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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:

R XN

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/<1.

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)

A

poor SWR

band select

Loor SWR

4

12V bias

A

OT & OC

Overdrive

| Protection

RF PA Module

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

A

Directional

> Coupler 1

A

53.5vV /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 LDMOS power transistor for industrial pulsed applications in
the HF to 150 MHz band.

Table 1. Application information

Test signal f Vps PL 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

Vps drain-source voltage - 135 A

Vas gate-source voltage -6 +11 \

Tsig storage temperature —-65 [+150 |°C

Tj junction temperature |- 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 - N 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.

A5%F ——————-
40% - === .

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:

TV1
s :TQ
13.2v
AS
(g 1o0v
A1 . 7 G‘\‘ Kin T2 i T10
s L “~.230,240V RTE44012 r3 10V Ti1
120,240V Lo 120v ~. 1\ 11 92v
A2 s MAMB// A6 s A8 ! I Tz
110,220,230V ___liov ___ __210 _Z_ZQY__é) 100,110,120V Rr1 Fl ioov T13
- ~ - A4 22/7W 0.8ASB T4
. ~. L oo 270V
100,200,210V~ N e T14
e “.io00v - s
- ~ P -~ (To HV PCB)
a3 -~ Ss. a7 _-"200v
—0 - S o= Te 10V
7 10V§
-0 OT15
K1B 100 830V
RTE44012
Mains Input T8 (T16,T17)
L — S Y e M2 O ‘ 24,821 : 830v
M Voltage s
R2 F2
22/7TW 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

SeraAn
VIRWWAW w

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

bypass / receive

Iive RF, Schematics Input Circuitry

TR Ausgang (igh pawe)
26W = 1000 W Lty ms 100V paak 100 W Richtkopplar (Artenne)
* 150V pank @ SWR 13 L1 G2R2
x £ % o
HIGH ANT N
BNG J:)‘ THE ol cia = cis
GND K2 GND ! ‘Staueung Sonda-Empfang Relais
BND W S0nE ow: Sancan
£ High: Emptangen (PA Bypasz)
TRX Ausgang (low L s e
pawes)
s = 1000 : usgang Oberwedlonditer - s
x2 X
Low awF
Shat, THE GRD
N &ND
PTT=RX/TX
K1
G2R2
. . - c18
BNC Buchsar Amphanal 112404 LED1 D1 D4 HIGH-LOW Schaiter {Schilaller)
NG Buchaar: Ampbanal 122440 51 low Legsia oo - 28 W: offan
*8 haen: Amphancl 122124 ms B 5W: guachlossen
- Wlncr!l:lnﬂn TE Connactiity ROX2S Serie, 2 W, Metalloxid
* Kondansatoeee: WIMA FRP-2, T 5 M, 630 O = w
'R:msgu: Emmrw:;sglg:m aDJ\.;?V k KG.‘?I& HL
* Relais, u indar 4062 9.012.000, 10A, 12V 2 -
high power att.
—————— _L—s GO
Ersios Dampfungsgled, ca. 4.7 &8 Zweites Dimpfingsgied, ca. <24 .. 0.7 c8 GO GND GHD hi gh/ low
A Ca. 12,0 _.+11.0 dB Darghung gesamt
Rz GO
1
)
[ 2a |
— 1oF ez Amiion, BN-43-202
RS BLeLAlE {143 13 mrm, Masarial 43)
1 i oF Wingungen: § o8 Dampfung
30 | ergrns
s B [ Richsoppler Eingang Pa-Modul
— o . 500 miW (sntspricht 1000 W)
D) — —
T & 1BW @ 2EWISWin RK1 Fia
RY ?alu] P2 Py c :15\
T P J_cm J_r:aa J:" SMA
ey Balasiung Dirofungsgied & 50 W | e e
g ungagl - 1.5 1.5
Ri1 (A1 AL 288 W &b I" I" to PL
TRI7 Vorwirtslobstur BND  GND GND
iz CRarTRam 2T W 11N @ 18 Wpimar ] RIS
R13_ZT0 SR 0AW b Win 7.42 ¥ s 10.48 V paak
| R 11 W €8/ C10: 0.33 A 30 M
CRI0AW *E12: 0248 0 Mz o2
,,,,,, HST 1
- - Rieflostiorts Loisturg
100 M l l
C14 36 Rar c1r R38 3% c23
&0 100 100 100 100
Ca. 8.0 . 4808 Dampfung Innr Inn. Inn.
GND
=) @D @D &N &b @b @D
R4 lln’ .
o= l l overdrive
=3 (=3
) Ra6 (]R8
Im_ I"D a0 Lliso
Balastung Dampfungsglied @ 10W in.
@D GND GND brorin e i
* R 2853 W
* RO0TRIT- 1D W

