64.01 -48.32 n/a -76.58

80m 3.650 -69.06 -49.93 n/a -77.54

40m 7.100 -66.26 -60.86 n/a -63.65

30m 10.125 -61.50 -56.14 n/a n/a

20m 14.175 -67.22 -62.15 n/a n/a

17m 18.120 -57.88 -62.01 n/a -73.29

15m 21.225 -68.73 -69.92 n/a n/a

12m (900W) | 24.940 -71.27 -47.23 n/a -67.30

10m 28.500 -66.31 -66.65 n/a n/a

FCC Approval, Spurious 3
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LDMOS RF Amplifier Design, Results:

Power & Gain in Depth, measured for #003 only — achieved gain around +17dB at HIGH input:

Band Att X PA mtr MFJ mtr SA Gain Drain

m “-60dB” “25W” “1kW” dB Ampere

160m -60.25 -16.89 930W 840W 058 +16.3 42
+43.36 +59.67

-44.3dBc =21.7W =927W

80m -60.35 -16.84 1100W | 1060W | +0.27 +17.1 42.5
+43.51 +60.62

-51.0dBc =22.4W =1153W

40m -60.50 “16.94 1140W | 1110W | +0.34 +17.3 40.5
+43.56 +60.84

-64.0dBc =22.7W =1213W

20m -60.50 -16.96 990W 970W 033 +16.6 40.5

] +43.54 +60.17

-62.4dBc =22.6W = 1040W

10m -60.6 -17.07 1040W | 970W 017 +16.9 43.0
+43.53 +60.43

-67.0dBc =22.5W =1104W

For use at the United States of America maximum gain needs to be less than 15dB,

see FCC 47 CFR §97.317 (a) (2);

FCC Approval, Gain

calibrated Spectrum Analyzer (SA)
provides reasonable results;

for similar gain RF power stage
needs slightly bigger RF coupling
capacitor at input, results at 160m:
gain 16.9dB, output power 1100W;

gain across bands: 16.6dBto 17.3dB
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Outlook QRP PA ALFA mark Il

DIGITAL PREDISTORTION:

The second directional coupler offers an attenuation of -30dB to the power meter,
means 1.5W forward power at 1.5kW output power.

Further decoupling of -20dB (windings ratio 1:10) offers a RF signal of 15mW —
that's the needed input level (+20dBm max.) to drive the predistortion input
“TX SAMPLE INPUT” of Elecraft K4.

A small SMA attenuator -12dB enables to drive other SDRs by 0dBm feedback
level.

Doing sothe RF bias current could bereduced by keeping the high linearity,
resultsinlesslossesandimproved efficiency.

An effective two tone and noise setup has already been designed.
(hardware based, soundcard based and WAV - player based)
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Outlook QRP PA ALFA mark Il

ENVELOPE TRACKING:

RF bandwidth of SSB signal is typically less than 3kHz; the predistortion feedback
signal offers the envelope information, too !

This AF information is forwarded to the feedback of the 50V power supply,
a small bias current is injected into the resistive feedback divider.
(loop bandwidth of the power supply needs to be >6kHz, 9kHz is recommended)

Doing so, the output voltage of the telecom rectifier is modulated by the AF, the
drain voltage is kept roughly only 5% beyond the needed RF voltage.

Difference in between drain voltage and RF envelope are simply the losses.

So envelope tracking of the drain voltage reduces losses significantly, relieves the
thermal interface and reduces thermal stress.

EER (Envelope Elimination and Restoration) has not been taken in account,
modulator and demodulator hardware is way too much effort.
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Summary QRP PA (QRO =increase power)

Three LDMOS based solid state amplifiers for amateur radio services have been
designed, built, tested - and are ON AIR since April 2021

The amplifier itself delivers 1.5kW+ output power on all shortwave bands
160mto 10m, so 1.8MHzto 30MHz

The amplifiers are FCC compliant regarding spurious emissions
At low line input 115Vac the output power is limited to 800W

DRAWBACK —needed much more time as expected (>10x),
CONSTRUCTION MANUAL here: https://www.dk9mat.darc.de/

BIG THANKSto om Uli (DK4SX) mentoring us for one year...
BIG THANKS to om Reinhard (DH3NAB) for RF support...
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Appendix, LDMOS RF Amplifier, EQUIPMENT

