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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 electrical robustness 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 cost design

« 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 DLOTI will do so as well:

“m,.,;';

-

DLOTI on air until March — by tube April 2021 — 2x LDMOQOS acting now
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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-74b, suited for 1kW output power, accepts
up to 240W reflected power short term and 120W long term
- single variable PI 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 90secs to 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 (1)
- 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 ampilifier:

- the sensitive LDMOS device has to be protected by several fast acting
circuitries around (hw based to react in 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 1)

- 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 160m to 10m (1.8MHz to 30MHz)
- 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)

* Nice to 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 /<.
y

5A

CAT data & PTT

HI/LO select

A

5W LO input —»

25W HIl input—

Input Attenuator
LOW -7dB
HIGH -14dB

Odrv

Monitoring
(Arduino)
& Control
(HW based)

F Y

poor SWR

band select

<Loor SWR

4

12V bias

A

0T & OC

Overdrive

| Protection

RF PA Module

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

y

Directional

> Coupler 1

4

53.5V / 55Amax.

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

Harmonic Filter,

.| CAUER topology,
| (covers six bands)

Antenna

Directional

| Coupler 2
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LDMOS RF Amplifier Design: RF Power Stage

AMPLEON BLF189XRB: RF Power Block 2kW+:

A 1900 W extremely rugged LDMQOS power transistor for industrial pulsed applications in
the HF to 150 MHz band.

T

Table 1. Application information

Test signal f Vps P Gp no
(MHz) V) W) (dB) (%)
pulsed RF 108 50 1900 26 725

Table 4. Limiting values
In accordance with the Absolute Maximum Rating System (IEC 60134).

Symbol Parameter Conditions Min |Max Unit
Vos drain-source voltage - 135 A
Vs gate-source voltage -6 +11 \
Tstg storage temperature —-65 [+150 |°C
Tj junction temperature o1f- 225 °c

[ nf
:) L=41mm, 1.6 inches C
250 US$ each

1
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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 >05% (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 cost for 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 S
At “Field Days” HAM radio stations are
powered by generators; their output is
not that well regulated as the usual grid.

Output power / %

40%F - ---- .

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

1
1
1
1
1
1
1
1
1
1
1
1
45%f ——— === - :
1
1
1
1
1
1
1
1
1
1
1
1

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:

™vV1
s :TQ
13.2v
AS
(g 10v
AL - O K1a i i T10
s L7 “~.230,240V RTE44012 3 10V Ti1
120,240V _ 7 120v N N 92v
A2 s MAMB/”/ A6 s A8 ! I Tz
110,220,230V __llov___ ‘5 __210 _zggy_:é) 100,110,120V R1 F1 100v s
- ~ -~ A4 22/7W 0.8ASB T4
- ~ - oN\_o— 270v
100,200,210V, N e T14
e ~. 100V - s
-7 N Py A (To HV PCB)
a3 -~ “\. A7 _."200V
—0 - S O-= Te 10V
77 10V§
-0 OT15
K1B 1oov 830v
RTE44012
Mains Input T8 (T16,T17)
L— 0 O 24,\21 ‘ 830v
M1 Voltage M2 18
R2 F2
22/7W 0.8ASB (To HV PCB)

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

oY
VIRWNANW

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

ETTT

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

Cost: 59% (Mouser) 13
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Deep D

THRX husgang (high power)
26 W= TN

Richikopglar (Antenine)