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

GND

IN IN — ouT U;T
Eingang '
X1 K1-1 [/ N to Filter
PA : - X II T \ x
me“1 PAOUL L a
GND /
e A\ // -« Forward Power
GND ‘ — ‘ 2] D1 Vorwarts
— 1N5711
- . il . ® V-VOR
? R1-1 R1-2 =l o1
. = 2 GND
Richtkoppler nach DK4SX zlle gl
- Amidon FT 82-43, 20 mm GND 100nF
- 30 Windungen CuL 0.5mm, GND
ca. 70 cm, gleichmassig GND GND GND GND
verteilt
-Ca.7cmRG142 R2-1 R2-2
- Heisskleberstange zur
Befestigung — REV
- 29.6 dB Koppeldampfung — & D2 Ruckwarts
WAAS 1N5711
REV [/ A\ FWD o g VRUCK
— I c2
K2-1 | | || K2-2
N Y | hva o o GND
[l T Py o« = =t =1
ell+ - 100 nF
AN /] T [°
_Fx 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 Butterworth G Chebyshev type 1
1.0 - : : 10 m L L .
0.8 0.8 i .
0.6 1] T RRPE: TRITTRR SORRNS .
0.4 04 i b .
0.2 02F i N 4
0'%.0 05 1.0 __ 15 20 O'%.o 05 1.0 . 15 20

flf, fif,
Frequency response curves for 51 order

G Chebyshgv typtl-:‘ 2 G | EIIiPtic
1.0 : 3 5 1.0 : : |
0.8 0.8 ‘ : .
0.6 06— ................... ......... 4
0.4 04k S |
0.2 02 rrrrrrrrrr | [RRRRR 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 GND  GND Amidon T130-2 rot
Amp out| = 13 Windungen, 56.cm I“ IC § 18 Wiungan. e ] ICE 13 Wincungsn, 56 em
u 30uH 452 M 30uH il
A TOR1 TOR3 B~
el e Te e, T T i
2 v Py P52 1 ]
™e :{ J_c? J_ca 4.92uH J_ca <10 ,r
GND 2 1
0 coupler . lonl bk
3 B
GND  GND ciz "W‘,; GND  GND
] GND
] 80m Amidon T130-2 rot GND  GND Amidon T130-2r0t  GND  GND Amidon T130-2 rot
3 10 Windungen, 44 cm 13 Windungen, 55 cm 10 Windungen, 44em
21 1 cia e 255 uH 1,58 uH 2
. . e TOR4 N
¢ 158w [nb. [nb TORS nh =4
SPUrious suppression = o — 1
zl cir | cis 255uH cig czo ZI
i Lu
I‘"ODTNPF c21 15008 470 pF| 470 pF
g 1 2
ower stage R
anb &N
4 40m Amidon T130-2 rat GND - GND Amidon T130-2rot  GND GND Amidon T130-2 rot

so filter needs -25dB at 2f1

CAUER Filter 6t order,
(= elliptic filter)

and:
six individual banks needed

8 Windungen, 36 cm
078uH

cz |ca

9 Windungen. 38 cm
1.22WH

& Windungen. 36 cm
078 uH 1

Izm me oF

1.22uH

€31 )56 pF
L}

a7 urI)a a7oF

L
GND - GND caz | 47 pF
L
GND
7] 30/20m  AmdonT130Egel  GND  GND Amidon T1306galb  GND  GND Amidon T130.6 gelb
A 7 Windungen, 31 cm 8 Windungen, 33 cm TWindungen. 3 cm_
2 5 uH 3 [cu 0.59 M cas | ca 075 2
T TOR10 TORI2 ™~
L 0.75 uH nb TOR1 nb. [nb  075uH EE
e o C— e
:l 37 _T_cae ca | cu 0.58uH o _|ca _Lm o4 :I
1 - = e C45 47 oF
- 30pF | 2¢62pF Iw.rstOpF It Imu me F Isspr 2 b2pF
1= &b 6N GND  GND &ND GND GND  GND
GND GND
71 17/5m  Lubspule, 15 mminnen  GND  GND Amidon T130.6 golb Luftspule, 15 mm inn
3 = Windungen v IC " = Windungen. 26 cm 5 Windurgen 3
28 uH 028 uH
¢ TOR13 TORIS oy
029 uH nb -|-AD TOR14 029 uH EE
o £
cs1 J_CE? 0435 uH