To verify such an amplifier some basic equipment is needed:
- reasonable exciter

- high power attenuator 2kW plus low power attenuator 10W or
high power directional coupler and dummy load 2kW

- 7/8 inch, sensor based RF power meter, Bird Electronics or Coaxial Dynamics
- 2-channel, better 4-channel scope, bw >300MHz

- calibrated spectrum analyzer, RIGOL DSA 815-TG is fully sufficient

- network analyzer, audio analyzer (software based via best soundcard works)

- 2-tone generator and/or white noise generator and/or excellent sound card

all kind of adapters, attenuators, cabling...
+ well equipped work bench
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Appendix, LDMOS RF Amplifier, EXCITER

REASONABLE EXCITER - the amplifier can’t correcta poor driver!

Please measure spurious and IMD3 of your transceiver or check at SHERWOOD,
some well suited classic shortwave transceivers IMD3 better -40dBc:

- YAESU FTDX 5000D

- Kenwood TS-890S (tuned)
- ELECRAFT K3S

- Kenwood TS-590SG

- ICOM IC-7610

Modern SDRs offer even better IMD3 |
(-50dBc -and beyond!) :

Wi3 TEXAS INSTRUMENTS



Appendix, LDMOS RF Amplifier, EXCITER

Designyour input attenuator for best performancerangeof your TRX!

« REW 10 kE=
RBW 100Hz | @ ATT 50dB VEW 30 k=
VBW 100Hz SWT 41ms ReZ 0 4Ba «ATT 20 4B

Reference Level 10.00dBm LowPhNoise FFT Pos & Neg 10001 points

Do RTHH o,

AT \N ARIA W Wwwwwmmmmwwmw

Center 14.201 280MHz Span 10.000kHz ot e i

here: TS-890S at full power 100W — best performance around 30W to 35W

Wi3 TEXAS INSTRUMENTS
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Appendix, LDMOS RF Amplifier, RF POWER 1kW+

To measure the output power a dummy load and a power meter is needed,;
for spurious and IMD3 a total attenuation of 50dB to 60dB is needed,
1kW output power attenuated to 10dBm to 0dBm (10mW to 1mW at 50 Ohms)

expensive versus affordable

40
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Appendix, LDMOS RF Amplifier, IMD3

For two tone measurement the simple MP3 player using files did not work well;
classic two tone generator or the tuned sound card SB1095 works best;
a simple wnite noise generator is well suited — and the hardest measurement !

expensive versus affordable
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Appendix, LDMOS RF Amplifier, IMD3 via SB1095

take a Sound Blaster “SB1095” and follow the modifications of IW3AUT;
install “Real Time Audio Spectrum Analyzer” of GM8ARYV:

et e 1 This setup allows either the
“‘u,L"f.:';!wm o :J e e analysis of any audio equipment
(5 1 r}_fsfr il or drives your TRX directly.
’/F - [JA a Single tone, two tone, white noise
e B and pink noise available.
L e S m ko , e || Useaudio transformer at mic
| | T MEE%E‘“M'% ﬁmﬁ”gfm input, i.e.
— T e “GT elektronik SV1-500A”
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Appendix, LDMOS RF Amplifier, IMD3 via Xfire HD

take a Terratec Aureon Xfire 8.0 HD (High Definition Audio), 24 bit / 192kHz
mstall ‘Audio Tester” ver. 3.0, achleved 90dB+ S/N

L”“? S e S s s e e < o~ 1 goundcard OUT:
i{—lmdm audioTester V3.0 J_l TH D -9OdB

_vej SNR 108dB

::::x: Soundcard IN
| maee THD -85dB
| = SNR 106dB

== Soundcard 89 Euro
SW license 39 Euro

v ’ N i . J f\fp\ Al l’ln Ble ol B 4 ha ok Mfmﬁ!\\ﬂ!L &JWJMALM
Sk 10 20k ke H:

120
00 0 500 1k % 3 k 30 z
=1 iE
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Appendix, LDMOS RF Amplifier, some more pics

e

& = s

BETA on air, 750W+
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Appendix, LDMOS RF Amplifier, some more pics

~ “~ S -

/ 4 e ——

BETA, thermal test 1.3kW+ continuous ALPHA, solid as a rock
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