Iive RF, Schematics Input Circuitry

bypass / receive

LT me 100V paak @ 100 W

150V poak & SWR 13 L1 G2R2
x x3
HIGH € M v
BNG J:" THG o c1a = i
GND Kz =) ! Siaueeung Sonde Emptang Relas
END wnF S0 nF ow:
B High: Emnlangnn (P Bypass)
TRX (low =i e
Musgang (iw power)
BV > 1000 W Ausgang Oberwelanditer - aE
B £ S
SMA e GND
=] =i}
DTT=RX/TX
K1
GzR2
. - c18
BNG Buchsar Amphanal 11240¢ T LED1 o1 i HIGH-LOW Schalter {Schilaller)
* TG Buchsen: Amphanol 122640 31 low Logsia Towr - 25 W: offan
* SMA Buchaen: Amphancl 122124 ws B 5W: geachlossen
* Widerstinde: TE Connactivity ROX2S Serie, 2 W, Metalloxid
* Kondansatore: WIMA FKP-3. 7.5 RM. 630V 0C
'E:ms;u: Eum.wg;sgwg:m Di ey 2k K WL
* Rlais, ul indar 40.629.012.000, 10 A, 1. high power att
------ BN
Erstns Damgfungsgled, ca. 4.7 d8 Zwoites Dampfingaghed, ca. 24 . 0.7 B hlgh/ low
R1_3% Ca. 120 .. +11.0 dB Dampfing gesamt
r2 3% &ND
R3 380
———
Re 200 L m: Amidon, BN-43.202
0 glEglgl8 {14x 13 % 7 mm, Matarial 43}
— inE 1:2 Wincngerr: 5 68 Dampfung
RE 20 ol ﬁ g i’
——— &
£ = [ Richsoppler Eingang PA-Modul
Roa 500 mVY (entspricht 1000 W)
- T . 'SWaBWiEsWe RKI R £
™ Py
e1 E # J_cm J_czz O S
== Kz GND
nk Balaswi wbnmmg:alw@:vﬂmn nb. nb.
TRt RIS 28AY to PA
Verwieizloistung == el
1.1 W @ 1.8 W primar RKE
s Win 7.42 ¥ rms {1048 V paak
<G8/ C10: 0.3 A 30 MHz!
+E12: 0248 0 Mz o2
,,,,,, HST11
" - Riefiktiorts Loisiung
100 M l l
C14 36 Rar c1r R3n L) c23
&0 100 100 100 100
€a. 8.0 <18 d8 Damping InnF Inu I.n
GND
=) @D @D & D &b E@D
T l overdrive
ool o R26 [1R28
I_n_ Im w0 Llso
Bolastung Damptungsglied & 10W in
&b G o TR1e E‘s b
2]
* RIOJRIT: 10 W

low power att.
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Deep Dive RF, Schematics Coupler #1.:

GND

IN IN — ouT 0;7
Eingang .
X w1 [/ NN to Filter
PA  —J - Y T I Fay
[ |
me“21 PAOUL | ]
e \\_ - // w Forward Power
GND ‘ — ‘ 2 D1 Vorwarts
— 1N5711
. . > . ® V-VOR
R1-1 R1-2
? c1
i =) =) GND
Richtkoppler nach DK4SX zlle  glle
- Amidon FT 82-43, 20 mm GND 100 nF
- 30 Windungen CuL 0.5mm, GND
cal.’tTF.lltcm, gleichmassig I é GND GND GND GND
veriel
- ﬁa. ?::lmbRG‘MIZ R2-1 R2-2
- Heisskleberstange zur
Befestigung -~ REV
- 29.6 dB Koppeldampfung = 2] D2 Rickwarts
WAAS 1N5711
REV / / \\ FWD o & V-RUCK
— T c2
N K2-1 || Il \| | K2-2 kv ™ 8 - g GND
~ / e el xlJ=2 100 nF
\\ /]
X GND — GND GND 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 | Butterworthl G Crrlebyshlev typg 1
1.0 - : - 1 10] N SRR e .
0.8 08 i R, .
0.6 0.6 ik .
0.4 04k i i
0.2 0.2F oo N .
O'%.o 05 10 __ 15 20 0'%.0 05 10 __15 20
fIf, fif,
Frequency response curves for 51 order
G thlebyshgv typle 2 G | Elliptic
1.0 : ! : 1.0 :
0.8} 0.8 ‘ ‘
06| 0.6 ]
04} 04_ ................... ......... i
0.2} 02 ---------- - --------- .
0'%.0 05 10 .15 20 0'%.0 05 10 __15 20
fIf, fif,
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Deep Dive RF, Schematics Filter Bank