€55

Iez DFIs‘ oF

GND  GND

It

GND  GND cs6 GND
GND
1 12/10m Luftspule, 15 mm innen  GND GND Amidon T130.6gelb  GND  GND Luftspule, 15 mm innen
3 Windungen s Wingungen. 20 cm 4Windungen
0.20 uH CS57 C58 0.303 uH C50 CB0 020 uH
TOR16 TOR18
N ToR17 T Toromu
o — L p— = &=
e Lo | oo Teo Lot
n CB5 127 pF I

o

62pF | 51pF
GND  GND

160m in

80m in

40m in

30m/20m in

17m/15m in

12m/10m in

17

Wip TEXAS INSTRUMENTS



Deep Dive RF, Filter Adjustment by nanoVNA

\ Huber-Suhner

'/ SMA - Kabel
(blau / schwarz)

\'t,
§ Messobjekt:
Low Pass Filter
\. fg=110 MHz

nanoVNA H4, <100 US$

3333333333

18

Wip TEXAS INSTRUMENTS




Deep Dive Peripherals, Schematics PA Interface:

| R13 }
1 +12V Eingang 00 '
1 2] 1
! ’y s 0 1
; ns i R14 seom iz v [ L |
H o 12 Netstel 5 500 mV /1.0 A o] A |
pannung +12 V Netztei
' cn fom R8  Fakior /11, 120V > 100V oo !
! 0k R18 |
! 100 pF 100 pF . e . R19 R0 !
‘ les oz — 1o o R e o
1 == !
! 1008 100F 20F 1k pi v v 12V CS LD g teo e '
i ot ¥ = i
1 : 100 nF i
‘ 12Vbias Gan =50 ‘
! an GND @ND  GND &N aND D !
1 1
| :
1 1
Anschluss PA Modul out € 1 +12V/3.5AAusgang |
Abschaltung G for 6 m ' '
‘open (muss immer drin sein} ! o4 !
U_pias_in (1) 12 V Bias i o i i
L2
[0 ESE20>- svi4 svi2 L8 = T &
100 uH SV VeC SOURCE
c4
s
N
100 nF
- 2 ot UM
= Twire_TEMP 2 &ND  &ND GHD  GND
GND o Ri0  Dalersignal DS 188202 c21 €z 2
4Tk Temparatursensor

gate bias

UB_sense (3) - Spannung Netztell
Fakior 111,535V >4

: 00nF [ 100nF L o asn
| B 12Vext e-fuse

ic1 1wire_VDD
Nach Spannungsteiler: Faktor 13.13  LMVT10 Versargung DS 18820
Gesamt: 1/34.4 L Temperatursensor
&= — OT int +5 V Hilfsversorgung oy . ov
M 7B0STV.
LMVT15: 4

Pin 5 und 6 verbindan,
da SHUTDOWN richt

T —— i
Externe Abschaltung PA J_Cm J__.C” (=] J_m“ J__.C“

verwerset wi 1 & 1

GND  GND ! Icu oF qu o Tm oF Ia.aa o !

1 1

1 1

v ! &b & &N GNb &N !

U_tias_C (5) ! !

2schafung Versorgungsspannung fir HF FETs L4 L i

Nicht verwendet (Spannung fiegt immer an)

100 uH r ]

| RS232-Schniftstelle (CAT) o5 !

U_bias_ZD (7) JP1 | |

gt an. wenn Strombegrenzung akiv ist T [ LT IR e 1

Wicht verwendst gz ' v I s o v '

| e |

! c25 gy 1uF v !

ore i o ] e TX (aufRX, Pin2, S-poiig) |

1 s 1

. ! \Esp cz2 = K= R (auf TX, Pin 3. S-polig) |

J-Control (9) - Strom Netzteil T000F 1 I /

45 500, 38,0 A (50 A gesamt) [ o [FEB—H T Tow GND (37 GND. Pin'5, ol
Entsprichi 3.717 V an 1633 Ohm ic2 | E a2