Amp out

Ausgang TOR1 ToRs, ~
. our  as Ton TORz e o R
X2 o ps1 P52 5 o,
ANT _
w J_cv J_ce 492uH J_ca c10 E
GND 1
O Coup er Inr IB?ODF ST gy 15088, Imr Issz -
GND @ND oz "W‘,; GND GND =
GND
80m Amidon T130-2 rat GND  GND ammnnrmzmn GND  GND Amidon T130-2 rot
3 10 Windungen, 44 em 13 Windungen, 55 ci indungen, 44 em
J/v 158 uH c13 | c1a 255 uH 1,58 uH 2
H H b nb, TORS nb ‘ e zd
SPUrious suppression i o 1
:L cir Jcie 255uH c19 czo ZI
1 11
a0 pF| 4ropF | C21 pp 18007 470 pF | 470 pF
g 1 2
ower stage B
@b GND
40m Amidon T130-2 rot GHD  GHD Amidon T130-2 rot Amidon T130-2 rot
E 8Windungen, 36 cm S Windungen, 38 ¢m 8 Windungen, 38 cm
078uH C23 C24 1.22uH 0.78uH 1
( ToR?
H 078 uH Tn b -Fl b TORS
! — .
. % J_czr J_cza 1.22 uH
1 . "
- br0pF] ds0pF | C31 g 56 0F
E i i
GND  GND €32 47 pF
If
@ND
=] 30/20m  Amidon T130-6gele  GND  GND Amidon T130.6gelb  GND  GND Amidon T130.8 gelb
7 Windungen, 31 cm 6 Windungen, 33 cm 7 Windungen, 31 cm &
21 5uH caz | caa 0.59 uH cas | cas 075 uH 2
TOR10 TORI1Z ™
- E -3 0.75 uH nb. nb. TOR11 nb. nb. 0.75uH R
th .  —s - -
I e r O r e r :L car lcse c3n | c4o 058 uH o _|ca _L:aa c4 :I
1 =
! - L L L Wi s ToesTiwer  ToewTmasy
. . = o &b & &0 &WD &ND GND GND  GND
(— elllptlc fllter)
’;& 17/15m  Lutspule, 15mminnen  GND  GND Anmidon T130.6 gelb Lufspuie, 15 mmionen |
5 Windungen 5 Windungen, 24 cm 5 Windungen
El 020uH car | can 0438 uH 028 uH
- ToR13
qde 0,29 uH Tn 5. -rn 5. TOR14
T P —
‘]. J_L'S‘ J_CE? 0.435 UH
1
4TpF | 2x4TpF
q 2
and:
. &ND
12/10M  Lufispule, 15mminen  GND  GHND Amidon T130.5 el GND  GND

six individual banks needed

160m

Aémdnn T130-2 rot GND  GND
rme,
e T T

Armidon T130-2 rot
18 Windungen. 75 cm
£820H

Amidon T130-2 rot
13 Windungen, 55 cm
30uH 21

Widunge: 4 Windungen. 20 cm Wit
020uH CST C58 0303 uH C50 CB0 020 uH
TOR16 TOR18
020 Tn. Tn. ToRI? -|-nh nb 020 uH
- — - e - o —
e L | oo Teo Lot [
CB5 1 27 pF I Ll

TeTow

GND  GND

It
o

62pF | 51pF
GND  GND

160m in

80m in

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)

"

Q Messobjekt:
, Low Pass Filter
\ fg = 110 MHz

nanoVNA H4, <100 US$

22222

22222222222222222222
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Deep Dive Peripherals, Schematics PA Interface:

+12 V Eingang

2

iy

X1
733362

100 pF

o12 (2]

100F 22 uF

30 [ pg

RS
W0k

‘Spannung +12 V Netzteil
Fakior 111, 120V > 100V

=5 U_iZ2viz28

100F

12VbiasJ;L“

R13
00 e
1c3
i NCs213
s
00 s
v A
cz0
w v

GND GND  GND GND GND GND

]
|
o
Strom +12 V Netztsil = v
500 mV /104 | A w
RIS
—
R18 Rr19 R20
10k 22k Tk

b 12V Cobe dum b

Anschluss PA Modul

out_G
Abschaltung C fir 6 m
‘apen (muss immer drin sein)

U_biss_in (1) 12V Biss a1
MW7 s
[ EAs3zm, sVI-1 RS
100 uH svia )
o —asvis 5
sviT
100 rF Vi
e
g Iwira_TEMP
GND T R10 Datersignal DS18820Z
47k Tamperatursensor
gate bias
- o

UB_sens (3) - Spannung Netztell
Faktor 1/11, 535V -> 4 ic1
Nach Spannungsteler: Fakior 13,13 LMVT10
Gesamt: 1/34.4

U_bias_C (5)
Zisschaliung Versargungsspannung fir HF FETs
Nicht verwendet (Spannung liegt immer an)

U_bias_ZD (7)
gt an, wenn Strombagrenzung aktiv ist
Nicht verwendet

J-Gontrol (8) - Strom Netzteil
Fakior 1/13.000, 25.0 A (50 A gesamt)
Entspricht 3717 / an 133 Ohm 1c2
(2700 Ohm | 6800 Ohm} 1o
1.850V nach Spannungsteiler

GND  GND

100 uH

LMVT15:
Pin 5 und 6 verbindan,
da SHUTDOWN nicht

verwandet wi
2
L2
100 uH
P
T
#z
GND
AV o
100 nF

100 uH

w715
Pin 5 und 6 verbindan,
da SHUTDOWN nicht
verwandet wi

iwire_VDD
Versorgung DS18B20
Temperatursensor

OT int

Externe Abschaltung PA

i
| +12V/3.5AAusgang
|
|

164
+izv
Niss11z02R26
A
S I—
sl e
A
100nF | 100nF L Ca35a
a
ke 12Vext e-fuse
GND  @ND GND
+5 V Hilfsversorgung v 18 e
% 7805V 1
o w
J_cx, J__Ic:? =y J_C” J__.C“
1 N ‘
! 100 nF Iaau o teanF 320 uF :
| |
| i
| @b &b &N &b &D '
| i

)
]
N
8
s
w
g
E
=
@
-8
3

)

3

5

g

1 1
| |
| |
! MAX |
catp 1
: 1 :
5V |
| a w |
| o |
! C25 g 1uF v i
| o = = TX (auf X, Pin 2, Spolig) |
1 s 1
: osp c22 = k3 RX (aul TX, Pin 3, S-poig) |
| 9 T ur [TXZ3E—L TN o GND (auf GND, Pin 5, 9-polig)|
[ = ]
b B2 nbur B ;
2] four ren
1 GND  GND 1
i i
i i
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Deep Dive Peripherals, Schematics