(2700 Chm || 6800 Ohm) LMVT10 oC PA | [Exs—r ol L |

1.850 V nach Spannungsisier 1 @D N '

i i

| i

L7150
Pin 5 und 6 verbindan,
da SHUTDOWN richt
verwendet wird

GND  GND
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Deep Dive Peripherals, Schematics

Varsorgungaspannungs Veestarkermosul
L1z

PA Control

had T LED Vorwiderst
100 | c2s R, Fa: T i rovnae LEDs,
Zis Entsbnung des Schabers 3 fur Klara LEDs (gran)
100 oF irde nachirlh User jocen R15, R2F: 2% 1 normale LEDs,
nF 1 100V far laro LEs (rof)
&N sl w2 R 10kt bk LED Asan tgel)
ol 1ET01 GOk sl Rachosta 1K
Bandwati fir Coorwellonfitor dar Laiorpiats). a
2 dieoe
Lo 2 ] -
&
o 2 " an
78
4 - n %
F o
—— I
Rt r2 m Ra s 0k ' lm’” B s e
10k 10k 0k 10k 10k 0k blaS OFF @ 12V Bias Vorsorgung
o 2nzo0 fir Ph-Modul
. LEDS oy LEDS Leos LED2 LED1 o
E & som ¥ am  FX 020m ¥ 178m S 1210m A8k iy L
3 a el
80 uk
END = END =] aND & nza0r !
L
LEDs per band iz I, . DBIAS PA
Versorgungspanur
’ "“” Lo Tk e LeDio
B - bt | ™ 8
(e PP R PP P At |
Imn; ImnF I‘MUF GND GND GND
END GND  GND
PTT.Signal vom TRX
2 PTT = RX/TX 29 ) R B
T S e Slovyigat AT B
100 uH ] 1k Ao d g
cir = 30nF 4
. SERELNS
1o R Ri6 R17 e
END 5
STANDEY-Schabior ‘3 LEDT c21 10k wk 4Tk PTT ' RX /TX
Im Normabetnan ofen ¥ sy !I]““ = c1o
=k | 1aF
DI e
&
- StandBy = Fo A1t b oot e Lt
100 uH 4Tk I sear
") Pin: Alischaltung bel meér as 50 W Eingangsioistung D
erztgerin Abachaiting 5 ms, Richtkoppler auf iy =0 K2
e s opps garg L = ) =] 8 AosE || §
o
(2) Eoutt:seacham el flcowr iy wore| 0 -
- Schnalla Abzchattung, Richtkcpplar auf W) = g E b
& ias OFF RESET-Tastar ((ffnar)
B Abchatung bl S0 W rafloktarer Losting i Narmakbatrish guachlassan,
Schnalle Abischaliung. Richtkcopsier vor Anten fir n
R4 v R R24 L8 -
et a7 e
" 18 Ntds 10K 00 uH
Ra3 0% = L6
=+ RST2
™ 418 " Wou
=] " el - ar e e
=+ w o
N _SJ T o maa - o 7k Nz
=l el cx ez ?5: co LMas3 1aF [ 1nF X
tef [teF TinF ez Jpz 9 pe 3 F InFInF 10 oF Rt hat keiren Footprint T aF Reset Failure
ata
vk [1e |1
D b GND GND END fexi) =]

Pof gegen UZS: matr Leistung

FAILURE,

ORing

guht baim Ark rgunges
Auzgang ku i gt e bl
Do oo passt nicnt £ can (MAS espringicn

TLVITO1 gaplant), doshalh meuzs ain et Socaet
rworde wertian

Zusatzfunktion “Tune inhibit” via /StandBy/ nach aussen ???
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Deep Dive Peripherals, Schematics Fan Control:

Fan Control Rev2:
- used 48V fans

- analog control very lossy !

- switched to PWM control
- Arduino measures temp.
- Arduino sets duty cycle

- <40c fan off

- 40c  20% duty, +2.35% / C
- 55¢c  55% duty, +4.70% / c

- 65¢ 100% duty
>65¢c ALARM (buzzer)

PWM Luftersteuerung Arduino

IC1 7812
D1 D2
A vo v Py I =
GND
ca i c3 18V 18V
IOO nF l I‘WO nF
GND GND GND

I 1I +53V
C1 ‘_Lc:n

+

N -L 1 GNDA
1 100 nF ‘IOOuF
C6é 100 v C5 I
5

fus]
vob T HO

HS

PWM Lo

3
4
8
1 8 0 5 D4 Q4
Mo R L ¥ Fosasiz
62.5 kHz = R3 Rz 10 GND GND  GND
IC2 100 k G
SM74104