Versorgungasparsungs Veestirkermodul
L1z

PA Control

“sov -_— D erwcersianh
100uH | cog st ! T far ol L
Zur Enistnng des Schalters e cion |g|r.rw
100 nF e machiraglc the ocen RIS, R2: zmmm
at 33 for kara LEDs (rof)
& Vordemmtr 5 R26 - Rt 10k bk LED Asan (get)
& N0 - 108, s Rackeaba e
Barcwas fur Cooraionfiter dor Laiorpiati) a
3 puens
160M
o B 3 o
v L
B ' ann
w.:umg T T R13 s
1210 . o o P
1 nzer o2 I
R1 R2 r R4 Rs s, | The1an s .
10k 10k " 10k 10k 12 Blas Vorsorgun,
bias OFF S A
2 pLEDS  pLEDE o LEDS Leo Len2 LED1 e
g #¥ eom FFaom F¥aom FY woom P men Y 2iom ASk L3
az el
00 u
GND GhD GND D =) & anzaor L
LEDs per band w DIRS PR
Versorpungspamung
L Lo 2 LEDIo g
RXE - Rt ™ 2
100 uH J_\l‘ﬂ 100 uH J_m J__Icu 160K 100F -
Imn; ImnF I‘M“F END
GND GND  GND
PTT.Signal vom TRX
- = PTT RX/TX Stoueraignal RXITX Botrab
bt Hir "PA2 Engang
ca
e Taone [|R10 "
Tk |1nF SERELAIS
10 nF RT R1E RI7 P 100 uH
D g 1
STANDEY-Schatiar q eor ik alk e PTT, RX JTX
Im Normakseiried ofen ¥ cray cio
TR
& .
- - StandBy =il D151 ha ki Fougrint mf dor Lforpitio g 10nF
100 H ATk
(1) Pinc Atischaliung bol mehr ais 50 W Eingangsloist (=T
sTR2 -1 erzgerts Abacnaining 56 me, Richicoupies mt Emgarg e e cm g . S—
Thanr
(2 Boutcpsechaung ol sz Firssti o | T
Scanalle Absachatung. Richikcpaiar a1 OW g E
&hD &hD
z RESET-Taster (Offnar)
Pout2: Alschaliung boi 50 W raflakliorir Leistung I Narmalkatricb geachiossan,
Schnalls Aachatung, Richikcpsar ves Artera Hir Rioset offnan
. OD [t} R24 ’ Of  poa Ls
[OR: ] a et RST1
100 H ™ Ngtas 10k 00 uH
- SWR Ly Ray s
Z) pout RST2
SWR 2100 uH ™ 00 u
s R23
a ar
3 arv
100 1+ N _J ) m_sJ ™ o 7k Wiz .
. NI e Lhdags 1nF .
LU prrs 101 s P o Reset Failure
e 1w [1e at
GHD  GND  GND EhD GND  GND =

Pot gogen UZS: matr Lelstung

FAILURE,
ORing

Fir IC1 muss ein LMIS3 venwendet werdan.
Bal Ununnnr&vmmmm und andare mmnaralnmn
gaht i Ariegan o Vsrsorgmgaagening der
g Ve o ) b et
= nicht for dan LM:
TLVSPG gaplant. desnals s s Adapter-Sochel
varwe
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Deep Dive Peripherals, Schematics Fan Control:

Fan Control Rev2:

_ used 48V fans PWM Luftersteuerung Arduino
- analog control very lossy ! e o
- switched to PWM control Lo l Lo
- Arduino measures temp. . To e B
. I T
- Arduino sets duty cycle % | ey Jos Toore Troour [
o = - o 95 GND GND GND
100 nF 1 2 , 100 nF E‘ |-': FDS3512
GND VDD HO . R‘ﬁo 1 L1 , :
PWM :z 5 < o _LC?' \*-LCM 1"“ -
- <40C fan Off g n 9 mrls D4 J.t Qo Imo nF _|-_100u|= f-GNDZ
- 4OC 20% duty’ +235% / C 625Kz . = }?&ok R2 10 L GND  GND  GND
-55¢  55% duty, +4.70% / ¢

- 65¢ 100% duty
>65¢c ALARM (buzzer)
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Deep Dive Peripherals, Fan Characteristics Rev2:

100

64.5¢ = 99.9% duty 66c = ALERT
90 65
§ 80 60
A 70 555 “silent mode”
c
60 250
& to 55¢ = “silent mode” 3
50 © 45
3 S
Lc% 40 %40
> 30 ~ 35
A 20 30
10 25 _ _
bias current 2x 3A, bias power 300W+ (!)
. e—e—eo—o 20
20 25 30 35 40 45 50 55 60 65 70 0 1 2 3 4 5 6 7
Temperature (c) time (minutes)

Stress Test: Id set to 20A, Pout 320W, Pdc 1070W, Pv 750W, Effcy = 30% (HF) ,,
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LDMOS RF Ampllfler Design, Hardware Pictures:

Control N rev3 FAN i
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LDI\/IOS RF Ampllfler DeS|gn BETA Symbiosis:

= T e MY AN N |

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

160 80 & 15 10 T FAULT STDBY ON 160 80 'w 20 15 10
0O000O0O0 o 0o 0 O o o SLRASL 0.0 0
“““

RESET STDBY POWER

QRO PA

Front Plane, CAD

=

added Subassies ALPHA, very first check...

W3 TEXAS INSTRUMENTS
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@HOHDE&SCHWAHZ
TB-10ms T:30ms CH2 ¥ADC 49

RF output

PTT, low active

CW, RXto TX

CW, TXto RX

LDMOS RF Amplifier Design, a) TRX TIMING:

SSB, RXto TX

SSB, TXto RX

i3 TExAs INSTRUMENTS



LDMOS RF Ampllfler De3|gn a) TRX TIMING:

RIGOL “wamH 1.00ms 3

Harizantal

Amp keyed off

Amp keyed on

RF output

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 0x101k0000; 5w 06.100) 2021-04-16 17:50 RTC1002 (Hw 0x101b0000; 5w 06.100) 2021-01-17 13:14
DE3GF Bernd Marm-Trig./Complete ROHDE&SCHWARZ DE3GF Bernd Marm-Trig. /Run ®HOHDE8‘SCHWAHZ
TB:10ms T:30ms CHz: 770mY WDC 496k5a Refresh TB:5ms  T:25ms CHz: 560mY "DC 58.04ksa

C
H
1

SAYE/RECALL
SCREENSHOTS

A T il STORAGE

2 Trig?: 1:16min

=
Front USB 703
L5

FILE MAME

SCRO9

FORMAT

BMP

COLOR MODE

Colar

SAVE

Peak values: (CH1)
Yo+ 2560 Y Yoo -24 80 Y Ypp: 50.40Y
[CH1: 20v 2 |

[CH2: 1w

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

_sMarker1. iH I8

1R Next Peak
Delta Marker

18.241666 MHz

-70.11 dB

Next Peak 3
Delta Marker

Peak Right 1y 36151666 MHz Peak Right

-59.94 dB

Peak Left Peak Left
Min Search -45 Min Search

Peak Peak Peak Peak

1
Cont Peak

|
|
|
|
|
|
|
|

Cont Peak
C

|
'[.“"Jk“f‘ll’""ﬁ"‘“ ”"“’.""‘,’fﬁl"""/‘h* J Iﬁ},‘iﬂl,.t,-,'.f\n\ |",‘|(J,Jg't1v- ! ﬂ,nKv,',‘v\'|\'u\'E"\1'|,IUlVr‘,(I},,\A\‘1n)h~J"'n'p,u"-'"'u\w'ofﬁ,\\#\ o

O |
I 7 |
‘ '“"~'~'.v‘|'v"‘M\wn,ﬂ\w,_..nl4.,,-",rﬁ\,‘wlu,.»‘wl‘.,‘ oy oy l,\l,.-l‘(/\,fvv.;),u.\q'.:,,,l{x‘.,v, ﬂ\‘I\‘|‘f\\.""»‘\,1’y,*r'.'.~U\‘l\.“'|'\-iﬂlli||",‘."N“J.xi on | T

UserKey Set: System,Calibrate,Cal Now, Search Para ‘ UserKey Set:  System,Calibrate,Cal Now, Search Para
Q0. e e e e e e o

K -95
StartFreq 1 StopFreq 2 0N *Start Freq 1 ! Stop Freq 200
RBW Hz SWT s 0. <l 1 0 kHz SWT 1

Exciter TS-890S, 17m band, -70dBc Exciter TS-570DG, 17m band, -60dBc,
3f1 is 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

Attenuator 2kW / -30dB AN
Attenuator 10W / -30dB :
(1kW to ImW = 0dBm)

FCC Approval W3 TEXAS INSTRUMENTS
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LDMOS RF Amplifier Design, Example 17m/18MHz:

RIGOL 11:00:11 2021-11-04 ~< (Local Peak
Status oRef 0.00 dBrm Att 10 d aMarker1 18.181 MHz dB
Next Peak