(w)
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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—eo—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 DeS|gn Hardware Plctures

Band Filters

Control “UNOrev3 FAN vg,
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LDI\/IOS RF Ampllfler DeS|gn BETA Symbiosis:

= T e NV AN N |

Subassemblies mounted into BOSCH frame Control & Dlsplays

W3 TEXAS INSTRUMENTS



LDMOS RF Amplifier Design, WK Mechanik:

IIIIIIIIIIIIII

EEEEEEEEEEEEEEE

QRO PA

Front Plane, CAD

; - ]

added Subassies ALPHA, very first check...

Wip TEXAS INSTRUMENTS
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LDMOS RF Amplifier Design, a) TRX TIMING:

@HOHDE&SCHWAHZ
TB:10ms T:30ms CH2:7 ¥ADC e

RF output

PTT, low active

CW, RXto TX SSB, RXto TX

@HOHBE&SCHWAHZ

CW, TXto RX

SSB, TX to RX,

W3 TEXAS INSTRUMENTS



LDMOS RF Ampllfler De3|gn a) TRX TIMING:

RIGOL “warm!H 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:
Delay of RF compared to PTT release kills SPE expert amplifiers...

27
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LDMOS RF Amplifier Design, a) TRX TIMING:

Tek L Ready M Pos: 7500ms  TRIGGER
+.
e —— e
/ m  Key release
=5 y
1 s BEss T o Source _
] + PTT release (HSEND, no relais)

Mode
RF off, 4.5ms AFTER HSEND !

Coupling
CH1 5.00% CH2 10.0v M 2.50ms CH2 7 2.40v
CH4 2.00% 22-Mar-08 11:14 <10Hz

This problem is well known at ICOM — IC-706, here CW, TX to RX...

28
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LDMOS RF Amplifier Design, b) TRX OVERSHOOT:

RTC1002 (H'w 0x101b0000; 5w 06.100) 2021-04-16 17:50 RTC100zZ (Hw 0x101b0000; 5w 06.100) 2021-01-17 13:14
DESGF Bernd Warm-Trig./Complete ROHDE&SCHWARZ DE3GF Bernd Marm-Trig./Run ®HOHDE8‘SCHWAHZ
TB:10ms  T:30ms CH2: 770my .DC 496kSa  Refresh

TB:5ms  T:25ms CHZ: 360my DC 58.04k5a

- - SAVE/RECALL
g Trig?: L1Bmin SCREENSHOTS

STORAGE

=
Front USE T4
L5

FILE NAME
SCROS
FORMAT

BMP

COLOR MODE

Caolar

SAVE

Peak Values: (CH1)
Yo+ 2560 Y Yoo -24 B0 Y Ypp: 50.40Y
[CH1: 20 v 2 |

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

RIGOL

Status|  qgRef 10.00 dBm At 2008 sMarker1 1

1R Next Peak

Delta Marker S5 Delta Marker

18.241666 MHz Peak Right L 36.151666 MHz Peak Right

-70.11 dB 7 -59.94 dB

Next Peak

Peak Left Peak Left

Min Search - Min Search

Peak Peak Peak Peak

1 /
| Cont Peak jl
-7 A b

| Cont Peak
Wt g ,,“‘,,-4,.,“”514',,,' o gy g JIV"M‘JN‘AH‘n’Jf“"J“" gt

7001
‘l"»ﬂ,-,‘i,q ¥ I o m 4' W A
I Wt Mg ot My i

-30|

UserKey Set: System,Calibrate,Cal Now, UserKey Set: System,Calibrate,Cal Now,
Search Para
90! | E—

““StartFreq  1.000 StopFreq  200.00 MHz StartFreq 1 Stop Freq
RBW il Z 3.000 kHz SWT 11s RBW K VBW 10.000 kHz SWT

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, d) TRX IMD3:

RIGOL 19:05:57 2024-03-03 o5 ] Marker
g
Status At 0dB _ aMarker1 9 ilz] Select Mkr

FAREIRES
Delta Marker =

927 Hz
-42.94 dB

Normal

Delta

Delta Pair
Ref

‘\
n l|
f \“"Wvl A "”' iyl 5"‘

Span Pair

SHRBL

( Span | [§ 1l
Off
-100|

UserKeySet: System,Calibrate,Cal Now, MkrTrace

-1
GS!arl Freq 14.199 MHz Stop Freq z
RBW 30Hz VBW 30Hz SWT s 12

Exciter TS-890S, 1075Hz + 1500Hz,
best IMD3 at 2x 5Watt = 20Watt PEP,
Equalizer OFF/Processor OFF, -43dBc

RIGOL 9:30: 24-03-03 Peak
Status| .qgRef-10.00 dBm At 0dB aMarker1 -203

‘ Next Peak
ljglt? Marker ‘

N
A‘ 03 r \
; ‘ ‘

H " Peak Right
'\Il “'”‘1'"'1 (i h |"1 A, |
i

‘ Peak Left

|

‘ Min Search

| ".\‘"'»,\W HJM ﬁ’w\\i ||| {'.1 fl\‘;‘hl ﬂy‘u"] Bl

‘ Cont Peak
‘ On

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

-110, 1 1 1 ! !
Start Freq 14199 MHz Stop Freq 14
RBW 30Hz VBW 30Hz SWT

Exciter TS-890S, pink noise at MIC in,
= “PSEUDO VOICE",
at 5 Watt TRX output power,
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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 \‘V ,
Attenuator 10W / -30dB V’
(1kW to ImW = 0dBm)

32
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LDMOS RF Amplifier Design, Example 17m/18MHz:

RIGOL 11:00:11 2021-11-04 Peak
Status oRef 0.00 dBm At 10dB aMarker1 18.181 MHz - c
i Next Peak

Peak Right
Peak Left
Min Search

Peak Peak

Cont Peak

y 'I "‘-‘]“A"‘-\',.v-’l.l.h.,,u"n.!'fJ‘<_Jn,<(\!.~5\‘w._, PRy 'lw'-"'L-Alqﬁ".",.‘;\-,,'.\\','g;.~1\.\-,-.||f-*uu'u\.4'||,u,‘\..ruA‘u"l,:'n'\‘.u‘\'.\',V,H\h‘,,q\l\'.h'“,.'-..-"'NS‘.J,.-"J.,J‘\,-;ﬁ"r.ﬁ? STl Off |

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

-100, | AN
Start Freq 100.00 kHz Stop Freq 18
RBW 3.000 kHz VBW  3.000 kHz SWT

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

FCC Approval 3
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LDMOS RF Amplifier Design, Results SPURIOUS:

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

Band Frequency f1 | 2fl1 3f1 4f1 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

3fl is dominant

check WARC bands at
dual filters 17m/15m
and 12m/10m

check up to 10f1

limit -43dBc, PASSED

(highlighted > -50dBc)
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LDMOS RF Amplifier Design, Results GAIN:

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

e e e e e calibrated Spectrum Analyzer (SA)
160m | 60.25 |-1689 | 930W | 840W | -0.58 163 2 prOVideS reasonable reSUItS;

| [, o

som G035 | losd | 1loow |1oeow |w027  |vd 425 for similar gain RF power stage

51.0d8c s e needs slightly bigger RF coupling

wm 6050 |I654 | itdow | iilow |+034 |73 405 capacitor at input, results at 160m:
64.0dBc v v gain 16.9dB, output power 1100W;
20m -60.50 -16.96 990w 970w -0.33 +16.6 40.5

62.4d8c e o gain across bands: 16.6dB to 17.3dB
lom 606 [4707 (1040w [970W 017 [4169 430 for use at US increase HIGH input
+67.0dBc g ioaw attenuator +3dB, block LO attenuator

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

see FCC 47 CFR §97.317 (a) (2); a5

FCC Approval, Gain W3 TEXAS INSTRUMENTS



LDMOS RF Amplifier Design, Results IMD3:

RIGOL 12:40 2024-03-04 Peak

Status
Next Peak
Delta Marker

-426 Hz
-35.83 dB

Peak Right

f
"l |I I| “ ' ' |
A ' ' | ‘ L,ﬁ‘ ol y ]
if {“” JMﬂ R 1?“ !"J *\| ‘1’|‘ W',,ﬂ ?’l}" ’

Min Search

Peak Peak
f'”\ll N 1’5!"” W |”‘||‘ lf ~f " d

~| \"N b Iﬁ

l |

f

|
|
|
‘ Peak Left
|
|
|
\
l

Cont Peak

‘ Search Para

SlarlFreq 14.199 MHz Stop Freq 1
RBW 30Hz VBW 30Hz SWT

Input 20W PEP, Output 900W PEP,
IMD3 -36dBc
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LDMOS RF Amplifier Design, Results IMD3:

RIGOL a2 03-04 » al Peak
Status oRef000dBm A 10¢8 0 900 d

Next Peak
-10|

Delta Marker
900 Hz

i mﬁM‘ 1 ;:
H

hm‘ !
H ! “ \r ‘| |“h||h||f|\1 fully [ﬁ
VAR ” hn“‘ﬂ III“\ M] || |'\ |][u ””Ir] 'J'v"

Peak Right

Peak Left

]| s‘l r

| | Min Search

|

w'nlw hu’} ‘1 Peak Peak

I
f

On

‘ 1.15 o/} ' h‘ 'ﬂu’v
|

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

qgoooe—
: ”Start Freq 14.199 MHz Stop Freq
RBW 30 Hz VBW 30Hz SWT 142

Input Pink Noise, 10W PEP,
Output 600W PEP, PSEUDO VOICE

Cont Peak
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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 -
using a capacitive divider works as well — 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)

38
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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.

39
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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://www.dk9mat.darc.de/

BIG THANKS to om Uli (DK4SX) mentoring us for one year...
BIG THANKS to om Reinhard (DH3NAB) for extensive RF support...

40
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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

41
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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 down converter shortwave transceivers IMD3 better -40dBc:

> X

- YAESU FTDX 5000 D

- Kenwood TS-890S (tuned) >>>
- ELECRAFT K3S, K4 (DPD¥)

- Kenwood TS-590SG

- ICOM IC-7610 (DPD¥)

*using digital predistortion DPD by
state of the art SDRs offers even
better IMD3, -50dBc - and beyond !

4 %
s <
".. //“

42
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Appendix, LDMOS RF Amplifier, EXCITER

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

RBW 100Hz | @ ATT 50dB
VBW 100Hz SWT 41ms

Reference Level 10.00dBm LowPhNoise FFT Pos & Neg 10001 points

IMD3 -33dE

N,

3C |

A

Center 14.201 280MHz Span

TS-890S at full power 100W on 20m — best performance around 20W PEP

10.000kHz

« ATT

20 43

WEHW 30 kE=
WT EOCD =s

i

Ui

DUS

3f1

-62dB¢

7.55 MEx/
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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 equipment - Versus - affordable equipment

44

Wip TEXAS INSTRUMENTS



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/pink noise generator is well suited — and the hardest measurement

expensive equipment - Versus - affordable equipment
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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 David Taylor, GMS8ARYV:

M RTGA licensed to InterFlex Systems Version 2.xx
Fie Help

Tone |sweep| |Scope S ml.’ IIWMOISI
Dulpt feioncy OuputLevel — 1 | 2l upsor 3171z, 2768
|— 1000 l_‘ 0 ‘I— j T
G ey
N - a5 - (1]
i SioniZ :
TS ST
SHRE - 40 -40
A 1?2 Nnde 1
i, LF Fh :
Frequency range Oulput ‘ | 60 ;
|Uset defined ’I & Inphase [
€ 180°phase | WN ] 1\”/
[100 =] o[ 1000 [ ledependent 1| ; } ‘ hy
100 180 280 370 460 550 640 730 820 910 1000
Left waveform Right waveform i’ [~ Humfiter Mode Channel in select i
ISlnewave zl ISlnewave E] Y. Load ... | [V High resn. |Lmead[userl 'I C Left ("[L‘R“Z:
B o s CRigh C R-1/2
seveas.. | STOP | @ ™ ~> andstatanalpser [ Stat Ansser || @ 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, IMD3 via Xfire HD

take a Terratec Aureon Xfire 8.0 HD (High Definition Audio), up to 24 bit / 192kHz
install “Audio Tester” ver. 3 0, achieved 95dB+ S/N out- of the-box

)] . Ve N >&-,/ . //,,' \ < 25 ;\_,.., \ (:4/’\\\“/'«/—\ : y\/y/'“/ \{\_// o™i, R

:LJ ASASS e~ ANS S S-S s TS S S eSS > i j Soundcard OUT:

i, Bornd Gock audioTester V3.0 :L_——-l T H D 90d B

i | Bz, SNR 108dB

’ i

: | si=  Soundcard IN

s | :" THD -85dB

=  SNR 106dB
Soundcard 89 Euro
2 SW license 3