Peak Right

Peak Left

Min Search

Peak Peak

Cont Peak

\‘Hﬁ"l J"‘,,.».fn/~ u"-.ﬂ]n__,,(\a.*\m\.,ﬁ_, f "-"'Lnllnllﬂ.",-‘;\-.J'.\\',‘Lm‘.\'-\-.llfn‘uu'u\,a' st Rt b 'fr.-"‘.,J‘\,—;ﬁ"r-."'{r STl Off |

UserKey Set: System,Calibrate,Cal Now, Search Para

100
PStartFreq 10000 kHz StopFreq  185.00 MHz
RBW 3.000 kHz VBW  3.000 kHz SWT 20544 5 112

Measurement up to 10f1 mandatory — see here, 7f1 (1)

FCC Approval *p
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LDMOS RF Amplifier Design, Results:

Summary for #002, Spurious Emissions § 97.307 (d) at Qutput 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
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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” “1kwW” dB Ampere

160m -60.25 -16.89 930w 840W 0.58 +16.3 42
+43.36 +59.67

-44.3dBc =21.7W =927W

80m -60.35 -16.84 1100W | 1060W | +0.27 +17.1 425
+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: 16.6dB to 17.3dB

33
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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 so the RF bias current could be reduced by keeping the high linearity,
results in less losses and improved efficiency.

An effective two tone and noise setup has already been designed.
(hardware based, soundcard based and .WAYV - player based)

34
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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.

35
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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
160m to 10m, so 1.8MHz to 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://lwww.dk9mat.darc.de/

BIG THANKS to 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

37
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Appendix, LDMOS RF Amplifier, EXCITER

REASONABLE EXCITER - the amplifier can’t correct a 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 5000 D

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

- Kenwood TS-590SG

- ICOM IC-7610

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

W3 TEXAS INSTRUMENTS



Appendix, LDMOS RF Amplifier, EXCITER

Design your input attenuator for best performance range of your TRX'!

- REW 10 kE=
RBW 100Hz @ ATT 50dB VEW 30 kE=z
VBW 100Hz SWT 41ms Ref 0 4Em «ARtc 20 4B SWT EOD =s

Reference Level 10.00dBm LowPhNoise FFT Pos & Neg 10001 points

-20.0

L-70
\pj\f -21 |

‘ --30

‘ 1040
Center 14.201 280MHz Span 10.000kHz

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

- 55 ME=/ Stop ED ME=
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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 ImW 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 white noise generator is well suited — and the hardest measurement !

expensive versus affordable

41
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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 GMBARYV:

Ilnpmeonbokl

| Scope S

DunR Kfoquoy Dok Lovet 2| Cwsor 317Hz, 2768
- [ 1000 Gi0s =
i s
RN - 15 - 20
j - 20 -
R ey
LWL SO -30
5 S o i
ss0 72 [ e
(G e B =
Frequency range Qulput ‘ 60
IUsev defined 'I G Inphase
(" 180° phase /J\,\ =
- - \.\ f
|1uo .] to |1000 .[  C Independent | ; /W 1 A [\fr h
100 180 280 370 460 550 640 730 820 910 1000
Left waveform Right waveform ﬂ [~ Humfiter Mode Channel in select i
ISnewave 3 IS ::::: .t Load ... | 7 High resn. ILma[user] vl C Left ("[LOFIIIZ1
B o s s C Righ € @-U/2
seveas... | STOP | @ I ~> andstatanapser ([ Stat Anaser || @ Cose |

This setup allows either the
analysis of any audio equipment
or drives your TRX directly.

Single tone, two tone, white noise
and pink noise available.

Use audio transformer at mic
input, i.e.
“GT elektronik SV1-500A”
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Appendix, LDMOS RF Amplifier, some more pics

\
N

FCC @

BETA, TS-570DG BETA on air, 750W+
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Appendix, LDMOS RF Amplifier, some more pics

«~ b b N

RF MONITOR

160m 5om s0m! 20m 5m|10m 1x| - baeerl sray| on
Y (
son| 17n] 12m
BAND | .
i

W
E

QRO PA #001.1 beta
N

~ o~ o~ y  pm
& L= “ L L= “

. 4 e —

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